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Abstract

By exploiting the downward trend of profits’ taxation observed in OECD countries
which is rooted into international competition to attract capital, we identify exogenous
variations in the corporate income tax rate. Estimating a SVAR model with long-run
restrictions for a panel of eleven OECD countries over 1973-2017, we find that a per-
manent decline in profits’ taxation leads to significant technology improvements which
are concentrated in traded industries. The corporate tax cut has also an expansionary
effect on hours concentrated in non-traded industries. The country-split shows that
technology significantly improves in English-speaking and Scandinavian countries only
while hours persistently increase only in continental European countries. To account
for the dynamic effects of a corporate tax cut, we consider a two-sector open economy
model with tradables and non-tradables and endogenous technology decisions where
both capital and technology can be used more intensively. The model can account
for the magnitude of technology improvements we estimate empirically as long as the
traded sector is intensive in R&D, experiences low costs in the use of the stock of knowl-
edge and also highly benefits from international R&D spillover. While large elasticities
of utilization-adjusted-TFP w.r.t. the domestic and international stock of knowledge
must be assumed in English-speaking and Scandinavian countries, in accordance with
our estimates, we have to allow for sticky wages in continental European countries to
account for our evidence.
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1 Introduction

The average corporate income tax rate has dropped from 50% in 1970 to 32.5% in 2000
and has settled at 23.9% in 2018 in advanced economies. Evidence documented by Dev-
ereux et al. [2002], [2008] reveals that the gradual decline in corporate taxation is driven
by the competition between OECD countries to attract capital after the removal of capital
controls in the 1980s. We use the existence of such a downward trend in corporate income
taxation which is common to a large set of OECD countries to identify exogenous and
permanent variations in corporate taxation. By estimating a VAR model with long-run re-
strictions, we find that technology improvements are concentrated within traded industries
after a cut in corporate taxation while the rise in hours is concentrated within non-traded
industries. By taking advantage of our panel data dimension, we perform a country-split
which shows that technology improves only in English-speaking and Scandinavian countries
while hours significantly increase only in continental Europe. A two-sector open economy
model with endogenous technology decisions can rationalize the evidence conditional on
a set of elements which characterize households’ preferences and firms’ ability to improve

technology.

Besides pointing out the importance of differentiating the effects of a cut in corporate
taxation between sectors, our evidence also stresses the importance of differentiating its
impact between countries. While the recent research works by Cloyne et al. [2022], [2023]
also uncover the productivity gains driven by a corporate tax cut and contrast the invest-
ment and employment effects between two broad sectors (i.e., goods vs. services), our work
provides new insights about the drivers of technology improvements at a sectoral level and
importantly highlights that productivity does not increase across all OECD countries after

a corporate tax cut.

By increasing the return on innovation activities, low corporate tax rates can potentially
increase utilization-adjusted-total factor productivity (TFP) which is a major driver of
economic growth. The macroeconomics literature has highlighted this strong link between
profits’ taxation and innovation in the U.S. data, see e.g., Akcigit et al. [2022], Cloyne
et al. [2022]. Whilst there is a broad consensus about the causes that gave rise to the
downward trend in corporate tax and its positive impact on real GDP and investment, a
systematic analysis of the sectoral effects of corporate taxation on labor and investment in
both tangible (i.e., physical capital) and intangible (i.e., the stock of knowledge) assets and
how these effects vary across countries is still lacking. In this paper, we provide an attempt
to answer the question: Do corporate tax cuts increase innovation and labor uniformly
across sectors and across countries? It is essential to quantify their impact as so far, to
our knowledge, the effects of corporate tax cuts have not been contrasted between OECD

(or group of OECD) countries and have not been investigated at a sectoral level, except on



U.S. data.

One major challenge is to identify exogenous variations in corporate tax rates, i.e.,
variations in tax rates that are exogenous to the current state of the economy. While we
are using the top marginal statutory corporate tax rate like Akcigit et al. [2022], we cannot
exclude that the country-level tax rate is correlated with economic activity. In contrast,
because the international component of corporate taxation is driven by tax competition
motives, this measure should be disconnected from country-specific demand shocks (which

is confirmed by the exogeneity test we have performed).

The assumption of international tax competition paves the way for the identification
of exogenous (and permanent) corporate tax cuts as this hypothesis ensures that the tax
rates display a clear downward trend which is common across countries. To capture more
accurately the degree of international competition faced by each country, we construct an
international tax rate for each country by considering the trade intensity between the home
country and its trade partner within eleven countries as a weight. The attractive feature of
this measure is that it captures the tax pressure from neighbor countries. According to the
evidence documented by Davies et al. [2009], country-level tax rates are positively related to
other countries’ tax rates and especially neighbor countries. Indeed, we find empirically that
corporate taxation is negatively correlated with financial openness in OECD countries and
this correlation turns out to be as much negative as profits’ taxation of trade partners are
closer to that of the home country’s. One additional important aspect of this tax measure
is that it does not contain the country’s own corporate tax rate which strengthens the
exogeneity of the international tax rate to the country’s economic conditions. To identify
the exogenous shock to corporate taxation, we replace the country-level corporate tax rate

with its international measure and estimate a VAR model by imposing long-run restrictions.

Our sample includes eleven OECD countries over the period 1973-2017 as the corporate
income tax is available over a long enough time horizon for these countries which also share
the existence of a common downward trend (on which we base our identification approach).
By increasing the return on innovation and lowering the cost of capital, it is natural to
expect a decline in the corporate tax rate to result in an increase in investment in intangible
and tangible assets. Higher tangible and intangible assets should have also an expansionary
effect on hours by raising the marginal product of labor. We investigate whether corporate
tax cuts boost innovation and labor at a sectoral level in OECD countries by differentiating
between exporting and non-exporting sectors. This dichotomy is particularly suited to
the investigation of the effects of corporate tax cuts as advanced countries’ production
structure is characterized by R&D intensive (mainly exporting) vs. labor-intensive and
low productivity growth industries (mostly non-exporting). Our evidence reveals that a

permanent decline in corporate taxation has a strong expansionary effect on technology



but only in the traded sector while the rise in hours is concentrated in the non-traded

sector.

Besides varying across sectors, we also expect the effects of corporate taxation on
utilization-adjusted TFP to vary widely across countries due to differences in the costs
or the ability of industries to transform R&D expenditure into ideas. Differently, inter-
national differences in the effects on hours will depend on the extent of wage stickiness
which itself depends on country-specific wage bargaining process. When we apply a clus-
tering analysis based on several dimensions of wage bargaining organization (union density,
collective bargaining coverage, level of centralization of wage bargaining and share of per-
manent contracts), we find that continental European countries display more regulated
labor markets giving rise to wage stickiness. Building on this dichotomy based on wage
bargaining institutions, we perform a split-sample analysis and investigate the effects of a
corporate tax shock for two groups of countries: continental European countries (including
Austria, Belgium, France, and Germany) on one hand and English-Speaking (Australia, the
UK, the US) and Scandinavian countries (Finland, Sweden) plus Japan and Luxembourg on
the other. Our results reveal that following a decline in profits’ taxation, continental Euro-
pean countries experience a more pronounced increase in hours concentrated in non-traded
industries while traded firms in English-speaking and Scandinavian countries dramatically
improve their technology, as captured by a permanent rise in utilization-adjusted-TFP of

tradables.

To rationalize our evidence, building on the open economy setup by Kehoe and Ruhl
[2009], Chodorow-Reich et al. [2023], we develop and simulate a model with a traded and
a non-traded sector where the domestic traded good and imported goods are imperfect
substitutes. In the lines of Corhay et al. [2020], households (who are firms’ owners) choose
investment in both tangible and intangible assets which determine the stock of physical
capital and the stock of knowledge. In doing this, we endogenize innovation which is the
result of R&D expenditure decisions and depends on the cost of transforming R&D into
ideas (i.e., in new products). The allocation of tangible and intangible assets between traded
and non-traded industries is determined by the firm’s profit maximization problem at a
sectoral level. Building on Bianchi et al. [2019], we endogenize both capital and technology
utilization rates. This is a crucial feature as changes in utilization-adjusted TFP are driven
by the variations in the stock of knowledge (caused by higher R&D expenditure) and also
by changes in the intensity in the use of the stock of knowledge. As long as technology
utilization adjustment costs are low, it is optimal for firms to increase productivity by
raising the intensity in the use of the stock of knowledge in order to meet a higher demand

for their product.

The model can generate a strong technology improvement in traded industries after a



corporate income tax cut conditionally on three key elements: a high intensity of traded
output in domestic and international R&D, low technology utilization adjustment costs
and international R&D spillovers. In line with our estimates, we assume large elasticities
of utilization-adjusted-TFP w.r.t. the domestic and international stock of knowledge for
tradables while they are essentially zero in non-traded industries. Because the corporate
income tax cut produces a positive wealth effect which increases consumption in traded
goods, traded firms find it optimal to make efficiency efficiency gains by increasing the
intensity in the use of the stock of ideas to meet a higher demand while avoiding a rise in
production costs. Because the stock of knowledge only builds up gradually, the domestic
stock of R&D does not contribute to technology improvements in the short-run and at
the margin in the long-run. By contrast, the bulk of technology improvements in traded

industries in the short-run is driven by international R&D spillover.

The ability of the model to account for the positive and significant effect of a corporate
income tax cut on hours rests on three key elements. First, we have to allow for Greenwood
et al. [1988] (GHH henceforth) preferences to eliminate the negative impact of the positive
wealth effect on labor supply. However, GHH preferences are not sufficient on their own
to generate the rise in hours we estimate empirically. When sectoral wages are flexible,
endogenous technology improvements are essential to provide higher incentives to increase
labor supply by pushing wages up. The third element is consumption habits. Intuitively,
by increasing the curvature of the utility function, a higher stock of habits mitigates the
incentives to increase consumption. Habits curb the rise in consumption and amplify the
rise in leisure. If we abstract from consumption habits, the model predicts a rise in hours
which is three times larger than what we estimate empirically. Conversely, when we assume
Shimer [2009] preferences (which allow for a wealth effect on labor supply) and shut down

consumption habits, the model understates the rise in hours.

The model can also account for the concentration of labor growth within non-traded
industries. Intuitively, higher demand for non-traded goods prices strongly appreciate over
time. Because the elasticity between traded and non-traded goods is low, in line with
our estimate and the estimated value reported by Stockman and Tesaer [1995], the share
of consumption expenditure spent on non-tradables rises which shifts labor away from
traded industries and toward non-traded industries. Labor reallocation contributes to the

persistent increase in non-traded hours.

To account for the distinct effects on technology we detect empirically between English-
speaking and Scandinavian countries on one hand and continental European countries on
the other, we have to allow for large elasticities of utilization-adjusted-TFP w.r.t. the do-
mestic and international stock of knowledge in the former group of countries, in accordance

with our estimates. While technology is essentially unchanged in continental Europe, hours



significantly increase. Following Chodorow-Reich et al. [2023], we introduce wage stickiness
at a sectoral level, which fits the behavior of wages for this group of countries. As long as
wages are sticky, the model can reproduce the response of hours while the same model with

flexible wages predicts a rise in labor which is three times smaller.

Outline. In section 2, we set the stage of the SVAR identification of exogenous changes
in corporate taxation and document a set of evidence related to the effects on technology
and hours caused by a permanent decline in profits’ taxation. In section 3, we develop a
two-sector open economy model with tradables and non-tradables and endogenous technol-
ogy choices. In section 4, we uncover the key elements of the model which are necessary to
account for our SVAR evidence. The Online Appendix contains more empirical results, con-
ducts robustness checks, details the solution method, and shows extensions of the baseline

model.

Literature. Our paper fits into several different literature strands, as we bring several

distinct threads in the existing literature together.

Narrative approach. Most of the papers in the literature use narratively-identified
tax changes based on the policy changes in governments’ sources. The narratively identified
shocks are only available for the U.S., and the standard for choosing exogenous changes
to taxation may not be completely reliable, as decision-makers could assert that their only
focus is on the long-term shortage or the public debt level, when in truth they may be
reacting to various temporary factors, see e.g., Perotti [2012]. Because we want to compare
the effects across countries or groups of OECD economies and since we are interested in
the impact of corporate tax cuts on innovation in the long-run, it is essential to propose a
simple and robust identification of highly persistent changes in tax rates which allows inter-
national comparisons. Because the international component of tax rates is not correlated
with country-specific economic activity, our identification approach avoids any potential

endogeneity issue with economic activity within the same year.

Common component approach. We adapt the ingenious idea of Dupaigne and Feve
[2009] for SVAR who average TFP across countries to extract pure technology effects which
are not contaminated by country-specific persistent demand shocks. The cross-country av-
erage corporate income tax captures the common component of corporate taxation across
OECD countries which is by construction not correlated with the country-level economic
activity. The assumption of international tax competition paves the way for the identifi-
cation of permanent shocks as this hypothesis ensures that the tax rates display a clear
downward trend which is common across countries. In the same spirit as Liu and Williams
[2019] who focus on U.S. states, each state being considered as a small open economy,
we avoid endogeneity by considering a broad (i.e., international) measure of corporate tax

rates.



Corporate taxation lowers output, investment, labor. Can corporate tax cuts
stimulate the economy in the long-run? As exemplified by the review of the literature on the
subject by Gechert and Heinberger [2022], the debate is still open although a large span of
the literature reveals that corporate taxation has a significant impact on economic activity.
Mertens and Ravn [2013] find that the federal corporate tax cuts increase investment, do not
influence or even lower private consumption, and have no impact on employment. Djankov
et al. [2010] use a cross-country empirical analysis to show the negative impact of effective
corporate tax on aggregate investment, FDI, and entrepreneurial activity. Also, their results
indicate that corporate taxes are correlated with investment in the manufacturing sector,
whereas they are not in the services sector. Arulampalam et al. [2012] and Fuest et al. [2018]
show that corporate tax leads to a decline in wages for European firms and German firms.
Backus et al. [2008] find that capital taxation can rationalize international differences in
capital-output. Suarez Serrato and Zidar [2016] find that lower corporate tax rates attract
firms, which boosts local labor demand and encourages migration to that U.S. state. Thus,

the location decisions of both firms and workers determine the impact of tax cuts.

Corporate taxation lowers innovation. According to the model’ predictions by
Jaimovich and Rebelo [2017], corporate income taxes have negative effects on innovation.
Akcigit et al. [2022] empirically show that corporate income taxes negatively affect the
number of patents at both firm and state levels in the United States. The research work by
Cloyne et al. [2022] is the closest to ours as they investigate the effects of a corporate tax cut
on technology and rationalize their findings by using a model with endogenous innovation.
Like them, we find that a tax cut stimulates innovation but in contrast to the authors, we
show that technology improvements are concentrated within traded industries. In addition
we show that innovation does not increase in continental European countries. While we
corroborate the muted response of labor for English speaking/Scandinavian countries, we

find a strong and significant response of labor in continental European countries.

International comparison of the effects of corporate. The recent agreement on
global minimum tax on profits has put corporate taxation at the forefront of the scene.
Although the literature reports positive effects of a cut in profits taxation on real GDP and
productivity on U.S. data, a clear understanding of how the effects vary across sectors and
countries is still lacking. In this regard, by enabling us to assess international differences
in the effects of corporate tax cuts and to contrast the effects between sectors, our simple
and robust SVAR identification can provide information of primary importance about the

effectiveness of profits taxation.



2 Dynamic Effects of Corporate Taxation: Evidence

In this section, we document evidence about the dynamic effects of corporate taxation
on hours and technology for a panel of eleven OECD countries. Below, we denote the

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

2.1 Data

We use the top statutory corporate income tax rates which taken from Bachas et al. [2022].
They combine data from Vegh and Vuletin [2015], Egger et al. [2019], Tax Foundation and
country-specific sources. They use the lower rate if there are conflicting estimates. The
largest period available between 1973 and 2017 ! for eleven OECD countries: Australia
(AUS), Austria (AUT), Belgium (BEL), France (FRA), Germany (DEU), Finland (FIN),
United Kingdom (GBR), Japan(JPN), Luxembourg (LUX), Sweden (SWE), and United
States (USA). Spain, Norway, and Italy are dropped because they do not have a declining
corporate income tax rate trend. We drop Canada, Netherlands, Greece, Ireland, Korea,

Portugal, and Denmark because of the lack of data before 1980s.

The primary sources for sectoral data are the OECD and EU KLEMS databases. Our
dataset includes eleven industries that are split into a traded and a non-traded sector. We
use the following macroeconomic variables in the VAR estimations. All quantity variables
are divided by the working-age population (15-64 years old) taken from OECD ALFS
Database.

In Online Appendix A, we detail the source and the construction of time series for
sectoral hours worked, Lgt, the hours worked share of sector j = H, N, ViLt’j , sectoral value
added at constant prices, Yzi , and the value added share at constant prices, Vi}tf’j where
the subscripts ¢ and t denote the country and the year. While we mainly focus on the
labor effects, we also build intuition about the transmission mechanism of a technology
improvement in a two-sector open economy by analyzing the movements in sectoral value
added and relative prices. The terms of trade P = P/ Pg’* are constructed as the ratio
of the traded value added deflator of the home country ¢ to the geometric average of the
traded value added deflator of trade partners of the corresponding country i, the weight
being equal to the share a;M’k of imports from the trade partner k (averaged over 1973-
2017).2 The price of non-traded goods is computed as the ratio of the non-traded value
added deflator to price index of foreign goods, i.e., PZQV = Pg / Pg’*.

Utilization-adjusted sectoral TFPs. Sectoral TFPs are Solow residuals calculated

from constant-price (domestic currency) series of value added, \ £ capital stock, Kft, and

it?

hours worked, L}, i.e., TFP;, =Y} — s} ,L], — (1 — sy 1) K}, where sJ , is the labor income

!The corporate income tax rate data is unavailable before 1973 for Australia and the United Kingdom.
2While our sample includes eleven OECD countries, we consider twenty trade partners to ensure that
the foreign price deflator accounts for a significant fraction of the home country’s trade.



share (LIS henceforth) in sector j averaged over the period 1973-2017. To obtain series
for the capital stock in sector j, 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 value added
shares. In Online Appendix, we use the EU KLEMS dataset which provides disaggregated
capital stock data (at constant prices) at the 1-digit ISIC-rev.3 level for thirteen countries of
our sample over the period 1973-2017. Our estimates show that our empirical findings are
unsensitive to the way the sectoral capital stocks are constructed in the data. Once we have
constructed the Solow residual for the traded and the non-traded sectors, we construct a
measure for technological change by adjusting the Solow residual with the capital utilization
rate, denoted by uft( I

Zz]t = TFPgt - (1 - 8JL’L> affﬂ (1)
where we follow Imbs [1999] in constructing time series for uffj , see Cardi and Restout
[2023], as utilization-adjusted-TFP is not available at a sectoral level for most of the OECD
countries of our sample. In Online Appendix C.5, we find that our empirical findings are
little sensitive to the use of alternative measures of technology which include i) Basu’s
[1996] approach which has the advantage of controlling for unobserved changes in both
capital utilization and labor effort, ii) and the use of time series for utilization-adjusted-
TFP from Huo et al. [2023] and Basu et al. [2006]. Our preferred measure is based on
Imbs’s [1999] method because it fits our model setup where we consider an endogenous

capital utilization rate and the last two measures can only be constructed over a shorter

period of time and for a limited number of OECD countries.
2.2 Tax Competition and Exogenous Corporate Tax Shocks

One major challenge when analyzing the dynamic effects of corporate taxation is to identify
exogenous shocks. The identification of exogenous shocks to economic activity prevents
the econometrician from using country-level corporate income tax rates as there is a clear
endogeneity issue: when labor is low, the government might be tempted to cut the corporate
tax. To overcome this difficulty, Romer and Romer [2010], Mertens and Ravn [2013] and
Cloyne [2013] use narratively identified tax changes as proxies for structural tax shocks.
The main problem of this approach is that narratively identified shocks are only available
for a few countries and might also display some bias; as emphasized by Perotti [2012],
decision-makers could assert that they focus on public debt while they are interested in
mitigating the effects of a recession which in turn will bias the estimated effect (from the

narrative approach) of a tax cut on value added downward.

Our identification of a permanent shock to the corporate tax rate lies on the assumption

that persistent changes in corporate income tax rates are not driven by the stage of the



business cycle of the country. Instead, our identification of a permanent shock to corporate
taxation lies on the observation that tax competition has given rise to a downward trend
in the corporate tax rates in most of OECD countries. In addition to generating a gradual
decline in corporate taxation, the willingness to attract capital implies that country-level
tax rates share a common component which is specific to corporate taxation, i.e., the
entity which is taxed can cross the borders. Tax competition refers to the process whereby
countries compete with each other to attract businesses by offering lower tax rates and
other favorable tax conditions. This competition can have a permanent effect on corporate
income tax rates because businesses will continue to seek out countries with lower tax
rates, leading to a downward pressure on tax rates in other countries. As businesses move
to countries with lower tax rates, governments in other countries may be forced to lower
their own tax rates in order to remain competitive. This creates a cycle of tax competition,
as each country continually lowers its tax rates in an effort to attract businesses. Persson
and Tabellini [2002] show theoretically that in the Nash equilibrium, tax competition leads
to a reduction in taxes of the mobile factor (capital) more than the immobile factor (labor).
Evidence documented by Devereux et al. [2008] reveals that corporate tax cuts aimed at

attracting multinational and more profitable firms.

Fig. 1 plots the country corporate tax rate against time in the solid blue line for
the eleven OECD countries of our sample. As it stands out, corporate taxation displays a
downward trend from the end of the seventies or the beginning of the eighties which coincide
with the removal of capital controls. As mentioned above, our identification assumption is
based on the existing of a downward trend which is common to the countries of our sample.
One way to visualize this idea is to plot the simple country average of corporate tax rates
which is shown in the dashed green line. It is striking to see that domestic corporate
income tax rates track well the cross-country average. Indeed, The correlation between the
country-level corporate income tax rate, 7, and the cross-country average tax rate, 7",

averages 0.86, see Online Appendix D.1.

Because the downward trend is driven by international tax competition, to better reflect
the intensity of competition between countries to attract capital which is perfectly mobile
between countries, we consider the import-share-weighted-average of trade partners’ cor-
porate tax rates. Davies and Voget [2009] show that domestic tax levels are positively
related to taxes of other countries, especially close countries like neighbors, and find robust
evidence for tax competition. In the same vein, to capture more accurately the degree of
international competition faced by each country ¢, we construct an international tax rate
k = 1...10 of each country ¢ by considering the trade intensity between the home country
and its trade partner within ten countries as a weight:

10
int i,k
Tit = Z Qrpgo Tkt (2)
ki

9
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Figure 1: Evolution of Corporate Tax Rates in Eleven OECD Countries 1973-2017. Notes
In Fig. 1, we plot the top statutory corporate income tax rates for each country 4, 7;¢, in the solid blue line (vertical

axis) against time. In the dashed green line, we plot the country average of corporate tax rates, ?f"t, and in the

dashed red line, we plot the import-share-weighted-average of trade partners’ corporate tax rates of country i, T?"t"t‘

Sample: 11 OECD countries, 1973-2017, annual data. ‘

where a}’]]f/l is the trade share of home countries ¢ with the partner country k& and 7y, is the
statutory corporate income tax rate of the partner country. The most important feature
of this tax measure is that it does not contain the countries own corporate tax rate. This

makes international tax rate exogenous to the country’s economic conditions.

The correlation between the country-level corporate income tax rate, 7;;, and the import-
share-weighted-average tax rates of trade partners of the home country, 7%, averages 0.93.
Therefore the intensity of tax competition is better captured when we consider the intensity
of trade links. While high correlation between the country-level corporate tax rate and its
international component shown in the dashed red line is obvious from Fig. 1, we have to
test formally that there is a common stochastic trend for the eleven OECD countries of our
sample. We use the panel cointegration test proposed by Westerlund [2007] which allows
for cross-sectional dependence. As shown in Online Appendix D.3, we can conclude that
there is a cointegration relationship between the logged country income corporate tax rate

and logged of import-share-weighted-average of trade partners’ tax rates.

Our VAR identification is based on the assumption that corporate tax rates among
OECD countries share a common downward trend as a result of financial openness. Building
on time series for assets and liabilities taken from the dataset from Lane and Milesi-Ferretti
[2007], we have calculated the financial openness index. As expected, Fig. 2 indicates a
negative correlation between financial openness and the corporate tax rate, meaning that

countries-years with more open capital markets tend to have lower corporate tax rates.

10
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Figure 2: Corporate Tax Rates vs. Financial Openness across Time and Space. Notes We plot
the corporate tax rates (vertical axis) against the measure of financial openness Data for the current account balance
are taken from Lane and Milesi-Ferretti [2007]. For profits’ taxation measure, we use the top statutory corporate

income tax rate. We are using a Locally Weighted Scatterplot Smoothing (LOESS) method which is a non-parametric
regression technique used for fitting a smooth curve or surface to a scatterplot of data points. Sample: 11 OECD

countries, 1973-2017, annual data.

While financial openness and capital mobility has given rise to international tax compe-
tition which has produced a common downward trend in corporate taxation among OECD
countries, tax setting in the home country will depend on the level of the tax rates of its
trade partners. Building on Devereux et al. [2008], in situations where capital can easily
move across borders, the decision to invest in a particular country, denoted as ¢ hinges on
that country’s corporate tax rates compared to those of other countries j where j # i. In
this analysis, we used more sophisticated capital openness index which is the Chinn-Ito

index (KAOPEN) 3

SKAOPEN represents the first principal component derived from the initial variables related to regulatory
restrictions on current or capital account movements, the presence of multiple exchange rates, and mandates
concerning the submission of export earnings. The Chinn-Ito index normalized to range between zero and
one. More details are provided by Chinn et al. [2008].
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Table 1: Regression results

(1) (2) 3) (4)

Tit Tit Tit Tit
Kit -0.298***  -0.459***  -0.382***  -0.414***
(-6.22)  (-10.86)  (-5.48)  (-9.80)
Tk Ky 0.815***  0.637***
(6.83) (4.55)
Log of Population -0.00971
(-0.08)
Log of public debt to GDP -0.00628
(-0.31)
Unemployment Rate -0.170
(-0.42)
FI Ky 0.678***
(7.79)
_cons 0.636***  0.500*** 0.617 0.498***
(15.23)  (14.04)  (0.51)  (17.34)
Country FE Yes Yes Yes Yes
adj. R? 0.476 0.714 0.676 0.667

t statistics in parentheses
" p<0.10, " p < 0.05, ™" p < 0.01

To test our assumption, we run the regression of corporate tax rates on capital openness

and a measure of the intensity of tax competition:
Tit = Biki + Bakati™ + B3 Xit + Vit, (3)

where 7;; is statutory corporate income tax rate for country i at year t, x;; is the capital
openness index and X is for the control variables such as country size, public debt to GDP

ratio and unemployment rate.

Table 1 displays the results of the regression specified in eq. 3. As shown in the first
row which displays the impact of capital openness, the variable has a significant and strong
negative impact on the corporate tax rate. The interaction term shown in the second
row reveals that the impact of capital openness on the home country’s tax rate is smaller
where corporate tax rates of neighbors (i.e., trade partners) are higher. Even if capital
is perfectly mobile between countries, some economies might use the corporate tax rate
for other purposes than attracting capital, such as reducing the public debt which in turn
reduces the intensity of tax competition. All these conclusions hold even once we add some

controls, as shown in column 3.% For example, higher unemployment tends to provide some

4In row 3, we consider the role of the size of the country which is expected to have a positive impact on
corporate taxation: a smaller country will have a greater incentive to lower its tax rate as the loss of tax
revenues due to a reduction in the tax rate is more likely to be more than offset by a large capital inflow
than a country which has a much larger size. We find however a negative impact on corporate taxation but
the point estimate is not significant. The public debt has not a significant effect either.
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incentives to cut corporate tax rates but the effect is not statistically significant.

In eq. 3, international tax rates are dependent on the international measure of the
corporate income tax rate. Because the regressor 77" might display some endogeneity, i.e.,
to ensure the robustness of our empirical results, we have adopted an instrumental variable
approach. As a first stage, we first regress 7" on its lag and on a set of control variables
Xit, and derive predicted values of the international tax rate are denoted by 7. The
result of this IV regression is shown in column 4 of the Table 1. The sign and the size of

the coefficients are consistent with the baseline regression.

2.3 SVAR Identification and Robustness

In the previous subsection, we have documented a set of evidence which supports our
assumption that corporate taxation in OECD countries shares a common downward trend.
Such a downward trend is driven by tax competition as countries lower profits’ taxation to
attract capital which is perfectly mobile between countries or to keep existing businesses
from leaving. These variations are exogenous as they are not designed to offset a recession
and capture more supply-side reforms with a long-run economic growth perspective or could
also reflect "ideological” changes. In the same spirit as Dupaigne and Feve [2009], to avoid
any potential variations in profits’ taxation designed to offset macroeconomic shocks, we
estimate the VAR model by replacing the country-level corporate income tax rate with an
international measure which is common to all countries of our sample. While the country
average of corporate income tax rates are highly correlated with the country-level tax
rate, we consider a measure which better captures the intensity in tax competition. This
measure is defined as an import-share-weighted-average of trade partners’ corporate tax
rates. The advantage of this measure is twofold. It is strongly correlated with the country-
level corporate income tax rate as the correlation averages 0.93 and ranges from 0.87 for
Germany to 0.98 for Sweden. Because this measure is cointegrated with the country-level
tax rate, we can estimate a SVAR model where we replace 7;; with ng‘t. Because the
international measure for profits’ taxation which captures the strength of international tax
competition is country-specific, the second advantage of using this measure is that we can
estimate the SVAR model in panel format which will ensure the accuracy of our estimates
as we have almost five hundred observations. After running panel unit root tests to ensure
that all variables are integrated of order one, like Gali [1999] who focus on permanent
technology improvements, we impose long-run restrictions and identify permanent shocks

to corporate taxation as shocks that lower permanently Tfft.

SVAR model and identification. To explore empirically the dynamic effects of
a shock to corporate taxation, we consider a vector denoted by X;; which includes the
int

corporate income tax rates, 7;;", real GDP, total hours worked, and utilization-adjusted-

aggregate-TFP. In the sequel, all quantities are divided by the working age population
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and all variables enter the VAR model in rate of growth except the corporate income tax
which is in variation. Although the SVAR estimations might be subject to small sample
biases, a panel data with 11 countries can compensate the limited time horizon. Also, the
confidence bounds are tighter in the panel SVAR estimations than when estimations are
run at a country level. Our panel VAR estimation includes the international tax rate and

the aggregate and sectoral level macroeconomic variables.

We identify a permanent shock to corporate taxation €], by estimating a reduced-form
VAR model in panel format on annual data. As is well know, the number of parameters
estimated in the reduced form of the VAR model is not sufficient to recover the structural
shocks and thus we have to impose long-run restrictions on the structural form. To write
down the moving average (MA) representation of the structural VAR model, we assume a

linear relationship between reduced form residuals 1, and structural technology shocks €7,
77;;5 = AOEZtv (4)

where Ao is the matrix that describes the instantaneous effects of structural shocks on

observables. The MA representation of the structural VAR model reads:
Xy = B(L)AoeD,, (5)

where B(L) = C(L)™!' with C(L) = I, — Y.¥_, C,L* a p-order lag polynomial. The
matrices Cj, and the variance-covariance matrix 3 are assumed to be invariant across time
and countries and the VAR is estimated with two lags and country fixed effects. Let us
denote A(L) = B(L)Ap with A(L) = 372, A L¥. To identify permanent corporate income
tax changes, €], we use the restriction that the unit root in Tfft originates exclusively
from corporate tax shocks which implies that the upper triangular elements of the long-run
cumulative matrix A(1) = B(1)Ap must be zero. This restriction on the long-run cumulative
matrix implies that once the reduced form has been estimated using OLS, structural shocks

can then be recovered from €7, = A(1) "1 B(1)n;: where the matrix A(1) is computed as the

Cholesky decomposition of B(1)XB(1)".

Robustness checks. Gali [1999] has pioneered the identification of permanent tech-
nology improvement through long-run restrictions. Because the SVAR estimation allows
for a limited number of lags, the SVAR critique has formulated some reservations with
regard to the ability of the SVAR model to disentangle pure permanent shocks from other
shocks (which have long-lasting effects on the variable of interest) when capital adjusts
sluggishly. While the SVAR critique has been formulated for the identification of perma-
nent technology shocks, see e.g., Erceg et al. [2005], Chari et al. [2008], we have conducted
a series of robustness checks (that we summarize below) related to several aspects of our
VAR identification of corporate income tax shocks which are detailed in Online Appendix

D.
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First, in Online Appendix D.4, we test whether the identified shocks to corporate tax-
ation are correlated with persistent demand shocks. Following Francis and Ramey [2005],
we run the regression of identified corporate tax shocks on (three) demand shocks which
includes shocks to government spending, to monetary policy, and to tax revenues. The
F-test reveals that none of the demand shocks are correlated with our identified corporate
income tax shocks. Second, following the recommendation by Chari et al. [2008] and De
Graeve and Westermark [2013] who find that raising the number of lags may be a viable
strategy to achieve identification when long-run restrictions are imposed on the VAR model,
in Online Appendix D.5, we increase the lags from two to five and find that all of our con-
clusions stand. Third, because the existing literature has recourse to narratively-identified
corporate income tax shocks which are only available for the U.S., in Online Appendix D.6,
we contrast the dynamic effects of a corporate income tax cut we estimate from a SVAR
identification with long-run restrictions with those when exogenous shocks are narratively
identified over the period 1970-2006. We find that the effects from the SVAR identifica-
tion lies within the confidence bounds of the point estimate obtained from the narrative

approach.

2.4 Dynamic Effects of Corporate Tax Shocks across Sectors

In this section, we discuss the dynamic effects of a permanent corporate tax cut. The
dynamic responses are generated from the estimation of VAR models which include the
import-share-weighted-average of trade partners’ corporate income tax rates, Tfﬁt, ordered
first and a set of variables which are detailed in Online Appendix B. While we replace the
country-level corporate income tax rate, 7, with its international measure, ngzt, to ensure
the exogeneity of the tax to country-specific economic activity, we re-scale the shock so that
the dynamic responses correspond to the effects to a 1 percentage point permanent decline
in the country-level corporate income tax rate.® Additionally, we re-scale the response of
value added and hours worked in traded and non-traded sectors by the sample average of
sectoral value added to GDP and sectoral labor compensation share, respectively. This
re-scaling implies that the sum of responses of value added (hours) across sectors collapses

to the response of real GDP (total hours worked). Shaded areas display the 90% confidence

bounds from bootstrap sampling. Darker areas are 68% confidence intervals.

Aggregate Effects. We start with the aggregate effects displayed by Fig. 3. As shown
in Fig. 3(a), the country-level corporate income tax declines by 0.41 ppt on impact following
an exogenous decline in the international tax rate, and then decreases by 1 ppt after five

years. The corporate tax cut has an expansionary effect on real GDP, total hours worked,

5To normalize the shock so that the responses show the effects after a permanent corporate income tax
cut by 1 ppt in the long-run, we estimate a VAR model which includes the international corporate tax
rate, 7i*, and the country-level corporate tax rate, 74, and estimate by ho much 7;; declines when 7%
declines by 1 ppt in the long-run. Then we re-scale the effects to show the responses to a 1 ppt decline in

the country-level corporate income tax rate.
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and utilization-adjusted-aggregate-TFP (see Fig. 3(b)). Total hours rise by 0.9% on impact
and by 0.63% in the long-run (see Fig. 3(e)). Importantly, the combined effects of higher
labor and technology improvements generate a real GDP growth of 1.3% on impact and

remains persistently 1% higher than its initial steady-state level (see Fig. 3(i)).

Sectoral technology effects. While aggregate technology improves significantly only
on impact, the adjustment is quite distinct when we differentiate the technology effects be-
tween the traded and the non-traded sector. As show in Fig. 3(c) and Fig. 3(d), a corporate
tax cut leads to a high and significantly technology improvement which is concentrated in
the traded sector as Z} rises by almost 1.7% in the long-run while utilization-adjusted-TFP
of non-tradables remains essentially unchanged as the response is not significant. Interest-
ingly, the result is reversed for hours as discussed below. One important question is whether
technology improvements are driven by innovation or instead reflects productivity gains due
to firm’s production reorganization or better management practices. In Online Appendix
C.6, we investigate the impact of a permanent corporate tax cut by 1 ppt in the long-run
on investment in R&D (for N = 9 countries due to limited data availability) and on the
stock of R&D (for N = 10 countries) at a sectoral level. We find that a decline in corporate
taxation has a strong expansionary and significant effect on investment in R&D but only in
the traded sector. We also detect a strong effect on the stock of R&D in the traded sector
but the response is significant at a significance level of 68% only. As we shall see below, one
reason to the lack of significance is that the effects of corporate taxation on R&D varies
widely across countries.

Sectoral hours and value added effects. While the permanent decline in corporate
taxation does not increase traded hours worked persistently (see Fig. 3(f)), it gives rise
to a significant and persistent rise in hours worked concentrated in non-traded industries
by 0.6 ppt of total hours worked. As displayed by Fig. 3(h), the hours worked share of
tradables declines which reflects the fact that labor shifts away from traded industries and
toward non-traded industries. While on impact, the contribution of the reallocation of
labor toward the non-traded sector to the rise in LV is modest, the contribution amounts
to more than one-third after three years as the shift of labor is a gradual movement. While
labor growth mostly originates from non-traded industries, real GDP growth is significantly
driven by traded industries as they account for less than 40% of GDP and contributes 60%
to output growth. As shown in Fig. 3(1), the value added share of tradables at constant
prices increases persistently by 0.2 ppt of real GDP as a result of technology improvements

in the traded sector.

2.5 Dynamic Effects of Corporate Tax Shocks across Countries

Our evidence reveals that a permanent corporate tax cut has a strong expansionary effect

on value added and technology in the traded sector and labor growth is concentrated in
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Figure 3: Dynamic Effects of a Corporate Tax Shock in OECD Countries (N = 11). Notes:

The solid black line shows the response of aggregate and sectoral variables to an exogenous decline in corporate income taxation by 1
percentage point in the long-run. (Darker) Shaded areas indicate the 90 (68) percent confidence bounds based on bootstrap sampling.
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non-traded industries. We now take advantage of the panel data dimension of our sample
to investigate whether the effects of a corporate tax cut vary across countries. Because we
have only 45 observations per country, we perform a country-split which allows us to use

the panel dimension to ensure the accuracy of SVAR estimates.

Country-split. We use a hierarchical cluster tree method to classify the countries into
two groups. This method is based on the idea that data points that are more similar to
each other should be placed in the same cluster, while those that are less similar should be

placed in separate clusters. To split the sample into two sub-groups, we use two dimensions.

The first dimension is related to the degree of wage flexibility and the second dimension
is the elasticity of utilization-adjusted-TFP w.r.t. the stock of knowledge. As a first pass, as
detailed in Online Appendix C.7, we estimated the responses of a corporate tax cut on the
aggregate wage rate for one country at a time and found that wages remain unresponsive to
the shock in four continental European countries which include Austria, Belgium, France
and Germany. When we estimated the effects of the same shock on technology, our estimates
also reveal that utilization-adjusted-TFP remains unchanged in these four economies. In
contrast, in the rest of the sample, both wages and technology were relatively responsive. As
detailed in Online Appendix C.4, to identify these two clusters, as mentioned above, we use
a hierarchical cluster tree method by making use of four labor market indicators suggested
by past empirical studies which include the share of permanent employment, union density,
the bargaining coverage rate, and the level of centralization in wage bargaining. Empirical
results show that the four continental European countries form a cluster with high wage
rigidity while the rest of the sample which includes English-speaking and Scandinavian
countries along with Japan and Luxembourg form a second cluster which is characterized
by a higher wage flexibility.

The second dimension is related to technology improvement. In Online Appendix C.7,
we provide evidence which reveals that countries with wage stickiness also experience no
technology improvement after a corporate tax cut while the other way around is true for
English-speaking and Scandinavian countries. Indeed, when we estimate the elasticity of
utilization-adjusted-aggregate-TFP w.r.t. the stock of R&D, our estimates indicate that
all continental European countries are characterized by an elasticity which is essentially
zero for each country. For simplicity purposes, we will refer indifferently to this cluster as
continental European countries or rigid-wages-group and we will refer to the second group
as English-speaking and Scandinavian countries or the flexible-wage-group.

International differences in labor and technology effects. In Fig. 4, we contrast
the effects of a permanent corporate tax cut between English-speaking and Scandinavian
countries on one hand shown in the blue line with diamonds and continental European

countries on the other displayed by the dashed red lines. As can be seen in Fig. 4(a),
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Figure 4: Dynamic Effects of a Corporate Tax Shock: Country-Split. Notes: we investigate the
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19



the adjustment of corporate taxation is similar between the two groups. In contrast, as
mentioned above, the adjustment in wages and in technology is distinct between the two
groups of countries. As displayed by Fig. 4(c), a corporate tax cut has a significant and
persistent effect in total hours in continental European countries while the aggregate wage
rate remains mostly unresponsive to the shock as can be seen in the dashed red in Fig.
4(b). By contrast, as shown in Fig. 4(d), technology remains essentially unchanged after a
permanent corporate tax cut in continental European countries while utilization-adjusted-

aggregate-TFP significantly increases in English-speaking and Scandinavian countries.

When we contrast the effects at a sectoral level in the second row of Fig. 4, we find
that a reduction in profits’ taxation generates technology improvements in English-speaking
and Scandinavian countries which are concentrated in traded industries (see the blue line in
Fig. 4(e)) as utilization-adjusted-TFP does not increase in the non-traded sector (see the
blue line in Fig. 4(f)). In Online Appendix C.6, we differentiate the effects of a corporate
tax cut between the two groups of countries. We find that only investment and the stock
of capital in R&D increase significantly in the traded sector and in English-speaking and
Scandinavian countries while R&D does not respond to the shock in continental European
countries. While in the latter group of countries, technology is unchanged in both sectors,
hours significantly and persistently increase in both the traded and the non-traded sectors

(see the dashed red line in Fig. 4(g) and Fig. 4(h)).

International differences in value added and relative price effects. In the last
row of Fig. 4, we differentiate the effects of a corporate tax cut between the two groups of
countries. While real GDP growth does not display some significant differences, see Fig.
4(i), its sectoral composition is quite distinct between the two clusters. More specifically, as
displayed by Fig. 4(j), technology improvements in traded industries raise traded relative to
non-traded value added in English-speaking and Scandinavian countries which in turn give
rise to an excess supply in the traded goods market leading to a depreciation in the terms
of trade, see Fig. 4(k). Differently, the excess demand in the non-traded goods market
appreciates non-traded-goods prices in both groups of countries, see Fig. 4(l). Because
the price-elasticity of the demand for non-traded goods is low, as corroborated by our own
estimates, the appreciation in the relative price of non-traded goods increases the share of
non-tradables. By raising the demand for labor in the non-traded sector, a higher fraction

of consumption spent on non-tradables shifts hours toward this sector.

Robustness checks: Dividend policy and profit-sharing rules. Because we find
that hours does not increase persistently in the long-run in English-speaking and Scan-
dinavian countries while technology does not improve in continental European countries,
we have checked whether these results are not driven by the fact that the fall in profits’

taxation leads firms to increase dividends instead of investing in R&D or instead of hiring
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more workers. We find that the response of the ratio of dividends to gross operating sur-
plus is muted for both groups of countries and thus we can conclude that the change in
the dividend policy cannot explain high and significant technology improvement we detect

empirically, see Online Appendix C.5.

We have also checked if profit sharing rules implemented in OECD countries, see e.g.,
Nimier-David et al. [2023], could lead firms to increase the share of labor compensation
in value added after a permanent decline in corporate taxation. We did not detect any
significant effect of a decline in corporate taxation on labor income shares, either in the
traded or in the non-traded sector, see Online Appendix C.8. The fact that the labor
income shares remain muted after a permanent decline in profits’ taxation stand in sharp
contrast with the estimates documented by Kaymak and Schott [2023] which indicate that
between 30% to 60% of the observed decline in labor income shares should be driven by
the fall in corporate taxation due to the shift of the market share from labor- to capital-
intensive industries. Besides the fact that the panel, the period, and the empirical strategy
are different, we believe that the difference between our results and the findings by the
aforementioned authors is based on the fact that we consider traded industries while the
authors focus on Manufacturing and the reallocation of market shares may operate within

this sector which results in a muted effect at the broad sector level.

3 Open Economy Model with Tradables and Non-Tradables

We consider an open economy that is populated by a constant number of identical house-
holds and firms that have perfect foresight and live forever. Like Kehoe and Ruhl [2009]
(KR henceforth), Bertinelli et al. [2022], Chodorow-Reich et al. [2023], the country is as-
sumed to be semi-small in the sense that it is a 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 so that exports are price-elastic. The open economy
produces a traded good which can be exported, consumed or invested and also imports
consumption and investment goods. While the home-produced traded good, denoted by
the superscript H, faces both a domestic and a foreign demand, a non-traded sector pro-
duces a good, denoted by the superscript N, for domestic absorption only. The foreign
good is chosen as the numeraire. Households choose consumption and labor supply, invest
in tangible and intangible assets, and must decide about the intensity in the use of the
capital stock and the stock of knowledge. Firms in the traded and the non-traded sector
rent services from labor, physical capital stock and the stock of ideas. Time is continuous

and indexed by t. More details about the model can be found in Online Appendices E.

21



3.1 Households

Consumption in sectoral goods. At each instant the representative household con-
sumes traded and non-traded goods denoted by C7(t) and CN(t), respectively, which are
aggregated by means of a CES function:

¢
=1 ¢p—1

+(1-g)F (V@) |, (6)

1 ¢—1
C(t) = |gs (CT(t)) ?
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 C7T(t) is defined as a CES aggregator of home-produced
traded goods, C¥ (t), and foreign-produced traded goods, C¥'(t):

P
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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.

Labor supply across sectors. The representative household supplies labor to the
traded and non-traded sectors, denoted by L (t) and L™ (t), respectively. To put frictions
into the movement of labor between the traded sector and the non-traded sector, we assume

that sectoral hours worked are imperfect substitutes, in lines with Horvath [2000]:
—1/6 e+l 1 ept1 6;%

Lty = [0, (L (0) " + (1 =o)LV @) | (8)
where 0 < 7, < 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.

Supply of tangible and intangible assets across sectors. Like labor, we generate
imperfect capital mobility by assuming that traded K (¢) and non-traded K™V (t) capital

stock are imperfect substitutes:

€K
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K(t) = |9 (K1 (1))

where 0 < ¥ < 1 is the weight of capital supply to the traded sector in the aggregate
capital index K (.) and ex measures the ease with which sectoral capital can be substituted
for each other and thereby captures the degree of capital mobility across sectors. We also
allow for imperfect mobility of intangible assets by assuming that traded Z(t) and non-

traded ZV (t) stock of ideas are imperfect substitutes:

€z
ez+1 ezl e +1

ZA(t) = 0,7 (21 () "7 + (1 -0, V% (ZV(1)) , (10)

where 0 < ¥z < 1 is the weight of traded intangible assets and €z measures the ease with
which sectoral intangible assets can be substituted for each other and thereby captures the

degree of mobility of ideas across sectors.
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Preferences. The representative agent is endowed with one unit of time, supplies
a fraction L(t) as labor, and consumes the remainder 1 — L(t) as leisure. Denoting the
time discount rate by 8 > 0, at any instant of time, households derive utility from their
consumption and experience disutility from working and maximize the following objective

function:

U= / T AC), L) et (11)
0

where we consider the utility specification proposed by Greenwood, Hercowitz and Huffman
(GHH thereafter) [1988] so as to eliminate the wealth effect in the household’s labor supply
decision:

Xl—a -1 1+o
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where S is the stock of habits and g is the weight of relative consumption:. If vg = 0, the
case of time separability in preferences obtains.

Consumption habits. To keep things simple, we consider the case of external habits
which implies that outward-looking consumers do not take into account the impact of their
consumption decisions on the aggregate stock of habits. Since individuals are identical, the
average values of consumption and the stock of habit collapse to the values prevailing for
each individual. In eq. (13), the reference stock is thus formed as an exponentially declining

weighted average of past economy-wide average levels of consumption C:
¢
S(t) = dg / C(r)e % "dr,  §g>0. (13)

According to eq. (13), the habitual standard of living is defined as a distributed lag over past
consumption where the parameter §g indexes the relative weight of recent consumption in
determining the reference stock S(t). The larger dg is, the greater the weight of consumption
in the recent past in determining the stock of habits, and the faster the reference stock S
adjusts to current consumption. Differentiating eq. (13) with respect to time gives the law

of motion of the stock of habits:
S(t) =65 [C(t) — S(1)]. (14)

According to this specification, the reference stock is defined as an exponentially declining
weighted average of past economy-wide levels of consumption.

Capital and technology utilization rates. We assume that the households own tan-
gible K7(t) and intangible assets Z7(t) and lease both services from tangible and intangible
assets to firms in sector j at rental rates R/ () and R%7(t), respectively. Thus income from
leasing activity received by households reads } (RIS (4)ulSI (8) K7 (t) + RZI (t)yu?i (t) Z9 (t))
where we assume that households also choose the intensity u/(¢) and u%7(t) in the use
of the physical capital stock and in the stock of knowledge, respectively, like Bianchi et al.

[2019]. Both the capital u®7(¢) and the technology utilization rate u%7(t) collapse to one
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at the steady-state. We let the functions C*+J(t) and C%7(t) denote the adjustment costs
associated with the choice of capital and technology utilization rates, which are increasing

and convex functions of utilization rates:

CKIt) = ¢ (ufI(t) — 1) + 52% (W9 (t) — 1), (15a)

cZJ@>::x{(qu@>—l>+-i§(uzj@>—1J2, (155)

where 55 > 0, X% > ( are free parameters; as §% — 00, xg — 00, utilization is fixed at unity.
Budget constraint. Households supply labor services to firms in sector j at a wage
rate WJ(t). Thus labor income received by households reads > y W (t)L?(t). Households
can accumulate internationally traded bonds (expressed in foreign good units), N(t), that
yield net interest rate earnings of r*N(¢). Denoting lump-sum taxes by 7'(¢), households’
flow budget constraint states that real disposable income can be saved by accumulating
traded bonds, consumed, Pc(t)C(t), invested in tangible assets, PX(¢)JX(¢), invested in
intangible assets, PJZ (t)JZ(t), and covers capital and technology utilization costs:

N(t) + Pc(t)C(t) + PF () J5t) + PF(#)J7(t) + > Pi(t) (CMI ()™ (1)K (t) + CHI (t)w P (1) Z4(t))
j=H,N

=" N(t) + WH)L(E) + REOK () > afe(uT + RE6)ZA) > af(tyu?? —T(t),
J=H.N j=H,N
where we denote the share of sectoral tangible (intangible) assets in the aggregate stock of

capital (knowledge) by v (t) = KI(t)/K(t) (v%I(t) = ZI(t)/Z(t)), and the compensation

_ RSIWEI (1)  R020

share of sector j = H, N by oﬂk(t) = “RROK®) Z A0YA0) ) for capital (ideas).

As shall be useful, we denote the labor compensation share by ozji(t) = %

Investment in tangible assets. The investment good is (costlessly) produced using

inputs of the traded good and the non-traded good by means of a CES technology:

TE@) = [0 (T(0) 5 4 (1 o) (V@) T ] a7

where 0 < i < 1 is the weight of the investment traded input and ¢x 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¥'(¢):

PJ
py—1 py—1 py—1

1 1
JEE) = [(M)er (JH() o7 + (1= )er (JE@) #7 : (18)
where 0 < I < 1 is the weight of the home-produced traded input and p; corresponds to
the elasticity of substitution between home- and foreign-produced traded inputs.
Installation of new investment goods involves convex costs, assumed to be quadratic.

Thus, total investment J%(¢) differs from effectively installed new capital:

k (T5(t)

JE @) = 15(t) + = ( — 5K>2 K(t) (19)
2 \ K(t) ’
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where the parameter k > 0 governs the magnitude of adjustment costs to capital accumu-
lation. Denoting the fixed capital depreciation rate by 0 < dx < 1, aggregate investment,

I5(t), gives rise to capital accumulation according to the dynamic equation:
K(t) =I%(t) — 6 K (t). (20)

Investment in intangible assets. The intangible good is produced using inputs of
the home-produced traded good and the non-traded good according to a constant-returns-

to-scale function which is assumed to take a CES form:

¢z
1 $7-17 3,1

JZ(t) = sz (JZ’H(t))% +(1—Lz)i (JZN(t)) oz , (21)

where 17 is the weight of the intangible traded input (0 < ¢z < 1) and ¢z corresponds
to the elasticity of substitution in investment between traded and non-traded intangible

inputs. Accumulation of intangible assets is governed by the following law of motion:
ZA(t) = 17(t) = 6,2°(t), (22)

where IZ is investment in intangible assets and 0 < dz < 1 is a fixed depreciation rate of
ideas. We assume that accumulation of intangible assets also is subject to increasing and

convex cost of net investment in R&D:

7 2
() = 170 + 5 < ;((tt)) - 52) Z4(), (23)

where the parameter ( > 0 governs the magnitude of adjustment costs to accumulation of
intangible assets.

Household’s optimal plan. Households choose consumption, worked hours, capital
and technology utilization rates, investment in tangible and intangible assets by maximizing
lifetime utility (11) subject to (16), (20) and (22). Denoting by A, Q%/, Q%' the co-state
variables associated with the budget constraint and the law of motion of physical capital

and ideas, the first-order conditions characterizing the representative household’s optimal
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plans are:

A (C(0), 5(0) 1(®) = MPo(o) (210)

=ML (C(t),5(t), L(t)) = AW (), (24b)

QX (t) = PK(t) [1 + K (I;((;)) - 5K>] , (24c)

@0 =pfo) [1+¢ (78 52| (240)

o=+ -1). = HN (240)

B = b0 -1), G=HN, (241

A0 =A(B-1), (24g)

Q1) = + o) Q¥(1) - {j:% OO RE 1)

- 5 Pt - oS0, 2m)

iy

OZ(t) = (r* + 67) Q7 (1) { S ol (t)u?I ()R (1)

j=H,N
. y y 0J%(t)
) j=zH;N PIOCH B ~ P70 dZA(t) }

(24i)

and the transversality conditions limy_,o AN (t)e ™%t = 0, limy_,oo Q¥ (1)K (t)e™P* = 0, and
limy_0o Q% (1) ZA(t)e P = 0; to derive (24h) and (24i), we used the fact that Q¥ (t) =
QI (1) /A1), Q%(t) = Q%'(t)/A(t), respectively. In an open economy model with a rep-
resentative agent having perfect foresight, a constant rate of time preference and perfect
access to world capital markets, we impose = 7* in order to generate an interior solu-
tion which implies that when new information about a shock arrives, A jumps to fulfill the
intertemporal solvency condition and remains constant afterwards.

Reallocation incentives. A permanent corporate income tax cut produces a positive
wealth effect which increases consumption and modifies sectoral prices and thus provides in-
centives to reallocate productive resources across sectors. Once households have determined
aggregate consumption, they allocate consumption expenditure to traded and non-traded
goods according to the following optimal rule:

PYOCYW) _ <PN<t>>1‘¢.
Pe(t)C(t) Pe(t)

Because technology improvements are concentrated within traded industries, a corporate

1—ac(t) =

(25)

income tax cut gives rise to an excess supply in the traded goods market and an excess
demand in the non-traded goods market. According to (25), an appreciation in non-traded
goods prices PV (t) increases the share of expenditure allocated to non-traded goods, 1 —
ac(t), as long as ¢ < 1, as evidence suggests. This assumption ensures that a corporate tax

cut has a strong expansionary effect on non-traded hours worked, in accordance with our
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empirical findings, by shifting productive resources, especially labor, toward the non-traded

sector.

3.2 Firms

We assume that within each sector, there are a large number of intermediate good producers
which produce differentiated varieties and thus are imperfectly competitive. They choose to
rent labor services from households along with services from tangible and intangible assets.

Final Goods Firms. The final non-traded output, Y7, is produced in a competi-
tive retail sector using a constant-returns-to-scale production function which aggregates a

continuum measure one of sectoral goods:

/ 1 (X{) Ea dz’] o (26)
0

where w’ > 0 represents the elasticity of substitution between any two different varieties

VI =

and X{ stands for intermediate consumption of ith-variety (with i € (0,1)) within sector j.
Total cost minimization for a given level of final output gives the (intratemporal) demand
Pl

—wi
function for each input: Xf = (P’J) Y7 where PZ-] is the price of variety ¢ in sector j

and P7 is the price of the final good in sector j = H, N.

Intermediate Goods Firms. Within each sector j, there are firms producing dif-
ferentiated goods. Each intermediate good producer uses labor services, L’(t), services
from tangible assets R’f (t), and intangible assets, Zg, both inclusive of the intensity in the
use of tangible and intangible assets, to produce a final good according to a technology of
production: _ _

xiw =) (Ho) (Kn) . (27)
where T7(t) stands for utilization-adjusted-TFP in sector j. The production technology(27)
displays increasing returns to scale because intangible assets is an input which gives rise
to technology in sector j denoted by T7(t). In line with the assumption by Buera and
Obserfield [2020], and in accordance with the evidence documented by Keller [2002], Griffith
et al. [2004], we assume that firms within each sector benefit from international R&D
spillovers. We assume that the stock of ideas Z{ has a domestic component Zg (inclusive of

the technology utilization rate) and an international component as captured by the stock

of knowledge ZW"(t): ‘
. ~ 67 . _g7
()= (Zw) " (2" w) ", (28)
where 9”2 captures the domestic content of the stock of knowledge accessible to domestic

firms in sector j. Both the domestic Zg and the international stock of ideas Z"(t) are

sector-specific.® We assume that the domestic and the international stock of knowledge

5Cai et al. [2022] find some spillover across sectors both for the home and the international stock of
knowledge. When we estimated the effect of the international stock of knowledge of tradables (non-tradables)
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produces differentiated effects on utilization-adjusted-TFP in sector j:
. g vi63 Wi (1_g?
= (Z0)" 7 (2 )”" ) (29)

where 17 (1Y) is the elasticity of technology w.r.t. the domestic (international) stock of
knowledge. Our objective is to estimate this parameter at a sector level to calibrate our

model.

Firms face three cost components: a labor cost equal to the wage rate W7(t), and a
sector-specific rental cost for tangible and intangible assets equal to R%J(t) and R%7(t),
respectively. We assume that the government levies a tax 7 on firms’ profits. In line with
the common practice, see e.g., Backus et al. [2008], firms’ taxable earnings are defined as
output less wage payments and physical capital depreciation. Both sectors are assumed to
be imperfectly competitive and thus choose prices along with the amount of services from

labor, tangible assets and intangible assets rented to households:

W) = (1-7) [PIOXI(@) - W) - 6k K (1)] — (R (1) — oxc) KL (1)
RZ,]() () PJFJ (30)

where F7 is a fixed cost which is symmetric across all intermediate good producers but

varies across sectors. Denoting the markup charged by intermediate good producers by

W= w;"il > 1, first-order conditions can be rewritten as follows (see Online Appendix

E.2):

xJ
Jgi X _ iy
P’ 7 = W7, (31a)
X7 R — 6
P 1—¢ = _ ) 1b
( )K] u[( — >+K] (31D)
Xj
(1—7)Plv) (1—69) ? = WR?I, (31c)
ax/ x; ox] ax/ i X7
where we used the fact that or GJF, oK = ( — 03) J, 07 = =y 7k

Free entry condition. We assume free entry in the goods markets so that the move-
ment of firms in and out of the goods market drives profits to zero at each instant of time,
ie., TJ(t) = (1 — 1) NOS/(t) — (RX9(t) — 6k ) K7 (t) — R%I(t)Z)(t) — P/ FI = 0 where the
net operating surplus (NOS henceforth) is NOS{ (t) = Pij (t)Xij (t) — Wi (t)Lg (t) — 6Kf(ij (t).
After-tax value added covers the payment of after-tax labor services, (1 — 7) W7 L7, rental
payments of services from tangible and intangible assets to households, i.e., [RK ) K] Ki
and R%JZ7, and also covers the payment of the fixed cost P7F7.

Inserting first-order conditions (31a)-(31c) into profit (30), and setting to zero implies
that (1 —7) PinZ-j [1 H:Z] P]FJ = 0. We require the markup denoted by p/ to be

on utilization-adjusted-TFP of non-tradables (tradables), we did not detect spillover across sectors as the
coefficients are not statistically significant. However, some knowledge spillover can occur between industries
of the same broad sector.
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larger than the degree of increasing returns to scale, i.e.,
1+ 1v76% < 4, (32)

so that the excess of after-tax value added over the payment of factors of production, i.e.,
(1—1) Pl.inj [1 — 1+:§Z97Z] , is large enough to cover fixed costs.

Because intermediate good producers are symmetric, they face the same costs of factors
and the same price elasticity of demand. Therefore, they set same prices which collapse to
final good prices, i.e., Pij = PJ and they produce the same quantity, i.e., Xg = XI =Y.
We denote output net of fixed costs by Q7 = Y7 — FJ. By using the free entry condition,

0%

o o ) ) .
e, P/FI/ = (1—71)PIYJ [1 - H}j} value added in sector j net of fixed cost reads as

1_(1_7)<1_1+%>]. (33)

follows:

i_yi
Q=Y "

3.3 Government

The final agent in the economy is the government which finances government expenditure
on traded and non traded goods, G = PHGH + PNGN, raising taxes T that are assumed
to be lump-sum in addition to corporate taxes levied on firms’ profits:
PHHGH + PN)GN =T(t) + Y TNOSI(1). (34)
j=H,N
Note that we abstract from imports from the government as data indicates that they are

negligible relative to home-produced and non-traded goods components.

3.4 Model Closure and Equilibrium

Market clearing conditions and the current account. To fully describe the equilib-
rium, denoting exports of home-produced goods by X, we impose goods market clearing

conditions for non-traded and home-produced traded goods:

YNy = ON(@t) + TV (t) + GV () + CEN KN (t) + 0PN (1) ZN (1), (35a)

YA@#) =@ty + 75 (t) + GH () + X () + cBH KA (1) + c?H () ZH (1),  (35b)
where exports are assumed to be a decreasing function of the terms of trade, PH.
XH(t) = px (PH (1)), (36)

where px > 0 is a scaling parameter, and ¢y is the elasticity of exports w.r.t. PH.
Using the properties of constant returns to scale in production, identities Po(t)C(t) =
2, PI)CI(t) and Py(t)J(t) = >, P9(t)J9(t) (with g = F,H,N) along with market
clearing conditions (35), the current account equation (16) can be rewritten as a function
of the trade balance:

N(t) = r*N(t) + PT)XH (t) — M¥(t), (37)
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where M ¥ (t) = CF(t) + G¥(t) + JF(t) stands for imports.

Corporate income tax dynamics. We drop the time index below to denote steady-
state values. The adjustment of the corporate income tax rate 7(t) toward its long-run
(lower) level expressed in deviation from initial steady-state is governed by the following

continuous time process:

dr(t) = dr + xpe Tt (38)

where x7 is a parameter which is calibrated to match the impact response of the tax rate

and & > 0 measures the speed at which the tax rate closes the gap with its long-run level.

Solving the model. The adjustment of the open economy toward the steady state is
described by a dynamic system which comprises seven equations that are functions of the do-
mestic stock of tangible assets, K (t), the shadow price of the physical capital stock, Q(t),
the domestic stock of intangible assets, Z4(t), the shadow price of the stock of ideas, Q7 (t),
the stock of habits, S(t), the corporate income tax rate, 7(¢), and the international stock of
knowledge, Z" (t). Denoting the vector of state variables by Xg = (K (t), Z4(t), S(t)), the
vector of control variables by X¢o = (QK (t),Q% (t)), the dynamic system comprises seven
equations, including (20), (24h), (22), (24i), that are functions of state and control variables

together with the corporate income tax rate and the international stock of knowledge:

Vs(t) = A (Vs(t), Ve(t), 7(t), 2V (1)), (39a)
Vo(t) = (Vs(t), Ve(t), 7(t), 2V (1)), (39b)
T(t) = —&r (r(t) — 1), (39¢)

where (39c) is the time derivative of (38). As explained in the quantitative analysis (de-
tailed in the next section), we assume that firms within each sector can freely benefit from
the international stock of ideas which is captured by a time-varying international stock of
knowledge Z" (t) (specified later) that can potentially improve the technology of firms in
sector j; as we shall see, this element is crucial to generate the magnitude of the technol-
ogy improvement we estimate empirically. Linearizing the dynamic equations (39) in the
neighborhood of the steady-state leads to a system of first-order linear differential equations
which can be solved by applying standard methods. See Online Appendix E.4 which details

the solution method for continuous time models.

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

permanent corporate tax cut.

"Technically, the assumption = 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
depends on eigenvalues’ and eigenvectors’ elements, see e.g., Turnovsky [1997].
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4.1 Calibration

K3 collapse to one

Calibration strategy. At the steady-state, capital utilization rates, u
so that K7 = KJ. To calibrate the reference model with flexible wages, we have estimated
a set of ratios and parameters for the eleven OECD economies in our dataset, see Table
17 relegated to Online Appendix G.1. Our reference period for the calibration is 1973-
2017. Because we calibrate the reference model to a representative OECD economy, we
take unweighted average values of ratios and parameters which are summarized in Table 2.
Among the 43 parameters that the model contains, 26 have empirical counterparts while

the remaining 17 parameters plus initial conditions must be endogenously calibrated to

match ratios.

Seventeen parameters plus initial conditions must be set to target ratios.
Parameters including ¢, ¢, vz, oo, 2, 91, 9k, 97, 6k, 67, G, GN, G must be set
to target a tradable content of consumption and investment expenditure in tangible and
intangible assets of ac = 42%, aﬁ{ = 29%, oz§ = 58%, respectively, a home content of
consumption and investment (in physical capital) expenditure in tradables of o = 63%
and a? = 44%, respectively, a weight of labor supply of L /L = 36%, a weight of tangible
and intangible assets supply to the traded sector of K /K = 38% and ZH/ZA = 59%,
respectively, an investment share of GDP in physical capital and in R&D of wff = 20.7%
and wff = 2.7%, respectively, a ratio of government spending to GDP of wg = 19.4%
(= G/Y), a tradable and home-tradable share of government spending of wor = 17%
(= 1—- (PNGN/@)), and wen = 14% (= PHPGH/G), and we choose initial conditions
so as trade is balanced, i.e., vyx = % = 0 with NX = PHEXH _cF — F _ GF,
Because u/*7 = u%J = 1 at the steady-state, four parameters related to capital ff{ , §{V , and
technology, x17, x¥', adjustment cost functions are set to be equal to R /PH RKN /pN,
R%H |pH RZN /PN respectively.

Seventeen parameters are assigned values which are taken directly or esti-
mated from our own data. We choose the model period to be one year. In accordance
with column 28 of Table 2, the world interest rate, r*, which is equal to the subjective time
discount rate, 3, is set to 2.5%. In line with mean values shown in columns 10 and 11 of
Table 2, the shares of labor income in traded and non-traded value added, 67 and 6V, are
set to 0.65 and 0.68, respectively, which leads to an aggregate LIS of 66%.

According to the optimal allocation of investment expenditure between traded and
non-traded inputs, the tradable share of investment expenditure is constant over time if the
elasticity of substitution, ¢y, between investment in tradables, J7', and investment in non-
tradables, JV, is equal to one. To pin down this value, we have plotted the tradable content
of GFCF,i.e., ay = % where P;J = Pj{JK—kPJZJZ. We find that «; is stable over time,

see Online Appendix G.6. This finding is in line with the evidence documented by Bems
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[2008] which reveals that the non-tradable content of investment expenditure is stable in
OECD countries. We also find that the tradable content of investment expenditure in R&D
is stable over time at 58%. In the calibration, we choose a value of one for the elasticity of
substitution ¢x between traded and non-traded investment inputs in tangible assets, and a
value of one for the elasticity of substitution ¢, between traded and non-traded investment

inputs in intangible assets.

Because barriers to factors’” mobility play a key role in our model, we have estimated
empirically the degree of labor mobility between sectors, €7, for one country at a time.
As shown in Online Appendix G.2 where we derive a structural equation, we pin down
€7, by running the regression in panel format on annual data of the percentage change in
the hours worked share of sector j on the percentage change in the relative share of value
added paid to labor in sector j over 1973-2017. The degree of labor mobility across sectors
is set to 1 (see column 16 of Table 2), in line with the average of our estimates. It is worth
mentioning that this value collapses to the value estimated by Horvath [2000] on U.S. data
over 1948-1985 and commonly chosen in the literature allowing for imperfect mobility of
labor. We have also estimated the degree of mobility of tangible assets across sectors by
running the regression of the percentage change in K ft /Kt on the percentage change in the
relative share of value added paid to capital in sector j over 1973-2017, see Online Appendix
G.3 for a detailed description of our empirical strategy and data source and construction.
We choose a degree of capital mobility across sectors of 0.17 (see column 17 of Table 2),
in line with the average of our estimates. Due to a lack of data, we cannot estimate the
degree of mobility of intangible assets between sectors, €z, and thus set this parameter to

0.17.8

To pin down the elasticity of substitution between traded and non-traded consumption
goods ¢, we use the optimal allocation of consumption expenditure between CT and CN and
run the regression of the logged share of non-tradables on logged P (t)/Pc(t). Time series
for 1 — a(t) are constructed by using the market clearing condition for non-tradables, see
Online Appendix G.4. Building on our panel data estimates, the elasticity of substitution
¢ between traded and non-traded goods is set to 0.45 (see column 15 of Table 2), since this
value corresponds to our panel data estimates. It is worth mentioning that our value is
close to the estimated elasticity by Stockman and Tesar [1995] who report a value of 0.44
by using cross-section data for the year 1975.

To determine values for the elasticity of technology w.r.t. the domestic and international
stock of ideas, we run the regression of utilization-adjusted-TFP in sector j on the domestic

stock of R&D in the corresponding sector and the international stock of R&D defined as

8To estimate the degree of mobility of intangible assets, we would need data about the share of value
added paid to innovation. While we could use labor compensation of researchers, these data are not available
at a sectoral level which prevents us from estimating €.
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an import-share-weighted-average of the stock of R&D in sector j of the ten trade partners
of the home country. All variables are logged and we estimate the relationship by using
cointegration methods. As detailed in Online Appendix G.5, FMOLS are positive and
statistically significant for the elasticity of utilization-adjusted-TFP w.r.t. the domestic
(0.292) and international stock of R&D (0.104) but only for the traded sector. Therefore

we have N = W

= 0, see columns 19 and 21 of Table 2. Because the elasticities
involve the domestic and world component of technology, we have recourse to a principal
component analysis applied to utilization-adjusted-TFP to extract the common component
across countries for home technology; from these estimates of the common component of
technology across countries, we infer values for the domestic component of technology for
the traded and the non-traded sectors, i.e., 9? = 0.56 and 9? = 0.63 (see columns 22 and
23 of Table 2). From FMOLS estimates for the traded sector and the value for 0%, we
find a value for the effect of the stock of knowledge on the corresponding component of

technology of v = 0.52 (= 0.292/0.56) for the domestic stock of R&D and vW:H = 0.24
(=0.104/0.44) for the international stock of knowledge, see columns 18 and 20 of Table 2.

Finally, we have estimated the markup for the whole economy by using the adaptation of
the empirical strategy pioneered by Roeger [1995] developed by Amador and Soares [2017]
who consider imperfectly competitive labor markets in addition to imperfectly competitive
goods markets. According to our estimates, the markup averages 1.35 for the whole sample,
as shown in column 27 of Table 2.

Nine parameters are taken from external research works. As pointed out re-
cently by Best et al. [2020], there exists no consensus on a reasonable value for the intertem-
poral elasticity of substitution for consumption as estimates in the literature range between
0 and 2. We choose a value of ¢ = 1 which implies that the intertemporal elasticity of
substitution for consumption is equal to 1. In line with the estimates recently documented
by Peterman [2016], we set the Frisch elasticity of labor supply o7 to 3. Like Carroll et
al. [2000], we choose a value for the the weight attached to consumption habits, vg, to 0.7,
and a depreciation rate for the stock of consumption habits, dg, of 0.2.

We choose the value of parameter x which captures the magnitude of capital adjustment
costs so that the elasticity of I/K with respect to Tobin’s q, i.e., @/Py, is equal to the
value implied by estimates in Eberly et al. [2008]. The resulting value of x is equal to 17.
Because estimates for intangible assets are not available, we also choose a value of 17 for (
which measures the magnitude of adjustment costs to accumulation of ideas.

In accordance with the evidence documented by Bajzik et al. [2020], we set the elasticity
of substitution between home- and foreign-produced traded goods to 3 for consumption and
investment, i.e., p = pff . Assuming that all countries have the same elasticities, since the

price elasticity of exports is a weighted average of p and pj, we set ¢x = 3. A value larger
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Table 2: Data to Calibrate the Two Open Economy Sector Model, 1973-2017

Tradable share [ Home share [ LIS [ Input ratios
YH Cl IK,I I L H Gl XH CH IK,H GH HH 91\1 LH/L KH/K ZH/ZA
m @ 6 @ 6 6 O @ (© 0@ a1y [12) (13) (14)
0.35 0.42 029 058 0.17 0.14 0.63 044 0.16 0.65 0.68 0.36 0.38 0.59
Elasticities [ Aggregate ratios [ Markup [ ir.
o) €L €K v v Wy Wl 0y 0y Iy I7]Y GJY 1 r
(15) (16) (17) (18) (19) (20) (21) (22)  (23) (24) (25) (26) (27) (28)
0.45 1.00 0.17 052 0.00 0.24 0.00 0.56 0.63 0.21 0.027 0.19 1.35 0.025

Notes: Columns 1-5 show the GDP share of tradables, the tradable content of consumption expenditure, the tradable content of investment
expenditure in tangible and intangible assets, the tradable content of government expenditure. Column 6 gives the ratio of exports of final
goods and services to GDP; columns 7 and 8 show the home share of consumption and investment expenditure in tradables and column 9
shows the content of government spending in home-produced traded goods; columns 10-11 show the labor income shares for tradables and
non-tradables. Columns 12-15 display the hours worked share of tradables, the ratio of traded capital stock to the aggregate physical capital
stock and the ratio of the stock of R&D of tradables to the aggregate stock of R&D. Columns show elasticities we have estimated empirically.
¢ is the elasticity of substitution between traded and non-traded goods in consumption; €y, is the elasticity of labor supply across sectors; € i is

the elasticity of capital supply across sectors; 8? (Gg) is the domestic component of traded (non-traded) technology and v (v) pins down

the elasticity of the domestic component of technology w.r.t. the domestic stock of ideas in the traded (non-traded) sector while oW H (VW’N)

captures the elasticity of the international component of traded (non-traded) technology w.r.t. to the international stock of ideas of trade
partners in the traded (non-traded) sector. IK/Y is the investment-to-GDP ratio for tangible assets and IZ/Y is the investment-to-GDP
ratio for tangible assets and G/Y is government spending as a share of GDP. p is the markup for the whole economy. The interest rate is
measured by the real long-term interest rate calculated as the nominal interest rate on 10 years government bonds minus the rate of inflation
which is the rate of change of the Consumption Price Index.

than one is in line with the structural estimates of the price elasticities of aggregate exports

documented by Imbs and Mejean [2015].

Setting the dynamics for endogenous response of domestic corporate income
tax. We identify a shock to the international component of corporate income tax rate which
is relevant to each country of our sample and then estimate the endogenous response of the
domestic corporate income tax rate to its international component. We have to choose
values for three parameters in eq. (38) to reproduce the dynamics from the VAR model for
7(t). First, we normalize the steady-state variation in the domestic corporate income tax
rate to 1 percentage point, i.e., dr = 0.01. We choose a value of 0.35 for xp = d7(0) — d7
and a value of 0.9 for {7 so as to reproduce the estimated response of 7 from the VAR

model.

International diffusion of innovation. The identification assumption is based on the
existence of a downward trend in corporate taxation which is common to OECD countries.
When one country lowers its tax rate, as evidence shows, technology improves (in an average
OECD economy) and because all trade partners also lower their tax rate and increase
investment in R&D, domestic firms in the home country can take advantage of the higher
international stock of knowledge. We can interpret the positive impact of ZW-H on TH by
using the fact that traded firms increase % (t) and Z*(t) and this increase the absorption
capacity of international ideas or symmetrically reduces the the adoption costs of foreign
innovation. The adjustment of the international stock of ideas Z" (¢) toward its long-run
(higher) level expressed in deviation from initial steady-state is governed by the following
continuous time process:

dzZWi(t) = dZW9 + xle 41, (40)

where dZWi(t) = ZWi(t) — 2" and dZW4 = ZWi — 7}V with Z)" the initial steady-
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state level for ZWJ: x]Z and 5]2 > (0 are parameters which determine the change in the
international stock of knowledge on impact and its persistence, respectively. Because only
the traded sector takes advantage of international spillovers (since V"N = 0 while v"-# >
0) and since we assume that there is no knowledge spillover across sectors, the international
stock of knowledge relevant for traded industries just collapses to utilization-adjusted-TFP
of tradables of a representative OECD economy. We choose a value for azg of -0.0157 and
a value of 0.9 for 55 to reproduce the adjustment of world technology for tradables which
collapses to the dynamics of the utilization-adjusted-TFP of tradables for an average OECD
economy since we allow for spillover within the same sector and not between sectors.
Capital and technology utilization adjustment costs. We set the magnitude of
the adjustment cost in the capital utilization rate, i.e., fg, so as to account for empirical
responses of u’J (t) after a permanent decline in corporate taxation. We choose ffl = §é\7 =
0.2 in the baseline calibration. The technology utilization rate u%”(t) measures the intensity
in the use of the stock of ideas Z7(t). The product of these two magnitudes u%7ZJ (?)
determines the domestic component of technology in sector j, i.e., ’]f’j = (Zf (t))ywjz
where the superscript ¢ refers to the country-specific component of utilization-adjusted-
TFP in sector j. In the data, we can approximate the stock of ideas with the stock of

R&D. We find that both

4.2 Decomposition of Model’s Performance

In this subsection, we analyze the role of the model’s ingredients in driving the effects of
a permanent technology improvement on hours. We show that the ability of the model to
account for the effects of a corporate income tax cut we estimate empirically depends on
technology and preferences’ specification.

Our baseline model includes two sets of elements. The first set of element is related to
endogenous technology decisions which include three dimension. While households invest
in R&D to accumulate a stock of knowledge Z4(t) over time, the stock of ideas is allocated
to sectors in accordance with its marginal revenue, our model also includes two additional
features. We allow for an endogenous intensity in the use of the stock of innovation (X% < 00)
and firms are supposed to take advantage of international R&D spillovers (¢ > 0). The
second set of elements is related to preferences which include two key dimensions. More
specifically, we allow for GHH preferences which have the advantage to eliminate the wealth
effect on labor supply. In addition, we assume consumption habits. As we show below,
the model can reproduce well the evidence but only once we consider the aforementioned
ingredients.

In Table 3, we report the simulated impact (i.e., at t = 0) and long-run (i.e., at ¢ = 10)
effects. While columns 1 and 8 show impact and long-run responses from our VAR model

for comparison purposes, columns 2 and 9 show results for the baseline model. Columns 7
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and 14 display results for a restricted version of our model which collapses to the KR model
with GHH preferences. In this restricted model 'No R&D’, we assume that production of
sectoral goods does not depend on intangible assets (i.e., 7/ = 0). In the second variant of
the restricted model ("No tech’) displayed by columns 6 and 13, we assume that production
is intensive in intangible assets (i.e., 7 > 0) but we assume that the adjustment costs of
the technology utilization rate u%7(t) are prohibitive (i.e., x% — 00) so that u%i(t) = 1
and firms have no access to international R&D spillovers (i.e., vWJ = 0). Columns 5
and 12 show a variant of the baseline model with endogenous technology decisions and
international R&D spillover but where we abstract from consumption habits. In columns
4 and 11, we consider the same model as the baseline but with Shimer [2009] preferences
which allow for a negative impact of the wealth effect on labor supply. While columns 2
and 9 display the baseline model’s predictions, columns 3 and 10 show results when we shut
down the technology utilization rate (i.e., X% — o0 so that u%J(t) = 1) and abstract from
international R&D spillover (i.e., vV = 0).

Table 3 reports the impact and long-run effects of selected variables, including total
hours worked, L(t), traded and non-traded hours worked, L(¢) and L¥(t), the hours
worked share of tradables, v% (t), utilization-adjusted-aggregate-TFP, T(t), utilization-
adjusted-TFP of tradables, TH (t). To further illustrate the transmission mechanism, we
also show the adjustment in real GDP, Qf(¢), in the real value added share of tradables,
dv?H (t), non-traded goods’ prices and the terms of trade, PV () and P (t), households’
consumption, C(t), and total investment in tangible and intangible assets including capital
installation costs, J(t) = JK(t) + JZ(¢).

Corporate income tax shock. Across all model’s variants, we consider a permanent
decline in the corporate income tax rate 7 by 1 percentage point. On impact, the corporate
income tax declines by -0.65 ppt which is slightly larger what we estimate empirically but

lies within the confidence bounds of the point estimate.

First ingredient: Investment in R&D. In columns 7 and 14 of Table 3, we report
results from a restricted version of the baseline model where we consider a two-sector small
open economy model which collapses to the KR model with GHH preferences. In this
model’s version, we assume that firms do not use intangible assets to produce sectoral
goods, i.e., ¥/ = 0, and abstract from an endogenous intensity in the use of the stock of

%3 =1, and we suppose that firms do not take advantage of innovation abroad,

ideas, i.e., u
i.e., vWJ = (0. Because the return on innovation is zero, households do not accumulate ideas
so that utilization-adjusted-TFP remain unchanged as can be seen in panel B, in contrast
to the evidence. Without technology improvements, sectoral wages doe not increase enough

to generate the increase in hours we estimate empirically evidence; more specifically, total

hours worked increase by 0.21% only on impact which is much lower that the estimated
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response in the VAR model (0.91% at t = 0).

Second ingredient: Endogenous technology utilization rate and international
R&D spillovers. In columns 6 and 13 of Table 3, we assume that the production of sectoral
goods is intensive in intangible assets, i.e., we let v# > 0, but we shut down the intensity in
the use of the stock of innovation, i.e., we let X% — 00, so that u%7 = 1, and impose vWJ = 0
so that innovation from abroad does not spillover on domestic firms’ technology. Because
the aggregate stock of ideas is a state variable which adjusts only gradually, aggregate-
utilization-adjusted-TFP remains unchanged on impact. While the stock of ideas can shift
across sectors, mobility costs imply that sectoral stock of ideas remain also unchanged.
Therefore, allowing for endogenous innovation is not sufficient to generate the magnitude
of technology improvements shown in panel B of column 1. It is only once the stock of ideas
has built up that productivity gains amount to 0.20% in the traded sector, thus leading
to an increase in utilization-adjusted-aggregate-TFP by 0.06% (see panel B of column 13).
This figure is however far below what we estimate empirically in the long-run. The model
also understates real GDP growth in the long-run due to the considerable lack of investment
in physical capital. While the model cannot account for the adjustment in hours on impact
as technology remains unchanged, as shown in panel A of column 13, the model can produce

a rise in total hours of 0.73%.

Third ingredient: Consumption habits. In columns 5 and 12 of Table 3, we
consider the same model as the baseline setup shown in columns 2 and 9 except that
we abstract from consumption habits, i.e., we set 7s = 0 into (12). By allowing for an
endogenous technology utilization-rate in the traded sector, i.e., Xf < o0, and interna-

vW:H > 0, the model with endogenous technology decisions

tional R&D spillovers, i.e.,
can generate a rise in utilization-adjusted-TFP of tradables of 0.9% and an increase in
utiliation-adjusted-aggregate-TFP of 0.25%. The rise in the international stock of R&D
improves the technology of tradables by 0.6%. The remaining share is the result of the
adjustment in the intensity in the use of the stock of innovation. Intuitively, by increasing
the return on tangible and intangible assets, a corporate tax cut produces a positive wealth
effect which increases consumption. Because technology adjustment costs are prohibitive in
the non-traded sector, non-traded goods prices appreciate by 1.20%, see panel D of column
5. Differently, to meet a higher demand for home-produced traded goods, traded firms
increase the technology utilization rate u%*(¢) by 0.9% which further increases T (t) by

0.3%.

By pushing up the aggregate wage, technology improvements provide a strong intensive
to increase labor supply. As shown in panel A, the model generates a rise in total hours
by 0.93% see column 5) which squares well with our estimated impact response for total

hours by 0.81% (see column 1). However, contrasting the long-run response of hours of
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1.83% shown in column 12 with the rise in hours we estimate empirically over a ten-year
horizon which stands at 0.59%, the model considerably overestimates the positive impact
on labor supply. The rise in hours is three times larger in the model than in the data in the
long-run because the model abstracts from consumption habits. As can be seen in panel
E, the model with habits produces a rise in consumption by 1.20 ppt of GDP while in the
data, we find a rise of 0.5 ppt only. Consumption habits are crucial to account for the
effects of a corporate tax cut on hours as they mitigate the rise in consumption and amplify
the rise in leisure. Intuitively, the expected higher level of consumption habits increase
the curvature of the utility function which encourages households to consume less goods
(as the marginal utility of consumption decreases more rapidly) and more leisure; therefore

consumption habits mitigate the rise in labor supply.

Fourth ingredient: GHH preferences. We allow for GHH preferences as only this
specification ensures that the model can generate the rise in hours in the short- and long-run
which squares with our evidence. To show this point, in columns 4 and 11, we show results
when we consider the same setup as the baseline except that we assume that preferences
are those proposed by Shimer [2009]. In contrast to GHH preferences, these preferences
imply that labor supply is influenced negatively by a wealth effect. As shown in column
4, assuming Shimer [2009] preferences leads the model to produce a rise in hours by 0.76%

which somewhat understates the rise in total hours we estimate empirically (0.91%).

In contrast, the baseline model with GHH preferences reproduces well the effects of a
corporate tax cut on hours and technology both on impact and in the long-run, as displayed
by columns 2 and 9. The combined effect of a higher intensity in the use of the stock of
knowledge on impact in the traded sector and international R&D spillover immediately
improve technology of tradables by 1.01% which leads to a rise in utilization-adjusted-
aggregate TFP of 0.32% close to our empirical estimate (0.43%). By stimulating wages,
technology improvements have a positive impact on labor supply which raises hours by
0.91%, a magnitude which collapses to what we estimate empirically. While the specification
of GHH preferences implies that the wealth effect does not exert a negative impact on
hours, consumption habits do avoid an excessive increase in consumption in the short- and
especially in the long-run (0.51 ppt in the model vs. 0.60 ppt of GDP in the data) which
ensures that the model does not exaggerate the increase in hours when the economy is close
to the steady-state. Indeed, over a ten-year horizon, hours increase by 0.66% in the model
and 0.59% in the data.

Reallocation of productive resources in two-sector open economy setup. Be-
cause we consider a two-sector open economy model, resources are reallocated between
industries. Because technology improvements are concentrated within traded industries,

an excess demand for non-traded goods shows up which appreciates non-traded goods by
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0.97% on impact (1.05% in the data) and by 1.55% in the long-run (1.85% in the data).
Because the elasticity of substitution between traded and non-traded goods is smaller than
one, as shown in the last row of panel A, hours are reallocated toward the non-traded
traded as reflected in a decline in the hours worked share of tradables by -0.06 ppt (-0.05
ppt in the data). Differently, an excess supply shows up in the traded goods market which
depreciates the terms of trade by -0.29% on impact (-0.17% in the data) and by -0.39%
(-0.59% in the data) in the long-run. Because home- and foreign-produced-traded goods
are high substitutes (i.e., p = pj = ¢x = 3), the terms of trade depreciation mitigates the
shift of productive resources toward the non-traded sector. Imposing that domestic and
foreign goods are perfect substitutes would lead the model to considerably overstate the
reallocation of labor toward the non-traded sector which is also hampered by labor mobility

costs.

4.3 Dynamic Effects of a Permanent Coporate Income Tax Cut

While in Table 3, we restrict our attention to impact and long-run effects, in Fig. 5, we
contrast theoretical (displayed by solid black lines with squares) with empirical (displayed
by solid blue lines) dynamic responses with the shaded area indicating the 90% confidence
bounds. We also contrast theoretical responses from the baseline model with the predictions
of a restricted model shown in dashed red lines which imposes prohibitive technology utiliza-
tion adjustment costs in both sectors (i.e., X% — 00) so that u%7 is constant and domestic
firms do not benefit from international R&D spillovers, i.e;, we set ,uV"H = vW'N = 0. As

can be seen in Fig. 5(a), we consider the same corporate tax cut for baseline model and its

restricted version.

Dynamics. As shown in the first row of Fig. 5, the baseline model reproduces well
the expansionary effect of a permanent corporate income tax cut on real GDP, total hours
and consu:ption while the same model abstracting from the endogenous technology rate in
the traded sector and international R&D spillover fails to account for the evidence. The
reason is that as shown in the last row of Fig. 5, the restricted model cannot generate
the technology improvement we estimate empirically as the stock of ideas also builds up
gradually. Because technology remains unchanged, as shown in Fig. 5(g) and Fig. 5(h),
the corporate tax cut has a mitigated impact on traded and non-traded wages which in
turn results in small increases in traded and non-traded hours, as displayed by Fig. 5(e)
and Fig. 5(f).

In contrast, the baseline model can generate a rise in total hours by 0.9% on impact as
traded firms increase the intensity in the use of stock of ideas on impact before gradually
increasing the stock of knowledge. In addition, traded firms benefit from international R&D
spillovers which further raise utilization-adjusted-TFP of tradables, as shown in the black

line of Fig. 5(o). Besides putting upward pressure on the aggregate wage and encouraging
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Figure 5: Theoretical vs. Empirical Responses Following a 1 ppt Permanent Corporate Tax
Cut. Notes: The solid blue line which displays point estimate from the VAR model with shaded areas indicating
90% confidence bounds; the thick solid black line with squares displays model predictions in the baseline scenario.

households to supply more labor, the significant technology improvement in the traded
sector produces an increase in traded value (see Fig. 5(i)) and in real GDP which is
in line with the evidence. While traded value added growth is driven by higher hours
and productivity gains in the short-run, Fig. 5(j) shows that the tax cut has also an

expansionary effect on non-traded value added which is driven by higher hours and the
increase in the capital utilization rate (see Fig. 5(p)).

Because an excess demand shows up on the non-traded goods market, non-traded goods
appreciate over time. In contrast, higher traded value added generates an excess supply
in the traded goods market which depreciates the terms of trade (see Fig. 5(1)). Because

productivity gains are insignificant in the short-run, the restricted model cannot account
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for the terms of trade depreciation as can be seen in the dashed red lines in Fig. 5(1).
Despite the positive impact of the wealth effect on consumption, the restricted model also
fails to account for the dynamics for consumption, as displayed by Fig. 5(d). In contrast,
the combined effect of productivity gains and of the terms of trade depreciation more than
offsets the negative impact of the appreciation in non-traded goods prices which leads the

baseline model to reproduce well the dynamics of consumption.

4.4 English-Speaking/Scandinavian vs. Continental European Countries

Calibration. In this subsection, we calibrate our baseline model to two different sub-
samples. The first sub-sample is made up of seven OECD countries which are characterized
by flexible wages and by a high elasticity of technology of tradables w.r.t. to the domestic
and the international stock of knowledge. The second sub-sample is made up of four OECD
countries which are characterized by sticky wages, a low elasticity of technology of tradables
w.r.t. to the domestic stock of knowledge, and low international R&D spillovers. We provide
more details about the calibration to the data in the Online Appendix H.1 for both groups

of countries.

English-speaking and Scandinavian countries. The parameters are set to target
the averaged ratios of the first sub-sample made up of English-speaking and Scandinavian
countries. We choose €, €k, €7 to be 0.95, 0.21, 0.21, respectively. Other parameters are
identical to those set for the representative economy except for nff and n"V>#; building on our
estimates, we set 71 and nW'H to0 0.62 and 0.51, respectively; while our estimates suggest low
but statistically significant positive values for the elasticity of utilization-adjusted-TFP of
non-tradables w.r.t. to the domestic and international stock of R&D, we set n’¥ = "N =0
because our evidence shows that there is no technology improvements in the non-traded
sector.

Continental European countries. The parameters are set to target the averaged
ratios of the second sub-sample made up of continental European countries. We choose
€1, €K, €z to be 1.08, 0.14, 0.14, respectively. Other parameters are identical to those set
for the representative economy except for n1 and n"W-#; building on our estimates, we set
n = nN = WV = 0 while n"' = 0.135 which implies that traded firms benefit from
international R&D spillover, although the impact is more than three times smaller than the
first group of countries. For this group of countries, we consider two variants. We consider
the baseline model with flexible wages and we contrast its predictions with those obtained in
a model with sticky wages. Our estimates for the group of continental European countries
reveal that the aggregate wage rate remains unchanged on impact and muted over a ten-
year horizon as the point estimate is positive but not statistically significant. Households
supply labor, L, and must decide on the allocation of total hours worked between the traded

sector, L, and the non-traded sector, LY. We assume that these labor services are sold
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Figure 6: Theoretical vs. Empirical Responses Following a 1 ppt Permanent Corporate Tax
Cut: English-speaking and Scandinavian countries vs. continental European countries.
Notes: The solid blue line which displays point estimate from the VAR model with shaded areas indicating 90%
confidence bounds; the thick solid black line with squares displays model predictions in the baseline scenario where
we consider sticky wages in the traded and the non-traded sector. The dashed red lines in Fig. 6(c) and Fig. 6(d)
shows the model’s predictions when we assume that wages are flexible.

to employment agencies in the traded and the non-traded sector which differentiate these
labor services and then aggregate them to sell them to final good producers. Households
receive an income in exchange for labor services and also rent tangible and intangible assets
to domestic firms. In the same spirit as Rotemberg costs for price adjustment costs, see
e.g., Kaplan et al. [2018], we assume adjustment costs faced by employment agencies in

adjusting the price of labor services. Adjustment costs are assumed to be quadratic in the

rate of change of the wage rate and are proportional to labor compensation in sector j:

(W o (W S
o[ = | =W L) wiLs, (41)
() ()

where qﬁ%v > (0 and TrzW’j = % is the individual wage inflation; qﬁ%v determines the degree of
wage stickiness in sector j. Azdjustment costs are the source of sticky wages and generate a
gap between wages received by workers R/ and the labor cost paid by intermediate good
producers, W7, to employment agencies. Like Chodorow-Reich et al. [2023], we consider
sticky wages at a sectoral level and choose the elasticity of substitution between labor
varieties 6{/1/ of 10 which is a value commonly chosen in the literature; we set gbj =10 in
both sectors; this value is a lower than the value commonly chosen in the literature who
consider quarterly data while our time series are available at an annual frequency; a value

of 10 for the degree of wage stickiness gives rise to a response in the aggregate wage rate

which reproduces what we estimate empirically for this group of countries.

Model’s prediction vs. SVAR evidence. While in Online Appendix H.2 we provide
numerical results for all variables considered in the empirical part, in the main text, for
reasons of space, we focus on a limited set of variables shown in Table 4 where we consider
impact and long-run effects. Columns 1 and 3 show impact and long-run responses we
estimate empirically for English-speaking and Scandinavian countries while columns 2 and
4 show the predictions of the baseline model with flexible wages which is calibrated so

as to replicate the characteristics of an average economy of this sub-sample. Columns 5
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and 8 display impact and long-run effects estimated empirically for continental European
countries and the results should be contrasted with the predictions of the baseline model
with sticky wages displayed by columns 6 and 9. To quantify the role of sticky wages in
driving the effects on hours, we also show the predictions of the same model with flexible
wages, as displayed by columns 7 and 10. The first column of Fig. 6 displays the dynamic
effects on technology improvements for English-speaking and Scandinavian countries while

the second column shows responses for continental European countries.

Productivity gains. Let us focus first on technology improvements which are shown
in panel C. Contrasting the model’s predictions in columns 2 and 4 with the empirical
estimates displayed by columns 1 and 3, the model with endogenous technology decisions
can generate a technology improvement which is close to what we estimate empirically.
The ability of the model to generate a large increase in productivity rests on three key
factors. First, in line with our empirical estimates, the production function displays a highly
intensity in domestic R&D and also in international R&D (as captured by high values for
v and "' which are set to 0.62 and 0.51, respectively). However, the domestic stock of
innovation only builds up gradually and thus remains unchanged on impact. To account
for the strong productivity gains in the short-run, we have to allow for an endogenous
technology utilization rate and international R&D spillovers. More specifically, because
the traded sector faces low technology utilization adjustment costs, x4, the sector finds
it optimal to meet the demand for home-produced traded goods caused by the tax cut by
increasing productivity as reflected in the rise in the technology utilization rate u%(t).
This factor contributes only 12% to the technology improvement on impact while it accounts
for one-third of the increase in utilization-adjusted-TFP in the long-run. International R&D
spillovers accounts for 88% of productivity gains on impact and 63% over a ten-year horizon.
The contribution of the increase in the stock of knowledge is lower at 4% at t = 10.

While technology improvements are significant in English-speaking and Scandinavian
countries, see Fig. 6(a) and Fig. 6(b), columns 6 and 9 show that the model predicts
insignificant productivity gains at any horizon for continental European countries, in ac-
cordance with the data.

Hours worked. Whereas technology does not improve in continental European coun-
tries, hours worked increase significantly in these countries by 0.95% on impact and 1.05%
in the long-run as can be seen in columns 5 and 8 of panel B. The model can generate
the increase we estimate empirically, but only in the short-run, as shown in columns 6
and 9. More specifically, wage stickiness is essential to produce the increase in hours we
find in the data. Intuitively, in a model with flexible wages, both traded and non-traded
firms increase wages in face of a higher demand to attract workers. In a model with wage

stickiness, workers obtains higher wages from employment agencies but the labor cost paid

45



by firms remains unchanged in the short-run. The appreciation in non-traded goods has
an expansionary effect on labor demand in the non-traded sector while small productivity
gains due to international R&D spillover also stimulates labor demand in the traded sector.
Because wages are unchanged, this provides high incentives to increase hours but only in
the short-run. As can be seen in Fig. 6(c) and Fig. 6(d), the model with flexible wages
shown in dashed red lines cannot account for the expansionary effect of the corporate tax
cut on hours the first three years. Once the wages have adjusted to their steady-state level,

the baseline model with sticky wages understates the rise in hours.

We have considered some alternative explanations such as the rise in the labor inten-
sity of production to generate the persistent and strong increase in hours in the long-run
concentrated in the non-traded sector. This increase could reflect profit sharing rules im-
plemented in OECD countries, see e.g., Nimier-David et al. [2023]. However, our evidence
reveals that the response of the labor income share is not significant in both the traded and
the non-traded sector, see Online Appendix C.8. This finding also reveals that corporate
taxation does not generate facto-biased technological change. The persistent increase in

hours in the long-run thus remains puzzling and we leave this puzzle for future research.

5 Conclusion

The identification of exogenous shocks to economic activity prevents the econometrician
from using country-level corporate income tax rates as there is a clear endogeneity issue:
when economic activity and/or employment is low, the government might be tempted to
cut the corporate tax. While so far the literature has mostly relied upon narratively-
identified shocks of corporate income taxation, these data are available for a very limited
set of countries, and the standard for choosing exogenous changes to taxation may not be
completely reliable, see e.g., Perotti [2012]. In this paper, we propose a new identification
of exogenous and permanent shocks to corporate taxation based on the downward trend of
profits taxation which is common to a large set of OECD countries. Because the downward
trend in corporate taxation is driven by tax competition motives, there exists a common
trend shares by a large set of OECD countries. We thus construct an international measure
of the corporate income tax rate as an import share weighted average of corporate income
tax rates of trade partners of the home country. This measure has the advantage to capture
the downward pressure on profits taxation driven by the tax competition which has led to
the race to the bottom on corporate tax.

Estimating the VAR model with long-run restrictions over 1973-2017, we find that an
exogenous permanent decline in the corporate income tax rate has a strong expansionary
effect on productivity but only in traded industries while it has a significant and persis-

tent positive effect on hours which is concentrated in non-traded industries. We propose a
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structural interpretation of these results by developing a two-sector open model with en-
dogenous technology decisions in the traded and the non-traded sector. Our quantitative
analysis reveals that our model can generate an increase in utilization-adjusted-TFP of
tradables larger than 1% after a corporate income tax cut by 1 percentage point once the
model has three elements. While the elasticities of productivity w.r.t. the domestic and the
international stock of knowledge must be high enough, we have to allow traded firms to use
more intensively the existing stock of knowledge to meet a higher demand to curb upward
pressure on production costs. The additional key element is to allow for international R&D

spillovers.

While these three elements are crucial to account for technology improvements, they
are not sufficient on their own to produce the rise in hours we estimate empirically. We
show that we have to choose Greenwood et al. [1988] preferences which remove the wealth
effect from labor supply while at the same time households must have consumption habits
otherwise the model overstates labor growth in the long-run. Our model can also generate
the concentration of labor growth in the non-traded sector by assuming an elasticity of
substitution between traded and non-traded goods smaller than one; the low value for the
price-elasticity of demand for non-traded goods implies that the appreciation in non-traded
goods prices raises the share of non-tradables which provides incentives for labor to shift

away from traded industries.

When we split the sample of countries into two sub-samples, our SVAR evidence shows
that lower corporate taxes have sizeable effect on R&D investment and productivity among
traded industries but only in English-speaking and Scandinavian countries. While R&D
investment and technology are essentially unchanged across all sectors in continental Eu-
ropean countries, hours increase more in this group of countries and labor growth is con-
centrated among non-traded industries. Building on our model’s predictions, the distinct
effects across the two groups of countries we estimate empirically after a corporate income
tax cut rest on the R&D intensity of production among traded firms. While the elasticities
of technology of tradables w.r.t. the domestic and international stock of knowledge are zero
for the group of continental European countries, they are large for English-speaking and
Scandinavian countries which ensures sizeable productivity gains in the traded sector. Be-
cause of wage stickiness and low capital utilization adjustment costs, continental European
countries experience a larger increase in hours although technology improvements are ab-
sent. The model understates the persistent and significant increase in hours in the long-run
however. We believe that a model with entry/exit of firms could potentially rationalize the

persistent increase in non-traded hours in continental European countries.
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A Data Description for Empirical Analysis

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. For EU KLEMS, the March 2011 release provides data for eleven
1-digit ISIC-rev.3 industries over the period 1973-2007 while the July 2017 release provides data for
thirteen 1-digit-rev.4 industries over the period 1995-2017.

The construction of time series for sectoral variables over the period 1973-2017 involves two
steps. First, we identify tradable and non-tradable sectors. The methodology adopted to classify
industries as tradables or non-tradables is described in section 2.1 in the main text and also detailed
in section C.1. We map the ISIC-rev.4 classification into the ISIC-rev.3 classification in accordance
with the concordance Table 5. 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/ = Dok j X}.. Second, series
for tradables and non-tradables variables from EU KLEMS [2011] and OECD [2011] databases
(available over the period 1970-2007) are extended forward up to 2017 using annual growth rate
estimated from EU KLEMS [2017] and OECD [2017] series (available over the period 1995-2017).

Table 5: 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

The definition of aggregate and sectoral variables are as follows (mnemonics are in parentheses):

e Aggregate variables: real GDP (Y) is the sum of traded and non-traded value added at
constant prices. Total hours worked (L) is the sum of traded and non-traded hours worked.

e Sectoral quantities: traded value added at constant prices (Y7 ), non-traded value added at
constant prices (Yn). Sectoral value added are constructed by adding value added for all
sub-industries k in sector j =T, N

o Sectoral hours worked: traded hours worked (L;), non-traded hours worked (L;) which corre-
spond to hours worked by persons engaged in sector j. Sectoral hours worked are constructed
by adding hours worked for all sub-industries k in sector j =T, N

e Sectoral hours worked share (L;/L), is the ratio of hours worked in sector j to total hours
worked for j =T, N.

e Labor income share (LIS) is constructed as the ratio of labor compensation which is the total
of compensation of employees and compensation of self-employed in sector j = T, N to value
added at current prices of that sector.

e Sectoral value added share is the ratio of value added at constant prices in sector j to GDP
at constant prices, i.e., Y;/Y for j =T, N

e Capital utilization adjusted total factor productivity, TFP, is constructed as the Solow resid-
ual from constant-price domestic currency series of GDP, labor income share and capital
stock. The time-varying capital utilization series is constructed by adapting the methodology
proposed by Imbs [1999]. We describe its construction below.

e R&D capital stock is the net capital stock in constant prices in Research and Development.
R&D investment is gross fixed capital formation in constant prices in Research and Develop-
ment. Source: Stehrer et al. [2019].
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Table 6: Sample Range for Empirical and Numerical Analysis

Country Code Period Obs.
Australia (AUS) 1973 - 2017 45
Austria (AUT) | 1973 - 2017 45
Belgium (BEL) 1973 - 2017 45
Germany (DEU) | 1973 - 2017 45
Finland (FIN) 1973 - 2017 45
France (FRA) | 1973 - 2017 45
Great Britain ~ (GBR) | 1973 - 2016 44
Japan (JPN) 1973 - 2015 43
Luxembourg (LUX) | 1973 - 2017 45
Sweden (SWE) | 1973 - 2017 45
United States (USA) | 1973 - 2017 45
Total number of obs. 492
Main data sources EU KLEMS & OECD STAN

Notes: Column ’period’ gives the first and last observa-
tion available. Obs. refers to the number of observations
available for each country.

e Sectoral nominal wage is calculated as the ratio of the labor compensation in sector j =T, N
to total hours worked by persons engaged in that sector. Nominal wages are divided to foreign
price (W;/ Pt for j =T, N) which is exogenous geometric weighted sum of the traded value
added deflator of the ten trade partners of the corresponding country i, the weight being equal
to the share of imports from the trade partner k.

e Relative price of non-tradables, Py/Pr. Normalizing base year price indices Pj to 1, the
relative price of non-tradables is constructed as the ratio of the non-traded value added
deflator to the traded value added deflator. The sectoral value added deflator P; for sector
j = T,N is calculated by dividing value added at current prices (VA) by value added at
constant prices in sector j.

e Terms of trade, TOT;; = Pr/Pj} is computed as the ratio of the traded value added deflator
of the home country i, Pr;; , to the geometric average of the traded value added deflator of
the twenty trade partners of the corresponding country i, the weight being equal to the share
of imports from the trade partner. We use the traded value added deflator to approximate
foreign prices as it corresponds to a value-added concept.

Construction of time series for sectoral capital stock, Ktj. To construct the series for
the sectoral capital stock, we proceed as follows. We first construct time series for the aggregate
capital stock for each country in our sample. To construct K;, we adopt the perpetual inventory
approach. The inputs necessary to construct the capital stock series are a i) capital stock at the
beginning of the investment series, K973, ii) a value for the constant depreciation rate, dx, iii) real
gross capital formation series, I;. Real gross capital formation is obtained from OECD National
Accounts Database [2017] (data in millions of national currency, constant prices). We construct the
series for the capital stock using the law of motion for capital in the model:

Kt+1 = It + (1 — §K) Kt. (42)

for t = 1974, ...,2017. The value of d is chosen to be consistent with the ratio of capital depreciation
to GDP observed in the data and averaged over 1973-2017:

1 % Sk P K, CFC )
5 Y, v
t=1973

where Py, is the deflator of gross capital formation series, Y; is GDP at current prices, and CFC/Y
is the ratio of consumption of fixed capital at current prices to nominal GDP averaged over 1973-
2017. Deflator of gross capital formation, GDP at current prices and consumption of fixed capital
are taken from the OECD National Account Database [2017]. The capital depreciation rate averages
to 5%.

To have data on the capital stock at the beginning of the investment series, we use the following
formula:

11973
Kigrg = ——, 44
1973 T 5 ( )

where I1973 corresponds to the real gross capital formation in the base year 1973, g; is the average
growth rate from 1973 to 2017 of the real gross capital formation series. The system of equations
(42), (43) and (44) allows us to use data on investment to solve for the sequence of capital stocks
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and for the depreciation rate, dx. There are 46 unknowns: Kigr3, 0r, Kig74, ..., and Kogi7, in
46 equations: 44 equations (42), where t = 1974, ...,2017, (43), and (44). Solving this system of
equations, we obtain the sequence of capital stocks and a calibrated value for depreciation, Jx.
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. .

Construction of time series for sectoral TFPs. Sectoral TFPs, TFP], at time ¢ are
constructed as Solow residuals from constant-price (domestic currency) series of value added, Y/,

capital stock, K7, and hours worked, L7, by using T}AWPi =Y/ - s L] - (1 - st> K7. The LIS in

sector j, si, is the ratio of labor compensation (compensation of employees plus compensation of self-
employed) to nominal value added in sector j = H, N, averaged over the period 1973-2017 (except
Japan: 1973-2015 and United-Kingdon: 1973-2016). Data for the series of constant price value
added (VA_QI), current price value added (VA), hours worked (H.EMP) and labor compensation
(LAB) are taken from the EU KLEMS ([2011], [2017]) and OECD STAN ([2011], [2017]) databases.

Construction of time series for capital utilization, uf(’j . To construct time series for the
capital utilization rate, uf( J , we proceed as follows. We use time series for the real interest rate,

r* and for the capital depreciation rate, dx to compute ¢ = %. Once we have calculated ¢ for

each country, we use time series for the LIS in sector j, si +» GDP at current prices, P,Yr, = Y%,
the deflator for investment, Pj,, and times series for the aggregate capital stock, K; to compute
time series for u; by using the formula (see Cardi and Restout [2023]):

(1 Sj )PY qé(

; T 9Lt

uftd = AR (45)
okdr Pr:Ky

40k
0K

Construction of time series for utilization-adjusted TFP, th . Utilization-adjusted-TFP
expressed in percentage deviation relative to the steady-state reads:

where ¢ =

7l = TP - (1st) akid
nz/ —nzl = (lnTFPg — lnTFPz) (1 - 5L> (lnut JIn ) . (46)

The percentage deviation of variable X; from initial steady-state is denoted by Xt =InX,-InX,
where we let the steady-state vary over time; the time-varying trend In X} is obtained by applying a

HP filter with a smoothing parameter of 100 to logged time series. To compute TE Pt7 we take the
log of TFP] and subtract the trend component extracted from a HP filter applied to logged TFPY,

i.e., In TFP{ —1In TFP‘t. The same logic applies to u; K, Once we have computed the percentage
deviation In Z} — In Z}, we reconstruct time series for In Z7:

InZ} = (1n Zl —In Zg’) +InZj. (47)

The construction of time series of logged sectoral TFP, In TFP{ , capital utilization-adjusted sectoral
TFP, In Z7, is consistent with the movement of capital utilization along the business cycle.

B SVAR Identification and Specifications

In this section we detail the SVAR identification of corporate income tax shocks and the VAR
specifications considered.

B.1 SVAR Identification of Corporate Income Tax Shocks

Empirical identification of corporate tax shocks. To identify a permanent change in corporate
taxation, we consider a vector of n observables Xit = [dri, Vzt] where dr;; captures the variation in
the international component of the corporate income tax rate (as defined in eq. (1)) and Vii denotes
the n — 1 variables of interest (in growth rate) detailed later. Let us consider the following reduced
form of the VAR(p) model: R

C(L)Xit = it (48)

where C(L) = I, — Y.%_, CxL* is a p-order lag polynomial and n;; is a vector of reduced-form
innovations with a variance-covariance matrix given by 3. We estimate the reduced form of the VAR
model by panel OLS regression with country fixed effects which are omitted in (48) for expositional
convenience. The matrices C), and ¥ are assumed to be invariant across time and countries and
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all VARs have two lags. The vector of orthogonal structural shocks e;; = [¢Z, )] is related to the
vector of reduced form residuals 7;; through:

Nie = AoEit, (49)

which implies ¥ = AgA[ with Ay the matrix that describes the instantaneous effects of structural
shocks on observables. The linear mapping between the reduced-form innovations and structural
shocks leads to the structural moving average representation of the VAR model:

Xit = B(L)Aoet, (50)

where B(L) = C(L)~'. Let us denote A(L) = B(L)Ao with A(L) = Y32, AxL*. To identify a
permanent change in corporate taxation, eﬁ, we use the restriction that the unit root in intertem-
poral measure of corporate taxation originates exclusively from corporate income tax shocks which
implies that the upper triangular elements of the long-run cumulative matrix A(1) = B(1)Aq must
be zero. Once the reduced form has been estimated using OLS, structural shocks can then be recov-
ered from g;; = A(1)~!B(1)n;; where the matrix A(1) is computed as the Cholesky decomposition

of B(1)SB(1).

B.2 SVAR Specifications

We estimate the reduced form of the VAR model by panel OLS regression with country fixed
effects. VAR model includes the international corporate tax rate 7;; a vector of aggregate and
sectoral variables such as value added at constant prices Y7,;, hours worked L7;;, capital utilization
adjusted T7;, for j = H, N. Our vector of endogenous variables are as follows:

e Aggreagate economy: Z;7 = [ATm?mIA/itaT{?]

Sectoral level: Zif¢ = [Ant,};jit, [:jit] for j=H,N

Capital utilization adjusted TFP: £t = [A7, TH,,, TANZ-,:]

Sectoral composition and labor allocation: #5%"¢ = [Ar;, Y7 /Yy, LH /L]

Labor income share: :IciLtIS = [A1y, LIB'Tit, LI:SNit]

R&D capital stock and investment: 278 = [A7;, Zjit,fjit] for j = H, N R&D capital stock.
[ATiy, [ZH , 17:3,] where % is for R&D investment.

cH N
e pw WH W
o Wage rigidity: 2};° = [A7y, SHT PHfJ
it it

All variables except international tax rate enter the VAR model in growth rate (denoted by a hat).

C More Empirical Results and Robustness Checks

Due to data availability, we use annual data for eleven 1-digit ISIC-rev.3 industries that we classify
as tradables or non-tradables. At this level of disaggregation, the classification is somewhat am-
biguous because some broad sectors are made-up of heterogenous sub-industries, a fraction being
tradables and the remaining industries being non-tradables. Since we consider a sample of 11 OECD
countries over a period running from 1973 to 2017, the classification of some sectors may vary across
time and countries. Industries such as 'Finance Intermediation’ classified as tradables, "Hotels and
Restaurants’ classified as non-tradables display intermediate levels of tradedness which may vary
considerably across countries but also across time. Subsection C.1 deals with this issue and con-
ducts a robustness check to investigate the sensitivity of our empirical results to the classification
of industries as tradables or non-tradables.

Our dataset covers eleven industries which are classified as tradables or non tradables. The
traded sector is made up of five industries and the non-traded sector of six industries. In subsection
C.2, we conduct our empirical analysis at a more disaggregated level. The objective is twofold. First,
we investigate whether all industries classified as tradables or non-tradables behave homogeneously
or heterogeneously. Second, we explore empirically which industry drives the responses of broad
sectors following corporate income tax shock.

In the main text, we use a measure of technology based on the Solow residual with is adjusted
with the intensity in the use of the capital stock. Time series for the capital utilization rate are based
on Imbs’s [1999] methodology. In subsection C.3, we conduct a robustness check by considering three
alternative measures: i) the Solow residual adjusted with the utilization rate from Basu [1996], ii)
the utilization-adjusted TFP from Huo et al. [2023], iii) utilization-adjusted TFP from Basu et al.
[2006].
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One of our main contribution is to show that the effects of corporate tax shocks vary across
countries. To conduct our analysis, we split our sample into two groups of countries. We consider
a first group of countries where wages are flexible and a second group of countries where wages
are less flexible and that we qualify of rigid-wages group of economies. In subsection C.4, because
there are several factors underlying the wage flexibility vs. rigidity, we use the hierarchical cluster
tree method which allows us to classify countries in two groups according to intensity of similarities
related to wage flexibility. We find that the first group of flexible-wage-countries is made up of
English-speaking, Scandinavian countries, Japan and Luxembourg. The second group of rigid-
wage-countries includes continental European countries.

C.1 Classification of Industries as Tradables vs. Non-Tradables

Due to data availability, we use annual data for eleven 1-digit ISIC-rev.3 industries that we classify
as tradables or non-tradables. At this level of disaggregation, the classification is somewhat am-
biguous because some broad sectors are made-up of heterogenous sub-industries, a fraction being
tradables and the remaining industries being non-tradables. Since we consider a sample of 11 OECD
countries and a period running from 1973 to 2017, the classification of some sectors may vary across
time and countries. Industries such as "Transport and Communication’, "Finance Intermediation’
classified as tradables, "Hotels and Restaurants’ classified as non-tradables display intermediate lev-
els of tradedness which may vary considerably across countries but also across time. This subsection
deals with this issue and conducts a robustness check to investigate the sensitivity of our empirical
results to the classification of industries as tradables or non-tradables.

Following De Gregorio et al. [1994], we define the tradability of an industry by constructing
its openness to international trade given by the ratio of total trade (imports + exports) to gross
output. Data for trade and output are provided by the World Input-Output Databases. Table 7
gives the openness ratio (averaged over 1995-2014) for each industry in all countries of our sam-
ple. Unsurprisingly, ” Agriculture, Hunting, Forestry and Fishing”, ” Mining and Quarrying”, ” Total
Manufacturing” and ” Transport, Storage and Communication” exhibit high openness ratios (0.54
in average if ”Mining and Quarrying”, due to its relatively low weight in GDP, is not considered).
These four sectors are consequently classified as tradables. At the opposite, ”Electricity, Gas and
Water Supply”, ”Construction”, ”Wholesale and Retail Trade” and ” Community Social and Per-
sonal Services” are considered as non tradables since the openness ratio in this group of industries
is low (0.07 in average). For the three remaining industries ”"Hotels and Restaurants”, ”Financial
Intermediation”, " Real Estate, Renting and Business Services” the results are less clearcut since the
average openness ratio amounts to 0.18 which is halfway between the two aforementioned averages.
In the benchmark classification, we adopt the standard classification of De Gregorio et al. [1994] by
treating ”Real Estate, Renting and Business Services” and ”Hotels and Restaurants” as non traded
industry. Given the dramatic increase in financial openness that OECD countries have experienced
since the end of the eighties, we allocate ”Financial Intermediation” to the traded sector. This
choice is also consistent with the classification of Jensen and Kletzer [2006] who categorize ”Finance
and Insurance” as tradable. They use locational Gini coefficients to measure the geographical con-
centration of different sectors and classify sectors with a Gini coefficient below 0.1 as non-tradable
and all others as tradable (the authors classify activities that are traded domestically as potentially
tradable internationally).
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Table 7: Openness Ratios per Industry: 1995-2014 Averages

Agri. | Minig | Manuf. | Elect. | Const. | Trade | Hotels | Trans. | Finance | Real Est. | Public
AUS 0.242 | 0.721 0.643 0.007 0.005 0.025 0.255 0.247 0.054 0.051 0.054
AUT 0.344 | 2.070 1.152 0.178 0.075 0.135 0.241 0.491 0.302 0.221 0.043
BEL 1.198 | 13.374 1.414 0.739 0.067 0.186 0.389 0.536 0.265 0.251 0.042
DEU 0.553 2.594 0.868 0.115 0.037 0.072 0.139 0.266 0.101 0.086 0.017
FIN 0.228 | 2.899 0.796 0.117 0.006 0.094 0.131 0.280 0.153 0.256 0.021
FRA 0.280 3.632 0.815 0.049 0.004 0.048 0.001 0.224 0.068 0.070 0.014
GBR 0.360 | 0.853 0.958 0.017 0.010 0.024 0.148 0.209 0.233 0.147 0.041
JPN 0.158 | 3.923 0.293 0.004 0.000 0.067 0.021 0.159 0.034 0.020 0.005
LUX 1.656 | 2.729 2.046 0.466 0.020 0.260 0.069 0.935 1.229 0.767 0.237
SWE 0.294 | 2.263 0.969 0.119 0.020 0.163 0.019 0.392 0.274 0.256 0.026
USA 0.207 | 0.541 0.428 0.012 0.001 0.055 0.003 0.109 0.066 0.052 0.008
Mean N =1 | 0.50 3.24 0.94 0.17 0.02 0.10 0.13 0.35 0.25 0.20 0.05
H/N H H H N N N N H H N N

Notes: The complete designations for each industry are as follows (EU KLEMS codes are given in parentheses). ” Agri.”:
” Agriculture, Hunting, Forestry and Fishing” (AtB), ”Minig”: ”Mining and Quarrying” (C), ”Manuf.”: ”Total Manu-
facturing” (D), ”Elect.”: ”Electricity, Gas and Water Supply” (E), ”Const.”: ”Construction” (F), ”Trade”: ”Wholesale
and Retail Trade” (G), "Hotels”: ”"Hotels and Restaurants” (H), ”Trans.”: ”Transport, Storage and Communication”
(I), ”Finance”: ”Financial Intermediation” (J), "Real Est.”: ”Real Estate, Renting and Business Services” (K), ”Public”:
” Community Social and Personal Services” (LtQ). The openness ratio is the ratio of total trade (imports + exports) to

gross output (source: World Input-Output Databases.

We conduct below a sensitivity analysis with respect to the three industries (”Real
Estate, Renting and Business Services”, ”Hotels and Restaurants” and ” Financial Interme-
diation”) which display some ambiguity in terms of tradedness to ensure that the benchmark
classification does not drive the results. In order to address this issue, we re-estimate the
dynamic responses to a government spending shock for the main variables of interest using
local projections for different classifications in which one of the three above industries ini-
tially marked as tradable (non tradable resp.) is classified as non tradable (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.

As an additional robustness check, we also exclude the industry ”Community Social and
Personal Services” from the non-tradable industries’ set. This robustness analysis is based
on the presumption that among the industries provided by the EU KLEMS and STAN
databases, this industry is government-dominated. This exercise is interesting as it allows
us to explore the size of the impact of a corporate income tax shock on the business sector.
The baseline and the four alternative classifications considered in this exercise are shown in
Table 8. The last line provides the matching between the color line (when displaying IRFs
below) and the classification between tradables and non tradables.

Table 8: Robustness check: Classification of Industries as Tradables or Non Tradables

KLEMS Classification

code Baseline  #1 #2 #3 #4
Agriculture, Hunting, Forestry and Fishing AtB T T T T T
Mining and Quarrying C T T T T T
Total Manufacturing D T T T T T
Electricity, Gas and Water Supply E N N N N N
Construction F N N N N N
Wholesale and Retail Trade G N N N N N
Hotels and Restaurants H N N N T N
Transport, Storage and Communication I T T T T T
Financial Intermediation J T N T T T
Real Estate, Renting and Business Services K N N T N N
Community Social and Personal Services LtQ N N N N neither T or N
Color line in Figure 7 black blue red green cyan

Notes: T stands for the Traded sector and N for the Non traded sector.

Fig. 7 reports the effects of an exogenous decrease in international corporate tax rate
that leads to decrease country corporate tax rate by 1% in the long-run on selected variables
shown in Fig. 2 in the main text. The green line and the red line show results when 'Hotels
and restaurants’ and 'Real Estate, Renting and Business Services’ are treated as tradables,
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Figure 7: Dynamic Effects of a Corporate Tax Shock: Robustness Check w.r.t. the Clas-
Siﬁcation Of InduStrieS as Tl“adables or NOH—’I‘I‘adableS. Notes: The solid black line shows the response of

aggregate and sectoral variables to an exogenous decrease in international corporate tax rate that leads to decrease country corpo-
rate tax rate by 1% in the long-run. Shaded areas indicate the 90 percent confidence bounds based on Newey-West standard errors.
Horizontal axes indicate years. Vertical axes measure percentage deviation from trend. The green line and the red line show results
when 'Hotels and restaurants’ and ’Real Estate, renting and business services’ are treated as tradables, respectively. The blue line
shows results when ’Financial intermediation’ is classified as non-tradables. Finally, the cyan line displays results when Public services
(’Community Social and Personal Services’) is excluded. Sample: 11 OECD countries, 1973-2017, annual data.

respectively. The blue line shows results when ’Financial intermediation’ is classified as
non-tradables. Finally, the cyan line displays results when Public services (’Community
Social and Personal Services’) is excluded.

In each panel, the shaded area corresponds to the 90% confidence bounds for the base-
line. The first row of Fig. 7 contrasts the responses of total, traded and non-traded hours
worked. The second row of Fig. 7 displays the responses of utilization-adjusted-TFP for
whole whole economy, the traded sector and the non-traded sector. The third row shows
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results for real GDP and both traded and non-traded value added. The last panel (fourth
row) shows results for the aggregate wage rate.

For aggregate variables shown in the first column, including utilization-adjusted-aggregate-
TFP, total hours worked and real GDP, the responses are remarkably similar across the
baseline and alternative classifications. As shown in the cyan line which displays the re-
sponse for the market sector only, the response of variables is little sensitive to the inclusion
or not of the pubic services. Inspection of the first row reveals that the classification of
industries as tradables or non-tradables has an impact on the utilization-adjusted-TFP
of tradables relative to non-tradables. In particular, "Hotels and restaurants’ treated as
tradables (classification #3 and shown in the green line) mitigates the rise in traded rel-
ative to non-traded technology. But the shape of the dynamic adjustment is similar to
the benchmark classification. Utilization-adjusted-aggregate-TFP is not sensitive to the
classification.

Alternative responses are fairly close to those estimated for the baseline classification
as they lie within the confidence interval (for the baseline classification) for all the selected
horizons. In conclusion, our main findings hold and remain unsensitive to the classification
of one specific industry as tradable or non-tradable. In this regard, the specific treatment
of "Hotels and Restaurants”, "Real Estate, Renting and Business Services”, ”Financial
Intermediation” or ”Community Social and Personal Services” does not drive the results.

C.2 How Value Added, Hours and Technology Respond to Corporate
Income Tax Shocks at an Industry Level: A Disaggregate Approach

Our dataset covers eleven industries which are classified as tradables or non-tradables. The
traded sector is made up of five industries and the non-traded sector of six industries. In this
subsection, we conduct our empirical analysis at a more disaggregate level. The objective is
twofold. First, we investigate whether all industries classified as tradables or non-tradables
behave homogeneously or heterogeneously. Second, we explore empirically which industry
drives the responses of broad sectors following a 1 percentage point cut in corporate tax.

Empirical analysis at a disaggregate sectoral level. To conduct a decomposition
of the sectoral effects at a sub-sector level, we estimate the responses of sub-sectors to
the same identified coporate tax shock by adopting the two-step approach detailed in the
main text. More specifically, indexing countries with ¢, time with ¢, sectors with j, and
sub-sectors with &, we first identify the permanent shock to the corporate income tax rate,
by estimating a VAR model which the import-share-weighted-average corporate income
tax rate, 7;, real GDP, total hours worked, the real consumption wage (all quantities are
divided by the working age population and all variables are in rate of growth except the
tax rate which is in variation) and next we generate responses from the VAR model.

To express the results in meaningful units, i.e., we multiply the responses of TFP of

sub-sector k by the share of industry k in the value added of the broad sector j (at current

Yk,j _ PkiyksJ
B prYJ - k,jrk,j

sector j by its labor compensation share, i.e., alF = % We detail below the

mapping between the responses of broad sector’s variables and responses of variables in

sub-sector k of one broad sector j.

The response of L7 to a corporate income tax shock is the percentage deviation of hours

. . k,j ~
worked in sub-sector k € j relative to initial steady-state: In Lf J—In LR ~ % = Lf H

prices), i.e., w . We multiply the responses of hours worked within the broad

where LFJ is the initial steady-state. We assume that hours worked of the broad sector is
an aggregate of sub-sector hours worked which are imperfect substitutes. Therefore, the

response of hours worked in the broad sector L] is a weighted average of the responses of
Wk [k ﬁk,j Wk [k

it Lt where ==7— is the share of labor compensation of sub-sector

hours worked
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k in labor compensation of the broad sector j:

k7 j k’ j .
I = WHIL™ 41
t wiLi Tt
kej
WIiLJ .. Whkiarkad . .
L] = — L
WL ! Z wrL Y
kej
ozL’jI:g = ZaL’kﬁf’j, (51)
kej

where > j S~ o’k = 1. Above equation breaks down the response of hours worked in broad
sector j into the responses of hours worked in sub-sectors k € j weighted by their labor
compensation share a’* = Wvl;jéf] averaged over 1973-2017. In multiplying ﬁf 7 by alk
we express the response of hours worked in sub-sector £ € j in percentage point of hours
worked in the broad sector j = H, N.

The response of TFP in the broad sector j is a weighted average of responses TFP,]f I of
TFP in sub-sector k € j where the weight collapses to the value added share of sub-sector

k:

) Pkivks | L
TFPH = TFP,”,

PiYi
kej
. PRIYRI | g
j _ )
TFP! = Zipjw TFP,”,
kej
TFP] = Y WYATEP,”, (52)
kej

where w¥F7 = L ;gff] averaged over 1973-2017 is the value added share at current prices

of sub-sector k € j which collapses (at the initial steady-state) to the value added share
at constant prices as prices at the base year are prices at the initial steady-state. Note
that >, > rc j wYkJ = 1. In multiplying the response of value added at constant prices in
sub-sector k € j by its value added share w¥"¥7 we express the response of value added at
constant prices in sub-sector k € j in percentage point of GDP.

The first column of Fig. 8 shows responses of TFP, hours worked, and value added
for sub-sectors classified in the traded sector to a permanent cut in corporate taxation.
The second column of Fig. 8 shows responses of TFP, hours worked, and value added for
sub-sectors classified in the non-traded sector. All industries behave as the broad sector
after a fall in profits’ taxation as they all experience a permanent technology improvement,
except "Agriculature’ and ‘Transport and Communication’ shown in the black line and the
green line for which the rise in TFP vanishes in the long-run. More interestingly, the rise
in traded TFP is driven by technology improvement in 'Manufacturing’ because this sector
accounts for the greatest value added share of the traded sector and also experiences a
significant increase in TFP. With regard to non-traded industries, 'Real Estate, Renting,
and Business Services’ drives the rise in non-traded hours worked followed by ’Construction’
and "Wholesale and Retail Trade’. Hours worked doesn’t increase for ’'Community Social
and Personal Services’ (i.e., the public sector which also includes health and education
services).

C.3 Alternative Measures of Technology

In this subsection, we conduct a robustness check with respect to the measure of utilization-
adjusted TFP. We replace the measure of utilization-adjusted-TFP based on the Solow
residual adjusted with the capital utilization rate obtained by applying the Imbs method
with three alternative measures: i) Solow residual adjusted with the utilization rate from
Basu [1996], ii) utilization-adjusted-TFP from Huo et al. [2023] and iii) Basu et al. [2006].

Basu’s [1996] approach has the advantage of controlling for unobserved changes in both
capital utilization and intensity of work effort while we control for the intensity in the use
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Figure 8: Dynamic Effects of Corporate Tax Shocks at an Industry LevelNotes: Because the
traded and non-traded sector are made up of industries, we conduct a decomposition of the sectoral effects at a sub-
sector level following a an exogenous decrease in the corporrate tax rate by 1% in the long-run. Shaded areas indicate
the 90 percent confidence bounds based on Newey-West standard errors. Horizontal axes indicate years. Vertical
axes measure percentage deviation from trend. To express the results in meaningful units, i.e., total hours worked
units, we multiply the responses of hours worked sub-sector k by its labor compensation share (in the traded sector of
traded industries or in the non-traded sector for non-traded industries), i.e., % The first column shows results
for traded industries. For tradable industries: the black line shows results for "Agriculture’, the blue line for "Mining
and Quarrying’, the red line for ’Manufacturing’, the green line for "Transport and Communication’, and the light
blue line for 'Financial Intermediation’. The second columns show results for sub-sectors classified in the non-traded
sector. For non-tradable industries: the black line shows results for ’Electricity, Gas and Water Supply’, the blue
line for ’Construction’, the red line for "Wholesale and Retail Trade’, the green line for 'Hotels and Restaurants’, the
cyan line for ”Real Estate, Renting and Business Services” and the purple line is for ’‘Community Social and Personal
Services’ Sample: 11 OECD countries, 11 industries, 1973-2017, annual data.
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Figure 9: Effects Corporate Tax Shocks on Technology: Robutness Check w.r.t. Alternative
Technology MeasuresNotes: We replace the measure of utilization adjusted TFP based on the Solow residual
adjusted with the capital utilization rate obtained by applying the Imbs method with three alternative measures.
Black line shows results when adjusting the Solow residual with the capital utilization rate constructed by adopting
the methodology of Imbs [1999], the blue line shows results when using TFP adjusted with the production capacity
utilization rate pioneered by Basu [1996]), the red line displays results when using utilization-adjusted-TFP time series
from Huo et al. [2023], and the green line when using utilization-adjusted-TFP time series from Basu et al. [2006].
Sample: 11 OECD countries, 1973-2007 (for some countries, the time horizon is shorter). We dropped Luxembourg
since data are not available for two technology measures, i.e., Huo et al. [2023] and Basu et al. [2006].

of capital only by adapting Imbs’s [1999] method. Basu’s [1996] approach is based on the
ingenious idea that intermediate inputs do not have an extra effort or intensity dimension
and thus variations in the use of intermediate inputs relative to measured capital and
labor are an index of unmeasured capital and labor input. Fig. 9 shows that there is no
significant differences between our own measure of technological change and that based
on Basu’s [1996]. Our measure based on Imbs [1999] is preferred as it is consistent with
our modelling strategy where we adjust sectoral TFP with the capital utilization rate. We
do not detect significant differences either when using utilization-adjusted-TFP from Huo
et al. [2023] or the measure of technology by Basu et al. [2006]. In all cases, technology
significantly improves in traded industries while technology is essentially unchanged in non-
traded industries.

C.4 Wage Flexibility vs. Wage Rigidity: Hierarchical Cluster Tree Method

The literature categorizes the OECD countries into three groups Continental European
countries, Scandinavian (Nordic) countries, and English-speaking (Anglo-Saxon) countries,
see e.g., Faggio and Nickell [2019]. Continental European countries and Scandinavian coun-
tries have comparatively regulated and coordinated labor markets, but Scandinavian coun-
tries have more centralized bargaining power and a more generous unemployment benefit
system. English-speaking countries have has less regulated and uncoordinated labor market
relative to the other OECD countries.

However, factors underlying wage rigidity are not necessarily related to employment
rigidity like firing costs. Dickens et al. [2007] show that unionization and collective bar-
gaining coverage at the country level are positively related to wage rigidity. Du Caju et
al. [2012] find empirically that wages are more rigid in sectors with predominant central-
ized wage-setting at the sector level as opposed to firm-level agreements. Druant et al.
[2009] document evidence on European countries which show that the share of full time
permanent workers increases wage stickiness. To split the sample into two groups of coun-
tries, we build on these empirical studies and we use the share of permanent contracts,
the union density, the bargaining coverage, the centralization of wage bargaining which are
negatively correlated with wage flexibility and ranks countries by adopting a hierarchical
tree methodology.

Source: Time series for union density, the bargaining coverage, and the level of central-
ization in wage bargaining are taken from ICTWSS Database constructed by Visser [2019].
Data are available from 1973 to 2017 for the three labor market indicators for all countries.
The variable (104 in the ICTWSS 6.1 code book) 'union density rate (UD)’ is the net union
membership as a proportion of wage and salary earners in employment. The variable (111
in the ICTWSS 6.1 code book) ’AdjCov’ is Adjusted bargaining (or union) coverage rate
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Figure 10: Clustering of Countries Based on Hierarchical Cluster Tree Method: Notes In Fig.
10, We adopt a hierarchical cluster tree method to cluster countries by using four labor market indicators: union
density rate, adjusted bargaining coverage rate, the predominant level at which wage bargaining takes place (in terms
of coverage of employees), and the share of permanent employment. Sample: 11 OECD countries, 1973-2017, annual
data.

(0-100) which gives employees covered by valid collective (wage) bargaining agreements as
a proportion of all wage and salary earners in employment with the right to bargaining,
expressed as percentage, adjusted for the possibility that some sectors or occupations are
excluded from the right to bargain. The variable (13 in the ICTWSS 6.1 code book) ’level’
gives the predominant level at which wage bargaining takes place (in terms of coverage of
employees). The indicator takes a value of 1 when bargaining predominantly takes place at
the local or company level. The indicator takes a value of 5 when bargaining predominantly
takes place at central or cross-industry level negotiated at lower levels.

Source: Time series for the share of permanent employment are taken from the dataset
Incidence of permanent employment made available from the OECD. Data are available
from 1985 to 2017 except for Australia (1998-2017), Austria (1995-2017), Finland (1997-
2017), Sweden (1997-2017), United States (1995-2017). We use a linear interpolation to
replace missing values.

The hierarchical cluster tree method is based on the idea that data points that are
more similar to each other should be placed in the same cluster, while those that are less
similar should be placed in separate clusters. In a hierarchical cluster tree, the height
of the link represents the distance between the two clusters that include two countries.
Our clustering provides valuable insights us with categorization of countries. Continental
European countries (Austria, Belgium, Germany, and France) are closest to each other than
the other countries. Scandinavian countries (Finland and Sweden) are most relative to each
other.

C.5 Dividends

As stressed in the main text, we find that in English-speaking (including the U.S.) and Scan-
dinavian countries, a corporate tax cut gives rise to permanent technology improvements
which are concentrated in the traded sector while hours worked significantly increase only in
the short-run. By using U.S. data, Cloyne et al. [2023] find that the goods-produced-sector
increases both employment and investment following a corporate income tax cut while the
service sector increases dividends instead of increasing employment. Because we find that
hours does not increase persistently in the long-run in English-speaking and Scandinavian
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Figure 11: Dynamic Effects of a Corporate Tax Shock on Dividends Notes: Effects of an exogenous
shock that gives rise to a 1 percentage point cut in the corporate tax rate. The solid line shows the response the dividend to gross
operating surplus (GOS) to an exogenous decline in the corporate tax rate by 1% in the long-run. The solid line with diamonds shows the
dynamic effects when we consider the whole sample of N = 11 OECD countries. Shaded areas indicate the 90 (68) percent confidence
bounds obtained by bootstrap sampling. Horizontal axes indicate years. Vertical axes measure deviation from trend expressed in
percentage point of GDP. The solid blue line displays results where we estimate the same VAR model for the flexible-wage-countries-
group (i.e., N = 7) while the solid red line displays the effects for the rigid-wage-countries-group (i.e., N = 4). Sample: 11 OECD
countries, 1973-2017, annual data..

countries while technology does not improve in continental European countries, we check
whether these results are not driven by the fact that the fall in profits’ taxation leads firms
to increase dividends instead of investing in R&D or hiring more workers.

To investigate the effect of a permanent tax cut on the ratio of dividend to gross oper-
ating surplus (GOS), we consider a panel SVAR which includes the international corporate
tax rate, Tfﬁt, investment as a share of GDP, and the ratio of dividend to GOS. Sample:
Time series come form the OECD which provides data from 1973 to 2017 for a few countries
and for most of the countries between 1995 and 2017. Table 9 displays the period for the
dividend to gross operating surplus ratio for the eleven OECD countries. We consider both
financial and non-financial corporations.

Our objective is to check whether a permanent decline in corporate taxation gives rise to
a significant increase in dividends. Fig. 11 shows the dynamic response of the dividend to
GOS ratio after a 1 ppt corporate income tax cut in the long-run for the whole sample (i.e.,
N = 11 OECD countries), as displayed in the black line with diamonds. The response is not
significant and thus we can conclude that the change in the dividend policy cannot explain
high and significant technology improvement we detect empirically. We have also conducted
the same investigation for the two sub-groups of countries. The solid blue line displays
results when we estimate the same VAR model for the flexible-wage-countries-group (i.e.,
N = 7) while the solid red line displays the effects for the rigid-wage-countries-group (i.e.,
N = 4). For English-speaking and Scandinavian countries, dividends remain unchanged,
while for continental European countries, dividends slightly increase but the response is not
statistically significant.

Table 9: Dividend to Gross Operating Surplus (GOS) Ratio Time Series: Data Availability

Div. to GOS ratio
AUS 1973-2017
AUT 1995-2017
BEL 1995-2017
DEU 1995-2017
FIN 1975-2017
FRA 1993-2017
GBR 1995-2017
JPN 1994-2017
LUX 1995-2017
SWE 1973-2017
USA 1973-2017
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Figure 12: Dynamic Effects of a Corporate Tax Shock in OECD Countries (N = 11): More

Emplrlcal Results. Notes: The solid black line shows the response of aggregate and sectoral variables to an exogenous decline
in corporate income taxation by 1 percentage point in the long-run. (Darker) Shaded areas indicate the 90 (68) percent confidence
bounds based on bootstrap sampling. Horizontal axes indicate years. Vertical axes measure percentage deviation from trend. Sample:
11 OECD countries, 1973-2017, annual data.

C.6 Additional Empirical Results: Effects on R&D

In the main text, for reasons of space, we concentrate on the effects of a corporate tax cut
on value added, hours, and utilization-adjusted-TFP. In this subsection, we show additional
empirical results.

Aggregate Effects for N = 11 Countries. in Fig. 12, we show results for consump-
tion, investment, the aggregate wage together with the terms of trade and non-traded-goods
prices.

Table 10: Investment in R&D and Stocks of R&D: Data Availability

AUS n.a. n.a.
AUT | 1995-2017 | 1995-2017
BEL n.a. 1995-2017

DEU | 1995-2017 | 1995-2017
FIN 1995-2017 | 1995-2017
FRA | 1995-2017 | 1995-2017
GBR | 1995-2017 | 1995-2017

LUX | 1995-2017 | 1995-2017
JPN 1995-2017 | 1995-2017
SWE | 1995-2017 | 1995-2017
USA | 1995-2017 | 1995-2017

Effects on R&D for N = 9,10 Countries. In Fig. 13, we investigate the impact of
a permanent corporate tax cut by 1 ppt in the long-run on investment in R&D (for N =9
countries due to limited data availability) and on the stock of R&D (for N = 10 countries)
at a sectoral level.

Source. We take data from EU KLEMS, Stehrer et al. [2019], which includes time
series for gross fixed capital formation (GFCF) in volume in research and development
(mnemonic Iq_RD) and time series for the capital stock in research and development,
volume 2010 reference prices (mnemonic K¢q_RD). Table 10 summarizes data availability.
Data coverage for GFCF in R&D: 9 countries (AUT, DEU, FIN, FRA, GBR, JPN, LUX,
SWE, and USA) over 1995-2017, annual data. Data coverage for capital stock in R&D:
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Figure 13: Dynamic Effects of a Corporate Tax Shock in OECD Countries (N = 0,10)

on R&D Notes: The solid black line shows the response of aggregate and sectoral variables to an exogenous decline in corporate
income taxation by 1 percentage point in the long-run. (Darker) Shaded areas indicate the 90 (68) percent confidence bounds based
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Figure 14: Dynamic Effects of a Corporate Tax Shock on R&D: International Differences.
Notes: The solid black line shows the response of aggregate and sectoral variables to an exogenous decline in corporate income taxation
by 1 percentage point in the long-run. Shaded areas indicate the 90 percent confidence bounds based on bootstrap sampling. The
blue line refers to the point estimate for the flexible-wage-group of countries (i.e., English-speaking and Scandinavian countries) while
the red line refers to the point estimate for the rigid-wage-group of countries (i.e., continental European countries). Horizontal axes
indicate years. Vertical axes measure percentage deviation from trend. Vertical axes measure percentage deviation from trend. Sample:
Capital stock (Gross Fixed Capital Formation, GFCF, in volume) in R&D in the traded and the non-traded sector, 4 (3) vs. 7 (6)
OECD countries, 1995-2017, annual data.

64



10 countries (AUT, BEL, DEU, FIN, FRA, GBR, JPN, LUX, SWE, and USA) over 1995-
2017, annual data. While no data is available for Australia, the difference between the two
samples is that Belgium has data for the capital stock in R&D only.

International Differences in the Effects on R&D. Fig. 14 shows the dynamic
responses of GFCF in R&D and the stock of R&D to a corporate tax cut by differentiating
the effects between the English-speaking and Scandinavian countries on one hand and the
continental European countries on the other.

C.7 Empirical Results Supporting our Country-Split

Before performing the country split, we have estimated a VAR model with long-run restric-
tions for one country at a time where the corporate tax rate is the cross-country average
dynamic responses so that each country faces the same shock. We base our country split
on one key dimension which is the extent of wage stickiness but we also take a second key
dimension which is the significant and persistent technology improvement after a corporate
income tax cut. In this subsection, we document a set of empirical findings which support
our country-split.

Dynamic effects of corporate tax cut on technology improvement at country
level. Fig. 15 shows the dynamic responses of utilization-adjusted-TFP of tradables (first
row) and utilization-adjusted-aggregate-TFP (second row) for each sub-sample. The first
column shows results for English-speaking and Scandinavian countries while the second
column shows results for continental European countries. The blue line in Fig. 15(a) and
Fig. 15(c) shows the point estimate from the VAR model estimated in panel data for
the sub-sample made up of English-speaking and Scandinavian countries. The red line in
Fig. 15(b) and Fig. 15(d) shows the point estimate from the VAR model estimated in
panel data for the sub-sample made up of continental European countries. For each sub-
sample, we have estimated the effects for one country at a time by estimating the same
VAR model as in the main text except that the international measure of the corporate
tax rate is the cross-country average of corporate tax rates. As can be seen in the first
column of Fig. 15, a permanent decline in the corporate income tax rate generates a
significant technology improvement in the traded sector and leads to a persistent increase
in utilization-adjusted-aggregate-TFP. Inspection of Fig. 15(c) reveals that all countries’
of this sub-sample experience a technology improvement. In contrast, As can be seen in
the second column of Fig. 15, technology is at best unresponsive on impact for continental
European countries. We may notice an exception for Germany which experiences a slight
increase in utilization-adjusted-TFP of tradables in the long-run which is not statistically
significant although technology declines sizeably on impact, see Fig. 15(b). A similar
conclusion emerges from Fig. 15(d).

Dynamic effects of corporate tax cut on aggregate wages at country level.
Fig. 16 shows the dynamic responses of the aggregate wage rate for each sub-sample.
The first column shows results for English-speaking and Scandinavian countries while the
second column shows results for continental European countries. Inspection of Fig. 16(a)
reveals that all countries from the English-speaking and Scandinavian countries’ group
experience a rise in the wage rate on impact, except for the UK which experiences a gradual
increase with persistent effects in the long-run. Conversely, while Finland experiences
a significant increase in the short-run, the impact becomes insignificant in the long-run.
Fig. 16(b) reveals that the response of the aggregate wage rate is muted on impact in
the four continental European countries. We may notice that the aggregate wage rate
slightly increases in Belgium and Germany in the long-run but both responses remain not
statistically significant. We may also notice that the aggregate wage rate declines in the
long-run in France.

C.8 Additional Empirical Results: Effects on Labor Income Shares

The estimates documented by Kaymak and Schott [2023] indicate that between 30% to
60% of the observed decline in labor income shares should be driven by the fall in corporate
taxation due to the shift of the market share from labor- to capital-intensive industries. In
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Fl%ure 15: Dynamic Effects of a Corporate Tax Shock on Technology: International Differ-
€I1CES. Notes: The blue line in Fig. 15(a) and Fig. 15(c) shows the point estimate from the VAR model estimated in panel data
for the sub-sample made up of English-speaking and Scandinavian countries. Other colored lines (black: Australia, yellow: Finland,
dashed green: Great-Britain, cyan: Japan, red with diamonds: Luxembourg, grey: Sweden, magenta: United States) show impulse
responses for each country which is part of this sub-sample. The red line in Fig. 15(b) and Fig. 15(d) shows the point estimate from
the VAR model estimated in panel data for the sub-sample made up of continental European countries. Other colored lines (black:
Austria, yellow with diamonds: Belgium, dashed green: Germany, cyan: France) show impulse responses for each country which is
part of this sub-sample. The first row of Fig. 15 shows responses for utilization-adjusted-TFP of tradables and the second row shows
dynamic responses for utilization-adjusted-aggregate-TFP. Horizontal axes indicate years. Vertical axes measure percentage deviation
from trend. Vertical axes measure percentage deviation from trend. Sample: 11 OECD countries, 1970-2017, annual data.
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Figure 16: Dynamic Effects of a Corporate Tax Shock on Aggregate Wages: International

Differences. Notes: All lines in Fig. 16 show dynamic responses for the aggregate wage rate. The blue line in Fig. 16(a) shows
the point estimate from the VAR model estimated in panel data for the sub-sample made up of English-speaking and Scandinavian
countries. Other colored lines (black: Australia, yellow: Finland, dashed green: Great-Britain, cyan: Japan, red with diamonds:
Luxembourg, grey: Sweden, magenta: United States) show impulse responses for each country which is part of this sub-sample. The
red line in Fig. 16(b) shows the point estimate from the VAR model estimated in panel data for the sub-sample made up of continental
European countries. Other colored lines (black: Austria, yellow with diamonds: Belgium, dashed green: Germany, cyan: France) show
impulse responses for each country which is part of this sub-sample. Horizontal axes indicate years. Vertical axes measure percentage
deviation from trend. Vertical axes measure percentage deviation from trend. Sample: 11 OECD countries, 1970-2017, annual data.
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Figure 17: Dynamic Effects of a Corporate Tax Shock in OECD Countries (N = 11) on
Sectoral Labor Income Shares. Notes: The solid black line shows the response of aggregate and sectoral variables to

an exogenous decline in corporate income taxation by 1 percentage point in the long-run. (Darker) Shaded areas indicate the 90 (68)
percent confidence bounds based on bootstrap sampling. Horizontal axes indicate years. Vertical axes measure percentage deviation

from trend. Sample: 11 OECD countries, 1973-2017, annual data.

contrast to us, the authors concentrate on Manufacturing only. Fig. 17 shows the responses
of the labor income shares in the traded and the non-traded sector to a permanent decline
in corporate taxation. Our evidence reveals that both responses are muted and the decline
in corporate income taxation does not have a significant impact on the labor income shares.
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Table 11: Calibration of Dynamics of Symmetric and Asymmetric Technology Shocks

Parameters | Correlation between 7 and 7°™

corr(Tit, 7"7) { corr(Tit, Ti4')
0 )
AUS 0.96 0.97
AUT 0.83 0.96
BEL 0.96 0.95
DEU 0.80 0.87
FIN 0.85 0.92
FRA 0.85 0.95
GBR 0.91 0.93
JPN 0.83 0.91
LUX 0.89 0.91
SWE 0.80 0.98
USA 0.76 0.88
OECD (11) 0.86 0.93

Notes: Column 1 shows the correlation between the country-level corporate income tax rate, 7,4, and the

cross-country average tax rate, 7’—,:"". Column 2 shows the correlation between the country-level corporate
income tax rate, 7;¢, and the import-share-weighted-average tax rates of trade partners of the home country,
TZ;’LtA The last row of the table 'OECD (11)’ shows the country average.

D SVAR Identification: Robustness Checks

In this section, we conduct some robustness checks. In subsection D.1, we show some instan-
taneous correlations between the domestic corporate income tax rate and its international
measure.

Our identification of corporate tax shocks is based on the assumption that time series
for tax rates follow a unit root process. Because in the main text, all variables enter the
VAR model in growth rate, we test this assumption in subsection D.2 which shows panel
unit tests for all variables considered in the empirical analysis.

By using the property of a common downward trend in corporate taxation, we estimate
a SVAR model where we replace the country-level corporate tax rate which displays an
obvious endogeneity with the current economic activity with a measure of the intensity
of tax competition which drives domestic corporate taxation and is defined as an import-
share-weighted-average of trade partners’ corporate tax rates. The country-level tax rate
can be replaced with the international tax rate as long as it exists a permanent and common
corporate income tax shock for the eleven OECD countries. This assumption can be easily
tested with actual data, since it implies that the country-level tax rate and the international
measure of corporate taxation share a common stochastic trend. In subsection D.3, we test
whether the two variables are cointegrated.

The SVAR critique argues that the number of lags in estimating a SVAR is too short to
identify consistently a permanent shock to technology. A similar critique could be addressed
to the identification of a shock to corporate taxation as the lag truncation bias implies that
persistent country-specific persistent demand shocks might contaminate the identification
of permanent corporate income tax shocks. In subsection D.4, we run an exogeneity test
which confirms that the shock to corporate taxation we identify are not contaminated by
persistent demand shocks. In subsection D.5, to check the robustness of our results, we
increase the number of lags from 2 to 5. For each variable, we compare the IRF of 2 lags
with the three other IRFS by considering our initial confidence interval. In subsection D.6,
we compare our results with the effects estimated from narratively-identified shocks.

D.1 Correlations between Country-Level and International Component
of Corporate Income Tax Rates

Table 11 shows the correlation between the country-level corporate income tax rate, 7,
and the cross-country average tax rate, 7. Column 2 shows the correlation between the
country-level corporate income tax rate, 7;;, and the import-share-weighted-average tax

rates of trade partners of the home country, Tiiﬁt.
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D.2 Panel Unit Root Tests

Because all variables enter the VAR model in growth rates or in variations such as corporate
income tax rates, in order to support our assumption of I(1) variables, we ran panel unit
root tests displayed in Table 12. We consider four 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), 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;; = oy + pixi—1 +
E?Ll 0; jAx;1—j + €i¢, where g;; are assumed to be i.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, ¥i). 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 IPS, 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.’

As noted above, IPS test allows for heterogeneity of the autoregressive root, accordingly,
we will focus intensively on these tests when testing for unit roots. Across all variables
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 growth rate.

9Tn all aforementioned tests and for all variables of interest, we allow for country-fixed effects. Appropriate
lag length ¢; is determined according to the Akaike criterion.
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Table 12: Panel Unit Root Tests

LLC Breitung IPS Hadri
Stat.  p-value | Stat. p-value | Stat. p-value Stat. p-value
7¢ -0.374  0.354 1.621 0.948 1.810 0.965 115.109 0.000
rint -0.234  0.408 4.344 1.000 3.457 1.000 132.449 0.000
Y -2.940  0.002 5.152 1.000 1.341 0.910 137.498 0.000
YT -2.105 0.018 5.209 1.000 1.886 0.970 134.692 0.000
YN -2.649  0.004 5.355 1.000 1.557 0.940 137.321 0.000
L 0.205 0.581 -0.719  0.236 -0.831 0.203 66.738 0.000
LT -3.903  0.000 3.266 0.999 0.639 0.739 133.844  0.000
Ny 2.429 0.992 3.802 1.000 4.488 1.000 118.663 0.000

TFPapy | -6.066  0.000 3.774 1.000 -2.042  0.021 131.677  0.000
TFPAp; | -5.287  0.000 3.631 1.000 -0.927  0.177 135.298  0.000
TFPY5, | -3.290  0.001 2.247 0.988 -1.436  0.075 99.252 0.000

G -2.627  0.004 5.803 1.000 0.961 0.832 133.073 0.000
C -2.232 0.013 5.832 1.000 1.983 0.976 137.338 0.000
1 -0.242 0.404 3.865 1.000 2.024 0.979 139.024  0.000

PY/PT | -2.330  0.010 | 4.478  1.000 1.405  0.920 | 132.277  0.000
PT/PT* | 23125  0.001 0.383  0.649 | -2.527  0.006 79.136 0.000
PN/PT* | 21620  0.053 3.297 1.000 1.939  0.974 | 123.205  0.000

SL -1.080  0.140 0.739 0.770 -1.353  0.088 90.021 0.000
st 0.843 0.800 1.209 0.887 0.170 0.568 90.712 0.000
sy -1.376  0.084 0.155 0.562 -1.417  0.078 84.638 0.000
T/ vy -0.057  0.477 2.350 0.991 1.031 0.849 98.278 0.000
YTy -0.054  0.479 2.400 0.992 1.015 0.845 98.228 0.000
YNy -0.047  0.481 2.271 0.988 1.071 0.858 98.308 0.000

w/pT* -3.792  0.000 3.136 0.999 | -0.079  0.468 126.272  0.000

wT/w -1.533  0.063 1.740 0.959 | -1.335  0.091 89.347 0.000

w/w -4.398  0.000 1.701 0.956 | -3.830  0.000 73.046 0.000

KL, -2.039  0.021 0.080 0.532 1.309 0.905 38.722 0.000

KN, -4.708  0.000 0.770 0.779 1.044 0.852 74.347 0.000
Notes: For LLC, Breitung and IPS, the null of a unit root is not rejected if p-value > 0.05
at a 5% significance level. For Hadri, the null of stationarity is rejected if p-value < 0.05 at
a 5% significance level. All tests two lags in the Augmented Dickey-Fuller regressions.

D.3 Tests for Cointegrated Relationship between Country-Level and In-
ternational Measure of Corporate Taxation

We check for the cross-sectional dependence to show that there is a standard shock that
influences eleven countries. We test for weak cross-sectional dependence by applying the
Pesaran [2015] test. It rejects the null hypothesis that errors are weakly cross-sectional de-
pendent with CD = 40.82 and p-value = 0.000 for the country’s corporate tax rate. Rejects
the null hypothesis with CD = 48.16 and p-value = 0.000 for import share weighted corpo-
rate tax rate. This result implies that both series present cross-sectional dependence. Thus
we have to apply unit root and cointegration tests that consider this dependence. Secondly,
we test the unit root null hypothesis in panel data. The panel unit root hypothesis cannot
be rejected for country-level corporate tax rates, and import share weighted corporate tax
rates. Therefore there is a unit root and series are I(1). Since the international tax rate
variables are I(1), we can have permanent shock. As the last step, we estimate the cointe-
gration relationship between the two series. We run Westerlund [2007] panel cointegration
tests to show the cointegration between a country’s corporate tax rate and import share
weighted corporate tax rate. Among the four stats of Westerlund [2007], three of them
(Gt, Ga, Pa) reject the no cointegration null hypothesis. As Gt and Ga allow for some
heterogeneity in the cointegration vector across individuals, we can conclude that there is a
cointegration relationship between log country income corporate tax rate and log of import
share weighted tax rate.

D.4 Exogeneity Test

Exogeneity tests. The identified corporate income tax shock should not in principle be
correlated with other exogenous demand shifts nor with lagged endogenous variables. To
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Table 13: Westerlund ECM panel cointegration tests for country corporate tax rate and
import share weighted corporate tax rate

Statistic Value Z-value P-value Robust P-
value

Gt -2.265 -1.800 0.036 0.01

Ga -8.678 -0.936 0.175 0.01

Pt -6.096 -1.302 0.097 0.1

Pa -6.040 -1.352 0.088 0.09

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

investigate whether the identified shows are really technology shocks is to test whether
non-technology variables are correlated with the shocks. We consider three types of de-
mand shocks: unanticipated temporary changes in taxation, in government spending, and
in monetary policy. We identify three types of shocks by considering two different VAR
models. Our identification of government spending shocks builds on Blanchard and Perotti
[2002] and our identification of monetary policy shocks builds on Christiano et al. [2005].
We estimate a Vector Autoregression (VAR) which includes government consumption, real
GDP, total hours worked, the real consumption wage, utilization-adjusted aggregate total
factor productivity, and the short-term interest rate. For consistency reasons, we adjust the
nominal interest rate with foreign prices as foreign goods and services are the numeraire in
our model. All quantities are divided by the working age population. All variables enter
the VAR model in log level except the interest rate which is in level. Like Blanchard and
Perotti [2002], we base the identification scheme on the assumption that there are some de-
lays inherent to the legislative system which prevents government spending from responding
endogenously to contemporaneous output developments. We thus order government con-
sumption before the other variables which amounts to adopting the standard Cholesky
decomposition. Following Blanchard and Perotti [2002], we identify shocks to taxation by
assuming that net taxes do not respond within the year to the other variables includes in
the VAR model. To identify shocks related to tax revenues (denoted by ), we estimate
a VAR model where we replace government consumption with net taxes which are defined
as taxes minus social security benefits paid by the general government (adjusted for infla-
tion using the GDP deflator). We impose the same assumption as for the identification of
government consumption shocks. Like Christiano et al. [2005], we identify monetary policy
shocks as the innovation to the federal funds rate under a recursive ordering, with the policy
rate ordered last. The ordering of the variables embodies the key identifying assumptions
according to which the variables do not respond contemporaneously to a monetary policy
shock, denoted by f—:g.

Source: Data availability is displayed by Table 14. Government final consumption
expenditure (CGV), OECD Economic Outlook Database. The short-term interest rate
based on three-month money market rates taken from OECD Economic Outlook Database.
The nominal interest rate deflated by the price of foreign goods which is the numeraire in
our model and thus we subtract the rate of change of the weighted average of the traded
value added deflators of trade partners of the country ¢ from the nominal interest rate. The
period is 1973-2017.

Like in the main text, we identity shocks related to corporate taxes by estimating a VAR
model which includes the international corporate tax rate, real GDP, total hours worked,
and utilization-adjusted-TFP. Using annual data in a panel format, we run the regression
of our identified shocks to corporate taxation €7,, on shocks to government spending, to
short-term interest rates, and to tax revenue:

en =d; +5g+5§+6£+vit, (53)

where v;; is an i.i.d. error term; country fixed effects are captured by country dummies,
d;. Note that in estimating eq. (53), we add lagged values (we consider four lags) on
explanatory variables which allow us to take into account for the persistence of the shocks.
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Table 14: Interest Rates, Government Spending, and Net Taxes Time Series: Data Avail-
ability

Interest Rate Gov. Cons. Net Taxes
AUS 1973-2017 1973-2017  1989-2017
AUT 1973-2017 1973-2017  1973-2017
BEL 1973-2017 1973-2017  1973-2017
DEU 1991-2017 1973-2017  1991-2017
FIN 1973-2017 1973-2017  1973-2017
FRA 1973-2017 1973-2017  1973-2017
GBR 1978-2016 1973-2016  1973-2016
JPN 1973-2015 1973-2015  1973-2015
LUX 1973-2017 1973-2017  1990-2017
SWE 1982-2017 1973-2017  1973-2017
USA 1973-2017 1973-2017  1973-2017

Table 15: Identified Permanent Corporate Tax Shock: Exogeneity Test

Dependent Variable: ],

Explanatory Variable % el gTat collectively
P-value for Exogeneity Test | 0.7352 0.0246 0.8014 0.4431

Notes: The exogeneity F-test is based on a regression of the identified international corporate tax shock €7, it on

fixed effects and current and four lags of government spending shocks (eg), monetary shocks (63) and taxes shocks

(617;) The null hypothesis is that all of the coefficients on explanatory variables are jointly equal to zero. If p-value

> 0.05 at a 5% significance level, the variables are not significant in explaining the identified corporate tax shock

o
[SEP

The results of panel data estimations are presented in Table 15. To test the null hypoth-
esis that all coefficients on explanatory variables are collectively equal to zero, we examine
the p-value. If the p-value is greater than or equal to 0.05 at a 5% significance level, it
indicates that the variables are not significant in explaining the identified corporate tax
shock e7,. The F-test p-value of 0.443 indicates that none of the variables hold significance
in explaining our identified corporate income tax shocks.

Table 16: Identified Permanent Corporate Tax Shock: Exogeneity Test

Explanatory Variable Dependent Variable: 7,
e 0.47
(.028)
elt 0.79
(.039)
gl —0.96
(—.029)
P-value for Exogeneity Test 0.4431
Controls (4 lags on the yes
explanatory variable)
Country Fixed Effects yes
Countries 8
Observations 295

Notes: t-statistics are reported in parentheses. ¢, ® and ¢ denote significance at 1%, 5% and 10% levels. The
exogeneity F-test is based on a regression of the identified international corporate tax shock €7, it on fixed effects

and current and four lags of government spending shocks (), monetary shocks (e!?) and taxes shocks (e;). The
null hypothesis is that all of the coefficients on explanatory variables are jointly equal to zero. If p-value > 0.05 at
a 5% significance level, the variables are not significant in explaining the identified corporate tax shock €7,.

D.5 The Number of Lags

Chari et al. [2008] recommend to increase the number of lags to avoid the identification of
a permanent shock by means of the estimation of a VAR model with long-run restrictions
being contaminated by persistent demand shocks. De Graeve and Westermark [2013] find
that raising the number of lags may be a viable strategy to achieve identification when
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Figure 18: Dynamic Effects of a Corporate Tax Shock: Robustness Check w.r.t. Lags Notes:
The solid blue line shows the response of aggregate and sectoral variables to an exogenous decline in the corporate tax rate by 1% in the
long-run. Shaded areas indicate the 90 percent confidence bounds. Horizontal axes indicate years. Vertical axes measure percentage
deviation from trend. The baseline VAR model which allows for two lags is displayed by the solid black line. Whilst in the blue line
we allow for three lags, in the red line we allow for four lags; in the green line, we allow for five lags. Sample: 11 OECD countries,
1973-2017, annual data.

long-run restrictions are imposed on the VAR model. Following this recommendation, we
increase the number of lags from 2 to 5 when estimating the VAR models and contrast our
estimates with two lags with those with a higher number of lags.

Fig. 18 shows the dynamic effects of a permanent decline in corporate taxation by
1 ppt in the long-run. The baseline VAR model which allows for two lags is displayed
by the black line. In the blue line, we allow for three lags; in the red line, we allow
for four lags; in the green line, we allow for five lags. Overall, all responses lie within
the 90% confidence bounds of the original VAR model and all of our conclusions hold.
More specifically, a permanent decline in corporate taxation gives rise to an increase in
real GDP, total hours and utilization-adjusted-aggregate-TFP. While traded hours increase
only in the short-run, non-traded hours rise persistently. Traded value added increases
disproportionately relative to non-traded value added as a result of the high and significant
technology improvement in the traded sector. We may notice some quantitative differences;
increases of utilization-adjusted-TFP and value added of tradables tend be amplified as the
numbers of lags increase. Otherwise, aggregate variables and non-traded sector variables
remain unsensitive to the increase in the number of lags.
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Figure 19: Dynamic Effects of a Corporate Tax Shock: SVAR Identification vs. Narratively-

Identlﬁed ShOCkS Notes: Responses to an exogenous shock that gives rise to a 1 percentage point cut in the country’s corporate
tax rate. The solid line shows the response in real GDP, households’ final consumption expenditure and gross fixed capital formation by
firms to an exogenous decline in the corporate tax rate by 1% in the long-run when the exogenous shock is narratively-identified, as in
Mertens and Ravn [2013]. The dashed line shows the dynamic effects when we estimate a VAR model where the import-share-weighted-
average of trade partners’ corporate income tax rates is ordered first. The solid line with diamonds displays results where we estimate
the same VAR model but by using the country average corporate income tax rate. Shaded areas indicate the 90 percent confidence
bounds obtained by bootstrap sampling. Horizontal axes indicate years. Vertical axes measure deviation from trend expressed in
percentage point of GDP. Sample: United States, 1973-2006, annual data.

D.6 SVAR Identification vs. Narratively-Identified Corporate Income
Tax Shocks: The United States Case

The existing literature investigating the effects of shocks to taxation, including variations
in corporate income tax rates, consider narratively-identified tax shocks which are clas-
sified as exogenous and viewed as one-to-one mapping into the true structural shocks.
Narratively-identified shocks to corporate taxation are only available for the United States.
One interesting exercise is to contrast the dynamic effects we estimate after a permanent
decline in the corporate income tax shock with the dynamic effects of narratively-identified
corporate income tax shocks on the same variables by using the dataset from Mertens and
Ravn [2013]. Mertens and Ravn [2013] investigate the impact of corporate tax rates by
using narrative measure of corporate tax rate for the period between 1950 and 2006 with
quarterly data. Their results indicate that a one percentage point cut in the average cor-
porate tax rate increases real GDP per capita by 0.6 percent after one year, raises private
sector investment, and has little effect on private consumption in the short run. We esti-
mate a VAR model which identify corporate income tax shocks by using narrative measure,
cross-country average tax rate and import-share-weighted-average tax rate. Fig. 19 shows
the effects on real GDP, consumption, and investment.

The impulse response functions for real GDP and consumption are close to the results
of Mertens and Ravn [2013]. GDP per capita increases by around 0.6 percent, and the
rise in consumption is equivalent to a 0.5 percent point rise in GDP per capita. The
cross-country average corporate tax rate gives the same results for the first two years for
output and five years for consumption with the narrative measure. In the long-run, the
cross-country average corporate tax rate underestimates the responses. Conversely, the
import-share-weighted-average of corporate tax rates generates effects which are close to
the point estimate obtained by using a narrative measure. In the long-run, the international
tax measures lie within the 90% confidence bounds associated with the point estimate of
the narrative measure. The response for the investment is zero for the narrative measure
but negative for international tax rates. The differences between international tax rates and
narrative measures may stem from the fact that the narrative measures are computed by
summarizing the significant events of a potentially very large information set into account.
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E Semi-Small Open Economy Model with Endogenous Tech-
nology Decisions

This Appendix puts forward an open economy version of the neoclassical model with trad-
ables and non-tradables, imperfect mobility of inputs across sectors, adjustment costs and
endogenous terms of trade. We assume that production functions take a Cobb-Douglas
form and importantly, firms must decide about the optimal amount of tangible and intan-
gible assets to rent. To produce a response of hours close to what we estimate empirically,
we eliminate the wealth effect from labor supply by assuming Greenwood, Hercovitz and
Huffman [1988] preferences; we also allow for time non-separability by introducing outward-
looking consumption habits (i.e., external habits or ’catching-up’ with the Joneses), see e.g.,
Carroll, Overland and Weil [2000].

Households accumulate both physical and intangible capital stocks in the economy and
rent them out to firms in the production sector. Households supply labor, L, and must
decide on the allocation of total hours worked between the traded sector, L, and the non-
traded sector, L". They consume both traded, CT, 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 in physical which is produced
using inputs of the traded, J7, and the non-traded good, J~. As for consumption, input
of the traded good to produce tangible investment goods is a composite of home-produced
traded goods, J¥, and foreign imported goods, J¥'. Households also choose investment in
intangible capital which is produced by using domestic inputs only, i.e., JZ is a composite
of home-produced traded goods, J%!, and non-traded goods, J%. The numeraire is
the foreign good whose price, P, is thus normalized to one. We assume that services
from labor, tangible and intangible assets are imperfect substitutes across sectors. While
households choose the intensity in the use of the stock of physical capital, the optimal
allocation of labor, tangible and intangible assets is determined by optimal conditions from
firms’ profit maximization.

E.1 Households

Consumption and consumption price index. At each instant the representative house-
hold consumes traded and non-traded goods denoted by C7(t) and C™(t), respectively,
which are aggregated by means of a CES function:

2}

R DR (54)

o) = [soi (0T (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 C7(t) is defined as a CES aggregator of home-produced
traded goods, C¥(t), and foreign-produced traded goods, O (¢):

_P_

O (1) = [(«pH)‘l’ (") + (1 M) (c%)ﬂ . (55)

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.

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
Pe:

1
1—¢ 1-¢] 1=4
Po=[o (P1) 7+ (1) (PY) ] 77, (56)
where the price index for traded goods is:

1

P = lon (PT)' ™7 4 (1= m)] ™7 (57)
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Given the consumption-based price index (56), the representative household has the
following demand of traded and non-traded goods:

cT = GZZ) - C, (58a)
cN =(1-9) (1;:) - C. (58b)

Given the price indices (56) and (57), the representative household has the following
demand of home-produced traded goods and foreign-produced traded goods:

CF = o <£Z)¢(1—¢H) <;T>_pc. (59b)

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, (60a)
PT = ayPH, (60b)

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

s (2) o

=
1—ac=(1-9) () - (61b)

o = pn (J;f) (610
1= o = (1= on) (5 ) (610)

Labor supply and aggregate wage index. The representative household supplies
labor to the traded and non-traded sectors, denoted by L (t) and L (t), respectively.
To put frictions into the movement of labor between the traded sector and the non-traded

sector, we assume that sectoral hours worked are imperfect substitutes, in lines with Horvath
[2000]:

7 (62)

L
eptt ‘L+1:| ep+1

L(t) = [0;1/% (L) o + (1 —0p) Y (LN() o

where 0 < ¥, < 1 parametrizes the weight attached to the supply of hours worked in the
traded sector and €y, is the elasticity of substitution between sectoral hours worked.

The aggregate wage index, W, associated with the CES aggregator of sectoral hours
defined above (62), is:

1
W= (v (W) (=) () (63)
where W and W are wages paid in the traded and the non-traded sectors, respectively.

Given the aggregate wage index and the aggregate capital rental rate, the allocation of
aggregate labor supply and the aggregate capital stock to the traded and the non-traded

sector reads: . N e
L=y we L, IN=@1-9;)—) L. 64
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As will be useful later, the percentage change in the aggregate wage index defined as a
weighted average of percentage changes in sectoral wages:

W=aWH+0—-a,) WV, (65)

where ap, is the tradable content of labor compensation:

WH 1+EL WN 1+EL
O[L:19L <W> 5 170[[/:(1*'[9[1) (W> s (66)

Physical Capital and aggregate rental rate of physical capital. Like labor, we
generate imperfect capital mobility by assuming that traded K (¢) and non-traded K™ (t)
capital stock are imperfect substitutes:

‘K

_ e+l et | epe+1

(0 = [ (K70) 5+ (-0 Ve (¥ 0) L

where 0 < ¥x < 1 is the weight of capital supply to the traded sector in the aggregate

capital index K(.) and ex measures the ease with which sectoral capital can be substituted
for each other and thereby captures the degree of capital mobility across sectors.

The aggregate capital rental rate, R¥, associated with the aggregate capital index

defined above (67) is:
1
RE = [ (RI) S 4 (1 i) (RION) S T (68)

where RfH and R¥N are capital rental rates paid in the traded and the non-traded sectors,
respectively.

Given the aggregate wage index and the aggregate capital rental rate, the allocation of
aggregate labor supply and the aggregate capital stock to the traded and the non-traded
sector reads:

H RK’H €K N RK’N €K
KM = (= K, KV =(1-95) (5 K, (69)

As will be useful later, the percentage change in the aggregate return index capital is a
weighted average of percentage changes in sectoral capital rental rates:

RE = ag R + (1 — ag) RV, (70)

where a g is the tradable content of capital compensation:

REH N ek RENN 1Hex
OLK:19K<RK> , 1—04K:(1—19K)<RK> . (71)

Stock of ideas and aggregate rental rate of ideas. Like labor and tangible assets,
we allow for imperfect mobility of intangible assets by assuming that traded Z(¢) and
non-traded ZV(t) stock of ideas are imperfect substitutes:

: (72)

°Z
ez+1 ez+1:| s+

ZA(t) = [19;/62 (ZH () 7 + (1 —9g) V2 (2N @)

where 0 < ¥z < 1 is the weight of traded intangible assets and ¢z measures the ease with
which sectoral intangible assets can be substituted for each other and thereby captures the
degree of mobility of ideas across sectors.

Given the aggregate rental rate for intangible assets, RZ, the allocation of the stock of
knowledge to the traded and the non-traded sector reads:

= RZ’H €z A N RZ’N €z A
ZH =y, ZA, ZN = (1-9y) ZA, (73)

R? R?
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As will be useful later, the percentage change in the aggregate rental rate of intangible
assets is a weighted average of percentage changes in sectoral rental rates:

R? = azR?M 4 (1 — az) RZV, (74)

where ayz is the tradable content of the aggregate income from intangible assets:

RZ’H 14ey RZ’N 14€z
azzﬁz(Rz> , 1ozZ:(119Z)<RZ) : (75)

GHH Preferences with consumption habits. The representative agent is endowed
with one unit of time, supplies a fraction L(¢) as labor, and consumes the remainder 1— L(t)
as leisure. Denoting the time discount rate by 5 > 0, at any instant of time, households
derive utility from their consumption and experience disutility from working and maximize
the following objective function:

U= /OO A (C(t), S(t), L(t)) e Ptat, (76)
0

where we consider the utility specification proposed by Greenwood, Hercowitz and Huffman
(GHH thereafter) [1988]:

X1-0_1 1+o
S X(G.S,L)=C85T - _T_LOL’YLL o (77)

A(C,S L) =
(€5, L) 1-0
where S is the stock of habits. We consider GHH [1988] preferences so as to eliminate the
wealth effect in the household’s labor supply decision.

Consumption habits. The habitual standard of living is defined as a distributed lag
over past consumption:

t
S(t) = o / C(r)e55ENdr,  §g>0. (78)

where the parameter dg indexes the relative weight of recent consumption in determining
the reference stock S(¢). Differentiating equation (78) with respect to time gives the law of
motion of the stock of habits:

S(t) = b5 [C(t) = S(1)] - (79)

According to this specification, the reference stock is defined as an exponentially declining
weighted average of past economy-wide levels of consumption. Intuitively, the larger dg is,
the greater the weight of consumption in the recent past in determining the stock of habits,
and the faster the reference stock S adjusts to current consumption.

Agents derive utility from a geometric weighted average of absolute and relative con-
sumption where g is the weight of relative consumption:

U (C(1), S(1)) = Ct) (ggg) - (80)

If v¢ = 0, the case of time separability in preferences obtains. Hence, the intertemporal
marginal rate of substitution between consumption at date ¢+ 1 and consumption at date ¢
does not depend on consumption at other dates, which implies a fixed rate of time preference
along a constant consumption path outside the steady-state. Faced with a positive income
shock, habit-forming agents find it optimal to increase their consumption only moderately
in the short-run, and thereby to save to sustain their higher standard of living.

As shall be useful below, we write down the partial derivatives of X = X (C, S, L) (see
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eq. (77)):

Xo =877, (81a)
Xce =0, (81b)
X5 = —CrygS~ st <, (81c)
Xss = s (ys + 1) CS~ 05+ > 0, (81d)
Xgo = —y5S~ s+ <0, (81e)
Xy, = —yp L8 <0, (81f)
Xrio = —%Li‘l <0, (81g)

and the partial derivatives of A = A((C, S, L) (see eq. (77)):
Ac = X7 X, (82a)
Acc = —o X~ (X0)?, (82D)
As = X7 Xg, (82¢)
Agg = —0 XD (Xg)? + X7 X g, (82d)
Asc = —0X " XgXo + X" Xgc, (82¢)
AL =X"7Xy, (82f)
App = —oX D (X)) 4+ X7X (82g)
Acp = —o X "D XX, (82h)
Agr, = —oX D XX, (82i)

where Az = 95 with Z = C, S, L.

Capital and technology utilization adjustment costs. We assume that the house-
holds own tangible K7/ (t) and intangible assets Z/(t) and lease both services from tangible
and intangible assets to firms in sector j at rental rate R*(t) and R%7(t), respectively.
Thus income from leasing activity received by households reads:

S (R (0)a (4K (1) + B2 (09 () 27(1)

J

where we assume that households also choose the intensity v/ (¢) and u%7(t) in the use
of the physical capital stock and in the stock of knowledge, respectively, like Bianchi et al.
[2019]. Both the capital u®(¢) and the technology utilization rate u%”(t) collapse to one
at the steady-state. We let the functions C*+J(t) and C%7(t) denote the adjustment costs
associated with the choice of capital and technology utilization rates, which are increasing
and convex functions of utilization rates:

CKIt) = ¢ (ufI(t) — 1) + 525 (W9t —1)°, (83a)
C7it) = xl () - 1) + 2 (P90 - 1), (s3h)

where 55 > 0, X% > ( are free parameters; as {% — 00, Xg — 00, utilization is fixed at unity.
Budget constraint. Households supply labor services to firms in sector j at a wage
rate W7(t). Thus labor income received by households reads 3 j W(t)L’(t). Households
can accumulate internationally traded bonds (expressed in foreign good units), N(t), that
yield net interest rate earnings of r*N(¢). Denoting lump-sum taxes by T'(t), households’
flow budget constraint states that real disposable income can be saved by accumulating
traded bonds, consumed, Pc(t)C(t), invested in tangible assets, PX(¢)JX(t), invested in
intangible assets, PZ(t)JZ(t), and covers capital and technology utilization costs:

N(t) + Po(t)C(t) + PF () J5t) + PP () J7(6) + Y PI(t) (CTI ™SI (K (t) + CHI (t) 77 (£) Z4(t))
j=H,N
=1 N(t) + WH)L(E) + REOK () > adeu + RZ6)ZA1) > ol (tu?? - T(t),

j=H,N j=H,N
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where we denote the share of sectoral tangible (intangible) assets in the aggregate stock of

capital (knowledge) by v (t) = KJ(t)/K(t) (v?J(t) = ZI(t)/Z(t)), and the compensation
, P A s

share of sector j = H, N by a7, (t) = % (al(t) = %

As shall be useful, we denote the labor compensation share by ai(t) = %

Investment in tangible assets. The investment good is (costlessly) produced using
inputs of the traded good and the non-traded good by means of a CES technology:

) for capital (ideas).

[ —1:| ¢¢K—1
K K
’ (85)

750 = [ (0) 5 (e (7 0) %

where 0 < ¢ < 1 is the weight of the investment traded input and ¢x corresponds to
the elasticity of substitution between investment traded goods and investment non-traded
goods. The index JT(t) is defined as a CES aggregator of home-produced traded inputs,
JH (t), and foreign-produced traded inputs, J¥'(¢):

PK

PK—

70 = [y () 5 -y re) BT

where 0 < /1 < 1 is the weight of the home-produced traded input and px corresponds to
the elasticity of substitution between home- and foreign-produced traded inputs.

Law of motion for tangible assets and installation costs for physical capital.
Installation of new investment goods involves convex costs, assumed to be quadratic. Thus,
total investment JX(¢) differs from effectively installed new capital:

k([ TE(t)

JE@) =15(t) + = ( — 5K>2 K(t) (87)
2 \ K (t) ’

where the parameter k > 0 governs the magnitude of adjustment costs to capital accumu-
lation. Partial derivatives of total investment expenditure are:

oJ(t) I(t)
6I(t):14—,'-€<K(t)—5}(>, (88a)

dJ(t) e I(t)
o = (e o) (e o) (880)

Denoting the fixed capital depreciation rate by 0 < dx < 1, aggregate investment, I%(¢),
gives rise to capital accumulation according to the dynamic equation:

K(t) =I%(t) — 6 K (t). (89)
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
PI = [ (PT)7 (1= ) (PY) 0 (90)
where the price index for traded goods is:
1
PT = [ (PP (1= o) (91)

Given the investment-based price index (90), we can derive the demand for inputs of
the traded good and the non-traded good:

PT _¢K
J' =, <J> JK, (92a)
Py
N PN —¢K %
IN=(-0 (=) JE (92b)
1?]
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Given the price indices (90) and (91), we can derive the demand for inputs of home-
produced traded goods and foreign-produced traded goods:

7(;5 —
JH =, <P‘}F> : M <PH) . JE (93a)
Py Py
pT\ 9K 1\ ~PK
JE =1 (J> (1—.1) () JE. (93b)
Py Py

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:

Py=aofPT + (1- o) PV, (94a)
PT = o1 pH, (94b)

where oz? is the tradable content of overall investment expenditure and a? is the home-
produced goods content of investment expenditure on traded goods:

PT 1-¢K
o =, <pi’,) , (95)
PN 1-¢K
1—aff =1 -0 (P> : (95b)
J
PH 1-pK
ol =1 (PJT> , (95¢)
1—
1—ofl = (1—LH) Ly (95d)
J P:_IF *

Investment in intangible assets. The intangible good is produced using inputs of
the home-produced traded good and the non-traded good according to a constant-returns-
to-scale function which is assumed to take a CES form:

¢z
¢>zl] g1
)

J7(t) = {Z A ) E 4 (1= )P (12N (96)

where 17 is the weight of the intangible traded input (0 < ¢z < 1) and ¢z corresponds

to the elasticity of substitution in investment between traded and non-traded intangible
inputs. The price index associated with the aggregator function (96) is:

P =iz (P")% 4 (1= 1z) (PV) 7] = (97)

Given the knowledge investment-based price index (97), we can derive the demand for
inputs of the traded good and the non-traded good:

PH 7¢Z
JZ’H =1lz <_PJZ> JZ, (98&)
Z,N __ _ P7N B Z
JEN —(1-ug) () U2 (98b)
PJ

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

N

PZ:asz+(1—az)pN, (99)

where

PH jZ.H pPH 1-¢z
——— =1z < > (100)

Z _
= Tpryz P7
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Law of motion for intangible assets and installation costs for ideas. Accumu-
lation of intangible assets is governed by the following law of motion:

ZA(t) = TZ(t) — 6,22 (1), (101)

where IZ is investment in intangible assets and 0 < §z < 1 is a fixed depreciation rate. We
assume that capital accumulation is subject to increasing and convex cost of net investment:

A 2
J2(t) = I%(t) +g <2A((?) - 5Z> ZA(t), (102)
with partial derivatives
Z Z
g‘;z((;) —14¢ ( éA((?) - 5Z> , (103a)
oJZ(t) ¢ (I7(¢) I (t)
a7 =5 (7 ) (72 +%2) (1050)

First-order conditions. Households choose consumption, worked hours, capital and
technology utilization rates, investment in tangible and intangible assets by maximizing
lifetime utility (76) subject to (84), (89) and (101). Denoting the co-state variables associ-
ated with the flow budget constraint (84), the physical capital accumulation equation (89)
(i.e., K(t) = I(t) — 0 K(t)), and the accumulation equation of ideas (101) by A, QX”, and
Q%" respectively, the first-order conditions characterizing the representative household’s
optimal plans are described by

Ac (C(), $(1), (1)) = APo(d), (104a)
—Ap (C(t),S(t), L(t)) = AW (1), (104b)
_ 1%(1)
QX (t) = PE(t) [1 + K <K(t) — 5K>] , (104c)
Z
Q7(t) = P7(1) [1 +¢ é A((?) - 52)} : (104d)
K,j . . .
Rpj(g) =g +& W) -1), j=H,N, (104e)
Z.3 A . .
RPj (g) =x] +x3 (v (t)-1), j=H,N, (104f)
AH = A (8- ), (104g)
Q0 = 0"+ 50 Q0 - { T ek IR )
j=H,N
K
- X PocIawsin - pf 5, (104h)
j=H,N
@0 ="+ Q%0 - { 3 b 0r)
j=H,N
Z
— PI(t)C%I(t) %I (t) — PZ (t)M : (104i)
Py 70570 )

and the transversality conditions limy_,s AN (t)e Pt = 0, limy_,oo Q¥ (1)K (t)e=P* = 0, and
limy oo Q4 () ZA(t)e Pt = 0; to derive (104h) and (104i), we used the fact that Q% (t) =
Q' (t)/A(t), Q7 (t) = Q7' (t)/A(t), respectively.

E.2 Final and Intermediate Good Producers

We assume that within each sector, there are a large number of intermediate good producers
which produce differentiated varieties and thus are imperfectly competitive. They choose to
rent labor services from households along with services from tangible and intangible assets.
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Final Goods Firms
The final output in sector j = H, N, Y7, is produced in a competitive retail sector using
a constant-returns-to-scale production function which aggregates a continuum measure one

of sectoral goods:
Wi

/1 (X{) = dz] ﬁ, (105)
0

where w/ > 0 represents the elasticity of substitution between any two different sectoral
goods and X stands for intermediate consumption of sector’j variety (with i € (0,1)).
The final good producers behave competitively, and the households use the final good for
both consumption and investment. While the output of final non-traded good, Y%, is
for domestic absorption only, the final output of home-produced traded good, Y, can be
consumed domestically, invested or exported.

Denoting by P? and P! the price of the final good in sector j and the price of the ith
variety of the intermediate good, respectively, the profit the final good producer reads:

YI =

TR b T
/ (x7) ~ dz’] / PIXIdi. (106)
0 0

Total cost minimization for a given level of final output gives the (intratemporal) demand

function for each input: _
. —w’
S AN
X! = (PZ) Y7, (107)

and the price of the final output is given by:

Pl = (/01 (Pg’)l_wj dz’)l_le, (108)

where Pl-j is the price of variety 4 in sector j and P7 is the price of the final good in sector

j = H, N. Making use of eq. (107), the price-elasticity of the demand for output of the ith
variety within sector j is:

I, = P/

9XJ pi .
St Rl B (109)
oP! X!

Intermediate Goods Firms

Within each sector j, there are firms producing differentiated goods. Each intermediate
good producer uses labor services, L7 (t), services from tangible assets (inclusive of the
intensity in the use of tangible assets) K7(t), and services from intangible assets ZJ(t), to
produce a final good according to a technology of production which displays increasing
returns to scale:

) . vl . 6 ;. 1-67
X =(Zw) (o) (o) . (110)
where the stock of knowledge Z7 is a stock of ideas used by domestic firms in sector j = H, N;
this stock of ideas gives rise to utilization-adjusted-TFP, i.e., 77 (t) = (Zj(t))yj. The stock
of ideas Z7(t) is made up of a domestic stock of knowledge Z7(t) (inclusive of the technology
utilization rate) and an international stock of knowledge Z" (¢):

j .
0% 6%,

20 = (Z0) 7 (VW) ", (111)

where 92 captures the domestic content of the stock of knowledge accessible to domestic
firms in sector j. Note that because the firm must pay (time-invariant) fixed costs F7, we
require the markup denoted by p/ to be larger than the degree of increasing returns to
scale, i.e., ‘

L+ v76%, < 1, (112)

83



so that the excess of value added over the payment of factors of production is large enough
to cover fixed costs.

Firms face three cost components: a labor cost equal to the wage rate W7(t), and a
sector-specific rental cost for tangible and intangible assets equal to R%7(t) and R%7(t),
respectively. We assume that the government levies a tax 7 on firms’ profits. In line with
the common practice, see e.g., Backus et al. [2008], firms’ taxable earnings are defined as
output less wage payments and physical capital depreciation. Both sectors are assumed
to be imperfectly competitive and thus choose services from labor, tangible assets and

intangible assets: .
Comax 1) (113)
L](t),K] (8),2] (1)

where

(1) = (1 —7) | P/(0X] (1) = W L(1) — 5K 0) |~ (R (1) — 6) K (1)~ R (1) 2] () =PI
(114)
where F7 is a fixed cost which is symmetric across all intermediate good producers but

varies across sectors. )
—wd
P\ ¢

Using the fact that | 55 YI = Xij stands for the demand for variety j, the La-

grangian for the i-th producer in sector j is:
. . . . N —wd . J .
L =TH(t) + [Xg(t) - (Pg) (P7)“ YJ} . (115)

Firm j chooses its price Pz-j to maximize profits treating factor prices as given. The cor-
responding first-order necessary conditions (for labor, physical capital, intangible capital,
and variety-i price) are:

OF ()

- . = (1— J
(1= 7) P + 4] o~ (- (116a)
OFJ orv ()

J 4 Kj —

[( )P+ ) o = (RF9 — 64) + 65 (1—7), (116b)
A 1 OF7 () .
(1 =7) P+ 7 R (116c)
. . N —wl—1 Wl
(1—7) X = —pl? (Pg) (P7) v, (116d)
\ —wd
Using Xg = (i’i) Y7, eq. (116d) can be rewritten as follows:
j (1—7)P/

. . . ; g
Denoting the markup charged by intermediate good producers by p/ = —#= > 1, and

inserting (117) into (116a)-(116c), first-order conditions can be rewritten as follows:

XJ
PJHJ L= W, (118a)
LJ
K3
, X [/ REJ —§
f — T
K3
o < .
(1= 7) Pl (1-97) =5 = W R%, (118¢)
i
X! oax! X7 i X)
6LJ L ok = (1~ 93) KJ’ o5 = VZ g

Free entry Condition
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We assume free entry in the goods markets so that the movement of firms in and
out of the goods market drives profits to zero at each instant of time, i.e., I/(t) =
(1—-7) NOS{ (t)— (RII(t) — 6k) K'Z](t) — R%J (t)Zf(t) - PZ.ij = 0 where the net operating
surplus (NOS henceforth) is NOS?(t) = P/(t)X7(t) — WI(t)L(t) — x K/ (t). Rewriting
first-order conditions (118a)-(118c)

P o
“LpixI = WL, (119a)
/’LJ
pJ o REJ —§ =
(B el o
P A o
(1-7) ;;VJZXg — WR%IZ]. (119¢)

Inserting (119a)-(119c¢) into profit leads to:

RE — 5

PIX) —(1—71)WIL) (1 —7) [ - +5K} K] —R?Z) — PIFI =,

o pi )2 o P R,
= PX/-(1-7)—=%¢X] - (1-7)—=~(1-0)X] - (1-7)ZLv,X] - PPF =0,
W I p

o 07+ (1—67) + 1297 o

(1—7) P X] [1_ ( uj) ZZ| ~ PIFT =,
. 1 J g7 o

(1—7)PIX7 [1-“}” —PIFi =0 (120)

7

To ensure that profits cannot be negative, we assume that the contribution of the stock
of intangible assets to the production of the i-th variety of the intermediate good is lower
than the markup: '

> 140767, (121)
Because intermediate good producers are symmetric, they face the same costs of factors
and the same price elasticity of demand. Therefore, they set same prices which collapse to
final good prices, i.e., P} = PJ and they produce the same quantity, i.e., X! = XJ =Y7.
Eq. (120) implies that value added covers the payment of labor services, W/L/, rental
payments of services from tangible and intangible assets to households, i.e., R% K7 and
R%37i and also covers the payment of the fixed cost:

(1—7)PIYI = (1—7)WILI + [R®I — 75| KI + R#IZ7 + PIFY. (122)

Output Net of Fixed Costs
We denote output net of fixed costs by Q7 = Y7 — FJ. By using the free entry condition

_— o Ui gl ) ,
(120), ie., P/FJ = (1—71)PIY? [1 — HZ.OZ}, value added in sector j net of fixed cost

wl

reads as follows:
Qj - YI_ Fj,
1+ 6’
1-(1-1) <1—+”.ZZ>]. (123)

= YJ
/*’Lj

After-tax value added in sector j net of fixed cost covers the payment of inputs:

(1-7)PY) —PIFI = (1-7)W/LI 4 [R® — 5] K7 + R%1Z7,
o R o Kj_§ . Z,j 73
PIY7 — Pl = WL+ [RK + 5K] K+ Rl . (124)
-T — - T

Unit Cost for Producing
As shall be useful, we derive the unit cost for producing in sector j. Dividing the
demand for labor (118a) by the demand for capital (118b), and next dividing the demand
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for demand for tangible assets (118b) by the demand for intangible assets (118c), and finally
the demand for labor (118a) by the demand for intangible assets (118c), we get:

1-69 ) RKJI — g

00 ki Wi(l—r1) (125)
1-67 7z RKI — 16
e K R H2ob)
VA
jej I Z.j
vz R (125¢)

05 Zzi Wi(l—7)

Making use of eq. (125a) and (125b) to eliminate L’ and Z7 from the Cobb-Douglas
production function (110)-(111) and solving for K7, and next making use of eq. (125a)
and (125¢) to eliminate K7 and Z7 from the Cobb-Douglas production function (110)-(111)
and solving for L7, and finally making use of eq. (125b) and (125¢) to eliminate K7 and
L7 from the Cobb- Douglas production function (110)-(111) and solving for Z7 leads to the
conditional demand for capital stock, for labor, and for intangible assets:

() R ep—— (M) 107\ (R2)2% (W) (1 7)"

(W) \ B V0 (RKJ—TaK)e“”JZWZ( | |
126a

. l/j j v Y

oy ()T " (R (1 = rt)
(ZW)(l_GJZ)VJZ 1—67 VJZQJZ (WJ (1 - T))(l—ej)+VJZGJZ )
(126b)
(ZJ’)HV% Yi v,07, (Wi (1—7)" (RF9 — o) (126¢)
= — - - - . C

(2W) (=07 (1 03)' 7 (63)" R

Total (variable) cost is equal to the sum of labor compensation, rental cost of tangible
and intangible assets:

CV=(1—7)WIL 4 [RF — 765 ) K9 + R 27, (127)

Inserting conditional demand for inputs (126a)-(126¢) into total cost (127), we find that
(7 is homogenous of a degree smaller than one with respect to value added due to the fact
that the production function displays increasing returns to scale:

- S—

. Y] 1+V]ZQJZ . 5 Vi .
- 7\ 14+v.,0 J pnJ
o (Zw)(leé)ré] (a7 et <1 * UZHZ) (128)
where we set
M= (W) (W (1 1) (R — 7o) (RZ)20% (129)

where
N . 1_@J 764
w = (00" (1-0)' " (v0}) 7" (130)
By using (124) and the definition of total costs (127)) which implies that (1 —7) P/Y7 —
PIFJ = CJ and by using the fact that P/Y7 — Pj% = pPiyJ <1+l:§9]z> (see eq. (123)),
we have P/YJ — PJ % = % The unit cost for producing denoted by ¢/ is obtained by
dividing C7 by Y7 (”“%) which leads to
I
-, .

vl o . —
__Yzz / 7 g
, 4 - M 140707,
_ 7\ 1+v267
d = (Y ) Z°Z | - i )
(ZW)(l 07)vy

(131)
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where

1—171 1—17

. o RKG _ =07/ pZ N\ V4%
M = () (Wi (1 - 7)) <M +5K> (R ) . (132)

The price over the markup P/ /7 thus equalizes with the unit cost ¢/.

E.3 Solving the Model

Consumption and Labor. Totally differentiating first-order conditions for consumption
(104a) and labor (104b) leads to:

ACC ACL dj\ ACS aCaH H 1-— ac N

—d ——dL = = — d dpP ——dP 1

Ac C+ Ac Y Ac S+ P + PN , (133a)
Arc Arr dx  dW  Apg
—dC 4+ —dL = — + — — —=dS. 133b
VRSRY XTW AL (133b)

Egs. (133a)-(133b) can be solved for consumption and hours:
c=c\sPrPYw), L=L(\S PPV W) (134)

Note that plugging X—: = Xinto eq. (104b) leads to —X = % and thus labor supply
depends only on the wage rate and sectoral prices and does not depend on the wealth effect
because of our assumption of GHH preferences, i.e., Ly =0 and Lg = 0.

Consumption in goods g = H, N, F. Inserting first the solution for consumption
(134) into (58b), (59a)-(59b), allows us to solve for C9 (with ¢ = H, N, F)

Cc9 =09 (X, PN, PH WwH Wy, (135)
where we used the fact that
N = —pacPY + paca PH 4+ C, (136a)
cH = f[p(lfozH)Jrqb(lfozc)aH] PH 4 (1—ac)oPN +C, (136b)
CF = o p-—p(1—ac)]PE+(1-ac)pPN +C. (136¢)

Labor supply to sector j = H, N. Inserting first the solution for labor (134) into
(64) allows us to solve for L7 (with j = H, N):

=1 (\ PN, PTwH wh), (137)
with partial derivatives given by:

L7 = e (1—ap)WH —(1—ap)egWN + L, (138a)
IZN = GL()&LWN — OéLﬁLWH + [: (138b)

Capital supply to sector j = H, N. The decision to allocate capital between to the
traded and the non-traded sectors (69) allows us to solve for K and K*:

Ki = K7 (K,R"H RN (139)
with partial derivatives given by:

Ko = e (1—ag)RET — (1 —ag)ex RSN + K, (140a)

KN = EKQKRK’N — &KEKRK’H + K. (140Db)

Supply of ideas to sector j = H,N. The decision to allocate intangible assets
between the traded and the non-traded sectors (73) allows us to solve for Z and ZV:

70 =77 (24, R%H RZN) | (141)
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with partial derivatives given by:

ZH = e, (1—az)RP" — (1 —ay)ezRPN + 24, (142a)
zN = Ezazéz’N — azezRZ’H + 74, (142Db)

Sectoral Wages and Sectoral Rental Rates for Tangible and Intangible Assets
First-order conditions from firm’s profit maximization are for sector j = H, N:

];jgj (uz,ij)”%% (ZW)(l—V%)Wé (L) (W )Y =, (143a)
(=) (P20 () @) (R R ()
];ygeg (w9 23) 2021 () 20 (i (< ) = g7, (143c)

Totally differentiating first-order conditions from firm’s profit maximization leads to:

(=) B W 4 (1= 00 (@89 KT ) e, (0% 4+ 27) = T — (1 v)) 042",

(144a)

WL — |07 (a9 + K)o+ R+ v, (29 + 27) = (- gl({;f;jéf i (1-02) 62",
(144b)

017+ (1-07) (a8 + K7) — [(1-v}0%) (%9 + 27) + R%) = 1d_TT — P (1-0) v, 2",

(144c)

where we used the fact that

1 SK RKI — §p

1—7 RKI—70  (1—7)(RKJ —716g)

to get (144b).
Inserting intermediate solutions for L/, K7, Z7 described by (137), (139), (141), respec-
tively, and invoking the theorem of implicit functions leads to:

Wi, R¥3 R%3 (PI K, Z4 w9 i 7 2V (145)

Plugging back (145) into (137), (139), (141) leads to solutions for L7, K7 Z7; inserting
these solutions into the production function (110)-(111) allows us to solve for Y7/; thus
intermediate solutions read:

L K3, 723, YT (P K, 24 a9 w29 7, 2. (146)

Solutions to capital and technology utilization rates in sector j = H, N.
Inserting first the marginal revenue product of capital (143b) into the optimal decision
for the capital utilization rate

K.,j . . )
Rpjéf b~ dag i -),
= DT (1) (P2 ) (2 0) ) (0)” W)

Inserting first the marginal revenue product of ideas (143c) into the optimal decision for

the technology utilization rate

RZ:J (t)
Pi(t)

= ]+ (WP (t) - 1),

(1-7)

07

“ ( Lj(t))‘” (u®9 () K7 (t))iﬁé)

V%g]é (uz,j(t)zj@))(’/]é@%*l) (Zw(t))(lf'/é)
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Totally differentiating (147) leads to:

J
8 | iR ¢RI — el (a5 4 2
o % 7
]
RK’j —5[(

_ NCEAY Ui
- (1_T)(RK7j_T6K)dT+I/Z<1 o) 2", (149)

where we have used the fact that

j ; ) ST dPI
St | du™ () — iGdT + i el
Pit)] ~ BT _ br :

dlog [5{ +& (W) — 1) —
PJ PJ

Totally differentiating (148) leads to:

ﬁ +(1- V;ag)] 09— 1 — (11— 07) (%9 + KT ) + (1= v}0%) 22
- —aCl_TT) g (1-03) 2%, (150)

Inserting (146) into (149) and (150) and invoking the implicit function theorem leads
to: uK’j7uZ7j (Pj’K7 ZA7 ZW,T) . (151)

Plugging (151) into (145) and (146) leads to
Wi, RN R%I L K YT (P K, 24,2V 7). (152)

Optimal investment in tangible assets decision, IX /K
Eq. (104c) can be solved for the investment rate:

IK K QK
i =" (im0 e
where K
1/Q
K
J=—(—==-1 154
Fo=3 (B 1) (154
with
k() 11
VoK = =7~ = ——= > 0, (155a)
@ T QK T kPK
o () 1 Q¥ ayall
UVpH = 8PH = _E?f PH < 0, (155b)
ovi(.) 1QK (1 —ay)

Inserting (153) into (104c), investment including capital installation costs can be rewritten

as follows:
¥k (1K ?
K _ A R
= K[K+2<K 5K>]
- K [UK(.) + ok + g (vK(.))Q} . (156)
Eq. (156) can be solved for investment including capital installation costs:

JE = J% (K, Q%, PN, PT), (157)
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where

oJK J
Tk =9k ~ & (1582)
K a‘]K K
Jy = Sx = X (1+K0™()) >0, (158Db)

with X = QX P PN,
Substituting (157) into (92b), (93a), and (93b) allows us to solve for the demand of
non-traded, home-produced traded, and foreign inputs:

JE9 = g9 (g, Q%, PN, PH), g=F H N, (159)

with partial derivatives given by

jK7N = —aJ¢JP —i—(bJOéJCkJPH-i-JK (1603)
T = —[ps (1=adf) +alfo; (1 —ap)] P" + ¢, (1 —ay) PY + 75, (160b)
JEE = ol oy —¢s (1 —a)) P+ ¢5 (1 —ay) PV + 5, (160¢c)
where
K K K K
o QF (14 m0R() o QF (14 k0"() AN
Jr = K+ﬁJ7KQK_¥J7K(1_aJ)P
QF (1+kv™()) »
_a‘]atl;IPK(JK)PH'

Optimal investment in intangible assets decision, 1% /Z4
From eq. (104d), we have () which is a positive function of % (Qz(t) - 1) +4z.

ZA(t) PF (1)
Setting
1 /Q?
Z
J==|= -1 161
o <<Rf > 1oy
we have JZ = Z4 [Z S+ % (— ) Z) } which can be solved for R&D investment including
installation costs:
JZ =J%(24,Q%, PN, PH). (162)

Inserting first (162) into (98a)-(98b), we can solve for investment in traded and non-traded
R&D:
JEH AN (z4,Q%, PN, PH). (163)

Market clearing conditions. Denoting by Q7 = Y7 — FJ the value added net of fixed
costs, the market clearing conditions for traded and non-traded goods read:

QH — CH+GH+JK’H+JZ’H+XH+CK’HKH+CZ’HZH, (164&)
QN — CN—|—GN —|—JK’N+JZ’N+CK’NKN+CZ’NZN. (164b)

Inserting first appropriate intermediate solutions and differentiating enables to solve for
home-produced traded good and non-traded good prices:

P PN (K,Q%,z4,Q%, 2V ). (165)

Plugging back these solutions (165) into (151), (152) leads to:
W Wi RE9 RZI L1 K YT (K, QK Z24,Q%, 2V 7). (166)
Inserting solutions for sectoral prices (165) into intermediate solutions for investment in
tangible (159) and intangible assets (163) and consumption (135) in goods g = H, N, F,

leads to:
c9, J%9, %9 (K,Q%, z4,Q%, 2V, 1), g=H,N,F. (167)
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E.4 Dynamics

The adjustment of the open economy toward the steady state is described by a dynamic
system which comprises seven equations

QN(t) —CN(t) = GN(t) — I CEN@®) KN (1) — CZN (1) 2 (1)

' Nt) -
K(t) = {
(1-— L) <1; ((t)) -9
2
SkK(t) — g <I€((’;)) - 5K) K(t), (168a)
@0 = (" +600 Q50 - { 3 akon iR
J=H.N
- X PHOCSIR - P g . (1650)
j=H,N
Z4t) =07 (K(t), Q% (1), Z4(t), Q% (1), 7(t), 2V (t)) Z (1), (168c)
P =0+ 0 Q%0 - | ¥l 0r()
J=H.N
— 3 PRy — PE (1) 22,4((?)] (1684)
j=H,N
S(t) =g (C(t) = S(1)), (168e)
dr(t) = ape ¢t (168f)
dzW (t) = aye 7, (168g)

where we have used the fact that v% ZA — 0z with v (QZ(t), PN(t), PH(t)), ar, az, T,
€7 are parameters which determine the magnitude of the change in 7 and Z" on impact
together with its persistence.

The dynamic system can be written in a compact form:

K(t) =7 (K(t),Q% (1), z4(t),Q%(t), S(t), 7(t), 2V (1)) , (169a)
Q" (1) =S (K(1),Q% (1), z(1), Q% (1), S(1), 7(1), 2V (1)) , (169b)
ZA(t) = TL(K (1), Q% (1), 24(1), @7 (1), S(t), 7(t), 2 (1)) , (169c)
Q7(t) =T (K(1),Q" (1), 22(1),Q%(1), S(t), (1), 2" (1)) , (169d)
S(t) =0 (K (1), Q% (1), (1), Q7 (1), S(t), 7(t), 2™ (1)) , (169¢)

7(t) = =&p (7(t) — 1), (169f)

2V ()= —&4 (2V (1) - 2%, (169g)

where j = H, N.
We linearize (169a)-(169g) around the steady-state:

K(t) Tk Tox Yza Tozr Ts Tr Tyw K(t)
Q (1) Sk Sox Yza gz Bg S Syw dQK(t)
ZA(t) Og o Iya Mgz Mg I Iyw dZA(t)
Q) | =| Tk Tgx Tza Tz Ts Tr Tuw dQZ(t) . (170)
S(t) Ok Ogx Oza Ogz Os O, Oyw dS(t)
#(t) 0 0 0 0 0 —& 0 dr(t)
ZV(t) o 0 0 0 0 0 - dz" (t)

Denoting by w,i the kth element of eigenvector w’ related to eigenvalue v;, the general
solution that characterizes the adjustment toward the new steady-state can be written as
follows: V(t) =V = SI_, w'D;e%it where V is the vector of state and control variables.
Denoting the positive eigenvalue by v4,v5 > 0, we set Dy = D5 = 0 to eliminate explosive
paths and determine the five arbitrary constants D; (with ¢ = 1,...,7, 7 # 4,5) by using the
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five initial conditions, i.e., K (0) = Ko, Z4(0) = Z§', S(0) = Sp, 7(0) = 70, Z"(0) = Z}V.
Convergent solutions toward the stable manifold read:

dK (t) = D1e”'t + Dae”?t + Dse’st + wfDges! + wl Drer™, (171a)
dQ¥ (t) = wiD1e"! + wiDge™?! + w3 Dzest + WS Dgevst + wl Dyer (171b)
dZA(t) = wiD1e"t + w2 Dye”?! + wi D3e”®! + w§ Dge’®! + wi DyeV™, (171c)
dQZ(t) = wiDe”! + wiDye”?t + wiDzest + WS Dget + wiDre’ ™, (171d)
dS(t) = wiDie" 4+ W2 Doe™?! + Wi Dse”3t + Wl Dgest + wl Dre’™, (171e)
dr(t) = Dge"®, (171f)

dzW (t) = Dre™, (171g)

where dX(t) = X(t) — X with X corresponding to the steady-state value in the next
steady-state, and vg = —&p < 0, vy = —£7 < 0.

Setting ¢ = 0 into the solutions for the stock of capital, (171a ), the stock of knowledge,
(171c), and the stock of consumption habits, (171e), i.e., ¥ = Ko — K — w$Dg — w] D7 =
Dy + Dy + D3, Wy = Z§ — Z4 — w§Ds — wiD7 = wiDy + wiDy + wiDs3, U3 = Sy — S —
wgDﬁ — wgD7 = w%Dl + w%Dg + wng, and solving for arbitrary constants:

1 1 1 D, Uy
wiDy w? W3 Dy | =| Y2 |, (172)
wi o oW oW D3 g

where solutions for arbitrary constants depend on initial conditions and eigenvectors.
To find eigenvectors wg, we solve

TK — lg TQK TzA TQZ TS wg’ —TT
ZK ZQK — g EzA EQZ ES wg —27—
g Mok Hza—wvs gz g Ww§ | = -1, (173)
T Tox Tya Toz—wvs Ts w§ ~I;
@K @QK @ZA @QZ @S — g wg _97'

and to find eigenvectors wlz, we solve:
TK il Zrd TQK TzA TQZ TS (.L)I —TZw
ZK EQK — Uy EzA EQZ ZS wg —Ezw
Ik My Mya—vr gz g wi | =1 - w
T Tox Lya Tgz—vr Tg wy —Tyw
@K @QK @ZA @Qz @S — V7 wg —@ZW

(174)

E.5 Current Account Equation and Intertemporal Solvency Condition

Current account equation. As shall be useful below, we define before tax rental rates
for tangible and intangible assets:

BRI — R — ok 1ok, (175a)
1—7
, R%J
RZ3! = T (175b)
To determine the current account equation, we use the following identities and properties:
PcC = PHCH 1 cF + PNCV, (176a)
pRJK = pH JKH | gEE 4 pN JEN, (176D)
P77 = pH j2H  pNjoN (176c)
T=G=PigH +GF + PNGV, (176d)
piyi (141;]29]2) - (Wij + RO Rz’j”Zj). (176¢)
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where (176e) follows from Euler theorem and free entry condition. Using (176e), inserting
(176a)-(176¢) into (84) and invoking market clearing conditions for non-traded goods (164b)
and home-produced traded goods (164a) yields:

N — T*N+PH (YH —CH —GH—JK’H—JZ’H—CK’HKH—CZJ{ZH) _ (CF_'_JK,F_i_GF)’

= PN+ PIXH - MF,

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 + JkF, (178)

Current account solution. The current account reads N () = r* N (t)+PH (t) X H (t)—
MF(t) where MF = CF + GF 4 J&F. Linearizing the current account equation (177),
inserting solutions (171a)-(171g), integrating over (0, ¢), solving, invoking the transversality
condition leads to the stable convergent path for the stock of net foreign assets:

E\D EyD E3D E¢D E7D
dN(t) = L1 ot 272 ovot g B8 vty 070 pvet y T urt (179)
vy —r* Vg —r* vy —1* vg — ¥ vy —r*
and the intertemporal solvency condition
E\D EyD EsD E¢D E:D
an o+ P keba o Rsls  Rels o Bl (180)

v —1* vy —1*  v3—1*  vg—r*  vp—1r*

where v1,v9, 03,105, v7 < 0, B; = ZEx + EQKwé + EzAu}g + Eszf1 + @gwg for i =1,2,3,
Es = Eguwf 4+ Egrw§ + Ezaw§ + Egzw§ + Eswl + Er, Er = Exw] + Egrw] + Egaw] +
EQZ(UZ + Eswg + Eyw.

F Solving for Permanent Corporate Income Tax Shocks

In this section, we provide the main steps for the derivation of formal solutions following a
permanent corporate income tax shock.

F.1 Exogenous Dynamic Processes: Corporate Income Tax and Interna-
tional Stock of Knowledge

To ensure that the variation of the corporate income tax rate is exogenous to domestic
activity, in estimating the VAR model, we replace the country-level corporate income tax
rate with its international measure. While we identify an exogenous variation in the in-
ternational corporate income tax rate, we estimate the endogenous dynamic response of
the country-level tax rate to an exogenous variation in the import-share-weighted average
of trade partners’ corporate income tax rates. To reproduce this endogenous adjustment,
we assume that the adjustment of the corporate income tax rate 7(t) toward its long-run
(lower) level expressed in deviation from initial steady-state, i.e., d7(t) = 7(t) — 70, is
governed by the following continuous time process:

dr(t) = dr + xpe T, (181)

where x7 is a parameter which is calibrated to match the impact response of the tax rate
and &7 > 0 measures the speed at which the tax rate closes the gap with its long-run level;
dT = T — 15 measures the the permanent decline in the corporate income tax rate which is
normalized to one percentage point in the long-run. Differentiating (181) w.r.t. time leads
to:

7(t) = —&pdr(t), (182)

where d7(t) = 7(t) — 7 is the deviation of the corporate income tax rate relative to its new
steady-state.

The permanent decline in the country-level corporate income tax rate is driven by
exogenous reductions of corporate income tax rates by trade partners of the home country.
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Because a fall in the corporate income tax rate has an expansionary effect on productivity on
average in trade partners of the home country, domestic firms can benefit from the increase
in the international stock of knowledge. We can interpret the positive impact of Z""# on
TH by using the fact that traded firms increase v (t) and Z(t) and this increase the
absorption capacity of international ideas or symmetrically reduces the the adoption costs
of foreign innovation.

To generate the exogenous adjustment of the international stock of knowledge following a
permanent corporate income tax cut, we assume that Z" evolves according to the following
dynamic equation:

dzZW (t) = dZW + zze~ 7 (183)

where dZW (t) = ZW — ZV; z; parametrizes the variation of the international stock of
knowledge on impact; £z is a positive parameter which governs the speed at which the
international stock of knowledge converges toward its new long-run level. To be consistent
with our VAR specification, we express (183) in percentage deviation from initial steady-
state by dividing both sides by the initial level of the international stock of knowledge:

2V () = 2V 1 xge=E2t, (184)

where ZW (00) = ZW with ZW the steady-state (permanent) change in percentage in the
international stock of knowledge. Differentiating (183) w.r.t. time leads to:

ZW(t) = —€,dZ2"™ (1), (185)

where dZW(t) = ZW(t) — ZW is the deviation of the international stock of knowledge
relative to its new steady-state.

F.2 Formal Solutions for K(t), Q(t), ZA(t), Q%(t), S(t)

The adjustment of the open economy towards the steady-state is described by a dynamic
system which comprises seven equations. Linearizing (169a)-(169g), the linearized system
can be written in a matrix form:

K(t) Txw YTox Tza Yoz Ts Lo Tyw K(t)
QT (t) Sk Ygr Yza Ygz Zza N Sgw dQ¥ (1)
ZA(t) g Hox Mya Mgz g I Iyw dZA(t)
Q?t) | =| Tk Tox Tya Tgz Ts T Tyw dQZ(t) . (186)
S(t) @K @QK @ZA @Qz @S @7— @ZW (t)
7(t) 0 0 0 0 0 —¢& 0 dr(t)
ZW(t) o 0 0 0 0 0 =& dz"(t)

Denoting by w,i the kth element of eigenvector w’ related to eigenvalue v;, the general
solution that characterizes the adjustment toward the new steady-state can be written as
follows: V(t) =V = ZZZI w'D;e"it where V is the vector of state and control variables.
Denoting the positive eigenvalue by vy, v5 > 0, we set Dy = D5 = 0 to eliminate explosive
paths and determine the five arbitrary constants D; (with ¢ = 1,...,7, 7 # 4,5) by using the
five initial conditions, i.e., K (0) = Ko, Z4(0) = Z§', S(0) = Sp, 7(0) = 70, Z"(0) = Z}V.
Convergent solutions toward the stable manifold read:

dK (t) = D1e”'t + Dye”! 4 Dse”st + w8 Dge”s! + wi Dre™, (187a)
dQK(t) = waD1e" + wiDye"? + w3 D33t 4 WS Dgevt 4 wi Dye’ (187b)
A(t) = w%Dlel’lt + wQDge”Qt + w3D36”3t + w6D66”6t + w3D76 (187c)
dQ?(t) = wiD1e” + wiDae" + wiDze” + Wi Dge”s' + w] Dye’™ (187d)
dS(t) = wiDie"t + w2 Doe™?t + w?Dge”3t + wl Dge”et + w7D7e (187e)
dr(t) = Dge"®!, (187f)

dzZ"W (t) = Dye’ (187g)
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where dX(t) = X(t) — X with X corresponding to the steady-state value in the next
steady-state, and vg = —&r < 0, v7 = —€£» < 0. We normalized wi, w?, w3, wg, and w; to
1.

Setting ¢ = 0 into the solutions for the stock of capital, the stock of knowledge, and the
stock of habits, i.e., Ko — K —w$Dg —w] D7 = Dy + Dy + D3, Z§ — Z4 — w§Dg — wiD7 =
w%Dl +W§D2 +w§’D3, So— S —wgDG —wgD7 = wgl)Dl +w§D2 —l—wng which can be rewritten
in a matrix form:

1 1 1 D, Ko — K —w$Dg — w] D7
wi Wi oW Dy | =| Z8 — 24 - w$Ds —wiD; |. (188)
w% wg wg’ Ds So— S — wgDﬁ — wgD7

The three equations can be jointly solved for the three arbitrary constants Dq, Ds, D3
associated with the three negative eigenvalues v1 < 0, 15 < 0, v3 < 0.
The arbitrary constants Dg and D7:

7(0) =7 =179 —7= D¢ =z, (189a)
ZV0) -2V =2V - ZV = Dy = 2. (189b)

F.3 Formal Solution for the Net Foreign Asset Position, N ()

To determine the formal solution for the net foreign asset position, we first linearize the
current account equation (177) in the neighborhood of the steady-state

N(t) = r* (N(t) - N) +3 =x (X(t) - X) , (190)
X

where X = K,QX,Z4,Q%,S,7,Z", and substitute the solutions for K (t), QX (t), Z4(t),
Q% (t), S(t), and the dynamic processers for 7 and Z", which are described by (187a) and
(187g), remembering that Ds = 0, we get:

N(t) =7 (N(t) - N) + Y EDie, (191)
i=1,3,4
where
Ey = Zk + Egus, (192a)
E3 = Egw? + Equs + Ezm, (192b)
Ey = Zgwi + Equs + E . (192c¢)

Solving the differential equation (192) for N(¢) yields the general solution for the net foreign
asset position:

N(t)— N = (No - N) + Y et Y ahent (193)
i=1,3,4 i=1,3,4
where we set (I’lz'v = TEEQDVZ

Invoking the transve}sality condition, one obtains the ’stable’ solution for the stock of
net foreign assets so that N(t) converges toward its steady-state value N:

N(t)-N= ) ®ye, (194)

i=1,3,4
Eq. (194) gives the trajectory for N(t) consistent with the intertemporal solvency condition:
N-No= ) _ &k. (195)

i=1,3,4

Differentiating (194) w.r.t. time gives the trajectory for the current account along the
transitional path when the corporate tax rate and the international stock of knowledge
follow the temporal path given by eq. (181) and (183):

N(t)=v; Y  ®e. (196)
i=1,3,4
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F.4 Formal Solution for the Stock of Non Human Wealth, A(¢)

The stock of financial wealth A(t) is equal to N (t)+Q* (t) K (t)+Q%(t) ZA(t); differentiating
w.r.t. time, i.e., A(t) = N()+QK ) K () +Q¥ (1)K (t)+Q% () ZA(t)+Q% (t) ZA(t), plugging
the dynamic equation for the marginal value of physical capital (104h) and intangible capital
(104i), inserting the accumulation equations for tangible assets (89), intangible assets (101),
and for traded bonds (84), yields the accumulation equation for the stock of financial wealth
or the dynamic equation for private savings:

Ay =1 A(t)+ > W)L/ (t) — T(t) — Po(t)C(t), (197)
j=H,N

where we assume that the government levies lump-sum taxes, T, to finance purchases
of foreign-produced, home-produced traded goods and non-traded goods, i.e., T = G =
PHGH 1 PNGN | and we used the fact that the property of homogeneity of degree one of
the adjustment costs function for the accumulation of physical capital and intangible assets
which implies:

oK oJK
Pk = pE_—_ s I+ pr=2 i (198a)
PZj% = g}lz 1% + P gg <74, (198b)

where 228 = QF and 277 = Q7.
To determine the formal solution for the stock of non-human wealth, we first linearize

(197) in the neighborhood of the steady-state
A(t) =7 (A(t) - A) +5 Ax (X(t) - X) : (199)
X

where X = K,Q%,Z4,Q%,8,7,Z", and substitute the solutions for K (t), QX (t), Z4(t),
Q%(t), S(t), and the dynamic processers for 7 and Z", which are described by (187a) and
(187g), remembering that Do = 0, we get:

Aty =1 (A(t) — A)+ > M;D;e"", (200)
i=1,3,4
where
My = Ak + Agus, (201a)
Mgz = AKw% + AQ(U% + AZH, (201b)
My = Agwi + Agws + Ayn. (201c)

Solving the differential equation (200) for A(t) yields the general solution for the stock of
non-human wealth:

Aty — A= [(Ag—A)+ Y @y et = Y dhyenh, (202)
i=1,3,4 i=1,3,4
where we set <I>1 = 7{\*41119/ L
Invoking the transversahty condition, one obtains the ’stable’ solution for the stock of

non human wealth so that A(t) converges toward its steady-state value A:

A)—A= ) dye, (203)

Eq. (203) gives the trajectory for A(t) consistent with the intertemporal solvency condition:

A—Ag= ) @i (204)
i=1,3,4
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Differentiating (204) w.r.t. time gives the trajectory for private savings (equal to na-
tional savings as we abstract from public debet) along the transitional path when the
corporate tax rate and the international stock of knowledge follow the temporal path given
by eq. (181) and (183):

Aty =v; Y Plyent. (205)

F.5 Formal Solutions for Q¥ (¢)K(t) and Q%(t)Z4(t)

To determine the dynamics of investment in tangible assets, we first derive the formal
solution for the shadow value of the capital stock, Q* (t) K (). We thus linearize Q¥ (t)K (t)
in the neighborhood of the steady-state:

QFE(W)K(t) — PFK = Py (K(t) — K) + K (Q¥ (t) — PJ), (206)

where we used the fact that Q¥ = P¥ in the long-run. Substitute the solutions for K (t) and
QK (t) along with the dynamic equations for the corporate tax rate and the international
stock of knowledge given by eq. (181) and eq. (183):

QXWK(t)—PFE= Y VKD, (207)
i=1,2,3,6,7

where V& = PKwi + Kwi. Totally differentiating (207) w.r.t. time gives the trajectory for
investment in tangible assets along the transitional path:

d(Q" (H)K(t)) Ky vit
—_— =V Vz D;e"*. (208)
i p3)

The same logic applies to Q% (t)Z4(t):

QY )z ) - Pz = Y VZDie, (209)
i=1,2,3,6,7

where VZ = Pngi + ZAwi. Totally differentiating (209) w.r.t. time gives the trajectory
for investment in intangible assets along the transitional path:

d(Q*(t)Z4(t)) Zp it
—_— =V ‘/z D;e” ", (210)
i 3

Since N(t) = A(t) — QK (1)K (t) — Q% (t)Z4(t), we thus have:

N(t) = A(t) — QK1) K (1) — QZ(t) ZA(1), (211)

where expressions for the current account, national savings, investment in tangible assets
and in intangible assets are given by (196), (205), (208), and (210), respectively.

G Data Description for Calibration

G.1 Non-Tradable Content of GDP and its Demand Components

Table 17 shows the tradable content of GDP, consumption, investment, investment in R&D,
government spending, the share of traded hours in total hours, the share of traded capital
in aggregate capital stock, the share of traded stock of R&D in the aggregate stock of R&D;
the table also shows the corresponding income shares of the input; the table displays the
share of exports in GDP, the home content of consumption and investment expenditure
in tradables and the home content of government spending, the labor income share in the
traded and non-traded sector, the investment-to-GDP ratio, government spending in % of
GDP, and R&D investment expenditure in GDP. respectively. Our sample covers the 11
OECD countries displayed by Table 6. The reference period for the calibration of labor
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variables is 1973-2017 while the reference period for demand components is 1995-2014 due
to data availability, as detailed below. When we calibrate the model to a representative
economy, we use the last line which shows the (unweighted) average of the corresponding
variable.

Aggregate ratios. Columns 18-20 show the investment-to-GDP ratio, wy, government
spending as a share of GDP, wg. To calculate w;, we use time series for gross capital forma-
tion at current prices and GDP at current prices, both obtained from the OECD National
Accounts Database [2017]. Data coverage: 1973-2017 for all countries. To calculate w¢, we
use time series for final consumption expenditure of general government (at current prices)
and GDP (at current prices). Source: OECD National Accounts Database [2017]. Data
coverage: 1973-2017 for all countries.

We consider a steady-state where trade is initially balanced and we calculate the consumption-
to-GDP ratio, we by using the accounting identity between GDP and final expenditure:

we=1—-wj—wg=5"%. (212)

As displayed by the last line of Table 17, investment expenditure as a share of GDP averages
24%, and government spending as a share of GDP averages 19% (see column 19).
Investment expenditure in intangible assets as a share of GDP. We use data
from from Stehrer et al. [2019] (EU KLEMS database). We construct time series for both
gross fixed capital formation and capital stock in R&D in the traded and non-traded sectors.
Data are available for nine countries for R&D investment and ten countries for the capital
stock in R&D over 1995-2017. GFCF in R&D averages 2.7% of GDP, see column 20. By
using the fact that total wy = wf,( + wf , we can infer investment in tangible assets as a %
of GDP, wJK :
Wi =wy —w? =237% - 2.7% = 21%. (213)

Tradable content of GDP demand components. Online Appendix of Cardi and
Restout [2023] details the construction of time series for the tradable content of government
consumption, G, tradable content of consumption expenditure, C}, and the tradable
content of investment expenditure, J! by using the World Input-Output Databases ([2013],
[2016]). Columns 2 to 4 show the tradable content of consumption (i.e., a¢), investment
(i.e., ay), and government spending (i.e., wgr), respectively. These demand components
have been calculated by adopting the methodology described in Online Appendix F of
Cardi and Restout [2023]. Sources: World Input-Output Databases ([2013], [2016]). Data
coverage: 1995-2014 except for NOR (2000-2014). The tradable content of consumption,
investment and government spending shown in column 2 to 4 of Table 17 averages to 42%,
33% and 17%, respectively.

Non-tradable content of GDP. In the empirical analysis, we use data from EU
KLEMS ([2011], [2017]) database to construct time series for sectoral value added over the
period running from 1973 to 2017. Since the demand components for non-tradables are
computed over 1995-2014 by using the WIOD dataset, to ensure that the value added is
equal to the sum of its demand components, we have calculated the non-tradable content
of value added as one minus the value in column 1 of Table 17 as follows:

YN _ PNYN

w = % y
= w¢ (1 — Ozc) +wy (1 — O[J) + worvwg = 65%, (214)

where we and wy are consumption- and investment-to-GDP ratios, and wg is government
spending as a share of GDP, 1 —a¢ and 1 — .y are the non-tradable content of consumption
and investment expenditure shown in columns 2-4, woy = 1—wgr where wgr is the tradable
content of government spending shown in column 5.

Tradable content of investment expenditure. Note that the non-tradable content
of GFCF includes the non-tradable content of GFCF in tangible and in intangible assets:

wy(l—ay)=whf (1-af) +wf(1-aF).
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From the above equation, we can infer the non-tradable content of investment in tangible
assets, (1 — af]():

Z

_ _ .z _
(1—05)::WJ“ o) gﬂf“- D) _705%, (215)
wy

where we used the fact that wy = 23.7%, wff = 21%, af = 58.4%, ay = 33%. The tradable
content of investment expenditure in tangible assets thus averages 29.5% (see column 3).

Tradable content of hours worked and labor compensation. To calculate the
tradable share of labor shown in column 6 and labor compensation shown in column 7, we
split the eleven industries into traded and non-traded sectors by adopting the classification
detailed in section C.1. Details about data construction for sectoral output and sectoral
labor can be found in section A. We calculate the tradable share of labor compensation
as the ratio of labor compensation in the non-traded sector (i.e., W~ LY) to overall labor
compensation (i.e., WL). Sources: EU KLEMS ([2011], [2017]) and OECD STAN ([2011],
[2017]) databases. Data coverage: 1970-2017 for all countries (except Japan: 1973-2015).
The tradable content of labor and labor compensation, shown in columns 6-7 of Table 17
both average 37%.

Tradable content of tangible and intangible assets and tradable capital com-
pensation share. To construct time series for traded and non-traded capital stocks, we
construct the aggregate capital stock by using the inventory perpetual method and we cal-
culate the traded capltal stock by multiplying K; by the value added share of tradables at
nominal prices, i.e. Kt = wt Kt To construct ax = , we assume that pff ~ 1
so that RFH = %

e
. The tradable content of capital and capital compensation,
shown in columns 8-9 of Table 17 average 39% and 40%, respectively.

To construct time series for traded and non-traded stocks of R&D, we use data from
from Stehrer et al. [2019] (EU KLEMS database). The classification adopted to split the
stock of capital in R&D into ZH and Z is identical to that applied to classify value added,
see section C.1. According to column 10, the ratio of capital stock of R&D of tradables to
the aggregate stock of R&D, ZH /Z4, averages 59%.

Home content of consumption and investment expenditure in tradables.
Online Appendix of Cardi and Restout [2023] details the construction of time series for
the home content of consumption and investment in traded goods by using data taken
from WIOD which allows to differentiate between domestic demand for home- and foreign-
produced goods. Columns 13 to 14 of Table 17 show the home content of consumption and
investment in tradables, denoted by o'’ and oz? in the model. These shares are obtained
from time series calculated by using the formulas derived in Online Appendix F of Cardi
and Restout [2023]. Sources: World Input-Output Databases [2013], [2016]. Data cover-
age: 1995-2014 except for NOR (2000-2014). Column 15 shows the content of government
spending in home-produced traded goods. Taking data from the WIOD dataset, time series
for wgw are constructed by using the formula in Online Appendix F of Cardi and Restout
[2023]. Data coverage: 1995-2014 except for NOR (2000-2014). As shown in the last line
of columns 13 and 14, the home content of consumption and investment expenditure in
traded goods averages to 63% and 44%, respectively, while the share of home-produced
traded goods in government spending averages 15%. Since the tradable content of govern-
ment spending averages 17% (see column 5), the import content of government spending is
negligible at 2% only.

Share of exports of final goods in GDP. Since we set initial conditions so that
the economy starts with balanced trade, export as a share of GDP, wx, shown in col-
umn 12 of Table 17 is endogenously determined by the import content of consumption,
1 — o', investment expenditure, 1 — a? , and government spending, wgr, along with the
consumption-to-GDP ratio, we, the investment-to-GDP ratio, wy, and government spend-
ing as a share of GDP, wg. More precisely, dividing the current account equation at the
steady-state 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

wx = = weoc (1 — OZH) +wyog (1 - 0651) + wqwagr, (216)
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wagr = 1 —wgn,p —wgn,p. The last line of column 12 of Table 17 shows that the export to
GDP ratio averages 14%.

Sectoral labor income shares. The labor income share for the traded and non-
traded sector, denoted by sf and sg , respectively, are 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: 1973-2017 for
all countries (except Japan: 1973-2015). As shown in columns 16 and 17 of Table 18, sf
and sg averages 0.65 and 0.68, respectively.

Corporate income tax rate. In the empirical analysis, we use the top statutory
corporate income tax rates taken from Bachas et al. [2022] for the empirical analysis
because as stressed by Akcigit et al. [2022] it is difficult to precisely capture the effective
corporate tax burden that is relevant for firms due to the complexity of the corporate tax
code. However, for the calibration, top statutory corporate income tax rates are too high
as they do not reflect the true profits’ taxation, we use the effective tax rates which is an
alternative measure provided by Bachas et al. [2022]. Sample: 11 OECD countries, 1973-
2017. Column 1 of Table 18 shows that the effective corporate income tax rate, 7, averages
22.5%.

Estimated elasticities. Columns 2 and 3 of Table 18 display estimates of the elas-
ticity of labor supply across sectors, €7, and the elasticity of capital supply across sectors,
€r. The empirical strategy and pin down these parameters are described in the next two
subsections. The elasticity of labor supply across sectors, €7, shown in column 2 averages 1.
This parameter which captures the degree of labor mobility displays a wide cross-country
dispersion. The elasticity of capital supply across sectors, €x, shown in column 3 averages
0.17. In contrast to the degree of mobility of labor, the degree of capital mobility is low in
all OECD countries.

Real interest rate, r*. The real interest rate is computed as the real long-term
interest rate which is the nominal interest rate on 10 years government bonds minus the
rate of inflation which is the rate of change of the Consumption Price Index (CPI). Sources:
OECD Economic Outlook Database [2017] for the long-term interest rate on government
bonds and OECD Prices and Purchasing Power Parities Database [2017] for the CPIL. Data
coverage: 1973-2017. The fourth column of Table 18 shows the value of the real interest
rate which averages 2.5% over the period 1973-2017.

Markup. Column 5 displays the markup for the whole economy. To estimate the
markup, we adopt the empirical method developed by Roeger [1995] which has been recently
extended by Amador and Soares [2017] to allow for imperfectly competitive labor markets
in addition to imperfectly competitive goods market. The markup at the aggregate level is
estimated for each country by running the regression of the difference between the primal
and dual Solow residual in rate of growth on the inverse of the rate of change in the output
share of capital income and the rate of change in the labor compensation relative to capital
income: _

g = o+ 88 4 gEal + &, (217)

where « is a constant, z/¢ = (PtQ + Qt) — (ft + K, t) is output growth minus capital income

growth, xf = (Wt + I:t — Rt + Kt> is the growth rate of labor compensation minus the

rate of growth of capital income, and the dependent variable is the difference between the
primal and dual Solow residual in rate of growth:

U = (th + Qt) —o* <Wt + i/t)
oM (PM 4 8L ) = (1- 0% — 0M) (R + Ky (218)

Variables required to apply the Roeger’s method are the following: gross output (at
basic current prices), compensation of employees, intermediate inputs at current purchasers
prices, and capital services (volume) indices. All these variables are compiled from the EU
KLEMS and STAN databases (source: EU KLEMS [2011]), with the exception of the user
cost of capital. The capital user cost is calculated as Ry = Py(r+dx), with Py is the deflator
of gross fixed capital formation, r the real interest rate calculated as the long-term nominal
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interest rate on government bonds less mgpp the GDP deflator based inflation rate; the rate
of depreciation df is set in accordance with the value calculated from consumption of fixed
capital taken from the OECD National Account Database [2017]; Py, i and mgpp were taken
from the OECD Annual National Accounts database (Source OECD [2017]). To tackle the
potential endogeneity of the regressor and the heteroskedasticity and autocorrelation of the
error term when estimating the equation above, we use the correction of Newey and West.

G.2 Estimates of ¢;,: Empirical Strategy and Estimates

Framework. The economy consists of M distinct sectors, indexed by 7 = 0,1, ..., M each
producing a different good. Along the lines of Horvath [2000], the aggregate labor index is
assumed to take the form:

L= [/OM (ﬁj)‘i (LJ‘)eLeTH dj} - (219)

Optimal labor supply L7 to sector j is

. L
. J\ €
L) =¥ <I;//> L. (220)

Each sector consists of a large number of identical firms which use labor, L7, and
physical capital, K7, according to a constant returns to scale technology described by a
CES production function. The representative firm faces two cost components: a capital
rental cost equal to R7, and a wage rate equal to W/, respectively. Since each sector is
assumed to be perfectly competitive, the representative firm chooses capital and labor by
taking prices as given. The demand for labor and capital read as follows:

; Piyi 4
s =W, (221a)
Piyi 4
(1—5L) =R (221b)

Inserting labor demand (221a) into labor supply to sector j (220) and solving leads the
share of sector j in aggregate labor:

L

j J PIiYi ely1
Yo wymm (e , (222)
L JMsh PiYidj

where we used the fact that the aggregate wage rate can be rewritten as follows:

fo SLPJYJd]

W =
L

(223)
We denote by (37 the fraction of labor’s share of value added accumulating to labor in sector
ji -
g= (224)
S, 5PV
Using (224), the labor share in sector j (222) can be rewritten as follows:

IJ N el
- = (193) L1 (5]) L1, (225)

Introducing a time subscript and taking logarithm, eq. (225) reads as:

1 r 1 In + ¢ In 3/ 22
n<L>t_eL—|—1n L+1nﬁt. (226)
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Table 18: Corporate income tax rate, interest rate, elasticities, markup

Countries | Corp. tax rate Mobility Interest | Markup
T €r, €K T /LA
(1) @ & | @ (5)
AUS 0.32 0.47 0.07 0.028 1.24
AUT 0.15 1.38 0.18 0.029 1.29
BEL 0.26 0.61 0.23 0.031 1.20
DEU 0.13 097 0.04 0.022 1.29
FIN 0.18 0.41 0.11 0.024 1.29
FRA 0.30 1.38 0.09 0.031 1.32
GBR 0.22 0.55 0.06 0.023 1.77
JPN 0.33 0.96 0.60 0.017 1.32
LUX 0.21 0.02  0.00 0.018 1.18
SWE 0.17 0.53  0.00 0.029 1.55
USA 0.21 2.78 0.14 0.025 1.18
OECD 0.225 1.00 0.17 0.025 1.33

Notes: 7 is the effective corporate income tax rate; ey is the elasticity of labor supply across
sectors; e is the elasticity of capital supply across sectors; column 4 shows the real interest rate
is the real long-term interest rate calculated as the nominal interest rate on 10 years government
bonds minus the rate of inflation which is the rate of change of the Consumption Price Index.
Column 5 displays the markup for the whole economy.

Totally differentiating (226), denoting the rate of growth of the variable with a hat,
including country fixed effects captured by country dummies, f;, sector dummies, f;, and
common macroeconomic shocks by year dummies, f;, leads to:

Ll — Lis = fi+ fo+ 7Bl + vl (227)
where
M . ~ -
Lie=2 B 1L (228)
7j=1
and

J pivi
j SL,Z‘P Y

T NMJ piyd)
ijl st P Y

A A}

(229)

where s% ; is the labor income share in sector j in country ¢ which is averaged over 1970-2017.
Y7 is value added.
Elasticity of labor supply across sectors. We use panel data to estimate (227)

L .
where ~; = E;; and (), is given by (224). The LHS term of (227) is calculated as the
difference between changes (in percentage) in hours worked in sector j, f)g,t,

hours worked, ﬁ” The RHS term (3 corresponds to the fraction of labor’s share of value

and in total

added accumulating to labor in sector j. Denoting by Ptj Ytj value added at current prices
53 P/Y]
Sieu st RY/
j = H, N defined as the ratio of the compensation of employees to value added in the
7th sector, averaged over the period 1970-2017. Because hours worked are aggregated by
means of a CES function, percentage change in total hours worked, L;;, is calculated as

in sector j = H, N at time t, ﬁg is computed as where si is the LIS in sector

a weighted average of sectoral hours worked percentage changes, i.e., Ly = Z;V: " 5g_1f,g.
The parameter we are interested in, say the degree of substitutability of hours worked across
sectors, is given by eiL = 7;/(1 — ;). In the regressions that follow, the parameter ~; is
assumed to be different across countries when estimating eZL for each economy (v; # i for
i £1).

To construct L7 and Bj we combine raw data on hours worked L7, nominal value added
P7YJ and labor compensation W7LJ. All required data are taken from the EU KLEMS
([2011], [2017]). The sample includes the 11 OECD countries mentioned above over the
period 1974-2017 (except for Japan: 1974-2015).

Table 19 reports empirical estimates that are consistent with €¢;, > 0. All values are
statistically significant at 10% except for Luxembourg. Abstracting from the estimated

103



Table 19: Estimates of Elasticity of Labor Supply across Sectors (er)

Country Elasticity of labor supply
across Sectors (er)
AUS 0.472¢
(3.89)
AUT 1.376°
(2.97)
BEL 0.611*
(3.74)
DEU 0.969“
(3.52)
FIN 0.410*
(4.58)
FRA 1.378%
(3.08)
GBR 0.549*
(4.01)
JPN 0.961¢
(3.79)
LUX 0.018
(0.49)
SWE 0.530
(4.62)
USA 2.780°
(2.11)
Countries 11
Observations 940
Data coverage 1974-2017
Country fixed effects yes
Time dummies yes
Time trend no

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

value for Luxembourg which is not statistically significant, we find an average value of one,
as reported in last line of column 2 of Table 18. Overall, we find that € ranges from a low
of 0.41 for Finland to a high of 2.78 for the United States.

G.3 Estimates of ¢x: Empirical Strategy and Estimates

Framework. The economy consists of M distinct sectors, indexed by 7 = 0,1,..., M each
producing a different good. Along the lines of Horvath [2000], the aggregate capital index
is assumed to take the form:

K

M . 1 ) 6K+1 e}e(T
K= [ / (%) * (7)== dj} . (230)
0
Optimal capital supply K7 to sector j reads:
. K
i (BN
The demand for labor and capital are described by:
. PIiY ,
sy 7 Wi, (232a)
N\ PIYJ .
(1 - st> = =R (232b)

Inserting labor demand (232a) into capital supply to sector j (231) and solving leads
the share of sector j in aggregate labor:

K ! (1 —~ si) piyi O\

K <19JK>K7+1 I (1 _ si) PiYidj ’ (233)
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where we have used the fact that aggregate capital rental rate reads:

(1= s1) Pividj

RF = 234
K (234)
We denote by #%7 the ratio of capital income in sector j to overall capital income:
| (1-s]) Py
BRI = —. (235)
> (1 —~ sJL) PiYi
Using (235), the share of capital in sector j (233) can be rewritten as follows:
Kj . 71€K _ef
7 = () 7 () (236)
Introducing a time subscript and taking logarithm, eq. (236) reads as:
K7 1 ; ek K
1 = ———In¥, + ——1 7 237
n<K>t K1k T (237)

We denote the rate of growth of the variable with a hat. We totally differentiate (237)
and include country fixed effects captured by country dummies, g;, sector dummies, g;, and
common macroeconomic shocks captured by year dummies, g;:

Kj,— Ki = gi+ g0+ 95 + 7B + vl (238)

We use panel data to estimate (238). We run the regression of the percentage change in
the share of capital in sector j on the percentage change in the capital income share of
sector j relative to the aggregate economy. Intuitively, when the demand for capital rises
in sector j, A% increases which provides incentives for households to shift capital toward
this sector. To calculate 3, K3 for sector j, in country ¢ at time t, we proceed as follows:

Ky = Z BRI K, (239)

and
o (1-s],) Pivd
gl — (240)
S

where (1 — 57 Z) is the capital income share in sector j in country ¢ which is averaged over

1970-2017. Y7 is value added and P is the value added deflator.

Data: Source and Construction. We 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. To construct K 7 and Bft( 7 we
combine raw data on capital stock K 7, nominal value added P7Y7 and labor compensation
WIL7 to calculate 1 — s]L

Degree of capital moblllty across sectors. We use panel data to estimate eq. (238)
where X = E;‘f_il and (; t’J is given by (240). Table 20 reports empirical estimates that
are consistent with ex > 0. We average positive values for ex and exclude negative values
as they are inconsistent. We find an average value for ex of 0.17, as reported in last line
of column 3 of Table 18. The values are low for all countries of the sample which suggests
high capital mobility costs across sectors in OECD countries.
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Table 20: Elasticity of Capital Supply across Sectors (ex)

Country Elasticity of capital supply
across Sectors (ex)
AUS 0.069
(1.14)
AUT 0.179¢
(1.70)
BEL 0.235°
(1.69)
DEU 0.042
(0.63)
FIN 0.108"
(2.45)
FRA 0.093
(1.10)
GBR 0.062
(1.21)
JPN 0.599°
(4.50)
LUX —0.039
(—1.16)
SWE —0.035
(—0.53)
USA 0.140
(1.48)
Countries 11
Observations 758
Data coverage 1974-2017
Country fixed effects yes
Time dummies yes
Time trend no

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

G.4 Elasticity of Substitution in Consumption between Traded and Non-
Traded Goods, ¢

Derivation of the testable equation. To estimate the elasticity of substitution in
consumption, ¢, between traded and non-traded goods, we derive a testable equation by
PN\T
P
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 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 together and including a country-specific
time trend and estimate the coefficient by using a Fully Modified OLS estimator.

Multiplying both sides of C;' = (1 — ) ( Péw) Cy by PV /Pc leads to the non-
tradable content of consumption expenditure:

PNCON PN 1-¢
1— ——t 7t (1= —t . 241
act PeaCh ( ®) < Pc,t> (241)

¢
rearranging the demand for non-traded goods, i.e., C’tN =(1—¢) C}, since time

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
2017, we construct time series for the share of non-tradables by using the market clearing
condition for non-tradables:
PNy _ 1 A Ny
P, C,tCt weit Y:

- (1 - OéJ) Wyt — WgNWGt| - (242)
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Table 21: Elasticity of Substitution between Tradables and Non-Tradables (¢)

eq. (243)
Whole Sample 0.446“
(5.56)
Countries 11
Observations 492
Data coverage 1973-2017
Country fixed effects yes
Time dummies yes
Time trend yes

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

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” =
PN N . . PNGN . . .

P77 1 constant over time; we further assume that —7— = wew 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, PNY,N, 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

wqgn, fixed.

N N

Empirical strategy. Once we have constructed time series for 1 — ac; = I;tc tcctt
using (241), we take the logarithm of both sides of (241) 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(l-acy)=fi+fi+to t+(1—¢)ln (PN/Pc)it + i, (243)

where f; captures the country fixed effects, f; are time dummies, and pu;; are the i.i.d. error
terms. Because parameter ¢ in (241) 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.

Data source and construction. Data for non-traded value added at current prices,
PNY/N and GDP at current prices, Y;, are taken from EU KLEMS ([2011], [2017]) database
(data coverage: 1973-2017 for all countries, except for Japan: 1973-2015). To construct
time series for consumption, investment and government expenditure as a percentage of
nominal GDP, i.e., wey, wys and wg ¢, respectively, we use data at current prices obtained
from the OECD Economic Outlook [2017] Database (data coverage: 1973-2017). Sources,
construction and data coverage of time series for the share of non-tradables in investment
(1 — ay) and in government spending (w¢w ) are described in depth above; 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: 1973-2017 for all countries, except
for Japan: 1973-2017). Finally, data for the consumer price index Pc ¢ are obtained from the
OECD Prices and Purchasing Power Parities [2017] database (data coverage: 1973-2017).

Results. Since both sides of (243) display trends, we ran unit root and then cointe-
gration tests. Having verified that these two assumptions are empirically supported, we
estimate the cointegrating relationships by using the fully modified OLS (FMOLS) proce-
dure for cointegrated panel proposed by Pedroni [2000], [2001]. FMOLS estimate of (243) is
reported in Table 21. We find a value for the elasticity of substitution between traded and
non-traded goods in consumption of 0.44 which collaspes to the estimated value documented
by Stockman and Tesar [1995].
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G.5 Elasticity of Utilization-Adjusted-TFP w.r.t. the Stock of R&D

We measure technology by adjusting the Solow residual with the intensity in the use of
capital. We assume that the stock of ideas ZJ gives rise to utilization-adjusted-TFP. Both
sectors, i.e., traded and non-traded industries can benefit from the domestic stock of ideas
but also from international knowledge. We assume that the stock of ideas Z] is made up
of a domestic Z] (we ignore the technology utilization rate) and an international stock of
knowledge Z"W (t):

Zi(t) = (Zg'(t))% (2% (1)~ (244)

where 92 captures the domestic content of the stock of knowledge accessible to domestic
firms in sector j. While the stock of knowledge gives rise to technology improvements, we
assume that the domestic and the international stock of knowledge produces differentiated
effects on utilization-adjusted-TFP in sector j:
. . vigl W,5(1_p

= (Z0)" (2 ), (245)
where 17 (1Y) is the elasticity of technology w.r.t. the domestic (international) stock of
knowledge. Our objective is to estimate this parameter at a sector level to calibrate our
model.

We take the log of (245), add an error term and run the regression of logged utilization-
adjusted-TFP in sector j on the logged stock of R&D in country i and the logged inter-
national stock of R&D. We run the regression by using cointegration in panel format on
annual data: ‘ A ‘

InT), = o + a; + Bit + 7 I ZJ, + " W ZY + i, (246)

where we include country fixed effects and country-specific linear time trend and we estimate
Vo= GJZ. Because GJZ is the domestic component of country-level-utilization-adjusted-TFP
we obtain from the principal component analysis, we can infer v/ = %.

We use data from from Stehrer et al. [2019] (EU KLEMS database). We construct time
series for the capital stock in R&D in the traded and non-traded sectors. Data are available
for ten countries for the capital stock in R&D over 1995-2017 at a sectoral level. Table 22
provides information about the sample. Data are available for all countries over 1995-2017
except Australia. Data are available over a shorter time horizon for Japan (1995-2015) and
Sweden (1995-2016). '

We construct time series for the international stock of knowledge ZZ-I;V 7 as the geometric
average of the stock of R&D in sector j of the (ten) trade partners of the corresponding
country ¢, the weight being equal to the share aiw’k of imports from the trade partner
k (averaged over 1973-2017). We assume international R&D spillovers but abstract from
inter-sectoral R&D spillovers. This assumption implies that utilization-adjusted-TFP of
sector j = H, N will be affected by the stock of R&D of this sector j and the international
stock of R&D defined an import-share-weighted-average of stock of R&D in sector j of
trade partners of the home country .

By adopting a principal component analysis, we have estimated the common component
of utilization-adjusted-TFP. Results are reported in Tale 23. The world component of
traded technology amounts to 43.7% which implies that «9? = 56.3% for tradables. The
world component of non-traded technology is lower and stands at 37.5% which implies that
0) = 62.5% for non-tradables.

Table 24 shows estimation results from the regression of eq. (246) in panel format
by considering the whole sample (first row, N=10 countries) and for the country split by
considering flexible-wage-countries (N=6) vs. rigid-wage-countries (N=4).

Whole sample, N = 10. For the whole sample, we find a value for the elasticity
of utilization-adjusted-TFP of tradables w.r.t. the domestic stock of R&D of tradables of
vH =0.292 and a value for the elasticity of utilization-adjusted-TFP of tradables w.r.t. the
international stock of R&D of tradables of v"V*f = 0.104. For the non-traded sector, none
of the estimated values are statistically significant so that ¥V = yW:V =0,
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Table 22: Stock of Capital (KLEMS) and Stock of R&D (KLEMS) at Industry Level: Data

Availability

data on stock R&D

data on K from KLEMS
AUS 1973-2007
AUT 1976-2017
BEL 1995-2017
DEU 1991-2017
FIN 1973-2017
FRA 1978-2017
GBR 1973-2017
JPN 1973-2015
LUX 1995-2017
SWE 1993-2016
USA 1973-2016

no data
1995-2017
1995-2017
1995-2017
1995-2017
1995-2017
1995-2017
1995-2015
1995-2017
1995-2016
1995-2017

Table 23: The Share of Variance of TFP Growth Attributable to World TFP Growth (in

%)

Total Variance Contribution in %
Variance World World  Country-level
(1) 2) 3) (4)
Agg. Technology 0.0023 0.0009 38.60 61.40
H-Technology 0.0072 0.0031 43.69 56.31
N-Technology 0.0021 0.0008 37.49 62.51

Notes: We run a principal component analysis to extract the common component to all country-level-adjusted-aggregate-
TFP growth that we interpret as the world component. In columns 1 and 2, we show the variance of the rate of growth of
country-level-adjusted-TFP and its common component, respectively. The figure in columns 3-4 denotes the fraction of the
variance of country-level TFP growth attributable to the world component and country-specific component, respectively.

Table 24: Elasticities of Utilization-Adjusted-TFP w.r.t. the Stock of Domestic (’Ayf ) R&D
and the Stock of International R&D (*AyZW 7) for the Whole Sample and the Country-Split

Aggregate Economy Sector H Sector N
~j W5 2 d Wi ) 2 Wi
Vi Vi Vi Vi i Vi
Whole Sample —0.031 0.016 0.292¢ 0.104* —0.007 0.012
(3.33) (0.55) (8.10) (5.39) (—0.14) (1.12)
Flex. wage N=6 0.110° 0.043“ 0.506“ 0.134 0.024° 0.044%
(7.94) (2.62) (11.89) (4.62) (2.50) (4.83)
Rigid. wage N=4 —0.241 —0.023° —0.030°¢ 0.059¢ —0.053* —0.036"
(—4.46) (2.34) (—1.74) (2.87) (—3.29) (—4.14)
Countries 10 10 10 10 10 10
Observations 226 226 226 226 226 226
Data coverage 1995-2017  1995-2017 | 1995-2017  1995-2017 | 1995-2017 1995-2017
Country fixed effects yes yes yes yes yes yes
Time dummies no no no no no no
Time trend yes yes yes yes yes yes

Notes: ¢, ® and ¢ denote significance at 1%, 5% and 10% levels. Heteroskedasticity and autocorrelation
consistent t-statistics are reported in parentheses. Denoting utilization-adjusted-TFP in sector j by th
and domestic and international stocks of R&D by th and ZinV J respectively, we run the regression of
utilization adjusted TFP on the stocks of domestic and international R&D at constant prices in sector
j in panel format on annual data:

In Tgt =aa; +or + Bit+ 'yj In Zijt + 'yW’j In Zivtv + nit,

where we include country fixed effects and country-specific linear time trend. We construct the interna-
tional stock of knowledge as a geometric weighted average of trade partners’ stock of R&D at constant
prices for country 4, i.e., Z}} =1I;2, (Zkt)a% where o is the share of imports of home country i from
the trade partner k. Sample: 10 OECD countries, 1973-2017, annual data.

By using the domestic component 8% = 0.567 of the stock of knowledge accessible to
domestic firms in the traded sector, we find an effect of the stock of R&D Zf on technology
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Table 25: Elasticities of Utilization-Adjusted-TFP w.r.t. the Stock of Domestic (&ZJ ) R&D
and the Stock of International R&D ('Aylw 7) for English-Speaking and Scandinavian Coun-

tries
Sector H Sector N
A7 A 47 3,

FIN 0.239“ 0.161¢ 0.135“ 0.043¢

(10.04) (4.02) (3.27) (1.89)
GBR 0.818" 0.115 0.023 0.025

(2.08) (0.73) (0.69) (1.41)
JPN 0.066 0.555¢ 0.260° 0.276

(0.49) (7.01) (5.42) (6.07)
LUX 0.044° —0.076 0.024° —0.117¢

(3.56) (—0.71) (3.13) (—3.00)
SWE 0.337¢ 0.061 —0.165 —0.001

(4.28) (0.60) (—1.38) (—0.03)
USA 1.533¢ —0.012 —0.133¢ 0.039¢

(8.67) (—0.34) (—5.00) (5.48)
Countries 6 6 6 6
Observations 134 134 134 134
Data coverage 1995-2017  1995-2017 | 1995-2017 1995-2017
Country fixed effects yes yes yes yes
Time dummies no no no no
Time trend yes yes yes yes

Notes: ¢, * and © denote significance at 1%, 5% and 10% levels. Heteroskedastic-
ity and autocorrelation consistent t-statistics are reported in parentheses. Denoting
utilization-adjusted-TFP in sector j by Z7, and domestic and international stocks of
R&D by Zijt and ZinV 7 respectively, we run the regression of utilization adjusted TFP
on the stocks of domestic and international R&D at constant prices in sector j in
panel format on annual data:

InTY, = o + o + Bit +4° I 23, + 4" I 22 + na,

where we include country fixed effects and country-specific linear time trend. We con-
struct the international stock of knowledge as a geometric weighted average of trade
partners’ stock of R&D at constant prices for country i, i.e., Z}/ = I}, (Zkt)o‘%
where ! is the share of imports of home country i from the trade partner k. Sample:
6 OECD countries, 1973-2017, annual data.
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Table 26: Elasticities of Utilization-Adjusted-TFP w.r.t. the Stock of Domestic ('Ayf ) R&D
and the Stock of International R&D ('AyzW 7) for Continental European Countries

‘ Sector H _ ‘ Sector N _
5 A 47 A
AUT —0.071 0.051 —0.053 —0.055¢
(—0.46) (1.35) (—0.36) (—4.44)
BEL 0.389“ 0.076¢ —0.139“ 0.049%
(3.53) (1.67) (—4.48) (2.69)
DEU 0.351° 0.030 —0.105% —0.070¢
(2.14) (0.93) (—3.24) (—3.83)
FRA —0.790* 0.079¢ 0.085 —0.068*
(—8.70) (1.79) (1.49) (—2.71)
Countries 4 4 4 4
Observations 92 92 92 92
Data coverage 1995-2017  1995-2017 | 1995-2017  1995-2017
Country fixed effects yes yes yes yes
Time dummies no no no no
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. Denoting utilization-adjusted-TFP in sector j by th
and domestic and international stocks of R&D by Zl-jt and vaj respectively, we run the regression of
utilization adjusted TFP on the stocks of domestic and international R&D at constant prices in sector
j in panel format on annual data:

InT!, = i + ar + Bit + v m Z72, + 4" In Z}} + nus,
where we include country fixed effects and country-specific linear time trend. We construct the interna-

tional stock of knowledge as a geometric weighted average of trade partners’ stock of R&D at constant

M
prices for country i, i.e., Z} =T1I}2, (Zkt)™ik where a} is the share of imports of home country 7 from
the trade partner k. Sample: 6 OECD countries, 1973-2017, annual data.

Tf of vH = % = 0.519. Using the international component of traded technology,

ie., 1 — 95 = 0.437, we find an effect of the stock of R&D Zf on technology Tf of

yWH — % = 0.238. The same logic applies to the non-traded sector. Because estimates

values are not statistically significant, we have vV = WV = 0.

Flexible-wage countries, N = 6. For the group of countries with more flexible wages,
the second row of Table 24 shows that the elasticity of utilization-adjusted-TFP of tradables
w.r.t. the domestic stock of R&D of tradables amounts to v = 0.506 and a value for the
elasticity of utilization-adjusted-TFP of tradables w.r.t. the international stock of R&D
of tradables of v""# = 0.134. By using the domestic and international components of

utilization-adjusted-TFP of tradables, we find an estimated effect of the domestic stock of
H

knowledge on utilization-adjusted-TFP of tradables of vH = Z—H = % = 0.899 and an
estimated effect of the international stock of knowledge on T of "' = %g’é = 0.307.

For the non-traded sector, we have vV = 0.024 and """V = 0.044. which leads to an
estimated effect of the domestic stock of knowledge on utilization-adjusted-TFP of non-

tradables of vV = g—x = % = 0.038 and an estimated effect of the international stock of
X .

knowledge on TV of vW:N = %‘% = 0.118.

Rigid-wage countries, N = 4. For this group of countries, only the international stock
of knowledge has a consistent and statistically significant effect on utilization-adjusted-TFP
of tradables. More specifically, we have v = 4V = AW:N = (0 while v""# = 0.059 which
leads to an estimated effect of the international stock of knowledge Z""# on utilization-

adjusted-TFP of tradables of vW:H = % = 2099 _ .135.
zZ

G.6 Investment Share of Tradables

If we aggregate investment in tangible and in intangible assets, the optimal share of invest-
ment expenditure spent on traded inputs reads:

PT 1-¢;
aj =1 <PJ> s (247)
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where ¢ is the elasticity of substitution between traded and non-traded investment inputs.
If we restrict our attention of the investment in R&D, the optimal share of investment in
intangible assets spent on traded goods reads (see section E.1):

pH jZH pH 1-¢z

Py

where ¢z is the elasticity of substitution between traded and non-traded R&D investment
inputs. If we restrict attention to tangible assets, the optimal share of investment in tangible
assets spent on traded goods reads (see section E.1):

PT 1-¢K
of =alf =4 (P{j) , (249)

where ¢ is the elasticity of substitution between traded and non-traded investment inputs.

To calibrate our model, we have to choose values for parameters ¢x and ¢z. We
have time series for GFCF which includes both investment in tangible and in intangible
assets. In Fig. 20(a), we plot the tradable content of investment expenditure when we
use WIOD to construct the time series for GFCF at a sectoral level. The blue line shows
the country average (across 11 OECD countries). The tradable content of investment
expenditure averages 32% and this share is stable over time, although there is a slight
decline from 33% in 1995 to 30% in 2014. To further check the stability of the tradable
share of investment expenditure, we have constructed time series for a; by using two
alternative sources, i.e., OECD and EU KLEMS. The OECD classification is based on
assets classification (for example dwellings, machinery, ...) while the classification by EU
KLEMS is a classification by industry, i.e., it shows the investment per industry. While the
classifications are completely different, we find an average of 0.41 for OECD, 0.33 for EU
KLEMS and 0.32 for WOID. Because the classification is based on investment by industry
for EU KLEMS and WIOD, it is reassuring that the figures are very close. While the mean
for OECD time series is higher, Fig. 20(c) shows that the tradable content of investment
expenditure is stale over time. We detect a slight gradual decline in «; in Fig. 20(d).

In Fig. 20(b), we plot the tradable share of investment in R&D. As it stands out, a?
is stable over time. Since the tradable content of total investment expenditure (i.e., avy)
and the tradable content of investment in R&D (i.e., a? ) are both stable over time, the
tradable content of investment in physical capital (i.e., af]( ) must also be constant over time
by construction. In the calibration, we choose a value of one for the elasticity of substitution
¢ between traded and non-traded investment inputs in tangible assets, and a value of one
for the elasticity of substitution ¢, between traded and non-traded investment inputs in
intangible assets.

H Numerical Analysis for the Country-Split Analysis

In this section, we provide more information about the calibration of the model to the data
when we consider sub-samples and we also show more numerical results.

H.1 Calibration of the Model to the Data

At the steady-state, capital utilization rates, u/&7, collapse to one so that K9 = K7. To
calibrate the reference model, we have estimated a set of ratios and parameters for the the
two groups of OECD economies in our dataset, see Table 27. Our reference period for the
calibration is 1973-2017.

For the first sub-sample which is made-up of English-speaking and Scandinavian coun-
tries (including Japan and Luxembourg), like for a representative OECD economy, we have
to choose values for 43 parameters which include i) 17 parameters which are endogenously
calibrated to match ratios, ii) 15 parameters takes directly from our data or that we es-
timate empirically, and iii) 11 parameters which are taken from external research works.
The first and the third row of the Table 27 shows the values of main parameters for our
calibration for English-speaking and Scandinavian countries.
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Figure 20: The Investment Share in Tradables (995-2017) for 11 OECD Countries. Notes: n

Fig. 20(a), 20(c), 20(d), the blue line shows the share of investment expenditure spent on tradables by using three different sources:
WIOD, OECD, EU KLEMS, respectively. Fig. 20(b) plots the tradable content of R&D investment expenditure by using one unique
source: EU KLEMS. Sample for both figures: 11 OECD countries, 1995-2017.

English-speaking and Scandinavian countries, N = 7. Parameters including ¢,
Loy, o2 9 9, Vg, 0k, 67, G, GV, G must be set to target a tradable content of
consumption and investment expenditure in tangible and intangible assets of ac = 40%,
af,( = 29%, a§ = 57%, respectively, a home content of consumption and investment (in
physical capital) expenditure in tradables of aff = 66% and off = 48%, respectively, a
weight of labor supply of L /L = 37%, a weight of tangible and intangible assets supply to
the traded sector of K /K = 40% and Z /Z4 = 58%, respectively, an investment share of
GDP in physical capital and in R&D of w!f = 20.5% and w’ = 2.9%, respectively, a ratio of
government spending to GDP of wg = 18.7% (= G/Y'), a tradable and home-tradable share
of government spending of weor = 24% (= 1—(PNGN /@), and wen = 15% (= PG /@),
and we choose initial conditions so as trade is balanced, i.e., vyx = % = 0 with
NX = PHXH _CF — [F — GF. Because u9 = u%J = 1 at the steady-state, four
parameters related to capital §f1 , f{v , and technology, Xfl , lev , adjustment cost functions
are set to be equal to RIOH /Pl REN /pN - RZH | pH = RZN | PN ' respectively.

Fifteen parameters are assigned values which are taken directly or estimated
from our own data. We choose the model period to be one year. In accordance with
column 28 of Table 2, the world interest rate, r*, which is equal to the subjective time
discount rate, 3, is set to 2.3%. In line with mean values shown in columns 10 and 11 of
Table 2, the shares of labor income in traded and non-traded value added, 87 and 6V, are
set to 0.62 and 0.68, respectively, which leads to an aggregate LIS of 65%.

Building on our panel data estimates for the elasticity of labor supply across sectors, €,
we choose a value of 0.95 for this parameter which collapses to the country average of our
estimates for the group N = 7. We have also estimated the degree of mobility of capital
between sectors, €, and choose a value of 0.21 which collapses to the country average of
our estimates. Due to a lack of data, we cannot estimate the degree of mobility of intangible
assets between sectors, €z, and and choose a value for this parameter which collapses the
degree of mobility of capital, i.e., ez = ex = 0.21. Because the elasticity of substitution ¢
between traded and non-traded goods cannot be estimated accurately for one country at a
time, we set ¢ to 0.45 (see column 13 of Table 2), since this value corresponds to our panel
data estimates.

To determine values for the elasticity of technology w.r.t. the domestic and international
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stock of ideas, we run the regression of utilization-adjusted-TFP in sector j on the domestic
stock of R&D in the corresponding sector and the international stock of R&D defined as
an import-share-weighted-average of the stock of R&D in sector j of the ten trade partners
of the home country. The elasticity of utilization-adjusted-TFP w.r.t the domestic stock of
knowledge 77 that we estimate is determined by the domestic content of technology (i.e.,
07,) and the parameter 77, i.e., 79 = 6,1/. By using the fact that 04 = 0.57, and since
vH = 0.51, we should set ! = 0.89. However, this value would require to increase the
markup value above 1.51 because the differential between the markup p and the degree
of increasing returns to scale 1 + 9? nf must be positive. We decided to take a different
route and keep pff unchanged at 1.35 in accordance with our estimates and thus we set
nH = 0.62 so that pf = 1.35 > 1.349 = 1 + 04 nfl. The elasticity of utilization-adjusted-
traded-TFP w.r.t the international stock of knowledge v"*# that we estimate is determined
by the content of technology which is common across countries (measured by 1 — 0? ) and
the parameter nV"f ie., AWH = (1 — 9?) nW:H_ While our panel data estimate yields
a value of 0.13, see section G.5, two countries (Luxembourg and the United States) have
negative values which are not statistically significant. When we ignore these values, we find
an estimated value for the elasticity Y- of 0.22. By using the fact that 1 — 82 = 0.43,
we thus choose a value of 0.51 for -, When we turn to the non-traded sector, as shown
in Table 24, the estimates of the elasticity 7" and "V are small at 0.024 and 0.044
which would lead values for ¥ and n"V'¥ of 0.04 and 0.12, respectively. Such values would
produce a technology improvement in the non-traded sector which is at odds with the SVAR
evidence which reveals that the response of utilization-adjusted-TFP of non-tradables is not
statistically significant. Therefore, we choose to set v = yW:N = (.

Eleven parameters are taken from external research works. These values are
identical to those chosen for a representative OECD economy.

Setting the dynamics for endogenous response of domestic corporate income
tax and international R&D spillover. We have to choose values for three parameters
in eq. (38) to reproduce the dynamics from the VAR model for 7(¢). First, we normalize
the steady-state variation in the domestic corporate income tax rate to 1 percentage point,
i.e., dr = 0.01. We choose a value of 0.68 for 7 = d7(0) —dr and a value of 0.9 for {7 so as
to reproduce the estimated response of 7 from the VAR model. To reproduce the dynamics
of the international diffusion of innovation, we choose the same parameters as in the main
text.

Capital utilization adjustment costs. We set the magnitude of the adjustment cost
in the capital utilization rate, i.e., &}, so as to account for empirical responses of ufI (1)
after a permanent decline in corporate taxation. We let ff — 00 because the adjustment
of ufH (t) is not significant and we choose a value of £ = 0.2 to account for the increase
in the intensity in the use of the capital stock in the non-traded sector.

Continental European countries, N = 4. Parameters including ¢, ¢, vz, o, 7,
91, Ok, Oz, 0k, 07, G, GV, GH must be set to target a tradable content of consumption
and investment expenditure in tangible and intangible assets of ac = 45%, a? = 31%,
a? = 62%, respectively, a home content of consumption and investment (in physical capital)
expenditure in tradables of off = 60% and alf = 38%, respectively, a weight of labor
supply of L¥ /L = 34%, a weight of tangible and intangible assets supply to the traded
sector of KH/K = 36% and ZH/ZA = 60%, respectively, an investment share of GDP
in physical capital and in R&D of w = 20.7% and w! = 2.5%, respectively, a ratio of
government spending to GDP of wg = 20.7% (= G/Y), a tradable and home-tradable share
of government spending of wor = 5% (= 1 — (PNGN /@), and wer = 3% (= PEIGH /@),
and we choose initial conditions so as trade is balanced, i.e., vyx = ﬁ = 0 with
NX = PHXH _CF — JF — GF. Because u®7 = u%7 = 1 at the steady-state, four
parameters related to capital &7, ¢V, and technology, x¥, x¥¥, adjustment cost functions
are set to be equal to adjustment cost functions are set to be equal to RK’H/PH, RN /PN
RZ%H | pH RZN /PN respectively.

Fifteen parameters are assigned values which are taken directly or estimated
from our own data. We choose the model period to be one year. In accordance with
column 28 of Table 2, the world interest rate, r*, which is equal to the subjective time
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discount rate, 3, is set to 2.8%. In line with mean values shown in columns 10 and 11 of
Table 2, the shares of labor income in traded and non-traded value added, 87 and 6, are
set to 0.70 and 0.67, respectively, which leads to an aggregate LIS of 68%.

Building on our panel data estimates for the elasticity of labor supply across sectors, €,
we choose a value of 1.08 for this parameter which collapses to the country average of our
estimates. We have also estimated the degree of mobility of capital between sectors, e,
and choose a value of 0.14 which collapses to the country average of our estimates. Due
to a lack of data, we cannot estimate the degree of mobility of intangible assets between
sectors, €z, and and choose a value for this parameter which collapses the degree of mobility
of capital, i.e., €z = ex = 0.14. We keep ¢ unchanged at 0.45 (see column 13 of Table 2),
since this value corresponds to our panel data estimates.

We have estimated empirically the elasticity of technology w.r.t. the domestic and
international stock of ideas for continental European countries. By using the fact that
9? = 0.57, our estimates suggest that nW' = 0.13. We set nf = 0.001 because the
estimated is slightly negative and thus inconsistent. For the non-traded sector, we set
nN = nW:N = 0 in line with our estimates.

Eleven parameters are taken from external research works. These values are
identical to those chosen for a representative OECD economy.

Setting the dynamics for endogenous response of domestic corporate income
tax and international R&D spillover. We have to choose values for three parameters
in eq. (38) to reproduce the dynamics from the VAR model for 7(t). First, we normalize
the steady-state variation in the domestic corporate income tax rate to 1 percentage point,
i.e., dr = 0.01. We choose a value of 0.2 for z7 = d7(0) — dr and a value of 0.3 for &7 so as
to reproduce the estimated response of 7 from the VAR model. To reproduce the dynamics
of the international diffusion of innovation, we choose the same parameters as in the main
text.

Capital and technology utilization adjustment costs. We set the magnitude of
the adjustment cost in the capital utilization rate, i.e., &, so as to account for empirical
responses of w7 (t) after a permanent decline in corporate taxation. We choose 55{ =0.1
and 55\7 = 0.15 so as to account for the increase in the intensity in the use of the capital
stock in the traded and and non-traded sector. We choose a value for the parameter x4 of
0.01 and Xév — 00. Because v = vV = 0, these parameters have no impact.

H.2 Additional Numerical Results

For reasons of space, in the main text, we focus on a limited set of variables. In this
Appendix, we provide more numerical results. Fig. 21 shows numerical results for the
group of countries made up of English-speaking and Scandinavian economies. The black
line with squares show model’s predictions while the blue line displays the point estimate
from the estimation of the SVAR model. Fig. 22 shows numerical results for the flexible
wage model (dashed red lines) and the sticky wage model (black lines with squares).
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Figure 21: Theoretical vs. Empirical Responses Following a 1 ppt Permanent Corporate

Tax Cut: English-speaking and Scandinavian Countries. Notes: The solid blue line which displays
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with squares displays model predictions in the baseline scenario.
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