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We see the world in terms of our theories. — Thomas S. Kuhn
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Abstract

The main idea of this thesis is to deepen our understanding of the relationship between
tax policy and heterogeneous capital. The first chapter revisits the question of whether
preferential tax regimes are desirable in a context where some jurisdictions have leadership
advantages in their choice of tax policy. It is argued that if regions or countries involved
in tax competition act sequentially as Stackelberg competitors, they will prefer to limit the
use of preferential tax policy. If firms located in small regions face higher mobility costs
on average than those located in large regions, small regions want to ban preferential tax
regimes while large regions will tend to support them. If jurisdictions are populated mainly
by firms with low mobility costs, they will prefer preferential tax treatments. On the other
hand, if they are populated mostly by firms with high mobility costs, small regions want to
restrict preferential tax policies while large regions will favour them.

The second chapter embraces the neoclassical theory of investment to model the rate of
investment in physical and intangible capital. It uses data from the EU KLEMS database,
the Oxford University Centre for Business Taxation and the Tax Foundation. It concludes
that the equations for the rate of investment in physical and intangible capital are distinct.
Corporate tax incentives affect the rates of investment in physical and intangible capital, but
differently. The higher rate of depreciation of intangible capital relative to physical capital
seems to explain the increasing ratio of investment in intangible to physical capital.

The third chapter examines heterogeneity by type of capital within the relationship be-
tween capital and its user cost, for five types of physical capital asset and two types of
intangible capital asset. The dataset is almost similar to that of chapter two. The results
show that, in the short-run dynamics, both the dynamic fixed-effects and GMM results seem
to agree on the role of changes in the user cost of capital on the accumulation of the stock
of capital. Overall, dynamic fixed-effects estimation seems to yield results that are more
consistent with the theoretical conclusions on investment behaviour and empirical results for
physical capital already established in the literature.



General introduction

Changes in taxation may have different effects on different components of capital. Hetero-
geneity of capital may arise from being located in a domestic or foreign jurisdiction, or from
belonging to different types of assets. There are discriminatory tax practices that treat dis-
tinct tax bases differently, in other words, preferential tax regimes. Moreover, changes in
tax policy can alter the relative prices of different types of capital assets differently, thereby
altering differently their user cost of capital. The central idea of this thesis is to deepen our
understanding of the relationship between tax policy and heterogeneous capital.

In the first chapter I assume an economy composed of two asymmetric regions (domestic
and foreign) and a fixed number of heterogeneous firms distributed between the two regions.
Firms can operate in their domestic location, or shift to the foreign region while incurring
a mobility cost. Local governments in each region can apply preferential or non-preferential
tax policies. This model suggests a sequential tax setting where one region has leadership
advantages in selecting tax policy. The results show that if the regions involved in tax
competition interact sequentially as Stackelberg competitors where the large region is a
leader while the small a follower, they will prefer non-preferential tax policy.

Furthermore, if firms located in the large region are not very productive compared to
domestic firms in the small region, the large region prefers preferential tax regimes while the
small region prefers non-preferential tax regimes. If domestic firms in the smaller region face
higher mobility costs on average compared to domestic firms in the larger region, when the
regions choose their tax rates simultaneously a la Nash-Cournot, the larger region prefers
a preferential tax policy while the smaller one prefers a non-preferential tax regime. In
addition, when mobility costs are distributed non-uniformly, if the regions are populated
mainly by low mobility cost firms, both regions want to apply a discriminatory tax policy.
When mobility costs are non-uniformly distributed, if the regions are populated mainly by
firms with high mobility costs, the larger region favours a preferential tax framework while
the smaller one wants to prohibit it.

The second chapter starts from the observation that on average over 12 countries, using
country-level data, the ratio of gross real investment in intangible capital to gross real invest-
ment in physical capital has been increasing, while at the same time the corporate income
tax rate has been decreasing. At first glance this observation is immediately situated within
the literature on investment by placing intangible capital alongside physical capital within
the neoclassical model of business investment behaviour. Empirical results are obtained us-
ing an annual sector-level panel dataset composed of 12 sectors in 12 OECD countries over
the period 1995-2015 taken from the EU KLEMS database, the Oxford University Centre
for Business Taxation, and the Tax Foundation.
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The results of this study show that the equations for the rate of investment in physical
capital and the rate of investment in intangible capital are two separate equations. Changes
in the corporate income tax rate have a negative impact on both the physical and intangible
capital investment rates. The rate of depreciation of intangible capital is more than twice as
high as of that of physical capital. This result may explain the increase in intangible capital
investments compared to physical capital investments observed in the data. However, the
long-run elasticity of capital with respect to the corporate income tax rate is higher for
physical capital than for intangible capital.

Finally, the third chapter explores heterogeneity by capital type within the relationship
between capital and its user cost, for five types of physical capital asset and two types of
intangible capital asset. This study uses an almost similar dataset to that of chapter two.
It exploits the existence of a cointegrating relationship between capital, output and the user
cost of capital in a model in error-correction form. Since the dataset straddles a long and a
short panel, this study can ignore potential dynamic biases by estimating the model using the
dynamic fixed-effects (DFE) estimator, or incorporate such biases by using the generalized
method of moments (GMM) estimator.

The results using a panel dataset with a large or nearly large time dimension show that
the DFE estimation of the relationship between capital and the user cost of capital provides
estimates that are most closely consistent with the theoretical and empirical findings of the
literature on business investment for all types of capital considered, although to a lesser
extent for research and development. However, in terms of the short-run dynamics the DFE
and GMM estimation methods yield qualitatively nearly equivalent results. Furthermore, by
decomposing the user cost of capital into its price and non-price components, DFE estimation
shows that the price component of the user cost of capital (relative prices of capital goods)
has an impact on capital accumulation, with the exception of research and development.
Changes in the capital stock are influenced by changes in the non-price component of the
user cost of capital only for other machinery and equipment. If the model is estimated using
the GMM estimator, then changes in the capital stock are affected by changes in relative
prices for computing equipment and communications equipment. However, changes in the
non-price component of the user cost of capital influence changes in the capital stock for
computing equipment and transport equipment. The relationship between capital and the
user cost of capital is found to be consistent for capital in the form of computing equipment,
regardless of the estimation method applied.
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Chapter 1

Regional Tax Competition with
Heterogeneous Mobility Costs of
Capital

Abstract

Tax policies that treat distinct tax bases differently, preferential tax regimes, remain a con-
troversial subject. This paper re-examines the issue of whether preferential tax regimes are
desirable in a setting where some regions or countries have leadership advantages in select-
ing tax policy. It concludes that if regions involved in tax competition act sequentially as
Stackelberg competitors, they will restrict the use of preferential tax policy. If firms located
in small regions face on average higher costs of mobility in comparison to those located in
large regions, small regions want to ban preferential tax regimes while large regions tend to
support them. If regions are populated with mostly low moving cost firms, they prefer pref-
erential tax treatments. However, are they populated with mostly high moving cost firms,
small regions want to restrict preferential tax policies while large ones prefer them.



1.1 Introduction

Two broad forms of discriminatory tax measures are observed in national or regional tax
structures. Regions or countries can discriminate in tax treatment between domestically
owned firms and foreign-owned ones or by class of asset or industry (Bucovetsky and Hau-
fler, 2007). Often it is the case that the more mobile base receives tax concessions called
preferential tax treatments. For example, in many cases foreign-owned firms are granted
more favorable tax conditions since they are considered to be more mobile in comparison to
domestically owned firms which are less mobile. According to OECD) (2017)), the existence of
preferential tax treatments represents a serious issue for jurisdictional governments. These
tax treatments are composed of a plethora of tax incentives that engender enormous loss of
tax revenue.

Economic history confirms that preferential regimes are an old story. They have been
observed since Catherine the Great of Russia in 1763. However, the economic integration
of the world economy over the last few decades has made this subject a very current policy
issue (Keen and Konrad, 2013). Application of preferential and non-preferential tax policy
is a controversial economic subject.

If two regions compete for two distinct and independent tax bases with different degree
of mobility, the restriction to impose a single tax rate on both tax bases, that is applying
non-preferential tax regimes, will unambiguously reduce tax revenue in both regions (Keen),
2001)). Indeed, given the non-discrimination constraint and by the force of competition,
the single tax rate applied on both bases will be lower than the average differentiated tax
rates they would apply in the absence of the non-discrimination constraint. [Bucovetsky
and Haufler| (2007) extend [Keen| (2001) while considering non-symmetric regions that differ
in size. They find that imposing a non-discriminatory tax regime or non-preferential tax
policy hurts both large and small regions. Those two papers create a general framework in
favour of preferential tax regimes. It is for them a more socially desirable tax policy for local
governments since they collect more tax revenue under this policy.

An opposite view has emerged from |Janeba and Peters (1999) as well as|Haupt and Peters
(2005). For Janeba and Peters| (1999) non-preferential tax policy leads to less tax evasion,
thus more tax revenue for local governments. Haupt and Peters| (2005)), by introducing the
assumption of a home-bias effect, meaning that investors have preferences for their home
region, have shown that a preferential tax regime accelerates a race to the bottom, and
restrictions on preferential tax regimes always increase equilibrium tax revenues. These two
papers support the idea that a total ban of preferential tax treatments is optimal from
national or regional governments’ perspectives.

Other studies try to reconcile this controversy using an integrated approach. This is the
case for Razin and Sadkal (1991), |Janeba and Smart| (2003), and Niu (2019)), as well as Mon-
grain and Wilson (2018). Some economic characteristics justify the existence of preferential
tax policy, while others justify non-preferential tax policy. For example, non-preferential
tax systems are likely to generate more tax revenue for both regions and thus give rise to a
higher socially desirable outcome when tax bases are on average highly responsive to a coor-
dinated increase in tax rates by all governments (Janeba and Smart, [2003). By proposing a
numerical model that allows firms to be heterogeneous in mobility costs and across regions



and assuming that local governments care only about tax revenues, |[Niu/ (2019) concludes
that preferential tax policy is a dominant strategy if regions are sufficiently asymmetric in
terms of firm productivity and population.

Mongrain and Wilson| (2018)) start off their model by departing from the idea that local
governments maximize total tax revenue. Rather, for them, local governments maximize total
tax revenue plus a positive share of the surplus generated by the private sector, which is the
total after-tax profit less the total costs of mobility involved. Like Haupt and Peters (2005)),
they consider the home-bias effect, since, in their model, firms are distinguished by their
region of origin. In addition, firms differ in the cost they face to relocate from one region to
another. Regions are asymmetric in the sense that they differ in size in terms of the number
of firms they initially possess (i.e., domestic firms). The costs to relocate from one region to
another can be uniformly or non-uniformly distributed. They compare the outcomes where
regions apply a non-preferential tax regime with those when they apply a preferential tax
regime. The outcomes are scaled by the level of social welfare they provide. The socially
desirable outcome is the one that gives rise to the highest social welfare where social welfare
is composed of total tax revenue and a positive share of private surplus generated. They
conclude that under the assumption of uniformly distributed moving costs, the larger region
always prefers a non-preferential tax regime. The smaller region prefers a preferential tax
regime when regions are very asymmetric and the weight put on private surplus in the welfare
function is high. Under the assumption that regions are identical, when the costs of mobility
are non-uniformly distributed, if most of the firms are low moving-cost firms, preferential
tax regime will be preferred by both regions. From a policy perspective, since the case where
most of the firms have low-moving costs is increasingly thought to be the case in the modern
world economy, tax competition between regions will push toward preferential tax regimes.
The application of non-preferential tax regimes will have to come from the coordination
effort of local governments.

I propose a model of sequential tax competition on the basis of Mongrain and Wil-
son| (2018)’s model. Regional governments, in setting their tax policy, are interacting as
Stackelberg tax competitors. This paper departs from their model by allowing firms to be
heterogeneous across regions. It analyses tax setting policy when firms located in small re-
gions face on average higher mobility costs in comparison to large regions’ firms. The case
of a non-uniform distribution of moving costs is divided into two parts. The first is the
case where the regions are populated with mostly low moving cost firms, and the second is
where regions are populated with mostly high moving cost firms. In both cases, contrary to
Mongrain and Wilson| (2018)), regions are not identical.

By interacting sequentially as Stackelberg tax competitors, regions can limit the race to
the bottom in taxation of foreign firms due to Nash-Cournot tax competition on more mobile
capital, in this case foreign firms. As a result, regions impose higher tax rates, achieve higher
welfare levels, and prefer non-preferential tax policy. Regions have the possibility to take
actions that can change the distribution of mobility costs. When this happens in the small
region, specifically, domestic firms in the small region face higher mobility costs on average.
If the regions choose their tax rates simultaneously as Nash-Cournot tax competitors, the
large region favours a preferential tax policy while the small region favours a non-preferential
tax regime. Under sequential tax competition, both regions prefer a non-preferential tax
setting. When mobility costs, distributed non-uniformly, decline on average in both regions,



domestic firms in both regions find it easier to move from one region to another. As a
result, the competition to attract foreign firms becomes even more intense, both regions
favour preferential tax policies. When mobility costs are distributed non-uniformly, if the
regions are populated mainly by firms with high mobility costs, the larger region favours a
preferential tax framework while the smaller region wants to prohibit it.

This study highlights Stackelberg tax competition by granting the leader advantage to
the large region while the small region is the follower. This approach is inspired by the fact
that, first, Wang| (1999) claims that it is natural to accept that large regions act as Stack-
elberg leaders and small regions as followers. Second, empirically, |Altshuler and Goodspeed
(2015) provides evidence of sequential tax competition between the US (a large country) and
European countries (small countries) using data from 1968 to 2008. Their results suggest
that, since the 1986 US tax reform, the US has acted as a Stackelberg leader while European
nations have acted as followers. Moreover, in several theoretical models of sequential tax
competition, results show that regions involved in tax competition sequentially as competi-
tors of Stackelberg impose higher tax rates compared to the case where they choose their
tax rates simultaneously (Wang, 1999; Kempf and Rota-Graziosi, 2010; Ogawa, [2013)).

The rest of this chapter is organized as follows. In section [I.2] the model is presented.
In section [I.3] preferential and non-preferential tax regimes are studied when the costs of
mobility are uniformly distributed. In section [1.4] preferential and non-preferential tax
regimes are studied when the costs of mobility are uniformly distributed but the distributions
differ between regions. In section [I.5] preferential and non-preferential tax regimes are
studied when the costs of mobility are non-uniformly distributed. In section [1.6] I conclude.

1.2 The Model

In this economy there are two regions, indexed by i € {1,2}, and a fixed number of firms
distributed between the two regions. Each region ¢ possesses N; domestic firms. Each
domestic firm in region ¢ generates before-tax profits of 7; > 1 that are taxed where they
are earned. Firms are heterogeneous across regions meaning that profit generated by firms
initially located in region ¢ is identical but differ from that generated by firms initially
located in region j, (7; # 7;). Following Niul (2019)), heterogeneity of firms across regions
can be explained by differences in productivity. He proposes a numerical model where firms
are heterogeneous within and across regions. In this chapter only one side of firm profit
heterogeneity is considered. Firms can operate in either their initial location, the domestic
region, or move to the foreign region while facing some moving costs ¢ that are distributed
between § and #. Each region i is populated with a fixed number of residents that retain
ownership of the firms originally located in that region. Residents consume a numeraire good
and have linear preferences. Regional governments care about the provision of public services,
but also put some positive weight on surplus generated by private sectors, in their welfare
function. Let R; represent the total tax revenue collected by region i and .S; the private
surplus captured by residents of region ¢ from their ownership of firms, including those that
are located in region i, and those that are located in region j. The local government in region
i wants to maximize its welfare function defined as Q; = R; + wS;, where w € [0,1) is the
weight put on private surplus. This section is similar to|Mongrain and Wilson (2018)) except



that I consider that firms are heterogeneous across regions. The specification of the objective
function of regional governments to take into account tax revenues and the surplus generated
by the private sector is embodied in the pattern of modelling which assumes that residents
consume private goods and public services; and that regional governments are benevolent.

1.2.1 Non-Preferential Tax Regimes

Under a non-preferential tax system, local governments treat distinguishable tax bases simi-
larly. In this precise case, in each region, the tax authority chooses a single tax rate that will
be applied to both local and foreign firms. Let ¢; and ¢; be the tax rates imposed on firms
in regions ¢ and j. Whenever ¢; > ¢;, a firm in region 7 stays in that region if its after-tax
profits in region ¢ are not lower compared to what it could generate if it moves to region j,
that is, if (1 —¢;)y; > (1 —t;)vi —cor ¢ > (t; — t;)v;. Total tax revenue in region ¢ when
both regions apply non-preferential tax regimes is denoted by R{*"(t;,¢;)[]

tiyiNi[1 — F'((ts — t5)7)], if t; > t;.

1.1
tviNi + i N E((t — t)y), it <ty -

BP0 (t, t5) = {
In the first part of , the total tax revenue is levied only upon profits generated by firms
that stay in region i, since the tax rate imposed in that region is higher than the one imposed
in the foreign region. In the second part of equation [L.1], the total tax revenue is collected
from total profits generated by domestic firms of region ¢ - since ¢; < t;, no firms move from
region 4 to region j - plus profits generated by newly arrived foreign firms located in region
1 for tax purposes.
Let S;™"(t;,t;) denote the private surplus captured by residents of region i. When
t; > t;, total private surplus enjoyed by residents of region 7 equals the after-tax profits
generated by firms that stay in region ¢ plus the after-tax profits generated by firms that
had moved from region 7 to region j less total moving costs. When ¢; < t;, no firms move
from region 7 to region j, the total private surplus is equivalent to the total after-tax profits
generated in region i. Note that F(-) is the cumulative distribution function (CDF) of
the distribution of the moving costs and f(-) is the associated probability density function

(PDF).

(T —=t)wlNi [ = F((ti — t;)v)]

+(1 —t5)7 N F((t: — t5)7s)

—N; fe(ti_tj)% cf(e)de, if t; > t;.
(1 —t;)%N;, if £ < t;.

STt ty) = [1.2]

1.2.2 Preferential Tax Regimes

Under preferential tax systems, regions treat distinguishable tax bases differently. Indeed,
the tax authority in region ¢ taxes its existing domestic firms and newly arrived foreign
firms at different rates. Let T; and 7; be respectively the tax rates on domestic firms and

IThe symbols np and p stand for non-preferential and preferential tax regimes.



foreign firms located in region 7. Let T; and 7; be respectively the tax rates on domestic
firms and foreign firms in region j. When 7; > 7;, a firm in region ¢ stays in that region if
(1-T;)vi > (1 —7)vi —cor ¢ > (T; — 7j)v. Further, when 7; > 7; a firm in region j moves
to region ¢ if (1 —7})y; < (1—m;)y; —cor ¢ < (I;—7;)v;. In fact, a local firm in region i that
shifts to region j will be taxed at 7; instead of T;. Let RVP(T;, 73, T}, 7;) and SPP(T;, 7, Tj, 7;)
denote the total tax revenue and total private surplus in region ¢ when both regions apply
preferential tax regimesﬂ

TiyiN:[1 — F((T; — 7)), if T, > &7 > T
TiyiNi[1 = F((Ti — 75) )]

RIP(:) = +mviN;F (T — 7)), T > 7i&er; < Tj. [1.3]
T3 Ni, it T; < 7&m; > Tj.
T:L’)/ZNl—FTZ’yJN]F((T‘j —Ti)’)/j), if Tz STJ‘&TZ' <T3'.

(1 =Ti)vN: [1 = F(T: — 75)7)]

+(1 = ) uNiF((T; = 75) )

— N[BT e () de, if T, > 7.
(1 - T)%N;, if T) < 7.

SP() = 14

1.3 Same uniform moving costs

In this section, regions are assumed to have the same distribution of the costs of mobility
and this distribution is uniform between § = 0 and ¢ = 1. In this case, the CDF is F(¢) = ¢
and the corresponding PDF is constant and equal to 1, i.e., f(¢) = 1.

2Preferential tax regimes are tax incentives designed to attract economic activities that can be most
easily moved from one country or region to another based on tax differentials. OECD) (2017)) reported 164
preferential tax regimes in 102 participating jurisdictions, 99 of which required action because they are either
harmful or potentially harmful to the economy. A preferential tax regime in one country or region is said to
be harmful if it results in an undue risk to the tax base of another country or region. According to the OECD
(2017)), three elements characterise whether a preferential tax regime is perceived as harmful: ring-fencing
(i.e., excluding a portion of a corporation’s income from the tax base to reduce its tax liability), a lack of
transparency about the regime, and a lack of effective information exchange about the regime. In addition,
with respect to intellectual property asset regimes, a so-called nexus approach is also being considered.

The nexus approach presupposes a concrete link between the tax benefits enjoyed by a piece of intellectual
property asset and the carrying out of actual activities leading to the creation of that piece of intangible
asset (i.e., research and development). To give some examples: the regime granting a reduced tax rate for
long-term capital gains and profits from the licensing of intellectual property rights in France has proven to
be harmful because it is not in line with the nexus approach. Turkey’s Technology Development Zone regime
was identified as potentially harmful because it is not in line with the nexus approach in relation to qualified
intellectual property assets. The UK patent box is considered not harmful. Preferential tax regimes are at
the origin of a series of base erosion and profit shifting (BEPS) strategies. Tax revenue losses due to BEPS
are estimated at US$ 100-240 billion per year, equivalent to 4-10% of global corporate tax revenues.



1.3.1 Both Regions Apply Non-Preferential Tax Regimes

Assume that 7, > 7. From the Appendix (section [1.8.1)), we know that ¢; > tof] Let
RP™(ty,t5) and Ry""™(t1,t2) be the total tax revenue collected in region 1 and region 2.
Let STP"(t1,t5) and S3™"™(t1,t2) be the total private surplus in region 1 and region 2. We
have

RyP™(ty,ta) = Ny [1 = F((t — t2)m)] = i Ny [1 = (6 — t2) 7]
RyP™(ty,t9) = tayaNy 4+ Loyt N F((t — t2)71) = tayaNo + tayi Ni[(t1 — t2)71]
STV (t,te) = (1 = t)m Ny [1 = F((t1 — t2)y1)] + (1 — t2) i NLF ((t1 — t2) 1)

(ti—t2)m
- Nl/ cf(c)dc
0

S;Lp’np(tl, tg) = (1 - tg)’)/gNg.

In case regions involved in tax competition decide their tax policy simultaneously (N) as
Nash-Cournot tax competitors. The local government in region ¢ chooses the tax rate ¢; that
maximizes its welfare function ;""" (t;,t;) = R/""™ (t;,t;) + wS; """ (t;,t;) for 1,7 € {1,2}.
The reaction functions t;(t2) and to(t;) are as follows

(1 —w)(1+mta)

t1(t2) = 2 —w) [1.5]

ta(ty) = %tl + (12—%00)3?_%‘ [1.6]

Thereafter, the resulting simultaneous Nash-Cournot equilibrium tax rates are found to be
o N % (2 +(1- w):;j—%i) [1.7]

gopneN % (1 +(2- w)Zi%ﬁ) . [1.8]

Suppose that regions involved in tax competition interact sequentially (S) as Stackelberg
tax competitors. The large region acts as a Stackelberg leader while the small one as a
follower. The resolution of the follower’s problem gives rise to [[1.6]. By substituting region
2’s best response function into region 1’s objective function, we have

3If the large region contains more productive firms relative to the small region, it will apply higher
non-discriminatory tax rate in comparison to the small one, whether they are Nash-Cournot (noted N) or
Stackelberg (noted S) tax competitors.



Ry(t1) = tim N1 [1 = (t1 — ta(t1))n] = i1 Ny [1 _ <1t1 l-w 72N2>]

2 21 111
1 1 — w9 IV
Si(t1) = (1 —t1)y1 Ny [1 - (tl - e 2) 71]

2 2v1 V1
1 1—(,0"}/2N2 1 1—(,0’)’2]\72
1——t — N (=t -
+< 271 2y MV T g 2v1 N1 n

1 1—w 72 No

— Ny /<2 Lo WlNl),ﬂ cdce
0

Resolving region 1’s maximization problem and substituting the solution in region 2’s best response
function, the Stackelberg equilibrium tax rates are

np,np,S __ (1 *w) W ’72N2

ty = —w <4 +(2 )71N1> [1.9]
wpaps _ _(1—w) e
gopnpS o <2+ (3 )71N1> . [1.10]

Proposition 1. Under sequential tax competition, if two asymmetric regions are acting as Stack-
elberg tax competitors and where the large region is a leader while the small one is a follower, then,
at equilibrium,

a. The tax rates applied are higher than under Nash-Cournot tax competition,
b. The tax gap is higher than under Nash-Cournot tax competition,

c. The level of welfares are higher than under Nash-Cournot tax competition.

Proof. a. Since 0 < w < 1, by using and and by using and [1.10], we have

_ _ Y2 N2
oS _ o _ 200 -w@-wt ) 0,

NnEB-w)4-w)

N:
1-w)(2-w+27) 0

71(3 —w)(4 —w)

This result is compatible with Keen and Konrad| (2013), Wang (1999)), |[Kempf and Rota-
Graziosi (2010)), as well as Ogawa/ (2013).

tnp,nILS _ tnp,np,N _
2 2 =

b. The sequential and simultaneous equilibrium tax gaps are t;7"" S _ toP"P S and PP N _

N
o Indeed,

(1-w) (2-w+ 232 ;

tnpanpas . tnp7np7s _ tnpvnva _ t”p,'ﬂp,N —
(1 2 ) (1 2 ) 71(3_(*))(4_&])

Thus (t?p’"p’s - tgp’”pvs) > (tgbp,np,N _ tglp,np,N)'
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c. Let Q7" N and QyPmP N and Qe S and QPP ¥ be the optimum welfare levels under

the simultaneous (N) and sequential (S) tax competition. We have

2 2
an,np,S _ an,np,N _ (1 - LU) (72N2 + 'YlNl(Q - W))
1 1

T 2INE - w)(B-w)?
Q;P,nﬁs _ Qgp,nzuN _ (1 _ w)72N2 (t;pynpys _ tgp-,nnN)

+ ’Y%Nl [t;lpmp,s(tvlmnp,s _ t;mnp,s) _ tgp,nnN(t?lw,nnN _ tgp,nzhl\’)]_

S N . . S N . S N
Indeed, QY777 > QP since < w < 1. Again, Q77" > Qo " since 57" > 3P and
np,S _ ynp,np,S np,np,N _ ynp,np,N
(7" —t ) > (¢ —t ).
1 2 1 2

O

Parts (a) and (c) of proposition 1 summarize a result that is compatible with Keen and Konrad
(2013)). Regions involved in sequential tax competition as Stackelberg competitors apply higher tax
rates and enjoy higher welfare compared to the case where they are Nash-Cournot tax competitors.
Part (b) of this proposition presents a new result that explains that the tax gap is higher under
sequential than under simultaneous tax competition. It means under sequential tax competition,
the Stackelberg leader increases its tax rate more than the follower does in comparison to the simul-
taneous equilibrium tax rates. Under sequential Stackelberg tax competition, tax rate differentials
are higher than under Nash-Cournot tax competition. Regions stand out more under sequential
tax competition compared to Nash-Cournot tax competition because the large region when setting
its tax rate is able to anticipate the reaction of the small one.

From the expressions in the part a of this proof, we have """ N 25,77 N~ ey S
2t57"P Y = @. Under simultaneous and sequential tax competition, the optimum tax rates create a
path of equilibrium such that ¢] — 2t5 = a or t5 = (¢; — a)/2. The non-discriminatory equilibrium
tax rate in region 1 must be strictly greater than «. By the force of competition, when regions
interact simultaneously, the tax rates are t] = o + € and t5 = ¢/2 for any small € € (0,1). When
regions interact as sequential tax competitors, the leader, region 1 can increase its level of welfare
by imposing an higher tax rate in comparison to the simultaneous equilibrium one. The follower,
region 2, will enjoy higher welfare by moving in the same direction, thus imposing an higher tax
rate compared to its simultaneous equilibrium one. For example, if region 1 sets its sequential
equilibrium tax rate at tj = a + 2¢, the tax rate in region 2 will be set at ¢t = e.

It is of interest to consider the case where the small region is acting as a Stackelberg leader
while the large one is a follower. In this case, by solving the follower’s problem, its best response
function is . Thereafter, the Stackelberg equilibrium tax rates would be

npnp,s _ (1 —w) iy )2 — oy 12V
! —271(2_@((3 )4 (1w )Wl)

t;tlp,np,s _ i (1 + (2 . w)72N2> .
21 11N1
Similar to proposition 1 part (a), the Stackelberg equilibrium tax rates are higher than the simul-
taneous equilibrium ones ( and ) in both regions. However, contrary to proposition 1 part
(b), the tax gaps are lower under the sequential tax competition than under the simultaneous tax
competition. Indeed, when the large region is acting as a Stackelberg follower, at equilibrium, it
increases its tax rate less than the small region does. In sum, under sequential tax competition, the



regional government that acts as a Stackelberg leader has more leeway to increase its equilibrium
tax rate relative to its simultaneous equilibrium tax rate.

In the rest of this chapter, I consider that sequential tax competition grants the large region,
region 1, the first-mover advantage. Indeed, this framework proposes equilibrium solutions that
are comparable to results from Mongrain and Wilson| (2018), even if sequential tax competition is
not part of their model. Further, it is unrealistic to envision a case where a small country, under
Stackelberg tax competition, increases its equilibrium tax rate more than the large region does, as
is the case where the small region moves first. Because of tax competition, I would anticipate that
a small region will not increase its equilibrium tax rate more the large region does. Based on these
two reasons, I continue the analysis assuming that the large region is granted a Stackelberg leader
position in setting tax policy.

1.3.2 Both Regions Apply Preferential Tax Regimes

Let T1 and 71 be the tax rates imposed on domestic firms and foreign firms in region 1 and 75 and
7o the tax rates imposed on domestic and foreign firms in region 2.

Assume that the tax rate imposed on foreign firms in region 1 is higher than the tax rate applied
to local firms in region 2, 71 > T and the tax rate applied to foreign firms in region 2 is higher
than the tax rate applied to local firms in region 1, 79 > 7. Firms do not move from one region
to another. From and , total tax revenue collected in region 1 and total private surplus
in region 1 are RYP (T, 711, Te,72) = Tiy1 N1 and SPP(Ty, 71, To,72) = (1 — T1)71N1. In region 2,
we have RYP(Th, 71, T, 72) = ToyaNa and SYP (T, 71, To, 72) = (1 — T5)y2Na. Each region i chooses
T; and 7; so as to maximize QP = RPP + wSPP = Ty, N; + w(1 — T;)v;N; for i € {1,2}. Under
simultaneous (N) and sequential (S) tax competition, at equilibrium, regions apply a confiscatory
tax rate, that is 797 NorS P NorS — 1 and T oP Nor§ P NorS — 1. The equilibrium welfare
levels are leg’p’NorS = 1 N7 and Qg’p’NOTS = 72N2

Assume that T7 > 1 and T > 7. Total tax revenues and private surplus in region 1 and region
2 are

RYP(T1, 11, Ty, 72) = TimiN1[1 = F((Ty — 72)71)] + 1172 No F (T2 — 71)72)
= T17 Ni[1 = (T1 — o)1) + 1172 N2 (To — 1) 72
SYP(T1, 11, To, 72) = (1 = T1 )N [1 — F((Ty — m2)m1)] + (1 — 72) N1 F (T — m2)71)

(Ti—72)m
- N1/ cf(c)de
0
=1 -T)mN[1 = (Th — )] + (1 =) N1 (Th — 2)m

(Tr—72)m
- NV / cdce
0

4This will be also the solution of a tax coordination equilibrium as viewed by Keen and Konrad| (2013).
Regional governments in region 1 and region 2 would behave as if they formed a single planner that chooses
Ty, 11, To, and 75 that maximizes Qeoordination — Ry —|—R2—|—w(51 —I-SQ) =T1v1 N, +T272N2+w[(1 _Tl)’lel +
(1 = T)y2N3]. The coordination equilibrium tax rates would be Ty =7 =To =15 = 1.
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RYP(T1, 11, T, 72) = ToyaNo[l — F((To — 71)72)] + ey i N F((Th — m2)71)
= ToyaNo[l — (Tz — 11)72] + o1 N1(Th — 2)m
SyP(T1, 11, To, 72) = (1 = To)y2No[l — F((Ta — 11)72)] + (1 = 71)y2No F (T2 — 71)72)

(To=71)72
— Ny / cf(c)de
0

= (1 =T2)y2No[l — (To — 71)y2] + (1 — 71)v2No(To — 71)72

(To—71)72
— Ny / cdc
0

In case regions set their tax policy simultaneously as Nash-Cournot tax competitors, region 1
maximizes Q)P = RIP + wSTP by selecting the tax rate on the domestic base T; and the tax rate
on the foreign base 71 while region 2 simultaneously maximizes Q5? = REP + wSH? by choosing T
and 79. In this case, the reaction functions for region 1, T1(72) and 71(7%) and for region 2, T5(7y)
and 1o(717), are as follows

(1-w)(+mnm)

T (70) — 1.11
1(72) 7(2 - w) 1]
T
7 (Th) = ?2 [1.12]
(I —w)(1 +72m)
T = 1.13
2(n) 72(2 - w) [1:13]
T
(Ty) = ?1 [1.14]
Thereafter, the Nash-Cournot tax competition equilibrium tax rates are
2(1 —
TN (1-w) [1.15]
713 —w)
1—
T{D,p,N — (1-w) [1.16]
72(3 —w)
2(1 —
ppoN 202 w) [1.17]
72(3 — w)
p.p N _ (1-w) 1.18

Now consider the case where regions are interacting sequentially as Stackelberg tax competitors,
where the large region, region 1, is a leader and the small one, region 2, is a follower. Region
2’s reaction functions, T5(71) and 72(7}), when solving the problem of the follower, are [1.13] and

[1.14]. In this case, we have

T1 (1 —w) 1
RPP(T =TivmNi (11— e} + N —
1 ( 1,T1) 1M 1( 5 T1724V2 72(2 ) 9 V2

7T Ty
2

P.p T %ﬂﬂ
Sl (Tl,Tl) = (1 — Tl)’YlNl 1-— 9 + (1 — f)’)/lNl?’}/l — N1 cde.
0
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The sequential tax competition equilibrium tax rates are

4(1 —
oS _ (1-w) [1.19]
714 - w)
1—
S _ ( . w) [1.20]
72
1-— 3 —
pws _ (1=@)B-w) [1.21]
272(2 — w)
2(1 —
s _ 20=w) [1.22]
71(4 - w)
Let QP N and Qbr N denote the optimum welfare levels in region 1 and region 2 when they
apply preferential tax regimes and under Nash-Cournot tax competition. Similarly, let Q)7 S and

Qbr 5 denote be the optimum welfare levels in region 1 and region 2 when they apply preferential
tax regimes and under sequential tax competition where the large region is a Stackelberg leader
while the small one a follower. Under simultaneous tax competition, region 1 receives higher
welfare levels when it implements a non-preferential tax regime, i.e. Q7" N QPP NS 0, if

:ﬁ%f > ’y2(227iw) — 2(2 — w). Similarly, region 2 receives higher welfare levels when it implements

_ 4 3 4 np7np7N o p7p7N 3 ’YQNZ ’71(8_3“1) _ 2
a non-preferential tax regime, i.e. €2, 93 > 0, if TN D pe? T T Under

: . np,S .S . vy N 4— -
sequential tax competition, we have, Q7"P7 — QP2 > 0 if 1? Ni > 2':2((2;:})) —2(2 —w). Similarly,

—w)2(9—
QSPJL%S _ Qg,f%s > ()7 lf ~y2Na > 71(4 w) (9 4w) 4

71 N1 8v2(2—w)(3—w)? 3—w-"

Proposition 2. Under simultaneous tax competition, if (2 — w)? < % < w, region 1

applies non-preferential policy while region 2 applies preferential tax policy. If 45(;2—;? < <

72
% region 1 applies preferential tax policy while region 2 applies non-preferential tax policy.

AT ) (5—
Under sequential tax competition, if% < % < w, region 1 applies non-preferential

32(2—w)(3—w) ~ 8(2—w)(3—w)(7T—w) .
020 0w) < 75 <~ (—w)?(o—da)  egion
1 applies preferential tax policy while region 2 applies non-preferential tax policy.

policy while region 2 applies preferential tax policy. If

(2—w)(5—2w)
2

Proof. Under simultaneous tax competition, if (2 — w)? < % < , since 0 < 2N

Y1 N1
and 0 < w < 1, then Q7" NS QPP N As a result, region 1 applies a non-preferential tax regime
while region 2 applies a preferential tax regime. Similarly, if 45(;2__3? < % < W, since

0 < X—%ﬁ <land 0 <w <1, Q7" NS Qbr N Therefore, region 1 applies a preferential tax
regime while region 2 applies a non-preferential tax regime.

: i e 4(2-w)? 71 22-w)(5-2w) Y2 N2
Under sequential tax competition, if ={—"~ < 3 < Taon o, since 0 < N < 1 and

0 <w < 1, then Q7" S Qpr 5 As a result, region 1 applies a non-preferential tax regime while

region 2 applies a preferential tax regime. Similarly, if % < % < S(Q(Zfi()%zguzi—)w), since

0< % <land 0 <w <1, then Q57" S Qbr »5" Therefore, region 1 applies a preferential tax
regime while region 2 applies a non-preferential tax regime. O

Indeed, when domestic firms are very heterogeneous; for example 3 < 7—; < 4 for a fixed weight
w = 0.25; the large region implements non-preferential tax policy while the small one, region
2, implements preferential tax policy. Further, if domestic firms are not very heterogeneous; for

12



example 1 < % < 1.8 when w = 0.25; the region 2 applies non-preferential tax policy while region
1 applies preferential tax policy. This result suggests, if firms initially located in region 1 are very
productive relative to region 2’s firms, the larger region will always implement a non-discriminatory
tax regime while the small one applies a discriminatory tax regime. This result is in contrast to|Niu
(2019) that concludes that preferential tax regime is a dominant strategy if regions are sufficiently
asymmetric in terms of firm productivity. In Mongrain and Wilson| (2018)), the small region prefers
a preferential tax regime under asymmetric simultaneous tax competition when regions are very
asymmetric and the weight put on the private surplus is high. In this chapter, the introduction
of firm heterogeneity brings about a new finding that consists on, if firms initially located in the
large region generate larger profit in comparison to firms initially located in the small region, for
example 3 < % < 4, the large region is better off applying a non-preferential tax regime while
small region by applying a preferential tax regime.

Under the sequential Stackelberg tax competition, the tax rates applied on domestic and foreign
firms are higher than the simultaneous equilibrium ones. Moving from a simultaneous to a sequential
equilibrium, the large region increases its tax rate on domestic firms more than the small region
does on its foreign firms and its tax rate on foreign firms more than the small region does on its
domestic firms; that is

1-w)(2—-w)
Tpvpvs _ Tp7p7N _ p=p7S _ p7p7N — (
( 1 1 ) (7-2 T2 ) 71(3_('{))(4_00) >0

(1 - w)?
272(2 — w)(3 —w)

Further, by using [1.15], [1.17], [1.19], and [1.21], (TPP° — TPPNY > (7025 — 70PNy i 1<

%. Similarly, by using [1.16], [1.18], [1.20], and [1.22], (PP — PP N) > (7275 — 72PNy

if % < % Indeed, moving from a simultaneous to a sequential equilibrium, the large

region increases its tax rate on domestic and foreign firms more than the small region does if
% < % < %. When ﬂ > %, the cost of losing domestic firms is very
high for the large region. As a result, 1t Wlll increase its tax rate on domestic firms less than the
small region does. Similarly, when ﬂ < % , the incentive to attract foreign firms is high
for the large region. Therefore, it Wlll increase its tax rate on foreign firms less than region 2 does.

Assume now regions impose positive tax rates on domestic firms but decide to apply a zero tax
rate on foreign firms. In this case, total tax revenue and total private surplus expressions in both

regions are

7VS 77N 775 77N
(S = prN) (S ) = >0,

RUP(T1) = TiyiN: (1 — Th)

Tim1
SUP(T) = (1 —=T)m Ny (1 —nTh) + Ni(nTh) — N1/ cde
0

REP(Ts) = ToyaNa (1 — 72 1h)

Tovy2
SEP(Ty) = (1 — T2)y2 N2 (1 — 72T2) + 72 Na(2T2) — Nz/ cde.
0

In this case, regional governments apply the same tax rate whether they are interacting simultane-
ously or sequentially.
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p,p,NorS —0.

p,NorS 1 1—w »,NorS »,NorS 1 1—w
Tﬁp or :< ’T{)/P or :07T2}3p orS _ , T

Y1 \2—w % 2—-w

This is not a strategy regions would consider since they collect less tax revenue on domestic firms
and no tax revenue on foreign ones compared to the simultaneous (equations |1.15] to [1.18]) or
sequential (equations [1.19] to [1.22]) equilibrium solutions. Indeed,

N N
Tﬁ#’a orS < T1pyp7 < Tf:p»s

) 7N S . ’N ) 7S
NS o ppN

N N
T§7p7 orS < T2pvp7 < T§7p7s

S

yn D:Ps
< Ty .

NorS
Tg,’p’ or <T5

1.3.3 Non-Preferential and Preferential Tax Regimes

In this case, one region chooses to apply non-preferential tax policy while the other decides to use
preferential tax policy. In this section and for the rest of this chapter, since analytical results can
not be found, conclusions are derived from analysis of simulation results]]

Assume that the large region, region 1, is the one that decides not to discriminate. Indeed, it
chooses the tax rate t; that will be applied to both domestic and foreign firms. The small region,
region 2, chooses a tax rate Tb to apply to domestic firms and a tax rate 7o to apply to foreign
firms. If 1 > T, and t1 < 79, by using and , QPP(t1, Ty, 72) = t171 N1 +w(1 —t1)71 N7 and
QPP (t1,Ta, 72) = ToyaNa+w(1—T5)y2No. Under simultaneous and sequential tax competition, the
equilibrium tax rates and welfare levels are ¢7PPNorS — quppNors _ pnppNorS _ - qnp.p.Nors
’YlNl and Qgp,p,NorS = ")/QNQ.

We assume t1 < T and t; > 7. In this case, the assumption of the existence of two distinct
and independent tax bases does not hold any more (Keenl, [2001; Mongrain and Wilson, 2018)). The
tax bases are dependent, indeed, the reaction functions t1(75, 72), T2(t1), and 72(t1) are

(1 =w)(1+7172) + 7§N2T2

t1(Ty,m) = ! [1.23]
71(2—w)+2ﬁN1
11—w i
To(t1) = ——— (1 t d t1) = —. 1.24
2(t1) 722_6‘)( + y2t1) and T(t1) 5 [1.24]

5To characterize the degree of asymmetry between regions, I define the share of firms initially located in
region 1, n > % As aresult, 1 —n < % represents the share of the total number of firms initially located
in region 2. The weight put on private surplus in the welfare function is 0 < w < 1. Different welfare
levels can be obtained by letting vary n and w. However, comparison will not be very intuitive since several
3D-curves cannot be plotted in the same graph. Therefore, I use two scenarios. One that keeps w = 0.25
and lets n varies from 0.5 to 1; and the other that sets n = 0.55 and lets w varies from 0 to 1. To create
some heterogeneity between the firms initially located in regions 1 and 2, I assume that the ratio of profits
is % = 1.5. Thus, firms initially located in region 1 are more productive than that of region 2. These
parameters are not grounded on any empirical evidence. However, they do help highlight some intuitions
from the model.
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In case regions choose their tax rates simultaneously as Nash-Cournot tax competitors, the solutions
are
21-w [ 2—w+25E

tgmp,N _ 1N

= T

Y1 3—w 2 _w 2"12 2

+ Y2N,
_ Y2 N2
Tnp,p,N _ 11-w 2991 —w 2-wHt Y1 N1
2 - 9 DY 2 .
Y22 —w M 3—w \9_,4onlV
+ YN,

_ Y2 N2

7_np,p,N - i l-w 2-w+ y1 N1

9 =

3Ny
i N1

MN3-w\2-w+2

Figure 1.1: Welfare levels, simultaneous move, region 1 does not discriminate while region 2
discriminates

omega = 0.25 Nn=0.55

— welfare2_np_np-N — welfarez_np_np-N
—— welfarel_np_p-N —— welfarel_np_p-N
—-- welfare2_np_p-N —-- welfare2_np_p-N

0.55 0.60 0.65 0.70 0.75 0.80 0.85 090 095 1.00 0.0 0.2 0.4 0.6 0.8 1.0
Share of firms owned by region 1 Weight put on private surplus

The curves welfarel_np_p-N and welfare2_np_p-N show welfare levels in region 1 and region 2 when region 1 does
not discriminate while region 2 discriminates in tax treatment; and regions interact simultaneously. The curve
welfare2_np_np-N shows welfare levels in region 2 when both regions do not discriminate. Also % = 1.5.

If they choose their tax rates sequentially as Stackelberg tax competitors, the solutions are found
to be

_ Y2 N2
t?pyp,S 41-w 2-w+t N1
2
14 —w 8 13N2
v 2-wt 5N,
_ Y2 N2
PSS _ 11-w Ayl —w 2-w+t 1N
2 - 2\
Y22 —w v 4—w 8 73iV2
2w+ = V2N,
_ Y2 N2
Tnp7p7S — 31 —w 2 w+ Y1 V1
= 2
Y14 —w _ 8 13lN2
2 w + —w 'Y%Nl

Assume now the small region, region 2, is the one that chooses not to discriminate. Region 1
chooses the tax rate T} to impose on domestic firms and 77 to impose on foreign ones while region
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Figure 1.2: Welfare levels, Stackelberg solution, region 1 does not discriminate while region
2 discriminates

omega = 0.25

80

n=0.55
— welfare2_np_np-S — welfarez_np_np-s
—— welfarel_np_p-S

—— welfarel_np_p-s
—-- welfare2_np_p-s —-- welfare2_np_p-S

0.55 0.60 0.65 070 075 0.80 0.85 090 095 1.00 0.0
Share of firms owned by region 1

02

. 06 08 10
Weight put on private surplus

The curves welfarel np_p-S and welfare2_np_p-S show welfare levels when region 1 does not discriminate while
region 2 discriminates in tax treatment; and regions are Stackelberg competitors. The curve welfare2_np_np-S
shows the welfare levels in region 2 when both regions do not discriminate. Also % = 1.5.

2 chooses a single tax rate to to levy upon both domestic and foreign firms. The simultaneous
equilibrium tax rates are defined as follows

~y1 V-
e 1+ﬁ1_w 2-wt N
1 2—w Yo 3 —w

2
2N,
2—w+ 2’@1\72

_ 1Ny
prnpyN — i 1 —Ww 2 w + ’YQNQ
! Y23 —w

2N
2 — w420t
+ ¥3 N2

N
tpynp,N_zl—w 2 — w1
2

_ Y2 N2
Y23 —w

2N1
2 —w+ 24
T Y2 N2

If the regions are interacting sequentially, the reaction function of region 2, the follower, to(77,71)
is defined as

2
(1= w)(1 +79m) + LRLT,
tQ(le Tl) == 721[21 2
122 —w) + 235,

Proposition 3. Analysis of simulation results shows that if the large region decides to apply non-
discriminatory tazx policy,

a. Under simultaneous tax competition, the small region applies discriminatory tax policy;
b. Under Stackelberg tax competition, the small region applies non-discriminatory tax policy.

Proposition 4. Analysis of simulation results shows that if the small region decides to apply non-
discriminatory tazx policy,

16



Figure 1.3: Welfare levels, simultaneous move, region 2 does not discriminate while region
discriminates
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The curves welfarel_p_np-N and welfare2_p_np-N show welfare levels when region 1 discriminates while region 2
does not discriminate in tax treatment; and regions act simultaneously. The curve welfarel_np_np-N shows the
welfare levels in region 1 when both regions do not discriminate. Also % = 1.5.

a. Under simultaneous tax competition, the large region applies non-discriminatory tax policy;

b. Under Stackelberg tax competition, the large region applies discriminatory tax policy when
it possesses a share of domestic firms n > 0.90 or the weight put on private surplus in the
welfare function is w > 0.60.

As shown in Figure or Table and Table in Appendix , when regions choose
their tax rates simultaneously, if the small region anticipates that the large region will apply non-
preferential tax policy, it is in its best interest to apply preferential tax policy. Under Stackelberg tax
competition, as shown in Figure [I.2] or Table [I.3] and Table [I.4] in Appendix [I.8:2] if the follower
region, the small one, anticipates that the leader, the large region, will apply non-preferential
tax policy, it will also apply non-preferential tax policy. Indeed, tax competition between two
asymmetric countries like, for example, the U.S. and Belgium, will most likely be a case where the
U.S applies a non-discriminatory tax regime and Belgium applies a discriminatory tax regime if
they choose their tax rates simultaneously. Whereas, if they are Stackelberg competitors where the
U.S. is a leader while the small one, Belgium, is a follower, we will expect both of them to apply a
non-discriminatory tax system if the U.S applies a non-discriminatory tax regime.

As shown in Figure or Table and Table in Appendix under simultaneous tax
competition, if the large region anticipates that the small one will apply a non-preferential tax
regime, it will also apply a non-preferential tax regime. Whereas, under Stackelberg tax compe-
tition, as shown in Figure [I.4) or Table [I.7] and Table in Appendix [I.8:2] if the large region
anticipates that the small one will apply non-preferential tax policy, it will apply preferential tax
policy if n > 0.90 or w > 0.60.

From proposition 3, under Stackelberg tax competition, I allege that if the large region commits
not to use preferential tax policy, it is in the small region’s best interest to avoid using preferential
tax policy. By doing so, both regions can apply higher tax rates and receive higher welfare levels.
Similarly, from proposition 4, if the small region can commit not to use preferential tax policy,
the large region will prefer not to apply preferential tax policy for same reason mentioned above.
Nevertheless, if regions are extremely asymmetric (for example n > 0.90), due to the fact the small
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Figure 1.4: Welfare levels, Stackelberg solution, region 2 does not discriminate while region
1 discriminates
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The curves welfarel_p_np-S and welfare2_p_np-S show welfare levels when region 1 discriminates while region 2

does not discriminates in tax treatment; and regions are Stackelberg competitors. The curve welfarel _np_np-N

shows the welfare levels in region 1 when both regions do not discriminate. Also % = 1.5.

region will have a huge incentive to lower its tax rates in order to attract more foreign firms, the
large region will prefer to implement preferential tax policy.

1.4 Different uniform moving costs

In this section, I assume that firms in the small region face a different distribution of the costs of
mobility while the large region’s firms are still facing moving costs uniformly distributed between
0 and 1. This situation can be interpreted as aftermaths of actions limiting capital outflows taken
by the small region. The aim of those actions is to maintain within the country or the region a tax
base to finance public services. There are many examples of capital outflow controls such as the U.S
interest equalization tax of 1963-1974, Chile, Brazil, Argentina, Mexico, and Malaysia in the 1990s,
as well as the Czech Republic, Hungry and Poland before their EU accessions (Giovannini and
de Melol, (1993} |Aizenman and Guidotti, [1994; Reinhart and Rogoff, 2011; |Aizenman and Pasrichal,
2013). This extension is new with regard to Mongrain and Wilson (2018). It allows to interpret
the configuration of tax policy when firms from one region face a different distribution of costs of
mobility in comparison to the other region.

Assume that the mobility costs in region 1 are distributed uniformly between 0 and 1 such that
the distribution function is Fj(c) = ¢ and the corresponding density function is fi(c¢) = 1. The
moving costs in region 2 are now distributed uniformly between § > 0 and 6 = 1. As a result, in
region 2, the distribution function becomes Fy(c) = % with the corresponding density function
Fa(e) = 15 ]

From Appendix if

Y1 V1 -1
Y2 N2
0 <Q< 71NVt + 17
Y2 N2 1-w

6In this situation, the average costs of mobility in region 1 is p; = % while the average of cost of mobility
in region 2 is py = 1‘5—@ > -
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we have /7" NS toP"P N and the solutions are the ones provided by and [1.§). Indeed,
when firms initially located in the small region face a different distribution of the costs of mobility,

if the lower bound of this distribution is above the threshold of (z;%; - 1)/ (1;%; + 1), ie

(gi%; — 1)/(1;]]:,[; + 1) <6 <1, we have toprp N e N g nd the simultaneous Nash-Cournot

equilibrium tax rates are

vy~ Lo (1 B89 gy T 1.2
N _ m (2 9+ (1-0)(1- “’ﬂl@ . [1.26]
If regions are interacting sequentially, the Stackelberg equilibrium tax rates are
t?fpmp,s _ (22;:}) <; :: -0+(1-0)(1- w)Zi%i) [1.27]
gronpS _ »yiz_—wi) <1 L2 ; w) (; :z — 0+ (1-0)(1— w)%%)) . [1.28]
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When firms in the small region face a different distribution of mobility costs, for example a
0 = %, 1]-uniform distribution instead of [0,1]-uniform distribution, domestic firms in the small
region can shift less easily to the large region. Results of simulations shown in Tables and
of Appendix confirm that region 2 applies higher tax rate in comparison to the case where
its domestic firms face a [0, 1]-uniform distribution of moving costs. As shown in when regions
decide their tax rate simultaneously, welfare levels increase in region 2 and decrease in region 1, if
n < 0.62 and w < 0.66. In case regions are Stackelberg tax competitors, welfare levels increase in
region 2 and decrease in region 1, if n < 0.51 and w < 0.44. Further, if n > 0.62 and w > 0.66,
region 1 will benefit higher welfare levels while region 2 lower welfare levels in comparison to the
case firms in both regions face [0, 1]-uniform distribution.

Assume that both regions apply preferential tax regimes. If 77 > 7 and 75 > 71, total tax
revenue and total private surplus expressions in region 1 and region 2 are

RYP(Ty, 71, T, 2) = Tiyi Ny [1 = Fyr((Th — 72) )] + Tiye Na Fo ((To — 71)72)

(To =)y — 8
1-46
SYP(Ty, 11, To, 1) = (1 =T ) N1 [1 — Fy((Th — 72)n)] + (1 — o)y Ni Fi ((Th — 72))

(Ti—m2)m
— Nl/ cf1(e)de
0

=1 =T)nNi [l = (Ty — )] + (L = )1 N1 (T1 — 7o)
(Th—72)m
— Nl/ cde
0

RYP(Ty, 71, Ta, 12) = TovaNa [1 = Fo((To — 71)7v2)] + i N FL((Th — 72)m1)

T, — 1 -0
= To7aNs {1(21?&?2

SyP(Ty, 1, Ta, 2) = (1 = To)y2aNa [1 = Fo((To — 11)72)] + (1 = 11)v2 Na Fo (T2 — 71)72)

(Ta=71)72
- N / cfa(c)de
0

(To —T11)y2 — 8
1-46

=Ty N [1 = (Th — 72)71] + 1172 N2

] + N (Th — o)

(To =)y — 0

= (1—T2)’}/2N2 |:1— I—Q

(Te=m1)7v2
— N. d
2/0 1-6 C

|+ =

In case regions involve in tax competition choose their tax rates as Nash-Cournot, the reaction
functions T1(12), 71(T2), Ta(71), and 7o(17) are derived as follows

(I -w)(I+7n7) n 0
T = drm(T) = =2 - =
1(m) ne-w )= 272
(1 —w)(1+7m) T
T: = d T) = 2
2(7‘1) 72(2—0.)) an 7’2( 1) 9
Thereafter, the equilibrium tax rates are
TN = 2(1 ~w) [1.29]
N3 —w)
1—w)—0(2-
PPN (1-w)—0(2-w) [1.30]
72(3 —w)
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(1-w)(2-0)

Tp7p7N —
? 72(3 —w)

[1.31]

ppN _ _(1—-w)

? 73 —w)
If regions are interacting sequentially as Stackelberg competitors where the large region is a leader
and the small is a follower, the equilibrium tax rates are found to be

[1.32]

s m [1.33]

s = (=) —2=0) 134
TpRNS _ (12;:;) @ — 9> [1.35]
S _ m_ [1.36]

In comparison to the case where both countries had [0,1]-uniformly distributed moving costs, when
both regions decide their tax rates a la Nash-Cournot, the equilibrium tax rate on domestic firms
in region 2 has decreased by (8(1 —w))/(72(3 —w)) ([1.17] and [1.31]) while the tax rate on foreign
firms in region 1 has decreased by (0(2 —w))/(72(3 —w)) ([1.16] and [1.30]). When domestic firms
in the small region face a higher distribution of mobility costs, in relation to the case where both
regions have the same uniform distribution of moving costs, the tax rate applied to domestic firms
in region 2 and to foreign firms in region 1 decrease.

Under Stackelberg competition, the equilibrium tax rate on domestic firms in region 2 has
decreased by (6(1 —w))/(272) (|1.21] and [1.35]) while the equilibrium tax rate on foreign firms
in region 1 has decreased by (6(2 — w))/(2v2) ([1.22] and [1.36]). The equilibrium tax rates on
domestic firms in region 1 and foreign firms in region 2 do not change.

In all cases, when regions apply a discriminatory tax regime, if firms in the small region face a
higher distribution of mobility costs, then the small region reduces its equilibrium tax rate on its
domestic firms because it is able to maintain a significant part of its tax base within its borders.
The local government in region 1 has to reduce even more its equilibrium tax rate on foreign firms
because it has to incentivize them more, since on average their mobility costs have increased. As the
weight put on private surplus in the welfare function increases, the ratio of tax reduction of region
2 to region 1 can go up to 1:10. For example, if w = 0.90, under Nash-Cournot tax competition,
local government in region 2 reduces its tax rate on domestic firms by 4.7% of % while regional

government in region 1 reduces its tax rate on foreign firms by 52.4% of %. Under Stackelberg tax
competition, regional government in region 2 reduces its tax rate on domestic firms by 5.0% of ,%

while local government in region 1 reduces its tax rate by 55.0% of %.

Proposition 5. Results based on simulations show, if domestic firms of the small region face on
average higher costs of mobility in comparison to the large region’s firms, therﬂ

"Figure [1.6|is used to produce proposition 5.
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a. When both regions apply non-discriminatory tax policy, the small region always increases the
equilibrium tax rate tmposed in comparison to the case where moving costs are uniformly
distributed between 0 and 1 in both regions.

b. When both regions apply discriminatory tax policy, the tax rate on domestic firms in the large
region and the tax rate on foreign firms in the small region will not be affected, however, the
small region reduces slightly its tax rate on domestic firms while the large region reduces
significantly its tax rate on foreign firms in comparison to the case where moving costs are
uniformly distributed between 0 and 1 in both regions.

c. When both regions decide their tax rates a la Nash-Cournot, if the share of domestic firms
initially located in the large region is lower than 0.70, the large region prefers preferential tax
policy while the small one favours nmon-preferential tax policy. However, under Stackelberg
tax competition, both regions prefer non-preferential tax regime.

Figure 1.6: Welfare levels, preferential, [#, 1]-uniform distribution in region 2.
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The curves welfarel_np_np-N and welfare2_np_np-N show welfare levels when regions apply non-preferential tax
regimes and act simultaneously. The curves welfarel np_np-S and welfare2_np_np-S show welfare levels when
regions apply non-preferential tax regimes and act sequentially. The curves welfarel_p_p-N and welfare2_p_p-N
show welfare levels when regions apply preferential tax regimes and act simultaneously. The curves welfarel_p_p-S
and welfare2_p_p-S show welfare levels when regions apply preferential tax regimes and act sequentially. Also

N —1.5.
V2

1.5 Same non-uniform moving costs

In this section, I assume that regions have same but non-uniform distribution of moving costs. This
approach is divided into two cases: when regions are populated with mostly low moving cost firms;
and when regions are populated with mostly high moving cost firms. This section allows to reassess
one of the results from |Mongrain and Wilson| (2018) under more general assumptions; since, in this
model, regions are not identical and firms are heterogeneous. Further, it proposes a new result that
considers the case where regions are populated with mostly firms with high costs of mobility.
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When regions have mostly firms with low moving costs, I assume a density function of f(c) =
2(1 — ¢) with a corresponding distribution function of F(c) = 2¢ — ¢? over [0,1]. Observe in this
case, the average cost of mobility is u(c) = fol cf(c) =3 <3.

If both regions apply a non-preferential tax regime, suppose they decide their tax policy simul-
taneously as Nash-Cournot tax competitors, the reaction functions t;(t2) and t2(¢1) are derived
implicitly as follows

(1 — OJ) [1 + ’7%(751 - t2)2] - 2’}/1 [(2t1 — tg) - w(tl - tz)] + 2’}/%251 (tl - tz) =0 [137]
72N 2 2 2 _
(1 — w) "le1 + 2’}/1(t1 — 2t2) -7 (tl — tg) + 2’)/1t2(t1 — tg) =0. [1.38]

The equilibrium tax rates are found by solving simultaneously the system formed by equations
and . As shown in Figure in comparison to the case where moving costs have a
[0,1]-uniform distribution in both regions, the non-discriminatory equilibrium tax rates are lower.
Since firms can move more easily from one region another and by the force of competition, regions
are forced to impose lower tax rates. Regions receive lower welfare.

Figure 1.7: Welfare levels, non-preferential, low costs of mobility
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The curves t1_np_np-N-mostly low moving costs, t2_np_np-N-mostly low moving costs, welfarel_np_np-N-mostly
low moving costs, and welfare2_np_np-N-mostly low moving costs show non-preferential tax rates and welfare levels
when regions are populated with mostly low moving cost firms; and are involved in simultaneous tax competition.
The curves t1_np_np-N-uniform moving costs, t2_np_np-N-uniform moving costs, welfarel _np_np-N-uniform moving
costs and welfare2_np_np-N-uniform moving costs show non-preferential tax rates and welfare levels when moving
costs are distributed uniformly between 0 and 1; and regions are involved in simultaneous tax competition. Also

1= 1.5.
v2

If, regions apply a preferential tax regime, the reaction functions T4(72), 71(T%), T2(m1), and
T9(T'1) are defined implicitly as follows
(1 —w) [L+93(T1 — 72)?] =271 [(2Th — 72) — w(Th — 7)) + 20 Ti(Th — 72) =0 [1.39]

2(T2—27’1) —’}/2(T2—7'1)(T2—37'1) =0 [140]
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(1 -w) [1+73(Ts —7)?] =27 [(2Ts — 1) — w(T2 — 11)] + 293 To(Th — 71) = 0 [1.41]

2(Th — 2m9) — v (11 — m2)(Th — 3m2) = 0. [1.42]

The equilibrium tax rates are found by solving simultaneously the system created by equations
to . As shown in Figure , in both regions, the equilibrium tax rates on domestic firms
and the equilibrium tax rates on foreign firms are reduced in comparison to the case where firms
in both regions have [0, 1]-uniformly distributed moving costs. Both regions prefer to implement
preferential tax policy.

Proposition 6. Results from simulations show when asymmetric regions are populated mostly with
firms with low moving costs, they apply lower tax rates on domestic and foreign firms in comparison
to the case where firms in both regions have [0, 1]-uniformly distributed moving costs; and regions
prefer preferential tax policy.

This result is consistent with Mongrain and Wilson| (2018)). However, in this chapter, it is found
on more general assumptions. In Mongrain and Wilson (2018))’s paper, regions are identical and
firms are homogeneous. In this paper, regions are not identical and firms are heterogeneous across
regions. The interpretation is the same as in their paper: as the integration in the world economy
increases, the costs of mobility will be lower for all firms. According to this model, the use of
preferential tax policy will be a dominant strategy for national or regional tax authorities.

Figure 1.8: Welfare levels, preferential, low costs of mobility
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The curves T1_p_p-N-mostly low moving costs, 71_p_p-N-mostly low moving costs, T2_p_p-N-mostly low moving
costs, 72_p_p-N-mostly low moving costs, welfarel_p_p-N-mostly low moving costs, and welfare2_p_p-N-mostly low
moving costs show preferential tax rates and welfare levels when regions are populated with mostly low moving
cost firms; and involved in tax competition simultaneously. The curves T1_p_p-N-uniform moving costs, 71_p_p-
N-uniform moving costs, T2_p_p-N-uniform moving costs, 72_p_p-N-uniform moving costs, welfarel_p_p-N-uniform
moving costs, and welfare2_p_p-N-uniform moving costs show preferential tax rates and welfare levels when moving
costs are uniformly distributed between 0 and 1; and involved in tax competition simultaneously. The curves
welfarel_np_np-N-uniform moving costs, and welfare2_np_np-N-uniform moving costs show welfare levels when
regions apply non-preferential regimes; and involved in tax competition simultaneously. Also % = 1.5.

When regions have mostly high moving cost firms, I assume a density function of f(c) = :_Cl
and a corresponding distribution function of F'(c) = 660:11 over [0,1]. Note that, the average cost
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of mobility is pu = fol cf(c)de = L= > % If both regions apply non-preferential tax policy, the

e—1
reaction functions t1(t2) and t2(¢1) are derived implicitly as follows

(1—-w) (e - €Wl(t1_t2)) — etz — [1.43]
N

1-w)(e— 1):;2]\72 £ (1= pte)enti=ta) 1, [1.44]
14V1

When regions are populated with high mobility cost firms, in comparison to the case where the costs
of mobility are [0,1]-uniformly distributed, if both regions apply non-discriminatory tax policy, as
shown in Figure the equilibrium tax rates are higher in both regions. Knowing that domestic
firms can not easily shift to the other region, regional governments can tax them at a higher rate.

Figure 1.9: Welfare levels, non-preferential, high costs of mobility
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The curves t1_np_np-N-mostly high moving costs, t2_np_np-N-mostly high moving costs, welfarel_np_np-N-mostly
high moving costs, and welfare2_np_np-N-mostly high moving costs show non-preferential tax rates and welfare
levels when regions are populated with mostly high moving cost firms; and involved in tax competition simultane-
ously. The curves t1_np_np-N-uniform moving costs, t2_np_np-N-uniform moving costs, welfarel_np_np-N-uniform
moving costs and welfare2_np_np-N-uniform moving costs show non-preferential tax rates and welfare levels when
moving costs are distributed uniformly between 0 and 1; and involved in tax competition simultaneously. Also

= 1.5
2

If regions apply preferential tax policy, the reaction functions 71 (72), 71(T%), Ta(71), and 12(7'1)
are defined implicitly as follow

(1—w)e—(1—2w+yT)enTim2) =g [1.45]
(1 —ym)e 2= 1 =0 [1.46]
(1 —w)e— (1 — 2w+ yTh)e2 ™) = [1.47]
(1 —mm)eni—m) 1=, [1.48]

As shown in Figure the equilibrium tax rates on domestic firms and on foreign firms are
higher relative to the case of a [0,1]-uniformly distributed costs of mobility. In this case, the large
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region prefers a preferential tax regime for all levels of country asymmetry while the small region
always prefers non-preferential tax policy. In a world where all countries restrict capital outflows or
pull back from world economic integration, according to this model, it can be expected to observe
higher tax rates and large countries will prefer to implement discriminatory tax policy while small
countries will prefer to apply non-discriminatory tax policy.

Proposition 7. Analysis of simulation results suggest that when asymmetric regions are populated
mostly with firms with high costs of mobility, in comparison to the case where firms in both regions
have [0, 1]-uniformly distributed moving costs, the equilibrium tax rates applied are higher. The large
region always prefers a preferential tax regime while the small region always prefers non-preferential
tax regime.

Figure 1.10: Welfare levels, preferential, high costs of mobility
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The curves T1_p_p-N-mostly high moving costs, 71_p_p-N-mostly high moving costs, T2_p_p-N-mostly high moving
costs, T72_p_p-N-mostly high moving costs, welfarel_p_p-N-mostly high moving costs, and welfare2_p_p-N-mostly
high moving costs show preferential tax rates and welfare levels when regions are populated with mostly high
moving cost firms; and involved in tax competition simultaneously. The curves T1_p_p-N-uniform moving costs,
71_p_p-N-uniform moving costs, T2_p_p-N-uniform moving costs, 72_p_p-N-uniform moving costs, welfarel_p_p-
N-uniform moving costs, and welfare2_p_p-N-uniform moving costs show preferential tax rates and welfare levels
when moving costs are uniformly distributed between 0 and 1; and involved in tax competition simultaneously.
The curves welfarel_np_np-N-uniform moving costs, and welfare2_np_np-N-uniform moving costs show welfare levels
when regions apply non-preferential regimes; and involved in tax competition simultaneously. Also % = 1.5.

This result is new in comparison to |[Mongrain and Wilson| (2018]). It is an interesting case since
it can help understand countries’ tax setting as moving costs increase in all countries. Indeed, if
regions are pulling back from world economic integration, the costs of mobility will be higher in all
regions. As a result, it can be expected to see higher tax rates are imposed but also small regions
would want to ban preferential tax policies while large regions favour them.

1.6 Conclusion
This chapter analyses when it is optimal for countries or regions to apply non-preferential or

preferential tax policy. It extends Mongrain and Wilson (2018) to include sequential Stackelberg
tax competition while allowing firms to be heterogeneous across regions. It also considers the case

27



where firms in small regions face on average higher costs of mobility than large regions’ firms.
Under the assumption of non-uniformly distributed costs of mobility, this chapter finds additional
and more general results since regions are not identical and firms are heterogeneous.

Under the assumption of uniformly distributed costs of mobility between 0 and 1, the fact that
both regions implement non-preferential tax policy is welfare dominant, if regions involved in tax
competition act as Stackelberg tax competitors where the large one is a leader while the small one
is a follower. Indeed, in this case, both regions want to restrict the use of preferential tax policies
that have been called harmful tax practices by (OECD| (2017). If firms in the small region face on
average higher costs of mobility than the large region’s firms, under simultaneous Nash-Cournot
and sequential tax competition, the small region wants to implement a non-preferential tax regime
while the large region prefers to implement a preferential tax regime.

Under the assumption of non-uniformly distributed costs of mobility, if regions are populated
with mostly firms with low moving costs, regions impose lower tax rates on both domestic and
foreign firms and they both prefer to apply preferential tax policy. The expansion of world economic
integration creates an environment where firms can move more easily. According to this model,
more economic integration will give rise to lower tax rates imposed and regions or countries will not
want to restrict the use of preferential tax treatments. When regions are populated with mostly
firms with high costs of mobility, regions apply higher tax rates. In this case, small regions want
to implement non-preferential tax policy while large regions prefer preferential tax regimes. As
regions pull back from world economic integration, according to this model, it could be expected to
observe higher tax rates and small regions pushing for a ban of preferential tax policies while large
regions support them. This is an interesting case to investigate further, specially in the current
context of Brexit.
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1.8 Appendix

1.8.1 Structure of tax rates in case both regions apply non-preferential
regimes

Let Ny > Ny and 1 > 9. Assume that 1 < t5. In this case, in region 1, the total tax revenue and
private surplus are

RYP™(t1,t2) = t1y1 N1 + t1ya N2 F((t2 — t1)y2) = t171 N1 + t172Na(ta — t1)72
S?p’np(tl,tg) = (1 — tl)’YlNl-

In region 2, we have

RyP™P(ty,tg) = tayaNo [1 — F((ta — t1)72)] = t2y2Na[l — (ta — t1)72]
SyP"P(tr,ta) = (1 — ta)y2Na [L — F((t2 — t1)72)] + (1 — t1)72NaF ((t2 — t1)72)

(ta—t1)72
— Ny / cde.
0

In case regions involved in tax competition choose their equilibrium tax rate simultaneously (N) a
la Nash-Cournot model. The local government in region ¢ chooses the tax rate ¢; that maximizes
its welfare function Q""" = R (t;,¢;) + wS; PP (t;,t;) for i,j € {1,2}. The reaction functions
t1(t2) and t9(t;) are found to be as follows:

1 (1—w)nN

ti(t2) = St2 + T 15 [1.49]
ba(t) = U _7(;)82(1_2;2“). [1.50]
Thereafter, the resulting equilibrium tax rates are
£ = m (1 +(2- w)%) [1.51]
1 = 7(21(?:‘2) <2 +(1- miﬁl) . [1.52]

Now, suppose that regions involved in tax competition interact sequentially (S) as Stackelberg tax
competitors. The large region acts as a Stackelberg leader while the small one as a follower. The
resolution of the follower’s problem give rise to . By solving the leader’s problem while taking
into account the follower’s best response function, the sequential equilibrium tax rates are expressed
as

(1 -w) ( 71N1>

5 = 1+(2—w 1.53

i s ( )72N2 [1.53]
(1-w) (3—(,0 fle1>

5 = +(1-w . 1.54

2 272 2—w ( )’72N2 [1.54]
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We note that

1 —w) Y1 N1
0<tN—tN:( 1— <0
2 72(3—00)( ’Y2N2> 7

and

1-— 1 N
0<t§—tf<( w) -,
272 2—w 7Ny

which are contradictions since 0 < w < 1 and 712—]]\\;21 > 1. Indeed, in presence of asymmetric regions
such that N7 > Na, if before-tax profits are higher in the large region than in the small region,
i.e. (71 > 72), then the tax rate is higher in the large region than in the smaller one, i.e. t; > to.
Regardless that regions engaged in tax competition decide their tax policy simultaneously or act
sequentially as Stackelberg tax competitors.
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1.8.2 Tables of simulation results: preferential and non-preferential
regimes

Table 1.1: Figure[3] part I

np,np,N np,np,N np,np,N np,p,N np,p,N np,p,N np,p,N np,p,N
12} 2) QQ 2] T2 Q1 QQ

n To

0.55 0.44 0.36 26.88 0.34 0.57 0.17 3847  28.33
0.60 0.42 0.32 24.16 0.34 0.57 0.17  41.27  26.10
0.65 0.41 0.30 21.68 0.34 0.58 0.17  44.09  23.86
0.70 0.40 0.27 19.37 0.35 0.58 0.17  46.90 21.61
0.75 0.39 0.25 17.20 0.35 0.58 0.18 49.72  19.35
0.79 0.39 0.24 15.15 0.35 0.58 0.18 5255  17.08
0.84 0.38 0.22 13.20 0.36 0.58 0.18  55.38  14.80
0.89 0.37 0.21 11.33 0.36 0.58 0.18  58.21 12.51
0.94 0.37 0.20 9.53 0.36 0.58 0.18 61.04 10.21
0.99 0.36 0.18 7.79 0.36 0.58 0.18  63.88 7.91

v = 1.5, 79 = 1.0, N =50, Ny = 2nN, No =2(1 — n)N, w = 0.25.

Table 1.2: Figure[3] part 11

N N N N N N N N
w t7l’bp7np7 tgpvnpv Q;‘pvnpv t’ilpvp» T2np1p7 T;pvpy Q’Tpapy anpv

0.00 0.57 0.46 26.72 0.41 0.71 0.21  29.04 27.84
0.11 0.51 0.42 26.46 0.38 0.65 0.19 3297  27.84
0.22 0.45 0.37 26.72 0.35 0.59 0.17 3724  28.17
0.33 0.40 0.32 27.50 0.31 0.53 0.15 41.89  28.88
0.44 0.34 0.27 28.82 0.27 0.46 0.13  46.99  30.02
0.55 0.27 0.22 30.70 0.22 0.38 0.11 5259  31.64
0.66 0.21 0.17 33.18 0.18 0.30 0.09 5876  33.82
0.77 0.15 0.11 36.28 0.12 0.21 0.06 65.539  36.63
0.88 0.08 0.06 40.06 0.07 0.11 0.03 73.19  40.16
0.99 0.01 0.01 44.55 0.01 0.01 0.00  81.68  44.55

v = 1.5, 79 = 1.0, N =50, Ny = 2nN, Ny = 2(1 — n)N, n = 0.55.

33



Table 1.3: Figure[4] part I

) ’S ) 7S K )S k) 7S k) 7S ’. ’S 9. ’S ’. ’S
n tqu np t;p np Qgp np t?p p T2np p T;p P Q;Lp P Q;Lp P

0.55 0.66 0.47 38.20 048 0.64 0.24 40.29  35.78
0.60 0.64 0.43 3499  0.49 0.64 0.25 43.23 33.70
0.65 0.62 0.40 32.08  0.50 0.64 0.25 46.17  31.60
0.70 0.60 0.37 29.40  0.50 0.64 0.25 49.11 2948
0.75 0.59 0.35 26.92  0.51 0.65 0.25 52.06 27.34
0.79 0.57 0.33 2459  0.51 0.65 0.26  55.02  25.19
0.84 0.56 0.31 2240  0.52 0.65 0.26  57.98  23.02
0.89 0.55 0.30 20.31  0.52 0.65 0.26  60.95 20.84
0.94 0.54 0.28 18.31  0.53 0.65 0.26 6392 18.65
0.99 0.53 0.27 16.38  0.53 0.66 0.27  66.89  16.45

v =1.5, 7, = 1.0, N = 50, Ny = 2nN, Ny = 2(1 — n)N, w = 0.25.

Table 1.4: Figure[4] part II

I 7S k) 7S K ’S ). 9S ) IS ’. ’S J. ’S ’. 7S
W t?p np t;p np Qgp np t?p p Tznp P 7_2np p Q;Lp p Orep

0.00 0.85 0.61 45.45  0.62 0.81 0.31  32.67 41.58
0.11 0.77 0.55 41.77  0.56 0.74 0.28 35.72  38.60
0.22 0.68 0.48 38.86  0.50 0.66 0.25 39.25 36.29
0.33 0.60 0.42 36.75  0.44 0.58 0.22 4328 34.71
0.44 0.51 0.36 35.50  0.37 0.49 0.19 4788  33.95
0.55 0.42 0.29 35.17  0.30 0.40 0.15 53.11  34.05
0.66 0.32 0.22 35.82  0.23 0.31 0.12  59.02  35.10
0.77 0.22 0.15 37.53  0.16 0.22 0.08 65.69 37.16
0.88 0.12 0.08 40.41  0.08 0.12 0.04 7321 40.29
0.99 0.01 0.01 44.56  0.01 0.01 0.00 81.68 44.55

Y1 = 1.5, Y2 = 1.0, N = 50, N1 = QTLN, N2 = 2(1 - n)N, n = 0.55.

34



Table 1.5: Figure[5] part I

pnp,N  ,pnp,N np,np,N p,np, N pnp,N  ,pnp,N p,np,N p,np,N

n 1

0.55 0.44 0.36 43.35 0.40 0.13 0.27  40.00 23.21
0.60 0.42 0.32 45.47 0.40 0.13 026 42771  21.33
0.65 0.41 0.30 47.66 0.39 0.12 0.25 4540  19.50
0.70 0.40 0.27 49.90 0.39 0.12 0.23 48.08 17.71
0.75 0.39 0.25 52.18 0.38 0.11 022  50.74 1597
0.79 0.39 0.24 54.49 0.38 0.11 0.22 5340  14.27
0.84 0.38 0.22 96.83 0.37 0.10 0.21  56.04  12.60
0.89 0.37 0.21 99.19 0.37 0.10 0.20 58.68  10.96
0.94 0.37 0.20 61.57 0.37 0.10 0.19 61.31 9.35
0.99 0.36 0.18 63.97 0.36 0.09 0.18  63.93 7.76

v = 1.5, 79 = 1.0, N =50, Ny = 2nN, Ny = 2(1 —n)N, n = 0.55.

Table 1.6: Figure[5] part II

p,np,N p,np,N np,np,N p,np, N p,np,N p,np, N p,np, N p,np,N
(1 t5 0 T} T t5 QF Q5

W 1

0.00 0.57 0.46 39.60 0.50 0.17 034 3270  19.59
0.11 0.51 0.42 40.71 0.46 0.16 0.31  35.57  21.02
0.22 0.45 0.37 42.67 0.41 0.14 0.28 3897  22.70
0.33 0.40 0.32 45.49 0.37 0.12 0.25 4296  24.66
0.44 0.34 0.27 49.19 0.31 0.11 0.21 4757  26.93
0.55 0.27 0.22 53.79 0.26 0.09 0.17  52.84  29.55
0.66 0.21 0.17 59.31 0.20 0.07 0.13 5883  32.56
0.77 0.15 0.11 65.78 0.14 0.05 0.09  65.58  36.02
0.88 0.08 0.06 73.22 0.08 0.03 0.05 7318  39.99
0.99 0.01 0.01 81.68 0.01 0.00 0.00  81.68  44.55

Y1 = 1.5, Y2 = 1.0, N = 50, N1 = QTLN, N2 = 2(1 - n)N, n = 0.55.
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Table 1.7: Figure[6] part I

n t};,np,S tg,np,S Q?np,s Tlp,np,S T{),np,S tg,np,S Q?np,s Qg,np,s
0.89 0.53 0.27  46.23 0.52 0.01 0.27 60.72 18.77
0.94 0.53 0.27 48.34 0.53 0.04 0.27 6395 17.60
v =15, 7 = 1.0, N = 50, N; = 20N, Ny = 2(1 — n)N, n = 0.55.
Table 1.8: Figure[6] part I

W tyl;,np,S tg,np,S Qﬁ),np,s T{),np,s T{),np,S tg,np,s le;,np,s Qg,np,S
0.11 0.01 0.01 50.46 0.44 0.00 0.27 3241 20.87
0.88 0.01 0.01  49.30 0.52 0.00 0.21  63.27 59.11

Y1 = 1.5, Y2 = 1.0, N = 50, N1 = QRN, N2 = 2(1 - n)N, n = 0.55.
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1.8.3 Firms in the small region face on average higher cost of
mobility

Let N1 > Ny and 71 > 79. In case where regions apply non-discriminatory tax regimes, let ¢; be
the tax applied in region 1 and ¢ the tax rate applied in region 2. Assume t5 > t;. In this case, in
region 1, the total tax revenue and total private surplus expressions are

to —t -0
RP™(t1,t2) = t1i71N1 + t172No Fo((t2 — t1)72) = t171N1 + t172N2 <(211_)792>

S{Lp’np(tl, t2) = (1 — tl)'YlNl'

In region 2, the total tax revenue and total private surplus expressions are

np,n lo —1 _Q
RyP"(t1,t2) = t272 N2 (1 = Fy((t2 — t1)72)) = ta72N2 (1 - (211_”92>

Sy (t1,t2) = (1 —ta)y2Na (1 — Fa((t2 — t1)72)) + (1 — t1)v2NaFa((t2 — t1)72)

(t2—t1)y2
- Nz/ cfa(c)de
0
(ta—t1)y2— 0

B (t2 —t1)y2 — 0
= (1 —t2)72IN2 <1 — T 1-¢ )T (1 —t1)y2 N2 10

(t2—t1)y2 -
— N- dc.
) /9 e

In the case where regions involved in tax competition decide their tax rate simultaneously, the

equilibrium tax rates are

. (1-w) _Q(Q—w) B . Y1 N7
w )(1 T80 )72N2>

71N1>

1o
N === 2—-0+(1-6)(1 —w
: 0+1-00 -2
Hence, t) > IV if
JIN1
Y2 N2
Y2 N2 1—w
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Table 1.9: Non-preferential, Nash equilibrium, ([0,1],[0,1])-uniformly distributed moving
costs

| Uniform distribution ([0,1],{0,1]) | Uniform distribution ([0,1],[0 = 3,1])

np,np,N np,np,N np,np,N np,np,N ‘ np,np,N np,np,N np,np,N np,np,N
|t 7 Q ) t 5 Q Qy

n W

0.51 0.33 0.41 0.35 43.34 29.93 0.48 0.59 42.08 45.76
0.51 0.44 0.34 0.29 46.40 31.31 0.37 0.49 43.77 43.46
0.56 0.55 0.28 0.24 50.37 36.66 0.33 0.41 53.61 40.03
0.56 0.66 0.21 0.18 55.27 36.06 0.21 0.31 58.54 39.20
0.56 0.77 0.15 0.12 61.11 39.46 0.08 0.21 65.52 39.65
0.62 0.66 0.21 0.18 55.27 36.06 0.27 0.32 65.17 36.14
0.67 0.77 0.15 0.12 61.11 39.46 0.12 0.21 72.10 35.69
0.67 0.88 0.08 0.06 67.93 43.60 0.01 0.11 88.44 31.92
0.78 0.88 0.08 0.06 67.93 43.60 0.10 0.12 102.86 22.69

71:1-5;’}/2:1~07N:507N1:2nN7 N2:2(1—n)N,0.50<n<land0§w<1.

Table 1.10: Non-preferential, Stackelberg equilibrium, ([0,1],[6,1])-uniformly distributed
moving costs

| Uniform distribution ([0,1],[0,1]) | Uniform distribution ([0,1],[0 = 1,1])

np,np,S  np,np,S np,np,S np,np,S‘ np,np,S np,np,S np,np,S np,np,S
|t £ QF Qf t £ QF o

n w

0.51 0.33 0.62 0.45 45.67 39.57 0.64 0.66 43.21 54.17
0.51 0.44 0.52 0.38 48.06 38.28 0.47 0.53 44.27 48.18
0.56 0.55 0.43 0.31 51.46 38.00 0.40 0.44 53.86 42.83
0.56 0.66 0.33 0.24 55.90 38.81 0.24 0.31 58.60 40.29
0.56 0.77 0.23 0.16 61.40 40.77 0.09 0.20 65.52 39.88
0.62 0.66 0.33 0.24 55.90 38.81 0.31 0.33 65.26 37.51
0.67 0.77 0.23 0.16 61.40 40.77 0.20 0.22 78.95 32.30
0.67 0.88 0.12 0.09 68.01 43.97 0.01 0.11 88.44 31.93
0.78 0.88 0.12 0.09 68.01 43.97 0.11 0.12 102.86 22.78

v1 = 1.5, 72 = 1.0, N =50, N; = 2nN, N2:2(1—n)N,0.50<n<1and0§w<1.
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Chapter 2

Corporate Taxation and Expansion of
Intangible Capital Assets

Abstract

This paper uses an annual sector-level panel dataset composed of 12 sectors in 12 OECD countries
over the period 1995-2015, and adopts the neoclassical theory of investment to model the rate of
investment in physical and intangible capital. The data used come from the EU KLEMS database,
the Oxford University Centre for Business Taxation, and the Tax Foundation. The results show
that the rate of investment equations for physical and intangible capital are distinct. Corporate
tax incentives affect the rates of investment in both physical and intangible capital, but differently.
The higher rate of depreciation of intangible capital compared to physical capital seems likely to
explain the increasing ratio of investment in intangible to physical capital.
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2.1 Introduction

This empirical investigation begins with the observation that on average over 12 countries, using
country-level data, the ratio of gross real investment in intangible capital to gross real investment
in physical capital has been increasing (see Figure left panel). According to|van Ark and Jager
(2017) and Jager| (2017), in the EU KLEMS database investment in intangible capital consists
of real gross fixed capital formation in knowledge-based assets such as computer software and
databases, research and development, and other intellectual property products. Real investment in
physical capital is composed of expenditures on computing equipment, communications equipment,
transport equipment, other machinery and equipment, non-residential investment, and cultivated
assets. As shown in Figure (left panel), over the period 1995-2015 the ratio of intangible to
physical capital investment increased from 0.45 to 0.70. Moreover, this ratio reached 0.72 in 2010E]

At first glance, one may ask what might have caused this increase in the ratio of investment
in intangible to physical capital? One possible explanation is that it may be related to changes
in the corporate income tax rate. Since intangible assets are more mobile than physical capital
assets, it is possible for countries to increase their attractiveness as a destination of intangible
capital investment by lowering their corporate income tax rate. Two empirical studies have shown
the existence of a strong negative correlation between the location of intangible capital and the
evolution of the corporate income tax rate. In Dischinger and Riedel (2011)), the lower a subsidiary’s
corporate tax rate relative to those of other affiliates of the multinational group, the higher is its
level of intangible capital investment. Similarly, Karkinsky and Riedel (2012)) present evidence that
the corporate income tax rate exerts a negative effect on the number of patent applications filled
by a multinational affiliate.

This observation can immediately be placed within the literature on investment. After a review
of the literature on three salient theoretical models of investment behaviour, it is clear that the
literature has ignored intangible capital. Evidence has shown that businesses invest approximately
the same amount in intangible capital as in physical capital (Corrado et al., |2005] 2009 2013)E]
According to Whitwell et al.| (2007)), intangible capital assets are an important source of corporate
wealth and increase consistently shareholder value. Governments have shown increasing interest in
intangible capital assets (Hejazi, 2006]).

This study contributes to the literature by placing investment in intangible capital, alongside
physical capital, within the framework of the neoclassical model of investment behaviour. Two
estimating equations with the same functional form are derived, one for the rate of investment in
physical capital, and one for the rate of investment in intangible capital. To capture the effect
of intellectual property regimes (the so-called “patent box”), a dummy variable is included in the
equation for the rate of investment in intangible capital. The long-run elasticities are derived with
the help of an autoregressive distributed lag model in error-correction form.

The results show that the equations for the rate of investment in physical capital and the rate of
investment in intangible capital are two separate equations. While assuming that the equations for
investment rates in physical and intangible capital share the same functional form, the estimated

IThe increase in the ratio looks even larger when the ratio is computed by averaging over country-sector
pairs. It ranges from 0.5 to 1.25 over the period.

2These papers present a wider view of intangible capital. According to them, such assets are grouped in
three broad categories: computerized information that includes computer software and databases; innovative
property that is composed of R&D, design, mineral exploration, and financial innovation; and economic
competencies that combine advertising, marketing research, organisational capital, and training. For the
time being, the first two categories are taken into account in the national accounts.
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Figure 2.1: Ratios of investment in intangible to physical capital, and corporate income tax
rate: annual average, 1995-2015.

Intangible to physical capital investment Corporate income tax rate
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Notes: This figure gives, in the left panel, the trend of the ratio of intangible to physical capital
real gross investment. This graph is created with yearly-country panel data provided by the EU
KLEMS database. The right panel shows the evolution of the annual average of the statutory
corporate income tax rate. Corporate tax data come from the Oxford University Centre for
Business Taxation.

coefficients of these two equations are statistically distinct and do not share confidence interval
bands. Changes in the corporate income tax rate impact negatively the rates of investment in both
physical and intangible capital. The rate of depreciation of intangible capital is more than twice
as high as that of physical capital. This result can explain the behaviour of the data observed in
Figure (left panel). However, the long-run elasticity of capital with respect to the corporate
income tax rate is larger for physical than for intangible capital.

The remaining part of this paper is as organized follows. In section 2, some theoretical consid-
erations that guide the empirical modelling are presented. Section 3 presents the data. Section 4
deals with the empirical testing and estimation results. Section 5 provides a sensitivity analysis.
In section 6, I conclude.

2.2 Models of investment

In any study of investment behaviour, three well-known theoretical models are considered points of
departure: the flexible accelerator model, the neoclassical model of investment, and the securities-
value or Tobin’s ¢ model. Originating in the work of Samuelson| (1939), |(Chenery, (1952)), and Koyck
(1954)), the flexible accelerator model of investment behaviour is based on the flexible acceleration
principle, which hypothesizes that changes in investment are caused by changes in aggregate de-
mand. The neoclassical model of investment behaviour is based on the neoclassical theory of
optimal capital accumulation. Finally, the securities-value or Tobin’s ¢ model of investment be-
haviour, proposed by [Tobin| (1969) and Hayashi| (1982), assumes that changes in investment levels
are explained by changes in the valuations of physical capital assets relative to their replacement
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costs. This section provides a brief overview of these models of business investment behaviour and
discusses how they can be extended to incorporate intangible capital.

2.2.1 The flexible accelerator model

The flexible accelerator model of investment behaviour assumes that the economy’s desired level of
capital stock is proportional to the current level of output (Jorgenson, (1971} [Bischoff et al., 1971}
Bernanke et al., 1988 [Kopp, [2018). If capital is not homogeneous, then the economy’s desired
levels of both physical and intangible capital can be assumed to be proportional to the current
level of output; i.e., K¥ hyx — APMY; and K{"* = Y, where 4*" and 4™ are the physical and
intangible capital stocks per unit of output. Consequently, following Jorgenson and Siebert| (1968)),
investment equations can be specified as follows

N
I = 37 BIVAY, PP 4l 2.1]
s=0
. . N . . . .
Iznt — ot + Z ﬁéntAY;t—s + (5lntKZﬁt1 + uint) [22]
s=0

where I7 " and I/™ are the current levels of gross investment in physical and intangible capital;
N is the lag length; oP", o™t BE"™ and i for s = 0,...,N, are scalar parameters to be
estimated; A is the first-difference operator; 6" and ¢ are the rates of depreciation of physical
and intangible capital assets; and uf " and u™ are the disturbances. The problem of reverse
causality can be handled by omitting current-dated explanatory variables in and ; ie.,
by setting s = 1,..., N. In many empirical tests, the dependent variable is redefined as I;/K;_; to
avoid the issue of nonstationarity, as suggested by |Oliner et al. (1995) and Kopp| (2018)). If net
investment is modelled instead of gross investment, as in Bernanke et al.| (1988)), the investment
equations are similar to and , but without the K;_; terms.

On the basis of the flexible accelerator model of investment behaviour, the observed difference
in investment in physical and intangible capital, shown in Figure (left panel), can be explained
by differences in the values of depreciation rates and/or the other parameters in and .
Indeed, since the change in output variables are identical for both equations, under this theory
differences in the values of depreciation and/or the other parameters are the only remaining factors
that could justify the observed difference in investment in physical and intangible capital.

2.2.2 The neoclassical model of investment

According to the neoclassical theory of firm investment behaviour, if the production function com-
bines only two inputs, labour and capital, is Cobb-Douglas, and exhibits constant returns to scale,
then the economy’s desired capital stock is the level at which the marginal product of capital ser-
vices equals their rental price (Jorgenson, (1963, |1967, |1971; Bernanke et al., |1988; Bond and Xing},
2015)). Under the assumption that intangible capital is treated in the same manner as physical
capital, the economy’s desired physical and intangible capital stocks will be determined by the
level at which the marginal products of physical and intangible capital services equal their rental
prices; i.e., thy* = Cphy(Y}/cfhy) and Kj"* = ("™ (Y, /ci"t), where ¢(P" and ("™ are the elasticities

of output with respect to physical and intangible capital, Y; is the level of output, and cfhy and
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ci" are the user costs of physical and intangible capital services. Indeed, following Jorgenson and
Siebert| (1968)), investment equations can be specified as follows:

N
Y
I =ty BvA <> + MR 23]
s=0 t—s
. . N Yy o .
LM=a™4 )y BA < int> + MG+ ™ [2.4]
C
s=0 t—s

where I}’ " and I/™ are the current levels of gross investment in physical and intangible capital; N is

the lag length; aP™, o/, thy, and B for s = 0, ..., N, are scalar parameters to be estimated; A
is the first-difference operator; 6?" and §"" are the rates of depreciation of physical and intangible
capital assets; and u?™ and ui™ are the disturbances.

Following |Devereux and Griffith| (1999)) and Devereux and Griffith (2003)) and assuming that
new investment is financed by retained earningsﬂ the user costs of physical and intangible capital

can be written as

cphy — Ptphy (1 — A{f)hy)(rfhy + 6phy) _ 5phy [2 5]
‘ Pt (1—m) .
Cz‘nt — Ptznt (1 — Aint)(,r.gnt + 57,nt) o 5@'nt [2 6]
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where P? hy /pi and Pf™ /p, are the prices of physical and intangible capital investment goods relative

to the price of output, A} " and Ai"t are the net present values of current and future tax depreciation
allowances associated with one dollar of investment in physical and intangible capital in year ¢, r¥’ hy
and 7™ are the real discount rates of physical and intangible capital, 8P and 6" are the rates

of depreciation of physical and intangible capital assets, and 7; is the corporate income tax rateﬁ

3In the general definition of the user cost of capital, when the additional costs of raising external finances
are zero, according to|Devereux and Griffith (1999) and |Devereux and Griffith| (2003)) the user cost of capital
formula is the one shown in and . This is a reasonable approximation since, according to |[Fazzari
et al.| (1988)), financing through retained earnings is the primary source of finances in corporations. In fact,
they account for 71.1% of total sources of funds.

4Under similar assumptions, Bond and Xing| (2015)) and [Fatical (2018) proposed alternative measures of
the user cost of capital. In|[Bond and Xing| (2015)), the user cost of capital is expressed as

PE (1= A) (re +6)
P (1_%) (1—7) (1+7r)

Ct =

where P is the price of capital investment goods, P; is the price of output, and 7 is the price elasticity of
demand. According to [Fatical (2018)), the user cost of capital is

(1 - T\I/ij)

1—71

Cij = Py(r +9;) ;
where P;j; is the price of capital asset relative to the price of output and V¥;; is the replacement cost recovery of
capital (this variable is called the net present value of depreciation allowances in [Fatica (2018) but labelled
the replacement cost recovery of capital by the Tax Foundation). A comparison of these two formulas
indicates that the net present value of depreciation allowances is A = 7W. With regard to her definition of
the user cost, the tax component of the user cost of capital is expressed as (1 —7¥;;)/(1 — 7).
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Following Bond and Xing (2015), the expressions (1 — AP™)/(1 — ;) and (1 — Ai")/(1 — 7,) are
called the tax components of the user cost of physical and intangible capital. Again, the problem
of reverse causality can be handled by omitting current-dated explanatory variables from and
[2.4] (Bond and Xing, 2015; Koppl, [2018). The problem of nonstationarity can be handled by scaling
|| and by Kphy and K™ respectively (Oliner et al., [1995; [Kopp), 2018).

The neoclassmal model of investment behaviour offers many potential avenues of explanation
of the observed difference in investment in physical and intangible capital illustrated in Figure
(left panel). According to the definition of the user cost of capital, elements of the explanation lie
in the relative prices, the rates of depreciation, the discount rates, and/or changes in the corporate
income tax rate that affect differently investment in physical and intangible capital. Also, this
difference can be explained by distinct parameters in the rate of investment equations.

2.2.3 The securities-value or Tobin’s ¢ model

The securities-value or Tobin’s ¢ model assumes that the rate of investment, I;/K;_1, depends on
the Tobin ¢, which is the ratio of the firm’s market value of capital to its replacement cost (Tobin,
1969; [Hayashi, [1982; Bernanke et al.l [1988). [Peters and Taylor| (2017) extend the Tobin’s ¢ model
of investment to the case of firms that invest in both physical and intangible capital by introducing
the idea of total-q. Let Vj; be the value of firm ¢ at time ¢. Let the firm’s total capital stock be
defined as the sum of its physical and intangible capital stocks, i.e., K = Kﬁhy + KM, The
total-g is then defined as the ratio of the firm’s market value to its total stock of physical and
intangible capital. The first of prediction of Peters and Taylor’s (2017, 254) model is

physical and intangible capital share the same marginal ¢; marginal ¢ equals average
q; and the ratio of the firm value to its total capital stock is derived as

OV Vit OVt Vit Vit tot

OKP™ QKT 0K T KT gEw oy pcint = it -

Using the idea of the total-¢ model and following |Bernanke et al.| (1988), |Oliner et al.| (1995), and
Peters and Taylor| (2017), the rate of investment equations are as follows

Iphy

h
iy =" S A+l 27
s=0
int . N
= Z B aiy + i [2.8]
t—1 _

where N is the lag length; o™ o™, the g5, " and the Bt are scalar parameters to be estimated;
and ul " and ui™ are the disturbances.

On the basis of the securities-value or Tobin’s ¢ model, the observed difference in investment
in physical and intangible capital shown in Figure (left panel) can be explained by differences
in the parameters o?™, o/ gY hy, and 87", Indeed, as shown in and , since the total-q is
the same in both equations, under this theory, differences in investment in physical and intangible
capital are explained entirely by differences in the parameters.
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2.2.4 Empirical evidence

The theory of the flexible accelerator model of investment behaviour was tested by |[Jorgenson and
Siebert| (1968)). They compare the performance of both the accelerator and neoclassical models
of investment using firm-level data (a sample of 15 firms selected from the Fortune Directory of
the 500 largest U.S. industrial corporations for 1962) as well as aggregate U.S. data. They find
modest support for the neoclassical model of investment, but little support for the accelerator
model of investment behaviour. Using quarterly data for US manufacturing for the period 1948-
1960, |Jorgenson| (1963) and Jorgenson (1971) conclude that the neoclassical model of investment
behaviour provides the best explanation of firm and industry investment. Further, |Jorgenson
and Stephenson (1967) and lJorgenson and Stephenson| (1969) attest that this model provides a
highly satisfactory explanation of both actual and future business investment in comparison to the
accelerator model of investment behaviour.

Recently, with the help of the newly updated EU KLEMS databaseE] Bond and Xing (2015
test this theory using sector-level panel data for 14 OECD countries. They find that the ratios
of capital to output are strongly influenced by changes in corporate tax incentives. Fatical (2018)
uses a panel of 23 sectors in 10 OECD countries over the period 1984-2007 from the EU KLEMS
database to show that investment is significantly responsive to the tax-adjusted user cost of capital.
These elements of the recent literature on business investment have also implemented autoregressive
or simple distributed lag models and error correction models with logarithmic transformation of
the variables. Fatica’s model (2018) enriches the neoclassical conception of the determinants of
investment by analysing the short-run dynamics and the long-run equilibrium relationship between
capital and the user cost of capital. This model in error-correction form offers the possibility of
estimating the long-run elasticities of capital with respect to the user cost of capital or with respect
to the different components of the user cost of capitalﬁ

Using quarterly data for aggregate private business in the US over the period 1952-1992, (Oliner
et al.|(1995) conclude that an Euler-type investment equation does not outperform the accelerator,
the neoclassical, or the Tobin’s ¢ models of investment behaviour in terms of forecasting capacity.
When the Euler-type investment equation is updated with a time-to-build constraint, its perfor-
mance improves but remains worse than that of the traditional models of investment. Bernanke
et al.| (1988) allege there is modest support for investment models that add capacity utilization
variables such as output or sales, but little support for models that include user cost or g-variables.
Kopp (2018]), considering a log-log model where the dependent variable is the logarithm of non-
residential private fixed investment, shows that most of the changes in U.S. business investment can
be explained by changes in aggregate demand, which provides strong support for the accelerator
model of investment behaviour.

In the aftermath of the recent financial crisis, the slowdown of aggregate investment has led to
the emergence of the idea of a modified accelerator model of investment which consists of updating
the accelerator-style model with additional country variables (Rabanal and Lee, [2010; [Pinto and
Tevlin, 2014; Banerjee et al., [2015; |[Barkbu et al., 2015)). The aim of these models is to investigate
how much of the weakness in aggregate investment can be explained by weakness in output. The
evidence supports the argument that output, together with many other economic and financial
variables, can explain a large part of the observed slowdown in U.S. investment.

SEU KLEMS is a research project originally financed by the European Commission. It aims to produce
industry level data on output, capital, employment, and other intermediate inputs. EU KLEMS stands for
EU level analysis of capital (K), labour (L), energy (E), materials (M) and service (S) inputs.

6A review of the empirical approach in |[Bond and Xing (2015) and [Fatical (2018)) is given in the appendix

(section [2.8.2)).
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Peters and Taylor| (2017) tested their alternative Tobin’s ¢ model of investment behaviour based
on their idea of a total-¢ using a large sample of firm-level data from the Compustat database, as
well as aggregate data for the U.S. economy. They scale the investment levels in physical and
intangible capital by the total stock of capital (K} = Kﬁhy + K!) to construct the rates of
investment in physical and intangible capital. Each rate of investment is regressed on the total-q
variable. They conclude that, compared to physical capital, intangible capital adjusts more slowly
to changes in investment opportunities captured by the total-q. Their evidence suggests a reverse
pattern compared to the one shown in Figure (left panel).

2.2.5 Empirical strategy

The neoclassical model of investment behaviour offers a wide range of analytical elements to deepen
our understanding of the origin of the observed difference in investment in physical and intangible
capital. For this reason, this empirical investigation adopts the framework of the neoclassical model
of investment behaviour. As in Jorgenson and Siebert| (1968]), |Oliner et al.| (1995), Dwenger| (2014)),
and IMF| (2015), the dependent and independent variables in and are scaled by Klp ;L?i 1
or K ”}tt 1 (depending on the equation), for each country i and sector j. The estimating equations
are
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Note that the starting point of the lag index s is one. As discussed earlier, this approach is taken
to avoid having current-dated variables on the right-hand side of the rate of investment equations,
so as to control for the issue of endogeneity or reverse causality that might emerge when current-
dated variables are included on the right-hand side of the equation. The empirical setting controls
for time-invariant unobserved heterogeneity by integrating country-sector pair-specific fixed effects,
)\’-’ " and )\mt and year-specific fixed effects, w? Py and wi™. In addition, it includes country-sector

pair- spec1ﬁc time trends, j; "t and ,umtt Other parameters to be estimated are a”? and o™

Py and Bt for s = 1,2, and v. The disturbances are uf]hf and uiﬁ The lag length is fixed at

two The user costs of physical and intangible capital, cp Y and cﬁ?t, are as defined in and
24.

Five out of the twelve countries in the sample offer preferential tax concessions on profits
derived from intangible assets (the so-called “patent box”)ﬁ This is the case for France, Italy, the

"Based on the neoclassical theory of investment behaviour and using US aggregate data from 19491 to
19601V, |Jorgenson and Stephenson| (1967) found that investment expenditure lagged behind its determinants
by 6 to 12 quarters or from a year and half to three years on average. In this study the lag length is not
optimized, rather fixed at N = 2, following |Jorgenson and Stephenson| (1967). Note that Bond and Xing
(2015) and [Fatica) (2018) also opt for a lag length of 2.

®Information about the existence of intellectual property box regimes (the patent boxes) is taken from
Evers et al.| (2015) and |Alstadsaeter et al.| (2018). The most recent regimes were implemented in Italy and in
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Netherlands, Spain, and the United Kingdom. The existence of an intellectual property regime
(IPbox), by allowing profits derived from intellectual property assets to be taxed at a lower rate,
increases a territory’s attractiveness as a destination for intangible investment. Thus, it is expected
to increase the rate of investment in intangible capital. To capture the effect of this tax practice,
let pb;y be a dummy variable that takes the value 1 if an IPbox is in place in country 7 at time ¢,
and zero otherwise. This variable is included as an additional explanatory variable in the equation
for the rate of investment in intangible capital. In this study, 17.8% of the observations have an
intellectual property regime.

Equations and differ in several aspects. First, physical and intangible capital assets
have different prices, depreciate differently, and are impacted differently by tax policy. As a result,
they should have different enough trajectories of capital accumulation to make unique both rate
of investment equations. Further, if physical and intangible capital are equally productive and
have the same rate of depreciation, the introduction of the IPbox variable in the equation for the
rate of investment in intangible capital will be the only remaining factor that would differentiate
the equations. Finally, if both types of capital are equally productive but with distinct rates of
depreciation, the equations will be distinct even if some parameters are similar.

One may wonder whether presenting separate rate of investment equations does not neglect the
elasticity of substitution between physical and intangible capital assets. Although this is a legiti-
mate concern, according to [Fatica (2018)), this is the simplest way to accommodate different types
of capital goods in a single-level constant elasticity of substitution (CES) production function. In
the current empirical exercise, the Cobb-Douglas production function is sufficient and corresponds
well to the original idea of modelling the determinants of investment behaviour put forward by
Jorgenson| (1963). In addition, it is possible that the error terms of the equations for physical and
intangible capital are jointly distributed. This would give rise to a potential relationship between
the two equations. In fact, this possibility has been ignored in the literature. For example, [Fatica
(2018)) has set up four investment equations to investigate the relationship between capital and
the tax-adjusted user cost of capital for four different types of capital goods such as computing
equipment, communications equipment, transport equipment, and other machinery and equipment.
Each equation was estimated independently.

2.3 Data description

This empirical investigation is based on sector-level panel data on capital and output from the EU
KLEMS databaseﬂ corporate taxation information compiled by the Oxford University Centre for

the United Kingdom in 2015 and 2013 respectively. The respective rates are 13.95% and 10.00%. The least
recent regime was implemented in France in 2000. It applies a rate of 15.50%. The Netherlands offers the
most generous regime by allowing a tax rate of 5.00% to be applied to profits generated from intellectual
property assets. When an IPbox is in place in country ¢ at time ¢, it is considered to be in place in all sectors
7 in country 2.

9The data on capital and output come from the EU KLEMS database (July 2018 release). This version,
which covers the time period 1995-2015, conforms with the adoption of the new European System of National
Accounts 2010 (ESA 2010, which replaces ESA 1995). Under the new ESA 2010, the definition of gross fixed
capital formation has undergone some modifications, where those concerning intangible capital are worth
recalling. First, knowledge-based assets are now referred to as intellectual property products and include,
for the first time, expenditure on research and development. Second, computer software is combined with
databases to create another sub-group labelled computer software and databases. Finally, mineral exploration
and artistic originals form the sub-group of other intellectual property product (OIPP) (Jager] 2017, ivan
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Business Taxation]lV] and replacement cost values of capital calculated by the Tax Foundation[]

The sample contains information on twelve sectors in twelve OECD countries and covers the pe-
riod 1995-2015/"?| The resulting panel dataset is slightly unbalanced. Tables and provide
[summary statistics for the variables related to physical and intangible capital. Levels of investment|
land the capital stock are expressed in real terms. |

Table 2.1: Descriptive Statistics, variables related to physical capital.

Variables Obs. Mean  Std. Min Max

Rate of investment in physical capital 2,431  9.077 4.324 0.097 T71.741

Inverse of lag of physical capital stock,ﬁ 2,431  0.137  0.252 0.0006 3.621
t—1

Relative price of physical capital assets 2,431  0.995 0.258 -0.087 5.539

Tax component of the user cost of physical capital 2,431 1.104 0.054 -0.499 1.321

User cost of physical capital 2,431 0.065 0.018 0.008 0.350

Corporate income tax rate 2,431 0.289 0.054 0.150 0.450

A_Y

% 2,431 0.166 2.089 -48.213 50.922
t—1

NG

% 2,431  0.152 2.156 -53.460 53.545
t—1

Table 2.2: Descriptive Statistics, variables related to intangible capital.

Variables Obs. Mean Std. Min Max

Rate of investment in intangible capital 2,431 26.896 10.147 3.656 96.755

Inverse of lag of intangible capital stock, ﬁ 2,431 2.565 6.558 0.002 73.268

t—1

Relative price of intangible capital assets 2,431 0.982 0.273 0.266 4.772

Tax component of the user cost of intangible capital 2,431 1.088 0.054 1.013 1.309

User cost of intangible capital 2,431 0.074 0.026 0.017 0.457

Corporate income tax rate 2,431 0.289 0.054 0.150 0.450

A(F) oy

— 2,431 4.523  95.352 -974.394  2252.359
t—1

A7),

— 2,431 3.630 88.028 -894.524  1843.233
t—1

Intellectual property regime 2,431 0.178 0.382 0 1

|Ark and Jager, 2017).

UThe Oxford University Centre for Business Taxation is an independent research centre which aims to
promote effective policies for the taxation of corporations.

"The Tax Foundation is a leading independent tax policy non-profit located in the DC area in the United
States. Established in 1937, it aims to promote smarter tax policy at the federal, state, and global levels.

12The countries are Austria, Czech Republic, Denmark, Finland, France, Germany, Italy, the Netherlands,
Spain, Sweden, the United Kingdom, and the United States. Further information about the sectors can be

found in Table |T_ﬂ§| in the appendix @
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2.3.1 Gross investment rate

The rates of investment in physical and intangible capital are obtained, for each sector in each
country, by dividing the flow of investment in year ¢ by the stock of capital in year t — 1, both
in millions of US dollars measured in purchasing power parityl:z] The rates of investment are
transformed into percentages by multiplying them by 100. As shown in Tables and the
average rates of investment, over all sectors during the sample period 1995-2015, in physical and
intangible capital are found to be, respectively, 9.08% and 26.90%. Over the sample period, on
average, the rate of investment in intangible capital is almost three times higher than that in
physical capital (see Figure .

The maximum rate of investment in physical capital, 71.74% (seen in Table , is observed
in the United Kingdom in 2005 in the sector “basic metals and fabricated metal products, except
machinery and equipment.” In national currency, this sector increased its investment in other
machinery and equipment assets from £1,418.9 in 2004 to £19,645.4 million in 2005. Note that the
annual average of this sector’s investment in other machinery and equipment assets is £2,334.81
million. The maximum investment rate in intangible capital, 96.75% (seen in Table , is observed
in the United States in 1999 in the sector “mining and quarrying.” Indeed, this sector increased its
investment in research and development from $758.32 million US in 1998 to $3,895.29 million US
in 1999. Note that the annual average of this sector’s investment in research and development is
$1,114.83 million US. More information about the composition of physical and intangible investment
flows and stocks of capital is provided in the appendix

2.3.2 Relative price, corporate tax, and user cost

As seen in Figure (left-top panel), the average over all cross-sections of the relative price
of intangible capital increased by more than 15% during the 1995-2015 period, while the average
relative price of physical capital decreased slightly. The relative price of physical capital is obtained
by dividing the price index of physical capital goods by the price index of real value-added. The price
index of physical capital investment goods is the weighted average of the price indices of computing
equipment, communications equipment, transport equipment, other machinery and equipment,
non-residential buildings, and cultivated assets. The weight associated with each asset corresponds
to its share of total investment in physical capital.

The ratio of the price index of intangible capital investment goods to the price index of real
value-added determines the relative price of intangible capital. The price index of intangible capital
investment goods is the weighted average of the price indices of computer software and databases,
research and development, and other intellectual property products. The weights are the shares of
total investment in intangible capital of investment in each asset. All price indices equal 100.0 in
the base year of 2010, leading to the result that the relative prices of physical and intangible capital
are both equal to one in 2010. This observation explains the similarity of the two relative prices
around 2010. Further details on the construction of relative prices can be found in the appendix
2812

The corporate income tax rate, averaged over all countries, has decreased from 35% in 1995
to 25% in 2015 (Figure right panel). Many national tax authorities have implemented a
tremendous reduction in their corporate tax rates (Auerbach, 2007; Loretz, 2008). As seen in

13Purchasing power parity (PPP) measures the amount of national currency per US dollar. The value of
the purchasing power parity for the base year 2010 is used to convert the variables expressed in national
currency to US dollars. The PPP data are taken from |OECD| (2020c).

49



Figure 2.2: Rates of Investment in physical and intangible capital in percentage: annual
average across all sectors, 1995-2015.
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Notes: This figure provides a graphical illustration of the evolution of rates of investment in
physical and intangible capital. For each sector j in country ¢, the rate of investment is obtained
by dividing investment measured in millions of US dollars in purchasing power parity in year ¢ by
the stock of capital measured in millions of US dollars in purchasing power parity in year ¢ — 1,
multiplied by 100.

Tables and the minimum and the maximum corporate income tax rates are 15% and 45%.
Moreover, from 1995 to 2015 the Czech Republic, Germany, and the United Kingdom decreased
their corporate tax rates from 41% to 19%, 45% to 15%, and 33% to 21%, respectively[™] The
corporate tax rate is the same for all sectors within a country for a given year, but varies across
countries and/or time. Further information about the evolution of the corporate tax rates can be
found in the appendix 2.8.1.3

Over the entire sample, the average user cost of intangible capital of 0.074 is higher than the
average user of physical capital, which is 0.065. Also, the user cost of intangible capital remains
above the user cost of physical capital in every year of the sample period (Figure top-right
panel). It exhibits higher variability than the user cost of physical capital (Tables and . An
inverse pattern is observed when visualizing the tax component of the user cost of capital shown in
Figure (bottom-left panel). On average, the tax component of the user cost of intangible capital
(1.088) is lower than the tax component of physical capital (1.104). Over the sample period, the tax
components of the user cost of physical and intangible capital have decreased. The tax components
of the user cost of capital have decreased because the replacement cost values of physical and
intangible capital have increased. The tax component of the user cost is lower for intangible capital
in comparison to physical capital because the replacement cost for intangible capital is higher than
that for physical capital.

The evolution of the user costs of physical and intangible capital shows that, over the sample

4 The Oxford University Centre for Business Taxation database offers other corporate tax measures such
as the effective average tax rate and the effective marginal tax rate. This study uses the statutory corporate
income tax rate, which is positively correlated with the effective average and marginal tax rates. Note that
the corporate tax measures do not differentiate between physical and intangible capital.
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Figure 2.3: Relative prices, user cost, tax component of user cost, and the rate of deprecia-
tion: annual average, 1995-2015.
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Notes: This figure gives the evolution of the relative prices, the user costs, the tax components of
the user costs, and the rates of depreciation of physical and intangible capital. The relative price
of physical/intangible capital is the price index of physical/intangible capital assets divided by
the price index of gross value-added. The user costs of physical and intangible capital are defined
following Devereux and Griffith| (1999) and Devereux and Griffith| (2003). The tax components
of the user costs of physical and intangible capital are defined following Bond and Xing| (2015]).
The rates of depreciation are calculated with the help of data from the EU KLEMS database.

period, the user cost of intangible capital has remained higher than that of physical capital. This is
an observation that needs further investigation, since for two components of the user cost of capital,
i.e., the relative price and the tax component of the user cost, the values for intangible capital are
generally lower than for physical capital. Under the assumption of the same real discount rate
(5%)|E| for both physical and intangible capital, this difference is explained by the evolution of the
rates of depreciation of intangible and physical capital assets. Indeed, Figure (bottom-right
panel) shows that, over the sample period, the rate of depreciation of intangible capital remains
significantly higher than that of physical capitalE On average, it is more than twice the rate of de-
preciation of physical capital. The useful life of each type of capital (physical and intangible) affects
the calculation of the rates of depreciation. Indeed, intangible capital is depreciated throughout a
useful life of two to ten years. However, physical capital assets are depreciated throughout a useful
life of twenty to fifty years for non-residential buildings and seven to twenty years for machinery

19Clark and Sichel (1993) used a constant discount rate of 5%. A discount rate of 5% is an appropriate
benchmark, according to . It is acknowledged that (2018)) used a floating discount rate
which is a weighted average of the cost of equity and the cost of debt. Bond and Xing| (2015) allow it to vary
across time, but avoid the problem of measurement by letting this component of the user cost of capital to
be captured by fixed effects and time trends.

16The depreciation rates in the EU KLEMS database are calculated from a geometric pattern and vary
by asset, but are held constant over time and across countries. The idea of estimating implicit depreciation
rates from capital stock data was rejected. Although an implicit depreciation rate would align well with the
evolution of national statistics, it happens that these estimates are sometimes very volatile and even negative
(O’Mahony and Timmer), [2009).
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Table 2.3: Serial correlation tests, investment rate equations.

Physical Intangible

Serial correlation tests Statistic p-value Statistic p-value
IS( ) 42.25 0.001 39.18 0.002

IS(2) 68.33 0.000 64.48 0.001
IS (all) 142.40  0.720  141.10  0.746
Q(1) 9.78 0.002 29.70 0.000
Q(2) 11.35 0.003 30.15 0.000
LM(1) 3.15 0.002 5.45 0.000
LM(2) 0.39 0.700 2.89 0.004

Notes: Physical: equation . Intangible: equation [2.10].

and equipment (Devereux and Bilicka; 2017)).

2.4 Empirical results

This section begins with some diagnostic testing and continues with the analysis of the regression
results. Serial correlation can bias standard errors and give rise to less efficient estimates, so it is
important to identify its existence and correctly account for it. The IS test proposed by [Inoue and
Solon| (2006) and the Q and LM tests proposed by |Born and Breitung| (2016) are used to detect
serial correlation in this fixed effects panel data regression model (equations and [2.10]). The
IS(1), Q(1) and LM(1) test results, shown in Table indicate that the null hypothesis of no
serial correlation of order 1 is strongly rejected for the physical and intangible capital equations.
Regarding second-order autocorrelation, based on IS(2) and Q(2), the null hypothesis is strongly
rejected for both equations. However, the LM(2) test fails to reject the null hypothesis for the
rate of investment in physical capital equation, but rejects the null for the rate of investment in
intangible capital equation. Finally, the IS(all) test indicates that the null hypothesis of no serial
autocorrelation of any order is not rejected.

Thus the IS(1), Q(1), and LM(1) tests confirm the presence of first-order serial correlation.
Even though the IS(all) test does not reject the null hypothesis of no serial correlation of any order,
it is acceptable to assume the presence of first-order autocorrelation since the IS(all) test is a less
powerful test, according to [Wursten! (2018). Further, almost all the tests reject the null hypothesis
of no second-order serial correlation at the 1% level of significance. As a result, standard errors
that are adjusted to account for serial correlation are used[!"]

In addition, common unobservable factors or patterns might affect the cross-sectional units, in
this case, the country-sector pairs. A convincing example of such a factor is the 2007 financial crisis.

Wursten| (2018) creates the Stata codes to implement the IS, Q and LM tests. Further, the Wooldridge
test, implemented in Stata by [Drukker| (2003]) and appropriate to detect the first-order autocorrelation in the
one-way panel data regression model, rejects at the 5% level of significance the null hypothesis of no first-
order autocorrelation for the rate of investment in physical capital (F(1,142)=4.335 and p-value=0.0391).
For the rate of investment in intangible capital equation, with an F statistic of F(1,142)=31.899 and p-value
0.000, the null hypothesis that there is no first-order autocorrelation is strongly rejected.
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Such common factors will make the residuals cross-sectionally dependent and invalidate statistical
inference. Since the model contains common time effects and the number of cross-sections is large
relative to the number of periods, according to Hoyos and Sarafidis (2006]) the Frees test (Frees,
1995, 2004)) is the appropriate test. For T' < 30, the critical values at the 10%, 5%, and 1% levels of
significance are 0.2136, 0.2838, and 0.4252, respectively. Since the values of Frees’ statistic for the
rate of investment equations in physical and intangible capital are respectively 5.998 and 5.149, at
the 1% level of significance, under this test, the null of hypothesis of cross-sectional independence
is strongly rejected. Indeed, Frees’ test confirms the presence of cross-sectional correlation.

Given the presence of autocorrelation and cross-sectional dependence, statistical inference will
be made with the help of Driscoll and Kraay| (1998) standard errors. [Hoechle (2006)) suggests that
these standard errors are well calibrated when cross-sectional correlations are present.

Tablepresents the estimation results for equations and . For the rate of investment
in physical capital, the estimates are strongly significant with the expected signs. These results can
be compared to those of Bond and Xing| (2015) and Fatica (2018) for total capital (see appendix
2.8.2). For the rate of investment in intangible capital equation, the estimate associated with the
inverse of the lagged stock of intangible capital is significant at the 1% level of significance. The
coeflicient estimates for the variables A (cmt) i/ K™ and A (cmt) o/ K™, are significant at the
10% and 5% levels of significance, respectively. Note that the intellectual property box variable
does not have a significant coefficient. All estimates except the one associated with the intellectual
property box have the correct signs.

These results confirm a negative relationship between the rates of investment and the user
cost for both physical and intangible capital. Indeed, lower values of the user cost of physical
and intangible capital induce higher values of A (cphy)z] s / thf ; and A (C”lt)lj7 s /K fﬁ_l, for

s = 1,2. Therefore, higher rates of investment in both physical and intangible capital will occur.

The regression results show different estimated coefficients for the two types of capital. It is
important to investigate whether this result is due to chance or to idiosyncratic characteristics of the
rate of investment equations for physical and intangible capital. Dufour and Torres| (1998)) propose
a confidence intervals intersection test which helps answer this question. Let 6; be an estimate of
0;. The lower and upper confidence limits of 6; are 0, = 0; — c; (v, ) and 07 = 0; + civ (i, @),
where y; is the sample and 1 — «; is the confidence coefficient. Usually, but not always, we have
cir(Yi, i) = ciu(Yi, i) = ta, 2 op, - Therefore, the confidence intervals are written as

Suppose we compare m models. Consider the null hypothesis

Ho: 01 =0="-=0p,

where 6; is the parameter in model 4. At the o = > | a; level of significance, the null hypothesis
is rejected if and only if

)ék —éj)
max > 1, forj, ke{l,2,--- ,m}.
cju(Yj, ) + cxr Yk, ax)

In this case, there are two models (m = 2) and the following null hypotheses are tested:

. hy __ _int phy int
Hlo . ap Y= « ) ﬁ 1 >
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Table 2.4: Regression results, rate of investment equations in physi-
cal and intangible capital.

Rate of investment Physical capital Intangible capital
Ki 14.821*** 1.044**
(4.062) (0.151)
AF), 0.200%+* 0.0044"
Ky ’ ’
(0.042) (0.0022)
Ar).y 0.129° 0.0072*
Ky ’ '
(0.045) (0.0026)
Intellectual property box -0.377
(0.950)
Constant 8.258*** 24.662**
(0.581) (0.848)
Country-sector fixed-effects Yes Yes
Country-sector trends Yes Yes
Time trends Yes Yes
F statistic 278.5 22449
Number of groups 143 143
Observations 2431 2431
R? 0.3988 0.3288

Notes: The letter n € {phy, int} represents the type of capital (physical or in-
tangible). Driscoll and Kraay standard errors are in parentheses, * p < 0.10, **
p < 0.05, *** p < 0.01. The coefficients of 1/K]* ; have been scaled by 1000. The
estimated constants show the rates of depreciation and have been multiplied by
100.
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Table 2.5: Confidence intervals intersection test of |Dufour and Torres| (1998))

|Coefphy—Coefim|

to.59 0PRY+t 5 59 -0int
3 P

Estimate  Coef. Phy. t%% -oPM  Coef. Intan. tz.Two - gPhy

o 14.821 9.448 1.044 0.350 1.406
51 0.200 0.098 0.004 0.005 1.891
Bo 0.129 0.104 0.007 0.006 1.110
Constant 8.258 1.351 24.662 1.972 4.935

Notes: The constant is the estimated rate of depreciation multiplied by 100. We note that the values of
8.258 for physical capital and 24.662 for intangible capital are close to average rates of depreciation for
physical (10.4) and intangible (23.6) capital used in the calculation of the user cost of capital.

Hs, : ghy = Bt and  Hy, : Constant’™ = Constant™®.

The test is done for the first three estimated parameters and the constant terms in each investment
equation (Table. As shown in the fifth column of Table at the g + o = 2.5%+2.5% = 5%
level of significance, the null hypotheses are rejected, since all the values in this column are larger
than one. Consequently, the rate of investment in physical capital and the rate of investment in
intangible capital are explained by two separate equations. Thus, they will respond differently to
changes in the same factor, such as the corporate income tax rate, for example. Besides the fact
that the fixed effects may differ, the confidence intervals intersection test reinforces the differences
between and by showing that the parameters are also statistically different.

The empirical results confirm, keeping everything else fixed, that changes in the corporate
income tax rate impact negatively the rates of investment in both physical and intangible capital.
This result is consistent with the conclusions of Hall and Jorgenson (1967)), Bond and Xing (2015)),
and |Fatica] (2018]) under the assumption of a homogeneous type of capital asset, physical capital.
When the corporate income tax rate decreases, the user costs of both physical and intangible capital
are reduced, causing the rates of investment in both physical and intangible capital to increase.
Changes in corporate tax policy thus create incentives that affect investment in both physical and
intangible capital.

However, the response time of the rate of investment to changes in corporate tax policy differs,
everything else remaining unchanged, between physical and intangible capital. Indeed, in this
setting, the response of rate of investment in physical capital is stronger in the first period than in
the second period. Inversely, in the case of intangible capital, the response of the rate of investment
is weaker in the first period but becomes stronger in the second period. Furthermore, the estimate
capturing the impact of the implementation of an intellectual property regime is not significant.
This evidence suggests that the existence of a patent box does not have a positive impact on the
rate of investment in intangible capital in this dataset.

The coeflicient estimates shown in Table imply the following two equations for predicted
gross investment in physical and intangible capital, [2.11] and [2.12]:

. Y Y
h h
iy = 148+ 0.2A <Cphy> + 0134 (Cphy> + 83KV [2.11)
ij,t—1 17,t—2
j—int _ A Y A Y b Kint
SEo= 0 L04 4 0.0044A o 0.0072A ( —— L 0.38pby + 247Kt | [2.12]
1,t— 17,t—
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Evaluated at sample means, the terms 0.2A (Y/cphy)ijti1 and 0.13A (Y/cphy)ijti2 in equation
2.11], and 0.0044A (Y/cmt) ITIRY 0.0072A (Y/cmt)z.j’t_y and —0.38pb;; in equation |\ are small

i
close to zero). As a result we can write:

P~ 148+ 83K | and I~ 1.04 4 247K ).

Thus the model of investment formed by equations and gives a central role to the rates
of depreciation in explaining the increasing ratio of investment in intangible to physical capital.
Under this model, the higher rate of depreciation of intangible relative to physical capital explains
the increasing ratio of investment in intangible to physical capital. Nonetheless, it should be
noted that the estimated constant terms in equations and may reflect other elements
in addition to the estimated depreciation rates. Therefore, this is a result that should be treated
with caution; although the estimated constant terms are very close to the physical and intangible
capital depreciation rates obtained from the data.

2.5 Sensitivity analysis

This section puts the emphasis on some sensitivity analysis. In the first part, the same model
formed by and [2.10] is re-estimated while some features of the dataset are modified. Later,
an alternative empirical model in error-correction form based on |Fatica (2018) is tested.

2.5.1 Changes in the dataset

First, the structure of the dataset is modified to create a balanced panel dataset of twelve sectors in
twelve countries that covers the period 2000-2014. Second, the alternative formulas for the user cost
of capital proposed by Bond and Xing| (2015) and |Fatica, (2018]) are used. Finally, the weighting
scheme used in the construction of the price indices, the rates of depreciation, and the replacement
cost recovery value of capital is changed. Instead of using the share of each asset in total investment
as its weight, a simple average approach is used.

First, Table in columns 1 and 2, shows the regression results of the model of and
estimated using a balanced panel dataset (period 2000-2014). The estimates are equally
statistically significant, but larger in magnitude than the ones shown in Table 2.4 The results
keep their qualitative and quantitative interpretations, such as: the rate of investment equations
in physical and intangible capital are two separate equations, changes in corporate tax incentives
affect the rates of investment in both physical and intangible capital, and the response of the rate
of investment in physical capital is stronger in the first period while this response is weaker in the
first period for intangible capital.

Second, the user cost of capital formula proposed by Bond and Xing (2015) is tried (Table
in columns 3 and 4). The estimates are equally significant. While almost identical estimated
coefficients are found for the variable 1/ K" ;| for n € {phy, int}, and for the constants, the estimates
associated with A (an)ti1 /K] and A (an)ti2 /K] | are significantly larger than the ones shown
in Table Indeed, they increase by a factor of 3 for physical capital and a factor of almost 4
for intangible capital. Qualitatively, the estimates have similar interpretations. Furthermore, the
user cost of capital formula proposed by [Fatical (2018]) is used (Table in columns 5 and 6).
The results are almost identical to the ones found with the user cost formula of |Bond and Xing
(2015) (Table in columns 3 and 4). There is a small increase in the estimates associated with
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the variables A (CXH)F1 /K] | and A (an)ti2 /K] { when n = phy. Again, the estimates keep their
qualitative interpretations.

Finally, instead of using a weighted average, where the weights are the shares of total investment,
to construct the price indices, the rates of depreciation, and replacement cost recovery values
for physical and intangible capital, a simple average is used. This new weighting scheme keeps
unchanged the results for physical capital (Table in columns 7 and 8) in comparison to the
ones shown in Table For intangible capital, while the estimates keep their respective signs,
the magnitude of the coefficients associated with A (C%)t_l /K] and A (an)t_2 JK} | for n = int
change considerably. These estimates are not significant and are lower in magnitude in comparison
to the results shown in Table for intangible capital. These results suggest that the use of
a simple average is less appropriate to derive the price indices of investment goods, the rates of
depreciation and the replacement cost recovery of capital.
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Table 2.6: Other regression results: restricted balanced panel dataset, other user cost formulas, and other weighting
scheme: model of investment formed by and [2.10].

Balanced panel New user cost, BX New user cost, Fatica New weighting scheme
Rate of investment Physical Intangible Physical Intangible Physical Intangible Physical Intangible
K,ll - 22.737T**¥*  1.060%** 14.474%%*  1,052%%* 14.474%%*  1,052%%* 14.483%**  1.008***
™
(5.472) (0.164) (3.190) (0.156) (3.190) (0.156) (3.635) (0.127)
Al
(I;n_)f_l 0.216*%**  0.0042* 0.592*%**  (.020** 0.622%F*%  0.021** 0.205*%*%*  0.0025
(0.052) (0.0021) (0.175) (0.0087) (0.183) (0.0092) (0.044) (0.0015)
A(X
(12771)1“2 0.199* 0.0073** 0.433* 0.028*** 0.454* 0.029%** 0.140** 0.0032
(0.101) (0.0025) (0.217) (0.0068) (0.227) (0.0071) (0.064) (0.0019)
Intellectual property box -1.014 -0.335 -0.335 -0.388
(1.490) (0.953) (0.953) (0.970)
Constant 7.693%F*  23.628%F* 8.279%**  24.652%** 8.279***  24.652%** 8.227F** 24 627H*F*
(0.706) (.492) (0.501) (0.876) (0.501 (0.876) (0.540) (0.732)
Country-sector fixed-effects  Yes Yes Yes Yes Yes Yes Yes Yes
Country-sector trends Yes Yes Yes Yes Yes Yes Yes Yes
Time trends Yes Yes Yes Yes Yes Yes Yes Yes
F statistic 1144.9 48.5 3408.7 329.5 3408 329.5 4659.3 4704.44
Number of groups 143 143 143 143 143 143 143 143
Observations 2109 2109 2431 2431 2431 2431 2431 2431
R? 0.3945 0.3460 0.3948 0.3298 0.3948 0.3298 0.3917 0.3203

Notes: Driscoll and Kraay standard errors in parentheses, * p < 0.10, ** p < 0.05, *** p < 0.01, n € {phy, int}. The estimation method is the fixed effects regression.



2.5.2 Alternative model in error-correction form

The investment model in the form of equations and is usually estimated to forecast
the level of investment. However, this model has an important drawback in that it does not allow
estimation of the long-run impact of changes in the user cost of capital. Following [Fatical (2018)),
this drawback can be overcome by estimating an error-correction model of the level of the capital
stock.

Let n be the type of capital, which can be physical or intangible; i.e., n € {phy, int}. Recall
that under the neoclassical model of investment, we have K% = ("(Yj;+/c}; ;). Using a logarithmic
transformation, this expression can be written as

it = 2" yige = i 2.13]

where k7%, 2", yije, and 07, represent the logs of the desired level of the stock of capital, the
elasticity of output with respect to capital, the output level, and the user cost of capital. Following
Caballero et al.| (1995]), in any period the observed level of the stock of capital deviates from its
desired level, such that we have k}njt = k‘f]*t + €5+ The term e;;; represents deviations between
the desired and actual capital stock at the sector level. Following Fatica (2018), if we opt for
an autoregressive distributed lag model of length 2, ADL(2,2), the estimating equation in error-

correction form becomes

Akl =" + oAk, + T Ay + 75 Ayij a1 + Ty AG
+ m AT+ " (Ko — Yije—2) + 0", o] +uiy,, [2.14]

where the parameter 8" is the long-run elasticity of capital with respect to the user cost of cap-
ital; " is the speed of adjustment; and o”, w{f, 7{', 7y, 7%, and ) are other parameters to be
estimated. Further details about the derivation of equation can be found in appendix m
Given the estimate 8™ and the sample data, the long-run elasticities of capital with respect to the
tax component of the user cost of capital, the relative price, and the corporate income tax rate,
respectively denoted £1, €2, and €3, can be calculated as follows:

B = AP +6")

&1t = én . s
' prcp(1—7)
g9 = én,
oy — g TPA= BT + ")

prep (1 — )2

where A} = 7. BJ".

As in |Fatical (2018)), we estimate a dynamic fixed effects error-correction model (DFE model)
in which the short-run and long-run coefficients are restricted to be identical across all country-
sector pairs as explained in Blackburne and Frank (2007). The estimation results for the model
formed by equation are presented in Table The estimates for the speed of adjustment
of physical and intangible capital (¢P™ = —0.045 and ™ = —0.055) are strongly significant with
the expected signs. Indeed, if the stocks of physical and intangible capital in period ¢ are higher
than their desired levels, then they are expected to be lower than their desired levels in period ¢+1.
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Hence, the speeds of adjustment are negative. Note that intangible capital adjusts to its desired
level faster than does physical capital. This could perhaps explain, among other things, higher
growth of investment in intangible capital relative to physical capital.

The long-run elasticity of capital with respect to its user cost is 8P = —1.414 for physical
capital, and #" = —0.660 for intangible capital. These elasticities are strongly significant with
the correct signs. We note that physical capital responds more strongly to changes in its own user
cost in comparison to intangible capital. The long-run elasticity of physical capital with respect to
its user cost is almost 2.14 times larger than the one for intangible capital. Indeed, a 1% decrease
in the user cost of physical capital causes the stock of physical capital to increase by 1.41% in the
long-run. However, the same percentage change in the user cost of intangible capital induces the
stock of intangible capital to increase by only 0.66%. Intangible capital does not react as quickly
to changes in the user cost of capital in comparison to physical capital. Note that, as shown in
section 5.2, the long-run elasticity with respect to the user cost is the same as the one with respect
to the relative price.

The model formed by and and the alternative specification in error-correction form
are not directly comparable. It is possible, however, to make some comparisons. For example,
the negative relationship between capital and the user cost of capital expressed in the alternative
model (equation [2.14]) is also present in the initial model (equations and [2.10]). The estimated
coefficient involving the stock of capital is positive in both models. It is also possible to compare
the results of the error-correction model for physical capital with those of Fatica (2018) for total
capital. In both cases, the estimated coefficients have the correct signs and are equally significant.
The alternative specification model gives larger coefficients in magnitude compared to Fatical (2018)).
We recall that Fatica (2018) used a different sample period (1984-2007) and worked with 23 sectors
constituting the whole market economy in 10 OECD countries (see appendix . The speed of
adjustment of -0.045 for physical capital is higher in absolute value than that obtained by [Fatica,
(2018)) for total capital (-0.029). The long-run elasticity of capital with respect to the cost of capital
is -0.729 in |Fatica (2018), but -1.414 in this study.

To compute the long-run elasticities that are not directly estimated, i.e., the long-run elasticities
of capital with respect to the tax component of the user cost of capital and with respect to the
corporate income tax rate, we use the average marginal effect. These long-run elasticities are shown
in Table The long-run elasticities by country are averaged over all sectors and years within
each country. Overall, the long-run elasticity of capital with respect to the tax component of the
user cost of capital is higher for physical than for intangible capital, except in Italy. Overall, a
1% decrease in the tax component of the user cost of physical capital causes the stock of physical
capital to increase by 3.63%. However, the stock of intangible capital increases by 2.79% as the
tax component of the user cost of intangible capital decreases by 1%. The long-run elasticity of
physical capital with respect to the tax component of the user cost of physical capital is above the
overall average in the Czech Republic, Finland, Germany, the Netherlands, and Sweden. The long-
run elasticity of intangible capital with respect to the tax component of its user cost is above the
overall average in the Czech Republic, Denmark, France, Germany, Italy, Sweden, and the United
Kingdom. Countries that have relatively higher ratios of investment in intangible to physical capital
have an above average overall elasticity of intangible capital with respect to the tax component of
its user cost, for example Denmark, Finland, France, and Sweden (Figure . The overall and
within country elasticities are statistically different from zero at the 1% level of significance.

Overall, the long-run elasticities of physical and intangible capital with respect to the corporate
income tax rate are respectively -0.49 and -0.31. Thus, changes in the corporate income tax rate
induce a higher impact on physical capital accumulation than on intangible capital. Indeed, a
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1% decrease in the corporate income tax rate causes physical and intangible capital to increase
by 0.49% and 0.31%, respectively. The long-run elasticity of physical capital with respect to the
corporate income tax rate is above the overall average in Austria, France, Italy, Spain, the United
Kingdom, and the United States. The long-run elasticity of intangible capital with respect to the
corporate income tax is above the overall average in the Czech Republic, the Netherlands, Spain,
and the United States. At the 1% level of significance, the overall and within country long-run
elasticities of capital with respect to the corporate income tax rate are statistically different from
Z€ro.

Finally, before concluding the analysis, it is worth estimating the long-run change in the capital
stock based on |Chirinko et al.| (1999) and Wen et al. (2020). Recall that 9" = in(c¢"). Thus, the
corporate income tax semi-elasticity of capital (CSE) is given by the formulaﬂ

n

— 0
E" = —fn % —.
cs s

Thus, the long-run change in the capital stock is obtained as follows

AK™

Ton ~ 100« CSE™ x AT.

During the period under study (1995-2015), the average corporate income tax rate decreased by 10
percentage points, from 35% to 25%. Thus, A7 = —0.10. This 10 percentage point decrease in the
average corporate income tax rate led to a predicted long-run rise in physical capital of about 16.4%
(100*(-1.636)*(-0.10)). As for intangible capital, a predicted long-run rise of about 10.1% (100*(-
1.009)*(-0.10)) is expected when the average corporate income tax rate decreases by 10 percentage
points. In summary, the long-run change in the capital stock is expected to be higher for physical
capital than for intangible capital as a result of a same reduction in the corporate income tax rate.

The analysis of the estimation results of the investment model of equations and and
that of the alternative specification in error-correction form leads to the conclusion that the
rate of depreciation is the convincing element which explains the increasing ratio of investment
in intangible to physical capital. The higher rate of depreciation of intangible relative to physical
capital explains why investment in intangible capital has been increasing faster than investment in
physical capital.

So far this difference in depreciation rates seems to offer the best explanation for the increasing
ratio of investment in intangible to physical capital. But if this was the only explanatory element,
one would not observe an increasing ratio of the stock of intangible capital relative to physical
capital. In fact, this is the case: the ratio of stock of intangible capital relative to the stock of
physical capital is increasing (see Figure. Thus, there may be some other explanatory elements.
The only things left that could explain faster growth of the stock of intangible capital relative to
physical capital would be the fixed effects and the time trends.

The time trends seem like the most likely other contributor, because it is question of explaining
a trend. The estimated time trends in the initial model do not offer any clear pattern. However, for

18The derivative of the logarithm of the user cost of capital with respect to the corporate income tax rate
is
9" (1 —=B™)(r™ 4 6™)

or  (1—7)[(1—A")(r" +6m) — (1 — 7))
Using the data, the derivatives of the logarithm of the user cost of capital with respect to corporate income tax
rate are averaged to find 99P"Y /Ot = 1.157 for physical capital and 99 /O = 1.528 for intangible capital.

Thereafter, the corporate income tax semi-elasticity of physical capital is CSEP"Y = —1.414%1.157 = —1.636.
For intangible capital, it’s CSE™ = —0.660 * 1.528 = —1.009.
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the alternative model, the estimated time trends are almost all negative for both types of capital.
They are larger in absolute value for intangible capital for the sub-period 1995-2004 and are larger
for physical capital in the sub-period 2004-2015. Thus the time trends may contribute to the
explanation of faster growth of intangible capital, especially after 2004. Further, the data show
that the logs of the capital-output ratios have been increasing for intangible capital, while they
remained almost constant for physical capital. This evidence reinforces the role of the time trends
in explaining the relatively rapid growth of investment in intangible compared to physical capital.
It is possible that over time the production function has changed so as to combine more intangible
capital with a given amount of physical capital. This is a very reasonable assertion, since for more
than two decades information and communication technologies have represented an increasingly
important part of productive structures.

Finally, it is worth noting that a limitation of the dataset used here is that the number of years
per cross-sectional unit varies between 14 and 19. Thus this dataset is on the border line between
a short and a long panel. To evaluate the potential dynamic panel bias in the error correction
model, the generalized method-of-moments (GMM) estimator of |Arellano and Bond| (1991)) might
be worth future exploration.

Figure 2.4: Ratio of investment in intangible to physical capital, by country, 1995-2015.
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Notes: This figure shows the evolution of the ratio of gross real investment in intangible to physical
capital using country-level data.
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Table 2.7: Estimates of equation [2.14].

Physical capital

Intangible capital

Dependent variable: Ak} DFE model DFE model
Ay, 0.0747%%* 0.097##*
(0.016) (0.022)
Ay q 0.071#%* 0.066***
(0.015) (0.020)
A} -0.049%+* -0.061°**
(0.015) (0.021)
A9} -0.070%** -0.043%*
(0.011) (0.017)
AV 0.117%* 0.3347#4*
(0.060) (0.053)
Constant -0.137%** -0.174%%*
(0.027) (0.034)
Speed of ajustment (™) -0.045%#* -0.055%#*
(0.011) (0.009)
Long-run elasticity of capital
w.r.t. the user cost (6™) -1.414%%* -0.660***
(0.302) (0.158)
Country-sector fixed-effects  Yes Yes
Country-sector trends Yes Yes
Year dummy Yes Yes
Number of groups 143 143
Observations 2,574 2,575

Notes: The letter n € {phy, int} represents the type of capital (physical or intan-
gible). Standard errors adjusted with cluster(country-sector) are in parentheses; *
p < 0.10, ** p < 0.05, *** p < 0.01. DFE model: dynamic fixed effects regression
estimation.

63



Table 2.8: Long-run elasticities of capital with respect to the tax component of the
user cost of capital and with respect to the corporate income tax rate.

Tax component Corporate tax rate
Physical Intangible Physical Intangible
Overall -3.627 (0.775) -2.790 (0.670) -0.493 (0.105) -0.306 (0.074)
Austria -3.586 (0.766) -2.613 (0.628) -0.523 (0.112) -0.365 (0.088)
Czech Republic ~ -3.841 (0.820) -2.862 (0.688) -0.465 (0.099) -0.294 (0.071)
Denmark -3.622 (0.774) -2.830 (0.680) -0.480 (0.103) -0.281 (0.068)
Finland -3.703 (0.791) -2.621 (0.630) -0.372 (0.080) -0.301 (0.072)
France -3.526 (0.753) -3.008 (0.722) -0.512 (0.109) -0.275 (0.066)
Germany -3.862 (0.825) -2.824 (0.678) -0.431 (0.092) -0.227 (0.055)
Italy -3.416 (0.730) -3.705 (0.890) -0.584 (0.125) -0.162 (0.039)
Netherlands -3.636 (0.777) -2.593 (0.623) -0.471 (0.101) -0.352 (0.085)
Spain -3.214 (0.687) -2.416 (0.580) -0.671 (0.143) -0.410 (0.099)
Sweden -3.933 (0.840) -2.894 (0.695) -0.365 (0.078) -0.190 (0.046)
United Kingdom -3.617 (0.773) -2.999 (0.720) -0.499 (0.106) -0.273 (0.065)
United States -3.568 (0.762) -2.117 (0.509) -0.540 (0.115) -0.538 (0.129)

Notes: Tax component - Physical/Intangible: we have the long-run elasticity of physical/intangible capital with respect
to the tax component of the user cost of physical/intangible capital. Corporate tax rate - Physical/Intangible: we have
the long-run elasticity of physical/intangible capital with to respect the corporate income tax rate. The standard de-
viations are in parentheses.

Figure 2.5: Ratios of the stock of capital in intangible to physical, annual average, 1995-2015.
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Notes: This figure shows the ratio of the gross real stock of capital in intangible to physical
capital.
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2.6 Conclusion

This paper, with the objective of explaining the increasing ratio of investment in intangible to
physical capital (Figure left panel, and Figure , places intangible capital alongside physical
capital within the framework of the neoclassical model of investment behaviour. This approach
makes it possible to confirm that the equations for the rate of investment in physical and intangible
capital are two separate equations. It concludes that corporate taxation incentives impact the rates
of investment in both physical and intangible capital. However, corporate tax policy has a stronger
impact on the accumulation process of physical capital than of intangible capital.

After the analysis of the estimation results of several regression equations, a specific explanation
is found to explain the behaviour of the data: the higher rate of depreciation of intangible capital
in comparison to physical capital. The rate of depreciation is more than twice as high as for
intangible capital than for physical capital. The results are consistent after being subjected to a
set of sensitivity analysis elements such as the restriction of dataset to a balanced panel, the use
of alternative user cost of capital definitions, using a new weighting scheme, and estimating an
alternative specification model in error-correction form.

A possible limitation of this study is the potential dynamic panel bias due to the short time
dimension of the sample for some cross-sectional units (country-sector pairs). This limitation can
be rectified by the arrival of new information to make the cross-sections longer. There is also the
possibility trying the generalized methods-of-moments estimator of |Arellano and Bond! (1991). Of
course, finding the right instruments and the right number of instruments will be a major challenge
of this approach.
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2.8 Appendix

2.8.1 Data collection

2.8.1.1 Rates of investment

The dependent variables are the rates of investment in physical and intangible capital in country 4,
sector j, and year t. The rate investment is obtained by dividing the flow of investment in country
i, sector j, and year t by the stock of capital in country i, sector j, and year t — 1. The flows of
investment and stocks of capital in physical and intangible capital assets, the rates of depreciation,
the price indices of investment goods, and the real value-added and its price index are taken from
the EU KLEMS database (July 2018 release).

Physical capital is composed of computing equipment (IT), communications equipment (CT),
transport equipment (TraEq), other machinery and equipment (OMach), non-residential investment
(OCon), and cultivated assets (Cult). They are measured in millions of US dollars in purchasing
power parity. The sum of gross real investment in IT, CT, TraEq, OMach, OCon, and Cult
forms the flow of investment in physical capital, I?". Similarly, the sum of the stocks of IT, CT,
TraEq, OMach, OCon, and Cult constitutes the total stock of physical capital, Kphy The rate
of investment in physical capital is expressed as Ifj?ty /K Z{Lf’fl.

Intangible capital consists of computer software and databases (Soft_DB), research and devel-
opment (RD), and other intellectual property products assets (OIPP). All components of intangible
capital assets are measured in millions of US dollars in purchasing power parity. The sum of in-
vestment in Soft_ DB, RD, and OIPP constitutes the total investment in intangible capital, I™™.
Further, the sum of the stocks of capital in the form of Soft_ DB, RD, and OIPP constitutes the
total stock of intangible capital, K th;UI The rate of investment in intangible capital is expressed

ant int
as Iij,t/Kz'j,t—l'

2.8.1.2 Relative prices

The price indices of all investment goods by assets and that of the gross value-added are accessible
in EU KLEMS database. All price indices are 100.0 for the base year of 2010. The price index of
physical capital investment goods is the weighted average of the price indices of IT, CT, TrakEq,
OMach, OCon, and Cult, where the weights are the respective shares in gross investment in physical
capital For example, the weight associated with commuting equipment is Iq_CT/IP*¥. The

19Tn the EU KLEMS database the real gross fixed investments in physical assets are labelled IqIT for
computing equipment, Iq_-CT for communications equipment, Iq-TraEq for transport Equipment, Iq-OCon
for total non-residential investment, and Iq-Cult for cultivated assets. Similarly, the real fixed capital stocks
in physical capital assets are labelled Kq_IT for computing equipment, Kq_CT for communications equip-
ment, Kq_TraEq for transport Equipment, Kq_OCon for total non-residential investment, and Kq_Cult for
cultivated assets. These are real variables expressed in 2010 prices.

20In the EU KLEMS database the real gross fixed investments in intangible capital assets are labelled
Iq-Soft_DB for computer software and databases, Iq-RD for research and development, Iq-OIPP for other
intellectual property products. Similarly, the real fixed capital stocks in intangible capital assets are labelled
Kq_Soft_DB for computer software and databases, Kq_RD for research and development, and Kq_OIPP for
other intellectual property products. These are real variables expressed 2010 prices.

2lIn the EU KLEMS database the price indices of physical capital investment goods are labelled Ip_IT for
computing equipment, Ip_CT for communications equipment, Ip_TraEq for transport Equipment, Ip_OCon
for total non-residential investment, and Ip_Cult for cultivated assets. The price indices take the value 100.0
for the base year 2010.
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relative price of physical capital is obtained by dividing the price index of physical capital by the
price index of gross value-added. Similarly, the price index of intangible capital goods is calculated
by taking the weighted average of the price indices of Soft_DB, RD, and OIPP, where their weights
are the respective shares in gross investment in intangible capital@ For example, the weight
associated with computer software and databases is Iq_Soft_DB/I"™. Thereafter, the relative
price of intangible capital goods is the ratio of the price index of intangible capital to the price
index of gross value-added in sector ¢ in country j and year t.

2.8.1.3 Corporate income tax rate

Data on the corporate income tax rate are obtained from the Oxford University Centre for Business
Taxation database (Devereux and Bilickal, 2017)@ The database provides several corporate tax
measures such as the corporate income tax rate, the statutory corporate income tax rate, the
effective average tax rate, and the effective marginal tax rate. The corporate income tax rate is
the top marginal tax on corporate income. The statutory corporate income tax rate is corporate
income tax rate plus all applicable surcharges and the local profit tax (Devereux et al.,|2008; Loretz,
2008). All corporate tax measures are positively correlated (see Table [2.9)). Indeed, Loretz| (2008)
observed a clear downward trend in all measures of corporate income tax rate.

Table 2.9: Correlations between statutory corporate tax rate, effective average and effective
marginal tax rates.

Variables Correlations
Statutory Corporate income tax rate 0.7933
and effective average tax rate

Statutory Corporate income tax rate 0.5109
and effective marginal tax rate

Effective average tax rate and effective 0.7012

marginal tax rate

2.8.1.4 User cost and tax component of user cost

Following Devereux and Griffith| (1999) and |Devereux and Griffith| (2003) the expressions for user
costs of physical and intangible capital are

h
cghy:Ptpy
bt

(L= APy )
(1 — Tt)

Cint _ Ptint |:(1 _A%‘nt)(rint_i_(sint)
Dt (1—-m)

22In the EU KLEMS database the price indices of intangible capital assets are labelled Ip_Soft_DB for
computer software and databases, Ip_RD for research and development, and Ip_OIPP for other intellectual
property products. The price indices take the value 100.0 for the base year 2010.

ZBCBT Tax Database, http://eureka.sbs.ox.ac.uk/4635/.

_ 6znt:| )
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The expressions PP /p, and Pi™ /p, are the relative price of physical and intangible capital and are
explained in Appendix Following Bond and Xing (2015) the expressions (1 — A? "y /(1-7)
and (1 — A /(1 — 1) and are designated the tax components of the user cost of physical and
intangible capital. In the numerators, Afhy and A are the net present value of depreciation
allowances for physical and intangible capital, which are calculated by multiplying the statutory
corporate tax rate by the replacement cost recovery of physical and intangible capital, respectively.
With the help of data provided by the Tax Foundation, the replacement cost recovery of physical
capital is the weighted average of replacement cost recovery of machinery and building structures.
The replacement cost recovery for intangible capital assets is directly taken from the Tax Foundation
database.

The rate of depreciation of physical capital assets, 0P, is the weighted average of the rates
of depreciation of IT, CT, Trakq, OMach, OCon, and Cult, where the weights are the respective
shares in gross investment in physical capital@ The rate of depreciation of intangible capital assets,
5 is the weighted average of the depreciation rates of Soft_DB, RD, and OIPP, where the weights
are the respective shares in gross investment in intangible capital@ The rates of depreciation vary
across sectors, but remain fixed across countries and over time. The expressions r”* and ™ are
the real discount rates of physical and intangible capital. [Fatica (2018) used a weighted average of
the cost of equity and the debt to obtain a real discount rate applied to physical capital. According
to [ZEW]| (2014), a nominal interest rate of 7.1% is a consistent benchmark for nominal discount
rate. Considering an inflation rate of 2%, the cost of capital is on average equal to 5%. In this
study, the real discount rates of physical and intangible are fixed at 5%. They are fixed across all
country-sector pairs and over time.

24In the EU KLEMS database, the rates of depreciation of gross investment in physical capital assets are
labelled dprIT for computing equipment, dpr_.CT for communications equipment, dpr_TraEq for transport
Equipment, dpr_OMach for other machinery and equipment, dpr_OCon for total non-residential investment,
and dpr_Cult for cultivated assets.

25In the EU KLEMS database, the rates of depreciation of intangible capital assets are labelled dpr_Soft_DB
for computer software and databases, dpr_RD for research and development, and dpr_OIPP for other intel-
lectual property products.
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2.8.1.5 Cross-sections

Table 2.10: Countries, sectors , and period under study.

Countries Period of available data
Austria 1995-2015
Czech Republic 1995-2014
Denmark 1995-2015
Finland 1995-2015
France 1995-2015
Germany 1995-2015
Italy 1995-2014
Netherlands 2000-2015
Spain 1997-2015
Sweden 1995-2014
The United Kingdom 1997-2015
The United States 1995-2015

Sectors!

Agriculture, forestry, and fishing

Mining and quarrying

Food products, beverages and tobacco

Textiles, wearing apparel, leather and related prodcuts

Wood and paper products; printing and reproduction of recorded media

Chemicals and chemical products

Rubber and plastics products, and other non-metallic mineral products
Basic metals and fabricated metal products, except machinery and equipment

Electrical and optical equipment
Machinery and equipment n.e.c.
Transport equipment

Other manufacturing; repair and installation of machinery and equipment

Notes: The sector agriculture, forestry and fishing is the only sector in the aggregate agriculture, forestry, and
fishing. The sector mining and quarrying is the only sector in the aggregate mining and quarrying. The re-
maining ten sectors are part of the aggregate manufacturing. The sector coke and refined petroleum products
which is part of the manufacturing aggregate in the EU KLEMS database is not considered in this empirical
study. I drop the sector coke and refined petroleum products because the gross the value-added price index
in this sector is extremely volatile. According to Klaas de Vries, economist from The Conference Board, the
sector coke and refined petroleum products is heavily influenced by the volatility of oil prices particularly in
small countries. He concluded the data in this specific sector is not very informative.
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2.8.2 Insights from the empirical literature

This part of the appendix revisits of the empirical methods in |Bond and Xing (2015 and Fatica
(2018]). Its objective is to ensure that the approach and the results that are presented in this paper
are comparable to the literature.

2.8.2.1 Bond and Xing (2015)

Bond and Xing| (2015) used a sector-level panel dataset that combines capital and output data
on 11 manufacturing sectors in 14 OECD countries, and over the period 1982-2007 to investigate
the relationship between the ratio of capital to output and the tax component of the user cost of
capital. They contribute to the literature on investment behaviour by proposing one of the first
empirical tests of the neoclassical model of investment behaviour that exploits a sector-level panel
dataset, in comparison to previous studies that have used quarterly or aggregate macro data. Their
econometric approach consists of a distributed lag model, an autoregressive distributed lag model,
and an error correction model.

In order to reproduce some of the results of |Bond and Xing| (2015)), I combined a sector-level
panel dataset of 11 manufacturing sectors in 13 countries over the period 1982-2007 from the EU
KLEMS database (2009 release). In contrast to Bond and Xing| (2015), this dataset does not con-
tain the data for France. It proved a challenge to find available data for the net present value of
capital allowances series. In this work, this series is determined by multiplying the statutory corpo-
rate income tax rate by the replacement cost recovery of capital provided by the Tax Foundation.
The Tax Foundation produces a series for machinery and equipment and one for building struc-
tures. Indeed, the series for total capital (physical capital) is the weighted average of machinery
and building structures. This approach may produce a series with less variability, which is little
problematic, in comparison to the case where there exist specific series for each component of total
capital such as computing equipment (IT), communications equipment (CT), transport equipment
(TraEq), other machinery and equipment (OMach), and building structures (OCon).

As seen in Table the results for the static models are qualitatively and quantitatively
consistent with [Bond and Xing (2015). There is a noticeable difference in the estimate for the log
of the tax component for the user cost of capital for equipment, InT' AX;, columns (2a) and (2b).
This difference can be explained by the construction of the net present value of capital allowances
(NPV). Indeed, in this reproduction, the NPV for equipment is the same as for machinery and
equipment. It is possible that the authors used a weighted average of the NPVs of IT, CT, TraEq,
and OMach in their own calculations. The results for the distributed lag models, shown in Table
are consistent in sign and in range of magnitude with their results shown in columns (la),
(2a), and (3a). Finally, the results for the error correction models shown in Table indicate that
globally the estimates keep their qualitative interpretation. I found higher long-run elasticities of
capital with respect to the relative price. The long-run elasticities of capital with respect to the
tax component of the user cost of capital are very close, but the new estimate is not significant
for total capital. These elasticities are higher for equipment. The long-run elasticities of structures
with respect to the user cost of capital are not significant in both Bond and Xing (2015) and this
reproduction.

2.8.2.2 Fatica (2018)

Fatical (2018) used a sector-level panel dataset composed of 23 sectors in 10 OECD countries over
the period 1984-2007 to investigate the responsiveness of aggregate and disaggregate investment
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Table 2.11: Static models for total capital, equipment, and structures: Table 1
in Bond and Xing (2015).

Dependent variable: (1a) (1b) (2a) (2b) (3a) (3b)

In(K¢/Qt) Total capital Equipment Structures

In(PXK/Py) -0.512%**  _(.548*** -0.693%**  .0.633%** -0.453%%*  _(.284%**
(0.055) (0.058) (0.046) (0.052) (0.093) (0.059)

InTAX: -0.317%F*  _0.393*** -0.305%* -0.169 -0.255%**  _0.300***
(0.080) (0.079) (0.123) (0.130) (0.067) (0.068)

Year dummies Yes Yes Yes Yes Yes Yes

Country-sector trends Yes Yes Yes Yes Yes Yes

No. of groups 154 143 154 143 154 143

Observations 3443 3002 3442 3003 3440 3024

R? 0.842 0.842 0.844 0.851 0.837 0.847

Notes: Columns (1la), (2a), and (3a) show the results presented in Table 1 in (Bond and Xing) [2015| p. 23).
Columns (1b), (2b), and (3b) show the estimated coefficients of their model under new dataset.

Table 2.12: Distributed lag models for total capital, equipment, and structures:
Table 2 in Bond and Xing (2015).

Dependent variable: (1a) (1b) (2a) (2b) (3a) (3b)
In(K/Qv¢) Total capital Equipment Structures
In(PK/P), -0.368%**  _ 435%%* -0.488%**  .(0.474%** -0.348%**  _(0.269%**
(0.044) (0.064) (0.050) (0.059) (0.063) (0.056)
In(PK/P)_1 -0.070%*%*  -0.119%** -0.096%**  .(0.125%** -0.068%**  -0.037
(0.024) (0.034) (0.030) (0.034) (0.033) (0.030)
In(PK/P)_2 -0.096*%**  -0.035 -0.110%*%*  -0.094*** 0.002 0.027
(0.022) (0.027) (0.026) (0.028) (0.025) (0.021)
In(PK/P)_3 -0.058 -0.064 -0.055 -0.047 -0.075 0.021
(0.046) (0.050) (0.044) (0.056) (0.062) (0.039)
InTAX; -0.279%%*  -0.045 -0.108 0.290 -0.085 -0.020
(0.075) (0.063) (0.125) (0.160) (0.054) (0.061)
InTAX; 1 0.067* -0.042 0.028 0.041 0.051* -0.021
(0.038) (0.063) (0.061) (0.071) (0.026) (0.050)
InTAX;_2 -0.094%* -0.156%** -0.179%%*  .(0.148%** -0.073%* -0.108***
(0.041) (0.044) (0.062) (0.053) (0.032) (0.033)
InNTAX;_3 -0.072 -0.260%** -0.167*%%*  -0.137 -0.142%%*  _0.251%***
(0.050) (0.077) (0.067) (0.130) (0.044) (0.055)
Year dummies Yes Yes Yes Yes Yes Yes
Country-sector trends Yes Yes Yes Yes Yes Yes
No. of groups 154 143 154 143 154 143
Observations 2992 2570 2988 2574 2986 2592
R? 0.854 0.848 0.859 0.858 0.839 0.851

Notes: Columns (1la), (2a), and (3a) show the results presented in Table 2 in (Bond and Xing), [2015| p. 23).
Columns (1b), (2b), and (3b) show the estimated coefficients of their model under new dataset.
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Table 2.13: Error correction models for total capital, equipment, and structures:
Table 3 in Bond and Xing (2015).

Dependent variable: (1a) (1b) (2a) (2b) (3a) (3b)
AlnK; Total capital Equipment Structures
In(K/Q)t—2 -0.092%**  _(0.028%** -0.151%%*  .0.054*** -0.048%**  _0.017***
(0.010) (0.004) (0.017) (0.009) (0.006) (0.002)
In(PX/P)4—2 -0.070%*%*  -0.033*** -0.129%*%*  _0.062*** -0.035%**  _0.018***
(0.010) (0.006) (0.021) (0.012) (0.007) (0.003)
INTAX: 2 -0.035%**  -0.009 -0.110*%**  -0.050%* -0.005 0.000
(0.012) (0.012) (0.026) (0.029) (0.008) (0.006)
AlnKi_q 0.329%*** 0.480*** 0.218*** 0.361%*** 0.404*** 0.519***
(0.041) (0.042) (0.073) (0.070) (0.037) (0.033)
AlnQy 0.094*** 0.068*** 0.151%** 0.120%** 0.037%** 0.025***
(0.011) (0.011) (0.019) (0.018) (0.007) (0.006)
AlnQi—1 0.091*** 0.061*** 0.144*** 0.089*** 0.046%** 0.029***
(0.009) (0.009) (0.015) (0.012) (0.007) (0.007)
Aln(PE/P), -0.088%**  _0.070%** -0.146%**  .(0.153%** -0.019%%*  -0.014%**
(0.010) (0.014) (0.020) (0.022) (0.006) (0.005)
Aln(PE/P)y_q -0.074%F%  _0.075%** -0.126%**  _101%** -0.030%**  -0.020%**
(0.010) (0.009) (0.018) (0.015) (0.006) (0.005)
AlnTAX, -0.030%* -0.052%** -0.031 -0.018 0.004 -0.002
(0.013) (0.016) (0.025) (0.027) (0.007) (0.008)
AlnTAX i1 -0.032%* -0.030%* -0.041 -0.038 0.001 -0.013
(0.014) (0.018) (0.033) (0.036) (0.007) (0.008)
Long-run elasticities
In(PX/P) -0.760%**  -1.191%** -0.852%*F*  _1.160%** -0.728%**  _1.049%**
(0.082) (0.200) (0.080) (0.129) (0.153) (0.175)
InTAX -0.375%*%*  .0.325 -0.727FF*  _0.94%* -0.108 0.049
(0.115) (0.447) (0.170) (0.542) (0.173) (0.369)
Year dummies Yes Yes Yes Yes Yes Yes
Country-sector trends Yes Yes Yes Yes Yes Yes
No. of groups 154 143 154 143 154 143
Observations 3146 2714 3143 2717 3141 2736
R? 0.571 0.502 0.507 0.374 0.546 0.500

Notes: Columns (la), (2a), and (3a) show the results presented in Table 3 in (Bond and Xing) [2015| p. 23).
Columns (1b), (2b), and (3b) show the estimated coefficients of their model under new dataset.
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to the tax-adjusted user cost of capital. Her work contributes to the literature by proposing an
empirical testing of the neoclassical model of investment behaviour on disaggregate capital asset
data such as computing equipment, communications equipment, transport equipment, and other
machinery and equipment. Her model is also tested on aggregate equipment that groups the four
types of capital assets mentioned above and on total capital that combines aggregate equipment
and building structures. She estimates an error correction model and concludes that, both for
aggregate and disaggregate data, the tax-adjusted user cost of capital significantly influences capital
accumulation.

In an effort to reproduce some results from this paper, I combine a sector-level panel dataset
from the EU KLEMS database (2009 release) of 10 sectors of the manufacturing industry in 13
OECD countries over the period 1982-2007. This dataset differs from Fatica’s (2018) in several
aspects. First, in contrast to hers that combined 23 sectors that form the market economy, this
one groups only 10 sectors in manufacturing. Second, the country list contains seven countries that
are part of her dataset plus six others. Note that the data on France and Ireland that were used
in [Fatical (2018)) are not available. Third, the sample period begins in 1982 in contrast to hers,
which began in 1984. Again, the data on the net present value of capital allowances is calculated
by multiplying the statutory corporate income tax rate by the replacement cost recovery of capital
provided by the Tax Foundation.

Despite the differences in the datasets, as seen in Table the results are qualitatively and
quantitatively consistent with [Fatica, (2018)). The estimates have correct sign, are in the same
magnitude range, and are qualitatively similar. The long-run elasticities of capital with respect to
the user cost of capital are similarly significant with same expected signs but larger in magnitude.
The speed of adjustment estimates are almost identical.

2.8.2.3 Takeaway

Despite facing some challenges to find the exact net present value of depreciation allowances data
used in Bond and Xing (2015) and |Fatica (2018), my calculations with the help the data obtained
from the Tax Foundation allow me to consistently reproduce results in these papers. I can confirm
that my calculations are correct. Also, I constitute a dataset on the net present value of depreciation
allowances of capital specifically for intangible capital, which had been ignored by the literature.

2.8.3 Error-correction specification

Assuming an autoregressive distributed lag model, ARDL(2,2), following |Alogoskoufis and Smith
(1991) and Hassler and Wolters| (2006]), the estimating equation for the log of the stock of capital
can be written as follows

2 2 2
kP =af + ) otk + > Blyes+ > N0+ ul [2.15]
s=1 s=0 s=0

We want the dynamic equation [2.15] to be consistent with the long-term equilibrium relationship
expressed in [2.13] (Section 5.2, p27). That is, we set ki = ki | = k' o = k", gt = y1-1 = yr—2 = v,
and UV} =97 | =097 5 =9U". As a result, we have
B ag +ﬁ3+ﬁ?+5§y+7€+’y’f+7’£ﬁn'
1—af —ajy 1—-af —ay 1—af —af

Equation [2.16] is compared to [2.13] to derive :
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Table 2.14: Error correction model for total capital and aggregate
equipment: Table 1 in Fatica(2018).

Dependent variable: (1a) (1b) (2a) (2b)
Aky Total capital Aggregate equipment
Ay, 0.045%**  0.057*+* 0.070***  0.106%**
(0.008) (0.010) (0.013) (0.016)
Ay 0.043***  0.055%** 0.057***  0.085%**
(0.009) (0.009) (0.018) (0.012)
Auc -0.036%**  -0.023** -0.050***  -0.098***
(0.006) (0.010) (0.009) (0.017)
Aucy_q -0.027%F%  -0.060%** -0.052%**  -0.093***
(0.007) (0.007) (0.009) (0.013)
Ak 1 0.501#%F%  (.522%** 0.438%**%  (.398***
(0.035) (0.044) (0.035) (0.071)
Speed of adjustment -0.029%**  -0.021*** -0.042%%%  -0.043***
(0.005) (0.005) (0.006) (0.008)
Long-run elasticity -0.729%*F  _0.971HF* -0.863***  -1.099%***
(0.101) (0.244) (0.083) (0.165)
Observations 5060 2,714 5060 2,717
Country-sector pairs 230 143 230 143

Notes: Columns (la) and (2a) show the results presented in Table 1 in (Fatical [2018, p. 23).
Columns (1b) and (2b) show the estimated coefficients of their model under new dataset.
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Let B8 + 87 + 65 =1—af —ah = A\ and 7 + 97 + 7% = —(1 — aff — af) = A}, equation [2.15]
can be rewritten as

ki = ag + otk + (1 —af — Ag)ki o + Boye + Brye—1 + (Ag — By — B1)ye—2
+ 0% + 1+ (N =0 — 1) Hu. [2.17]

After few rearrangements, we have

Ak} = ag + By Ay + (By + A1) Aye—1 + 0 A% + (10 + 1) AV,

A
+®?4M%y42%b—%ﬂ—ﬁW4+W-ﬂm

Equation [2.18] corresponds to equation [2.14] in Section 5.2 by setting:
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Chapter 3

Heterogeneity within the Relationship
between Capital and the User Cost of
Capital

Abstract

This paper investigates heterogeneity by type of capital within the relationship between capital
and its user cost, for five physical and two intangible capital assets. The primary data source
for an annual sector-level panel dataset of 12 sectors in 12 OECD countries over the period 1995-
2015 is the EU KLEMS database. In the short-run dynamics, both dynamic fixed-effects and
GMM results seem to agree on the role of changes in the user cost of capital on the evolution
of the capital stock. Overall, dynamic fixed-effects estimation seems to be more in line with the
theoretical conclusions on investment behaviour and empirical results for physical capital already
established in the literature.
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3.1 Introduction

Empirical studies of the relationship between business investment and the tax-adjusted user cost
of capital agree on a negative relationship between themf_-] Using a balanced panel dataset of
thousands of plants in the U.S. manufacturing sector covering the period 1972-1988, |Caballero
et al.| (1995)) found that the elasticity of capital with respect to the user cost of capital may vary
from -0.01 for transportation to -2.0 for textiles. With a firm-level unbalanced panel dataset for
the period 1953-1998 taken from the Compustat database, |Cummins et al.| (1994) and Cummins
et al.| (1995)) found that the elasticity of capital with respect to its user cost varies from -0.60 for
aggregate capital to -0.75 for equipment. Using quarterly aggregate Canadian data covering the
period 1962-1999 and estimating a dynamic OLS regression model, |Schaller| (2006) found that the
user cost elasticity of equipment capital varies between -1.42 and -1.64.

In empirical studies of the relationship between capital and the user cost of capital, econometric
specifications in autoregressive distributed lag or error-correction models are based on the existence
of a long-term cointegrating relationship between capital, output and the user cost of capital (Bond
and Xing), 2015} |Fatical, |2018]). Several studies have avoided the need to account for dynamic
small-sample bias by using a dataset with a sufficiently large time dimension (e.g., more than 20
observations per cross-sectional unit). Roodman| (2009a) argued that if the time dimension of
a panel dataset is large, then the dynamic panel bias becomes insignificant and the fixed-effects
estimator has good properties. Indeed, with the help of data from the EU KLEMS database
on 11 sectors in 14 OECD countries for the period 1982-2007, |Bond and Xing (2015) applied
an autoregressive distributed lag model and a model in error correction form to argue that tax
incentives matter for the evolution of sector-level capital stocks. They found that the long-run
elasticities of capital with respect to the tax component of the user cost of capital are around -0.4
for total capital and around -0.7 for equipment.

Later, using EU KLEMS investment data on 23 sectors in 10 OECD countries covering the
period 1984-2007, Fatica, (2018) proposed a detailed analysis of the relationship between capital ac-
cumulation and its user cost. This relationship is investigated by applying the dynamic fixed effects
(DFE), mean group (MG), and pooled mean group (PMG) estimation methods to a neoclassical
model of investment in error correction form for computing equipment, transport equipment, other
machinery and equipment, communications equipment, and structures. She found that capital ac-
cumulation is strongly affected by changes in the user cost. Her DFE estimates of the long-run
elasticities of capital with respect to the user cost of capital vary from -0.43 for structures to -1.48
for transport equipment.

This study investigates the responses of different types of physical and intangible capital to
changes in the user cost of capital. It fills a gap in two respects. First, it tests an investment model
on a dataset that straddles a long and short panel. Second, it applies a neoclassical investment
model to two intangible capital assets that have so far been ignored in the literature on business
investment behaviour. It follows the lead of Fatica (2018), but also examines whether her results
hold using the new edition of the EU KLEMS database (July 2018 version). This edition is in
congruence with the new European System of National Accounts (ESA 2010), which replaces the
1995 system on which the dataset used by [Fatica (2018) was built. This new version includes
data for the period 1995-2015. Under ESA 2010, the definition of gross fixed capital formation
has undergone significant changes, of which those concerning intangible capital assets are worth
mentioning. Research and development expenditure is now capitalised. Computer software is

n this respect it is worth citing |Caballero et al.| (1995)), Cummins et al.|(1994)), Cummins et al.| (1995),
Hassett and Hubbard| (2002]), |Schaller| (2006), Bond and Xing] (2015), and |Fatica) (2018)).

81



combined with databases to create the asset type computer software and databases. Finally, mineral
exploration and artistic originals form the subgroup other intellectual property products (Jager,
2017; van Ark and Jager, [2017)).

The model in error-correction form that must be estimated is a dynamic panel data model.
However, least squares estimation methods applied to panel data may suffer from small sample bias
when the time dimension of the dataset is less than 20. Using a panel dataset with a time length of
17 years, (Caballero et al.| (1995) recognised this phenomenon and took steps to reduce these biases
by adding lagged differenced variables to the right-hand side of his estimating equation. Faced with
a 12-year estimation period (1981-1992) and using investment data from the Compustat database,
Cummins and Dey| (1998) implemented the generalized method of moments (GMM) estimator to
study the heterogeneity of investment responses to changes in the user cost of capital.

The dataset used in our study comprises between 11 and 19 observations per cross-sectional
unit. This characterisation of our dataset allows us to deepen our understanding of the relationship
between capital and the user cost of capital by estimating an investment equation in error correction
form applying both the DFE and GMM estimation methods. It is clear that GMM estimation can be
an appropriate solution. However, since the average number of observations per country-sector pair
is 17.62, the dataset straddles a long and a short panel, hence DFE estimation cannot be ruled out.
Therefore, both methods are applied to estimate an equation of investment for five types of physical
capital assets: computing equipment (IT), communications equipment (CT), transport equipment
(TraEq), other machinery and equipment (OMach), and non-residential investment (OCon); and
two types of intangible capital assets: software and databases (SoftD) and research and development
(R&D).

The results show that using a panel dataset with a large or nearly large time dimension, the DFE
estimation of the relationship between capital and the user cost of capital provides estimates that
most closely match the theoretical and empirical findings of the literature on business investment
for all types of capital except for R&D, although in terms of the short-run dynamics the DFE
and GMM estimation methods give rise to qualitatively almost equivalent results. When the user
cost of capital is decomposed into its price and non-price components, DFE estimation shows that
the price component of the user cost of capital (relative prices of capital goods) influences the
accumulation of capital, except for R&D. Changes in the capital stock are responsive to changes in
the non-price component of the user cost of capital only for OMach. If the model is estimated using
the GMM estimator, then changes in the capital stock are impacted by changes in relative prices
for IT and CT. However, changes in the non-price component of the user cost of capital influence
changes in the stock of capital for IT and TraEq. It appears that the relationship between capital
and the user cost of capital is consistent for IT capital type regardless of the estimation method
applied.

The rest of the paper is organised as follows. In section 2 the empirical strategy is outlined. The
data are discussed in section 3. Diagnostic tests and empirical estimates are presented in section
4. Section 5 deals with a sensitivity analysis. In section 6, I conclude.

3.2 Empirical strategy

This empirical study is based on the neoclassical theory of firm investment behaviour. According
to this theory, if the production function is of the Cobb-Douglas type, combines two factors of
production (labour and capital) and exhibits constant returns to scale, then the economy’s desired
capital stock is the level at which the marginal product of capital services equals their rental price
(Jorgenson, (1963, 1967, 1971; |Bernanke et al. |1988; [Bond and Xing), 2015)). Thus, if we let K

82



denote the desired stock of capital, Y; the level of output, ¢; the user cost of capital, and & the
elasticity of output with respect to capital, under this theory, at any time ¢ we have K; = £-(Y;/¢;) E|

Assuming that new investment is financed by retained earningsﬁ following | Devereux and Griffith
(1999) and |Devereux and Griffith| (2003, the user cost of capital is

o = & (1 —At)(rt—l—5)
"o (1-7)

where P;/p; is the price of capital investment goods relative to the price of output, A; is the net
present value of the current and future tax depreciation allowances associated with one dollar of
investment in capital in year ¢, r; is the real discount rate, § is the depreciation rate, and ¢ is the
corporate income tax rate. The expressions P;/p; and [(1 — A¢)(r: +0)/(1 — 7¢) — 0] are called the
price component (relative prices) and non-price component of the user cost of capital, following
Fatical (2018).

For every country-sector pair (i, 7) at time ¢, the condition for the desired level of capital stock,
after a logarithmic transformation, can be written as

— 5, 3.1]

Kije = 2 + Yije — Vijes [3.2]

*

where kmt, Zij» Yijt, and U5+ represent the logs of the desired level of the capital stock, the elasticity
of output with respect to capital, the level of output, and the user cost of capital. |(Caballero et al.
(1995)) demonstrate that, in any period, the observed level of the stock of capital deviates from its
desired level such that k;;; = k;“j,t + eijt, where e;;; represents the deviations between the desired
and actual capital at the sector level.

If we want to transform equation [3.2] into an autoregressive econometric model, the choice of
the optimal number of lags is of great importance. Indeed, in |Fatical (2018]), an equation similar
to is converted into an error correction model with the lag length fixed at 2. In an effort
to optimally determine the number of lags, the implementation of Westerlund’s (2007) four error-
correction based cointegration tests selects a lag length of 1.67. Consequently, the number of lags
is fixed at 2.

Assuming an autoregressive distributed lag model of length 2, ARDL(2,2), as in |[Fatica, (2018)
the equation to be estimated can be written as follows

2 2 2
kij¢ = Z askiji—s + Z BsYiji—s + Z VsWijii—s + Nij + wi + €ij ¢, (3.3]
s=1 s=0 s=0

where );; are country-sector pair-specific fixed effects, w; year-specific fixed effects, and ¢;;; the
disturbancesﬁ Equation allows the elasticity of output with respect to capital, the z;; term
in , to be absorbed by the country-sector pair-specific fixed effects A;;. The parameters to be
estimated are a; for s = 1,2, and 8, and ~5 for s = 0,1, 2. Jeanniton| (2022) shows in an appendix
that equation can be written in error-correction form as follows:

2If a more general production function such as the constant elasticity of substitution (CES) production
function had been adopted, the desired capital stock condition would also incorporate the capital-labour
substitution elasticity. In this empirical exercise the Cobb-Douglas production function is sufficient and
corresponds well to the original model of the determinants of investment behaviour put forward by |Jorgenson
(1963).

3This assumption is a reasonable approximation since, according to |Fazzari et al.| (1988)), retained earnings
represent 71.1% of total financing sources.

4The year-specific fixed effects will catch shocks such as the financial crisis in 2008.
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Akt = moAkiji—1 + T1AYi0 + T2 Ay -1
+ 7"3A19ij,t + 7T4A19z’j,t—1 [34]
+ @[(kijt—2 — Yiji—2) + 00ij—2] + Nij + wi + €551,

where mg = a1 — 1, m1 = Bo, m2 = By + PB1, ™3 = Yo, and w4 = Yo + 1. The speed of adjustment
is ¢ = —1 4+ a1 + as. The long-run elasticity of capital with respect to the user cost of capital is
0 = (v +7 +72)/(Bo+ B1+ B2). Since the estimated coefficients of the error correction model
are derived from the estimated coefficients of the ARDL(2,2) model, the restriction to 1 of the
coefficient of kjj;—2 — yij—2 in the long-run equilibrium relationship (equation [3.4]) will be taken
into account in the estimation of the autoregressive distributed lag model.

An important challenge arises when equation has to be estimated: the potential problem
of dynamic panel bias due to too few time periods in the dataset. In the dataset used in this
study, the time dimension per cross-sectional unit varies between 11 and 19. Indeed, according
to [Nerlove (1967), Nickell (1981), and Baltagi (2013), the least squares, the random effects, and
the fixed effects estimators are biased and/or inconsistent in this case. The problem of finding
good estimators in the case of a dynamic panel-data model when there are few time periods (small
T) and a large number of cross-sections (large N) is resolved by using the generalized method
of moments (GMM) approach designed by |Arellano and Bond| (1991). According to Roodman
(2009a)), the GMM estimator is consistent and can be made feasibly efficient by using the two-step
GMM estimatorﬂ In the empirical literature the GMM estimator is used for dynamic panel data
model estimation when the number of cross-sectional units is larger than 20 and the number of
time periods varies between 8 and 19 (Wen et al., [2020).

To examine potential heterogeneity due to asset specificities within the relationship between
capital and the user cost of capital, equation will be estimated separately for five physical
capital assets: computing equipment (IT), communications equipment (CT), transport equipment
(TraEq), other machinery and equipment (OMach), and non-residential investment or structures
(OCon); and two intangible capital assets: software and databases (SoftD) and research and de-
velopment (R&D). The estimated coefficients of the error-correction model (equation [3.4]) will be
computed as linear or non-linear combinations of the coefficients of the autoregressive distributed
lag model.

If the time dimension of the dataset was greater than 20, the dynamic fixed effects (DFE)
regression would be the method of choice, since there would be no or insignificant potential dynamic
panel bias (Roodman, 2009a). The DFE method would provide unbiased and consistent estimators.
The GMM estimation method would not even be considered. Since the dataset straddles a long
and short panel, it is important that we let the estimators speak for themselves. Therefore, we will
present the results from both methods. Also, the results of the DFE model for physical capital
assets, i.e., I'T, CT, TraEq, OMach, and OCon can be compared to the results obtained by [Fatica
(2018)). The results for intangible capital assets (SoftD and R&D) will be brand new, since these
assets have not yet been studied in an investment model in the literature.

SResearchers tend to prefer the two-step system GMM (Heid et al., 2012; Hou and Chenl [2013} [Ulagan,
2015; Habimanal, [2017). Depending on the setting, the full set of instruments can be used or the instrument
set can be collapsed. The term “collapsed instruments set” refers to transforming the matrix of instrument
variables into a column vector of instruments. The option of collapsing the instruments set can be considered
a robustness check according to |Roodman| (2009a)), who wrote the code to implement the GMM estimator
in Stata.
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3.3 Data description

The data for this empirical investigation are drawn from the EU KLEMS databaseﬁ The dataset
covers twelve sectors in twelve countries, and covers the time period 1995—2015E| It also incorpo-
rates information on corporate taxation compiled by the Oxford University Centre for Business
Taxationﬁ and replacement cost values of capital calculated by the Tax Foundationﬂ The dataset
used contains 2,414 observations.

3.3.1 Capital-output ratio

The capital-output ratio for each type of asset is obtained by dividing the value of the real stock of
capital by the amount of real value-added, both in millions of US dollars measured in purchasing
power paritym As shown in Table the average capital-output ratios, over all sectors during
the sample period 1995-2015, are 0.017 for computing equipment (IT), 0.020 for communications
equipment (CT), 0.057 for transport equipment (TraEq), 0.791 for other machinery and equipment
(OMach), and 1.035 for non-residential investment or structures (OCon). For intangible capital
assets, these averages are 0.043 for software and databases (SoftD) and 0.284 for research and
development (R&D).

Figure |3.1| shows the evolution of the capital-output ratios for physical and intangible capital
assets respectively in the left and right panels. The highest ratios of capital to output in the form of
computing equipment and communications equipment (respectively 2.094 and 0.751) are observed
in the Czech Republic in the agriculture, forestry, and fishing sector in the year 2014. However, the
average capital-output ratio in this country-sector pair over all years is 0.254 for I'T and 0.088 for
CT. Furthermore, the highest ratio of capital to output in the form of transport equipment (0.744)
is observed in Austria in the agriculture, forestry, and fishing sector for the year 1997. However,
the average capital-output ratio in this country-sector pair in TraEq over all years is 0.589. The
largest ratio of capital to output in the form of other machinery and equipment (6.332) is observed
in the Netherlands in the rubber and plastics products, and other non-metallic mineral products
sector in the year 2003. This sector has in general high capital to output ratios in OMach, as the
average over all years in this country-sector pair for this type of capital is 5.842. Lastly, the highest
capital-output ratio in the form of non-residential investment or structures (9.302) is observed in
Denmark in the agriculture, forestry, and fishing sector in the year 2009. Over all years, the average
capital-output ratio in this country-sector pair for OCon is 7.631.

Turning to intangible capital assets, the average ratio of capital to output across all sectors
and over all years in research and development is more than six times higher than for software and

SEU KLEMS is a research project originally financed by the European Commission. It aims to produce
industry level data on output, capital, employment, and other intermediate inputs. EU KLEMS stands for
EU level analysis of capital (K), labour (L), energy (E), materials (M) and service (S) inputs.

"The countries are Austria, the Czech Republic, Denmark, Finland, France, Germany, Italy, the Nether-
lands, Spain, Sweden, the United Kingdom, and the United States.

8The Oxford University Centre for Business Taxation is an independent research centre which aims to
promote effective policies for the taxation of corporations.

9The Tax Foundation is a leading independent tax policy non-profit located in the DC area in the United
States. Established in 1937, it aims to promote smarter tax policy at the federal, state, and global levels.

0Purchasing power parities (PPP) are the rates of currency conversion that try to equalise the purchasing
power of different currencies, by eliminating the differences in price levels between countries. The PPP for
the base year 2010 are used to convert the variables expressed in national currency to US dollars. The PPP
data are taken from (OECD| (2020c).
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Table 3.1: Descriptive Statistics

Variables Mean Std. Min Max

Capital-output ratio for I'T 0.017 0.066 0.000  2.094
Capital-output ratio for CT 0.020 0.035 0.000 0.751
Capital-output ratio for TrakEq  0.057 0.081 0.002  0.744
Capital-output ratio for OMach 0.791 0.570 0.130 6.332
Capital-output ratio for OCon 1.035 1.312 0.101  9.302
Capital-output ratio for SoftD 0.043 0.080 0.001  1.244
Capital-output ratio for R&D 0.284 0.437 0.000 5.104
User cost of capital for I'T 0.126 0.133 0.000 1.629
User cost of capital for CT 0.072 0.040 0.000 0.520
User cost of capital for TraEq 0.067 0.028 0.014 0.546
User cost of capital for OMach ~ 0.062 0.023 0.011  0.418
User cost of capital for OCon 0.065 0.021 0.011  0.366
User cost of capital for SoftD 0.086 0.043 0.018 0.622
User cost of capital for R&D 0.070 0.028 0.014 0.382
Relative price of IT 1.633 1.552 0.003 18.875
Relative price of CT 1.157 0.561 0.003  7.425
Relative price of TraEq 1.027 0.349 0.220 6.722
Relative price of OMach 1.004 0.280 0.222 5.301
Relative price of OCon 0.945 0.234 0.158 4.212
Relative price of SD 1.024 0.333 0.235 5.719
Relative price of R&D 0.966 0.263 0.209  4.608
Non-price component of I'T 0.075 0.013 0.021  0.115
Non-price component of CT 0.061 0.011 0.015 0.089
Non-price component of TraEq ~ 0.065 0.011 0.016  0.099
Non-price component of OMach 0.061 0.011 0.014  0.090
Non-price component of OCon  0.069 0.014 0.015 0.119
Non-price component of SoftD 0.083 0.024 0.024 0.182
Non-price component of R&D 0.073 0.019 0.019 0.147

Notes: Physical capital assets are computing equipment (IT), communications

equipment (CT), transport equipment (TraEq), other machinery and equip-

ment (OMach), and non-residential investment or structures (OCon). Intan-

gible capital assets are software and databases (SoftD) and research and de-

velopment (R&D).
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Figure 3.1: Capital-output ratios, annual average across all sectors, 1995-2015
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Notes: This figure provides, on the left, the evolution of the ratios of the stock of capital to
output for five types of physical capital assets such as computing equipment, communications
equipment, transport equipment, other machinery and equipment, and non-residential investment
or structures. On the right are shown the ratios of capital to output for software and databases
and research and development. For each sector j in country ¢, the capital-output ratio is obtained
by dividing the real stock of capital by the amount of real value-added, both measured in millions
of US dollars in purchasing power parity.

databases. The highest ratio of capital to output for software and databases (1.244) is observed in
France in the electrical and optical equipment sector in the year 1998. Over all years, the average
SoftD capital-output ratio in this country-sector pair is 0.823. For research and development capital
assets, the highest ratio of capital to output (5.104) is observed in Sweden in the electrical and
optical equipment sector in the year 1997. This ratio decreased to 1.930 in 2014. Although the
stock of capital in R&D has almost doubled over the period, the value-added in this country-sector
pair has almost quintupled, resulting in declining capital to output ratios.

3.3.2 User cost of capital

The user cost of capital expression (equation [3.1]) is calculated following |Devereux and Griffith
(1999) and Devereux and Griffith| (2003)). In this formula, the discount rate r; is calculated as
a weighted combination of the cost of debt and the cost of equity. The nominal cost of debt is
approximated by the interest rate on government bonds maturing in ten years taken from the
OECD database (OECD), 2020b). The interest rate on government bonds varies by country and
by year. The nominal cost of equity and the weight of debt and equity are produced by Professor
Aswath Damodaran of the Stern School of Business at New York University (Damodaran) 2020).
Using the CPI inflation rate for each country taken from the OECD database (OECD), 2020a)), the
resulting real discount rate varies across countries and years but remains fixed for country-sector
pairs within each country for a specific year. The average real discount rate, across all sectors and
over the entire sample period 1995-2015, is 5.05 percent.

The rates of depreciation (0) are fixed for each asset type. The data on depreciation rates
are taken from the EU KLEMS database, and amount to 0.315 for computing equipment (IT)
and software and databases (SoftD), 0.115 for communications equipment (CT), 0.200 for research
and development (R&D). They vary between 0.166 and 0.193 for transport equipment (TraEq),
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between 0.104 and 0.129 for other machinery and equipment (OMach), and 0.024 and 0.033 for
non-residential investment or structures (OCon). The net present value of depreciation allowances
(A}) is approximated by multiplying the corporate income tax rate (7;) by the replacement cost
recovery of capital. The corporate income tax data are taken from the CBT tax database (Devereux
and Bilickal 2017). The Tax Foundation produces replacement cost recovery values of capital for
machines, buildings, and intangibles (Tax Foundation) |2019). The value for machines is used to
calculate the net present value of depreciation allowances for computing equipment, communications
equipment, transport equipment, and other machinery and equipment. The value for buildings is
used to calculate the net present value of depreciation allowances for non-residential investment
or structures. Finally, the value for intangibles is used to determine the net present value of
depreciation allowances for software and databases and research and development.

As shown in Table the average values of the user cost of physical capital assets, across
all sectors over the sample period 1995-2015, are 0.126 for computing equipment (IT), 0.072 for
communications equipment (CT), 0.067 for transport equipment (TraEq), 0.062 for other machinery
and equipment (OMach), and 0.065 for non-residential investment (OCon). For intangible capital
assets, the values of the user cost of capital are 0.086 for software and databases (SoftD) and 0.070
for research and development (R&D).

Figure shows a convergent pattern of the values of the user cost of capital at both the
physical and the intangible asset levels. This tendency towards convergence of the values of the
user cost of capital is mainly explained by the convergence of relative prices (Figure . Indeed,
the standard deviations of the relative prices of physical capital assets are 1.258 in 1997 and 0.130 in
2015. For intangible capital assets, these values are 0.553 in 1997 and 0.122 in 2015. The standard
deviations of the non-price component of the user cost of the physical capital assets are 0.006 in
1997 and 0.012 in 2015. For intangible capital assets these values are 0.015 in 1997 and 0.032 in
2015. This tendency towards convergence of the user cost of capital at the level of physical capital
assets as well as at the level of intangible capital assets is thus explained by the convergence of
relative prices rather than of the non-price component of the user cost of capital.

Figure 3.2: User cost of capital: annual average across all sectors, 1995-2015
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Notes: This figure provides, on the left, the evolution of the user cost values of capital for five types
of physical capital assets such as computing equipment, communications equipment, transport
equipment, other machinery and equipment, and non-residential investment or structures. On
the right is shown the graph of the user cost values of capital for two types of intangible capital
or intellectual property assets such as software and databases and research and development.
The values of the user cost of capital are calculated following Devereux and Griffith! (1999) and
Devereux and Grithith| (2003).
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The relative prices of all capital goods are obtained by dividing the price index of each type
of capital asset by the price index of gross real value-added. All price indices are 100.0 for the
base year of 2010. Thus all relative prices are 1.0 for the year 2010. As shown in Table the
average relative prices, over all cross-sections and time periods, are 1.633 for computing equipment,
1.157 for communications equipment, 1.027 for transport equipment, 1.004 for other machinery
and equipment, and 0.945 for non-residential investment or structures. The average relative prices
of intangible capital assets, over all cross-sections and time periods, are 1.024 for software and
databases and 0.966 for research and development. There is a clear pattern of declining relative
prices for computing equipment, communications equipment, and software and databases (Figure
. Strongly declining relative prices for computing and communication equipment (IT and CT)
are also observed in [Fatica| (2018) over the period 1984-2007 for the whole market economy. The
evolution of relative prices allows us to understand the pattern of the evolution of the user costs of
capital and thus explains to a large extent the tendency of convergence of the user costs of capitalE-]

The non-price component (NPC) of the user cost of capital is the part of the formula for the
user cost of capital proposed by Devereux and Griffith| (1999) and Devereux and Griffith| (2003])
that does not involve the relative prices of capital goods:

(1—Ay)(re +9)
(1 — Tt)
The non-price component of the user cost of capital captures, among other things, the impact of
the corporate income tax rate on the evolution of the user cost of capital. As shown in Table
the average values of the non-price component of the user cost of physical capital assets, over
all cross-sections and time periods, are 0.075 for computing equipment, 0.061 for communications
equipment, 0.065 for transport equipment, 0.061 for other machinery and equipment, and 0.069 for
non-residential investment or structures. For intangible capital assets, the average values of the
non-price component of the user cost of capital, over all cross-sections and time periods, are 0.083
for software and databases and 0.073 for research and development. The evolution of the average
values of the non-price component of the user cost of capital is shown in Figure in the left
panel for physical capital and the right panel for intangible capital assets. The NPC are generally

lower for physical than for intangible capital assets.

NPC; = —6 [3.5]

3.4 Testing and empirical results

This empirical analysis rests on the acceptance of the existence of a long-run equilibrium relationship
between the levels of the stock of capital, output, and the user cost of capital, all in logarithmic
transformation. Thus these three variables must be cointegrated. Unit root and cointegration tests
are done to verify that this long-run equilibrium relationship exists. In addition, according to[Hoyos
and Sarafidis (2006), testing for cross-sectional dependence is an important step in fitting panel-
data models. The presence of cross-sectional dependence is then tested. Following the diagnostic
tests, this section continues with the estimation of the parameters.

1 The declining relative prices of capital goods observed in the dataset do not mean that these assets
have been affected by negative inflation. This phenomenon is rather a consequence of the fact that all price
indices for both value added and capital goods are equal to 100 in the same year, which is the base year of
2010. This is a drawback that cannot be circumvented since the prices of value added and capital goods are
not available. These data are the best options that currently exist.
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Figure 3.3: Relative prices: annual average across all sectors, 1995-2015
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Notes: This figure provides a graphical illustration of the evolution of the price index of capital
relative to the price index of real value-added. On the left are the relative prices of computing
equipment, communications equipment, transport equipment, other machinery and equipment,
and non-residential investment or structures. On the right are the relative price of software and

databases and the relative price of research and development. All price indices are 100.0 for the
base year of 2010.

Figure 3.4: Non-price component of user cost of capital: annual average across all sectors,
1995-2015
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Notes: This figure shows, on the left, the evolution of the non-price component of the user
cost of capital for computing equipment, communications equipment, transport equipment, other
machinery and equipment, and non-residential investment or structures. On the right, it provides
the evolution of the non-price component of the user cost of capital for software and databases
and for research and development. The non-price component of the user cost of capital is the part

that does not involve relative prices in the user cost of capital formula proposed by [Devereux and|
|Griffith| (1999) and Devereux and Griffith (2003)).

3.4.1 Diagnostic tests

The diagnostic tests start with a cross-sectional dependence test. If the number of cross-sectional
units (V) is small relative to the time series dimension (7T'), the Lagrange multiplier (LM) test or
the bias-adjusted LM test can be used to detect cross section dependence of the errors in a panel
dataset (Breusch and Pagan|, [1980; Pesaran et al., 2008). If both N and T are large, Pesaran’s
cross-sectional dependence (CD) test is a reliable alternative (Pesaran| 2004). For the case of small
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T, [Sarafidis et al. (2009) propose Sargan’s difference tests for heterogeneous error cross section
dependence to detect cross sectional dependence of the errors after estimating a linear dynamic
panel data model with covariates using the GMM estimator.

The latter procedure tests the null hypothesis of homogeneous error cross-sectional depen-
dence against the alternative of heterogeneous error cross-sectional dependence. Homogeneous
cross-sectional dependence is cross-sectional dependence that can be eliminated by including time
dummies or by cross-sectionally demeaning the data. Heterogeneous cross-sectional dependence is
that which remains even after including time dummies or cross-sectionally demeaning the data.
This procedure uses two sets of moment conditions: moment conditions (I) consider only the lags
of the dependent variable as instruments, and moment conditions (II) consider as instruments the
lags of covariates (Sarafidis and Robertson, 2009; |Sarafidis et al., 2009). Under the null of homo-
geneous cross-sectional dependence, both moment conditions hold. However, under the alternative
only moment conditions (II) hold. In Table under the null (i.e., when the full set of moment
conditions is used), Ssy g2 is the test statistic of over-identifying restrictions proposed by |Sargan
(1958). Similarly, under the alternative (i.e., when only moment conditions II are used), Ssysx2
is Sargan’s (1958) test statistic of over-identifying restrictions.

Table 3.2: Error cross section dependence test following Sarafidis et al.| (2009))

SSYSZ SSYSX2 DSYSQ

Computing equipment (IT) 1618.0  1373.5  244.5
Communication equipment (CT) 1489.2 10452  444.0
Transport equipment (TraEq) 1175.7 760.9  414.8
Other machinery and equipment (OMach) 1064.7 713.0 351.7
Non-residential investment (OCon) 1471.2 3264 11448
Software and databases (SoftD) 1258.6  960.4  298.2
Research and development (R&D) 1165.0 534.6  630.5

According to Sarafidis et al.| (2009), Dgy g2 = Ssys2—Ssysx2 follows a chi-squared distribution
with df = T(T—1)/2+(T —1) degrees of freedom. For df = 189, the 5% critical value is x? = 222@
Thus at the 5% level of significance, the null hypothesis of homogeneous error cross-sectional
dependence is rejected for all the investment equations. Furthermore, according to [Sarafidis et al.
(2009), the system GMM estimator can be a reliable alternative under heterogeneous error cross-
sectional dependence. As a result, the investment equations (equation for each type of assets)
will be estimated using the two-step GMM estimator.

The existence of a long-run equilibrium relationship between capital, output, and the user cost
of capital presupposes that these three variables are cointegrated. Thus, they must have unit roots.
Therefore, unit root and cointegration tests are carried out before carrying out an in-depth anal-
ysis of this long-run relationship. The standard unit root test for non-stationary time series (the
augmented Dickey-Fuller test) is inappropriate when panels (here country-sector pairs) are cross-
sectionally dependent. |Pesaran| (2007) proposes a cross-sectionally augmented Dickey-Fuller test
(CADF) which is suitable for detecting unit roots when the cross-sectional units are dependent. The
test evaluates the null hypothesis that all series are non-stationary against the alternative of sta-
tionary time series. Here, the CADF test is carried out for the logs of the stocks of capital in form of

12The critical value of the chi-squared distribution for 189 degrees of freedom was retrieved from the online
chi-squared calculator https://www.socscistatistics.com /tests/criticalvalues/.
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computing equipment (IT), communications equipment (CT), transport equipment (TraEq), other
machinery and equipment (OMach), non-residential investment or structures (OCon), software and
databases (SoftD), and research and development (R&D); for the logs of output; and the logs of the
user cost of capital. After several modelling attempts, the Akaike and Schwarz’s Bayesian informa-
tion criteria suggest that the lag lengths can be fixed between 1 and 3, depending on the length of
each panel. The test is performed with both a constant and a constant and trend included. The
variables are found to have unit roots (see Tables to in the appendix).

Next, |[Pedroni (1999)) and |[Pedroni (2004]) propose seven test statistics to test the null hypothesis
of no cointegration in non-stationary panel-data seriesE The seven test statistics follow a standard
normal distribution when both the time and the cross sectional dimensions are large, and account
for heterogeneity between country-sector pairs. The test accounts for error cross section dependence
by time-demeaning the data for each individual variable. This test is based on residuals, imposes
common factor restrictions, and offers two categories of statistics: the within-dimension statistics
(panel cointegration statistics) and between-dimension statistics (group cointegration statistics).
Pedroni (2004) considers that, when the time dimension of the time series is less than one hundred,
one of the seven tested statistics (the ADF test) has the best power.

Westerlund, (2007) also developed four error-correction-based tests to test the null hypothesis of
no cointegration against the alternatives of cointegration as a whole (panel test) or cointegration for
at least one cross-sectional unit (group-mean test). The tests can account for unit-specific short-run
dynamics, unit-specific trend and slope parameters, and cross-sectional dependence (Westerlund,
2007; |Westerlund and Edgerton), 2007). Contrary to Pedroni’s (2004) test, Westerlund’s (2007) does
not impose common factor restrictions. In that sense Westerlund’s (2007) test is more general, since
the risk of imposing invalid common factor restrictions is non-existent.

Table 3.3: Cointegration tests

Pedroni’s ADF test Westerlund’s tests

Equation for Panel Group G- G, P. P,

IT 7.889 7.677 0.005 0.000 0.000 0.000
CT 10.100 8.762 0.000 0.020 0.330 0.455
TraEq 10.850 10.330 0.040 0.280 0.025 0.085
Omach 8.733 10.100 0.005 0.075 0.020 0.030
Ocon 9.406 9.406 0.805 0.975 0.385 0.610
SoftD 8.331 8.128 0.000 0.000 0.000 0.000
R&D 11.760 14.410 0.060 0.420 0.260 0.400

Table (columns 1 and 2) presents Pedroni’s (1999, 2004) ADF test statistics for the exis-
tence of a long-run relationship between the logarithms of capital, output, and the user cost of
capital. With a standard normal critical value of 2.58 at the 1% level, since all values in columns
1 and 2 are strictly greater than that number, Pedroni’s (1999, 2004) tests strongly reject the null
hypothesis of no cointegrating relationship between the logarithms of capital, output, and the user

13Neal| (2014) creates the code in Stata to implement Pedroni’s seven test statistics to detect the existence
of a cointegrating relationship between non-stationary variables.

13Persyn and Westerlund (2008) implement the Stata commands to carry out the four error-correction
based tests by Westerlund| (2007]).
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cost of capital in computing equipment (IT), communication equipment (CT), transport equip-
ment (TraEp), other machinery and equipment (OMach), non-residential investment or structures
(OCon), software and databases (SoftD), and research and development (R&D). Columns 3 to 6
of Table show Westerlund’s (2007) four error-correction-based test statistics for cointegration.
Since the values shown in columns 3 to 6 are p-values, we fail to reject the null hypothesis of no
cointegration at the 5% or 10% levels whenever a p-value is greater than 5% or 10%. Thus, at the
5% level of significance, Westerlund’s (2007) cointegration panel test (Pr) confirms the existence of
a cointegrating relationship between the logarithms of capital, output, and the user cost of capital
in IT, CT, OMach, and SoftD. Westerlund’s (2007) group-mean test (G) confirms the existence of
a cointegrating relationship between the logarithms of capital, output, and the user cost of capital
for at least one cross-sectional unit, except for structures (OCon), at the 10% level of significance.

Pedroni’s tests provide more unambiguous results with respect to cointegration than West-
erlund’s tests do. Although Pedroni’s tests are more restrictive and therefore less general, the
common factor restrictions imposed by these tests do not conflict with the purpose of this study. It
is clear that Westerlund’s tests reject the null hypothesis of no cointegration for at least one cross-
sectional unit for all capital assets except non-residential investment or structures (OCon). But
also Pedroni’s tests reject the null hypothesis of no cointegration with more confidence for OCon
compared to IT and SoftD, for which the null hypothesis is strongly rejected under Westerlund’s
tests. The results of Pedroni’s tests are sufficient to presume that cointegration exists.

3.4.2 Parameter estimates

The relationship between capital and the user cost of capital is studied here for five types of phys-
ical capital assets and two types of intangible capital assets. If we ignore the potential dynamic
bias due to too few time periods in our dataset, the estimation of a dynamic fixed effects model in
error correction form provides estimates for physical capital assets that can be compared to [Fatica
(2018)). As shown in Table in the short-run dynamics the estimated coefficients associated
with the current change in the log of the user cost of capital have the negative sign predicted
by the literature and are statistically significant, except for transport equipment. Furthermore,
the estimated coefficients of the change in the log of the user cost of capital in t — 1 have the
expected negative sign, but are insignificant for both intangible capital assets. For physical capital
assets, those coefficients have the expected sign and are significant at the 1% level of significance
for computing equipment (IT), communications equipment (CT), other machinery and equipment
(OMach), and non-residential investment or structures (OCon), and at 10% for transport equip-
ment (TraEq). In summary, these estimates suggest that short-term changes in the user cost of
capital have a significant impact on changes in the capital stock for computing equipment (IT),
communications equipment (CT), other machinery and equipment (OMach), and non-residential
investment (OCon), but to a lesser extent for transport equipment (TraEq), software and databases
(SoftD), and research and development (R&D).

As for the long-run equilibrium relationship, the speed of adjustment parameters are negative
and significant at the 1% level of significance for all types of capital. Similar to [Fatica (2018) (in
Table 2), computing equipment has the fastest speed adjustment parameter among the five physical
capital assets. This value is -0.145, here compared to -0.102 in Fatica| (2018). Turning to intellectual
property assets, the speed of adjustment parameters are -0.127 for software and databases and -
0.030 for research and development. It appears that capital stock in form of software and databases
(SoftD) adjusts to its desired level four times faster than capital in the form of research and
development (R&D).
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The long-run elasticities of capital with respect to the user cost of capital have the negative sign
predicted by the literature (Bond and Xing| (2015)), and [Fatical (2018)) and are strongly significant
for the five physical capital assets. Under this framework of homogenous parameters in an error
correction model, the coefficient estimates imply that a 1% decrease in the user cost of capital would
increase the stock of capital by 1.01% for computing equipment (IT), 1.68% for communications
equipment (CT), 0.61% for transport equipment (TraEq), 1.17% for other machinery and equipment
(OMach), and 0.73% for non-residential investment or structures (OCon). As regards intangible
capital assets, the long-run elasticity of capital with respect to the user cost of capital is -0.41 for
software and databases (SoftD) and 0.08 for research and development (R&D). This elasticity is
negative and significant at the 1% level of significance for SoftD, but positive and insignificant for
R&D M

Taking into account the potential problem of dynamic panel bias, the GMM estimator is one of
the most appropriate solutions. Table (in the appendix) shows the estimated coefficients for
the log of the stock of capital equations in an ARDL(2,2) model (equation . These estimates are
obtained using the two-step system GMM estimator. The estimated coefficients for the equations
in error-correction form are presented in Table 3.5] Note that the statistical summaries of the
variables included in the error-correction model can be found in Table (in the appendix).
The two-step GMM estimation method put to use takes into account cross-sectional dependence
(Sarafidis et al., 2009; Sarafidis and Robertson, 2009). The standard errors used are made robust to
heteroscedasticity and arbitrary patterns of autocorrelation within cross-sectional units by applying
the [Windmeijer| (2005|) correction.

The estimates presented in Table were selected after comparing many choices of instru-
ments, by paying special attention to the AR(1) and AR(2) tests and the Hansen test of overiden-
tifying restrictions. [Roodman| (2009b) suggests that for a good specification, the null hypothesis of
the AR(1) test should be rejected because of the dynamics of the model, the null hypothesis of the
AR(2) test should not be rejected, and the p-value of the Hansen test of overidentifying restrictions
should be between 0.1 and 0.25.

As shown in Table in the short-run dynamics the estimated coefficients associated with
the current change in the log of the user cost of capital are negative and significant at the 1%
level of significance for computing equipment (IT), communications equipment (CT), and other
machinery and equipment (OMach). The estimates are negative and significant at the 10% level
for non-residential investment or structures (OCon) and for software and databases (SoftD). The
estimate for research and development (R&D) has the expected negative sign, but is insignificant.
The estimate for transport equipment (TraEq) has an incorrect sign and is insignificant.

Furthermore, the estimates corresponding to the change in the log of the user cost of capital
at ¢ — 1 have the expected negative sign for both physical and intangible capital assets. These
estimates are strongly significant for IT and CT. They are significant at the 5% and 10% levels for
R&D and OCon, but insignificant for TraEq and SoftD. The GMM short-run estimates thus show
a consistent pattern with the dynamic fixed effects (DFE) model estimates for IT and CT and to
a lesser extent for OCon and SoftD.

As for the long-run equilibrium relationship in Table the speed of adjustment parameters
have the negative sign predicted by literature for two types of physical capital, namely computing

Lokshin and Mohnen| (2007) found a negative and significant value of the user cost elasticity of R&D
capital of -0.72 for the Netherlands. However, using a meta-analysis, |Gaillard-Ladinska et al.| (2019)) found
that R&D capital user cost elasticities ranged from 1.34 to -1.52. It is possible that the result obtained
from this study is due to the aggregation of different user cost impacts on R&D capital accumulation across
country-sector pairs in a panel data setting, since this elasticity seems to be very heterogeneous according
to |Gaillard-Ladinska et al.| (2019).
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equipment (IT) and transport equipment (TraEq). The IT speed of adjustment parameter is
also significant at the 1% level of significance. The speed of adjustment parameters are strongly
significant but with incorrect signs for other machinery and equipment (OMach) and non-residential
investment (OCon). The CT speed of adjustment parameter is both insignificant and has an
incorrect sign. However, the speed of adjustment parameters for both types of intangible capital
are negative and significant at the 5% level of significance.

Furthermore, the long-run elasticities of capital with respect to the user cost of capital have the
expected negative sign for computing equipment (IT) and transport equipment (TraEq). Among
all five physical capital assets, only I'T has a user cost elasticity that is both negative and significant

at the 1% level). This result is consistent with the dynamic fixed effects (DFE) results in Table
(0'T = —1.011), and is close to the IT user cost elasticity of -1.018 obtained by [Fatical (2018).
As for intangible capital assets (SoftD and R&D), the user cost elasticities have the negative sign
expected by the literature, but are insignificant.

At the level of short-term dynamics, both the DFE and GMM estimation methods agree on
almost similar qualitative results for all types of physical and intangible capital. The estimated
coefficients differ in magnitude, but agree for the most part in sign and significance. As an example,
in the case of IT and CT, the coefficients of the current and lagged values of the change in log of
the user cost of capital are negative and strongly significant under both estimation methods. For
TraEq, the estimated coefficient associated with the current change in log of the user cost of capital
is insignificant under both estimation methods. Finally, the current change in log of the user cost
of capital for SoftD is significant at the 5% level under the DFE, but at the 10% level under the
GMM. As for the SoftD change in log of the user cost of capital in t — 1 estimate, it is insignificant
under both methods.

In terms of speed of adjustment parameters, similarities can be noted under both estimation
methods for IT and R&D. For the long-term parameters (speed of adjustment and long-run elastic-
ities of capital with respect to the user cost of capital), the results of the two estimation methods
clearly agree well for IT. A large time dimension of a panel dataset increases the unbiasedness of the
DFE estimator. In the GMM estimator, the number of instruments increases quadratically with
the time dimension of the panel dataset. Roodman (2009a)) explained that the bias of the GMM
estimator becomes more pronounced when the number of instruments explodes. With a number
of observations per cross-section of 17.62 in our dataset, it is possible that the bias is sufficiently
large to affect the reliability of long-term estimated parameters of the GMM results.
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Table 3.4: Estimates for the equations of the change in log of the stock of capital in error-correction form (equation
3.4), using the dynamic fixed effects (DFE) regression

Dependent variable: Ak} IT CT TraEq OMach OCon SoftD R&D
change in log of capital lag t-1, Ak}, 0.137***  0.080***  0.265"**  0.239***  -0.244***  0.119** 0.279***
(0.050) (0.026) (0.083) (0.063) (0.092) (0.057) (0.081)
Change in log of output, Ay, 0.113* 0.089 0.061**  0.080***  0.099***  0.108** 0.059*
(0.065) (0.092) (0.025) (0.018) (0.026) (0.042) (0.034)
Change in log of output lag t-1, Ay, -0.023 0.060 0.091***  0.071***  0.112***  0.141***  0.074***
(0.051) (0.053) (0.026) (0.020) (0.029) (0.032) (0.027)
Change in log of user cost of capital, AJ} -0.419***  -0.438"** -0.010  -0.050***  -0.023**  -0.050**  -0.021**
(0.064) (0.058) (0.018) (0.009) (0.009) (0.020) (0.011)
Change in log of user cost of capital lag t-1, Ady_; -0.182*** -0.130***  -0.022*  -0.059*** -0.042*** -0.026 -0.009
(0.027) (0.027) (0.013) (0.010) (0.010) (0.019) (0.014)
Speed of adjustment, @™ -0.145**  -0.076***  -0.068"**  -0.056*** -0.072*** -0.127*** -0.030***
(0.016) (0.010) (0.010) (0.011) (0.016) (0.016) (0.009)
Long-run elasticity of capital w.r.t user cost, 6™ -1.011***  -1.679***  -0.605"** -1.167*** -0.732*** -0.408*** 0.083
(0.108) (0.258) (0.210) (0.249) (0.174) (0.098) (0.467)
Country-sector fixed effects Yes Yes Yes Yes Yes Yes Yes
Year dummy Yes Yes Yes Yes Yes Yes Yes
Number of groups 137 137 137 137 137 137 137
Observations 2414 2414 2414 2414 2414 2414 2414

Notes: Each column presents the estimation results of the investment equation for each capital asset such that n equals computing
equipment (IT), communications equipment (CT) and transport equipment (TraEq), other machinery and equipment (OMach), non-
residential investment or structures (OCon), software and databases (SoftD), and research and development (R&D). The estimation
method is dynamic fixed effects (DFE). The standard errors are in parenthesis. We consider: * p < 0.10, ** p < 0.05, and *** p < 0.01.
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Table 3.5: Estimates for the equations of the change in log of the stock of capital in error-correction form (equation
, using the GMM estimator

Dependent variable: Ak} 1T CT TraEq OMach OCon SoftD R&D

Change in log of the stock of capital lag t-1, Ak} 4 -0.059 0.067 0.481***  0.352***  -0.308*** 0.044 0.374%**
(0.078) (0.058) (0.094) (0.092) (0.117) (0.123)  (0.091)

Change in log of output, Ay, 0.202 0.031 0.057 0.038 0.031 0.211 0.107
(0.227) (0.241) (0.105) (0.055) (0.047) (0.161)  (0.073)
Change in log of output lag t-1, Ay, -0.257* -0.161 -0.001 0.005 0.128** 0.275* 0.175*
(0.143) (0.183) (0.068) (0.071) (0.052) (0.150)  (0.092)
Change in log of user cost of capital, AY} -0.344***  -0.295*** 0.029 -0.029***  -0.015* -0.064* -0.028

(0.072)  (0.087)  (0.019)  (0.010)  (0.008)  (0.033)  (0.028)

Change in log of user cost of capital lag t-1, A9} ; -0.221***  -0.137***  -0.033 -0.009 -0.028* -0.019  -0.072**
(0.045) (0.041) (0.029) (0.027) (0.016) (0.028)  (0.033)

Speed of adjustment, @™ -0.131*** 0.006 -0.005 0.017**  0.025***  -0.040** -0.037**
(0.034) (0.012) (0.011) (0.008) (0.008) (0.016)  (0.015)
Long-run elasticity of capital w.r.t user cost, 6™ -1.052*** 10.850 -6.370 1.451 0.688 -0.171 -0.553
(0.135) (21.823) (12.723)  (1.429) (0.734) (0.761)  (0.807)
Country-sector fixed effects Yes Yes Yes Yes Yes Yes Yes
Year dummy Yes Yes Yes Yes Yes Yes Yes
Number of instruments 131 136 131 136 136 118 131
Number of groups 137 137 137 137 137 137 137
Observations 2414 2414 2414 2414 2414 2414 2414
Arellano-Bond test for AR(1) (p-value) 0.000 0.000 0.000 0.005 0.075 0.006 0.008
Arellano-Bond test for AR(2) (p-value) 0.763 0.207 0.886 0.101 0.040 0.832 0.089
Sargan test of overid. restrictions (p-value) 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Hansen test of overid. restrictions (p-value) 0.130 0.155 0.195 0.425 0.324 0.197 0.187

Notes: Each column presents the estimation results of the investment equation for each capital asset such that n equals computing equipment (IT), com-
munications equipment (CT) and transport equipment (TraEq), other machinery and equipment (OMach), non-residential investment or structures (OCon),
software and databases (SoftD), and research and development (R&D). The estimation method is two-step system GMM. The standard errors are in paren-
theses. We consider: * p < 0.10, ** p < 0.05, and *** p < 0.01. For this GMM specification the predetermined variables are the lagged values of capital, the
current and lagged values of output, and the current and lagged values of the user cost of capital. The exogenous variables are the year dummies. The set
of instrument variables is collapsed. The leftmost columns of the instrument matrix are dropped. For example, the first 3 columns for IT, the first 2 for CT,
the first 3 for TraEq, the first 2 for OMach, the first 2 for OCon, the first 5 for SoftD, and the first 3 for R&D were dropped.



3.5 Sensitivity analysis

This analysis of sensitivity allows us to see how the results of the model hold up when estimated
on restricted balanced panel datasets. Moreover, this analysis allows the results to be deepened
by admitting the possibility that relative prices (the price component of the user cost of capital)
and the non-price component of the user cost of capital affect the capital accumulation process
differently, by decomposing the user cost of capital into its price and non-price components.

3.5.1 Long restricted balanced panel dataset

The first element of the sensitivity analysis is to apply the dynamic fixed effects and GMM estima-
tion methods to the longest balanced panel that can be extracted from the dataset. This dataset
consists of six countriesF_E] It contains 68 groups from 1997 to 2015, i.e., 19 observations per cross-
sectional unit (country-sector pair). This strategy raises an important question: Is it a long or short
panel dataset? The answer is not immediately clear, as 20 observations are generally considered
necessary for a long panel dataset. A possible tentative answer can be found in a comparison of
the estimation results of the dynamic fixed effects (DFE) model and the GMM estimator.

Table [3.6]shows the estimation results for the model in error correction form when the dynamic
fixed effects method is used. Table presents the results for the error-correction model obtained
using the GMM estimation method. The estimated coefficients for the associated autoregressive
distributed lag model obtained using GMM estimation are shown in Table (in the appendix).
If we compare the dynamic fixed effects models in Tables and we can see that although the
estimated coefficients are different, they display a consistent pattern and maintain their qualitative
interpretations. For both the entire and restricted datasets, the speed of adjustment parameters
are negative and significant at the 1% level of significance for all types of capital. The long-run
elasticities of capital with respect to the user cost of capital are negative and strongly significant,
except for research and development (R&D) (in both datasets) and for communications equipment
(CT) (in the restricted dataset) .

As for the GMM estimates (Table and Table in the appendix) based on the restricted
dataset, the results seem unreliable. The number of instruments still exceeds the number of groups
(68), even after collapsing the set of instruments and dropping the leftmost instrument vectors as
suggested by Roodman (2009a)). Furthermore, the p-value of the Hansen test of overidentifying
restrictions cannot be placed within the range (0.1, 0.25) as recommended in the literature (Rood-
man), 2009ab). Thus for the restricted dataset, the dynamic fixed-effects model seems better able
to describe the process of capital accumulation. This model seems more in line with the general
conclusions of neoclassical theory of business investment behaviour (Jorgenson, (1963, 1967, [1971]).
These DFE results are also more similar to those obtained by |Fatical (2018), who implemented the
DFE, mean group, and pooled mean group estimators using data from 23 sectors in 10 OECD
countries covering the period 1984-2007 taken from EU KLEMS database (March 2008 Release).

15The countries are Austria, Denmark, Finland, France, Germany, and the United States.
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Table 3.6: Estimates for the equations of the change in log of the stock of capital in error-correction form (equation
3.4): using the dynamic fixed effects (DFE) regression with the longest possible balanced panel dataset

Dependent variable: Ak} IT CcT TraEq OMach OCon SoftD R&D
Change in log of the stock of capital lag t-1, Ak} 0.102 0.061** 0.171** 0.178***  -0.313*** 0.071 0.265%**
(0.074) (0.027) (0.076) (0.059) (0.086) (0.089) (0.056)
Change in log of output, Ay, 0.154*** 0.158 0.149***  0.109***  0.148***  0.101***  0.142***
(0.059) (0.144) (0.031) (0.022) (0.043) (0.029) (0.034)
Change in log of output lag t-1, Ay 0.025 0.179***  0.075**  0.086™**  0.178***  0.107"** 0.061
(0.043) (0.064) (0.032) (0.021) (0.048) (0.029) (0.039)
Change in log of user cost of capital, AY} -0.228**  -0.470***  -0.106**  -0.046***  -0.044* -0.047* -0.061*
(0.105) (0.074) (0.049) (0.013) (0.023) (0.024) (0.034)
Change in log of user cost of capital lag t-1, Ady ;  -0.091***  0.090** 0.001 -0.073***  -0.088***  -0.063** 0.034
(0.059) (0.038) (0.030) (0.014) (0.023) (0.027) (0.036)
Speed of adjustment, ™ -0.110***  -0.050***  -0.050***  -0.058***  -0.097*** -0.113*** -0.060***
(0.034) (0.009) (0.016) (0.018) (0.026) (0.015) (0.020)
Long-run elasticity of capital w.r.t user cost, 6" -0.856*** -0.705 -0.760***  -1.228***  -0.578"**  -0.468*** -0.183
(0.168) (0.921) (0.431) (0.346) (0.186) (0.128) (0.369)
Country-sector fixed effects Yes Yes Yes Yes Yes Yes Yes
Year dummy Yes Yes Yes Yes Yes Yes Yes
Number of groups 68 68 68 68 68 68 68
Observations 2414 2414 2414 2414 2414 2414 2414

Notes: Each column presents the estimated coefficients of the investment equations for each type of capital such that n equals com-
puting equipment (IT), communications equipment (CT) and transport equipment (TraEq), other machinery and equipment (OMach),
non-residential investment or structures (OCon), software and databases (SoftD), and research and development (R&D). The estimation
method is dynamic fixed effects (DFE). The standard errors are in parenthesis. We consider: * p < 0.10, ** p < 0.05, and *** p < 0.01.
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Table 3.7: Estimates for the equations of the change in log of the stock of capital in error-correction form
(equation : using the GMM estimator with the longest possible balanced panel dataset

Dependent variable: Ak} IT CcT TraEq  OMach OCon SoftD R&D

Change in log of the stock of capital lag t-1, Akj* ;  0.387*** 0.163* 0.493***  0.497*** -0.339***  0.248  0.200***
(0.137) (0.082) (0.096)  (0.137) (0.094)  (0.175)  (0.072)

Change in log of output, Ay, 0.384** 0.070 0.180* 0.088 -0.021 0.080 0.093
(0.152) (0.235) (0.105)  (0.073) (0.107)  (0.085)  (0.090)
Change in log of output lag t-1, Ay 0.124 0.198 -0.048 0.008 0.205** -0.006 0.217*
(0.243) (0.374) (0.092)  (0.049) (0.087)  (0.076) (0.110)
Change in log of user cost of capital, Ad} -0.356** -0.114 -0.008 0.029 0.078* 0.072 -0.041

(0.116)  (0.091)  (0.048)  (0.034)  (0.044)  (0.054)  (0.049)

Change in log of user cost of capital lag t-1, A9} ;  -0.162*** 0.353* 0.093 -0.059** -0.059 0.052 0.103
(0.088) (0.190) (0.092)  (0.028) (0.039)  (0.070)  (0.048)

Speed of adjustment, ™ -0.042**  -0.052*** 0.005 0.008 0.009 -0.006  -0.013
(0.016) (0.018) (0.009)  (0.011) (0.010)  (0.006)  (0.008)
Long-run elasticity of capital w.r.t user cost, 6" -1.156*** 1.479 -2.925 0.633 2.788 -1.804 1.458
(0.405) (1.206) (5.928)  (2.233) (3.775)  (4.609)  (2.421)
Country-sector fixed effects Yes Yes Yes Yes Yes Yes Yes
Year dummy Yes Yes Yes Yes Yes Yes Yes
Number of instruments 88 93 98 108 98 108 103
Number of groups 68 68 68 68 68 68 68
Observations 1292 1292 1292 1292 1292 1292 1292
Arellano-Bond test for AR(1) (p-value) 0.000 0.000 0.001 0.002 0.041 0.035 0.001
Arellano-Bond test for AR(2) (p-value) 0.937 0.572 0.387 0.431 0.045 0.297 0.553
Sargan test of overid. restrictions (p-value) 0.000 0.000 0.000 0.019 0.000 0.000 0.000
Hansen test of overid. restrictions (p-value) 0.465 0.891 0.968 0.995 0.979 0.973 0.998

Notes: Each column presents the estimated coefficients of the investment equations for each type of capital such that n equals computing equipment (IT),
communications equipment (CT) and transport equipment (TraEq), other machinery and equipment (OMach), non-residential investment or structures
(OCon), software and databases (SoftD), and research and development (R&D). The estimation method is two-step system GMM. The standard errors are
in parenthesis. We consider: * p < 0.10, ** p < 0.05, and *** p < 0.01. For this GMM specification the predetermined variables are the lagged values of
capital, the current and lagged values of output, and the current and lagged values of the user cost of capital. The exogenous variables are the year dum-
mies. The set of instrument variables is collapsed. The leftmost columns of the instrument matrix are dropped. For example, the first 6 columns for IT,
the first 5 for CT, the first 4 for TraEq, the first 2 for OMach, the first 4 for OCon, the first 2 for SoftD, and the first 3 for R&D were dropped.



3.5.2 Short restricted balanced panel dataset

This second element of the sensitivity analysis uses a simple balanced panel dataset spanning from
1998 to 2003. This dataset contains 571 observations for 126 groups (country-sector pairs) and
includes all countries in the original dataset except for the Netherlands. Tables and present
the dynamic fixed effects (DFE) and GMM estimates in error correction form. Table shows
the GMM estimates of the associated autoregressive distributed lag model.

In comparison to the DFE results using the original dataset (Table , the DFE estimates
obtained with this short restricted dataset, shown in Table [3.8] provide speed of adjustment pa-
rameters that are two to four times higher than those obtained using the original dataset. The
long-run elasticities of capital with respect to the user cost of capital that were significant for IT,
TraEq and OCon are no longer significant. The same observation about the speed of adjustment
parameters can be made when comparing the GMM results using the original dataset (Table
and ones using the short restricted dataset (Table . The user cost elasticities obtained from
these datasets are very different in terms of magnitude and significance.

If we compare the DFE and GMM results obtained using the short restricted dataset (Tables
and , we can see that the speed of adjustment parameters are negative, significant, and
larger in magnitude in comparison to the estimates obtained using the original dataset for all types
of capital. Under both estimation methods, the long-run elasticities of capital with respect to the
user cost of capital are negative for all types of capital except transport equipment. Both methods
provide significant long-run user cost elasticities of capital for communications equipment (CT),
other machinery and equipment (OMach), and research and development (R&D). Although the
DFE and GMM results obtained using this short restricted dataset have points of similarity, one
can question the reliability of the DFE estimates for such a short panel dataset. Furthermore, the
results of Hansen’s test for the GMM estimates for I'T, OMach and SoftD are not convincing or only
somewhat convincing for TraEq and OCon. Since the AR(1), AR(2), and Hansen tests associated
with the GMM results for CT and R&D are consistent with a good choice of instruments, these
results confirm that changes in the user cost of capital affect capital accumulation in the short run
for CT and R&D.
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Table 3.8: Estimates for the equations of the change in log of the stock of capital in error-correction form (equation
3.4): using the dynamic fixed effects (DFE) regression with a short restricted balanced panel dataset

Dependent variable: Ak} IT CcT TraEq OMach OCon SoftD R&D

Change in log of the stock of capital lag t-1, Ak} -0.067 -0.278*** 0.024 -0.095*  -0.276%** -0.146 -0.219***
(0.069) (0.087) (0.118) (0.048) (0.075) (0.116) (0.082)

Change in log of output, Ay, 0.182 0.193 0.161***  0.170*** 0.136** 0.137* 0.074
(0.137) (0.135) (0.059) (0.045) (0.055) (0.075) (0.096)

Change in log of output lag t-1, Ay, 0.077 0.208 0.156**  0.227*** 0.206** 0.181** 0.228***
(0.107) (0.137) (0.073) (0.050) (0.102) (0.080) (0.076)

Change in log of user cost of capital, AY} -0.068 -0.376***  -0.090*  -0.036*** -0.018 -0.096**  -0.094***

(0.049)  (0.093)  (0.047)  (0.013)  (0.020)  (0.042)  (0.026)

Change in log of user cost of capital lag t-1, A9} ; -0.061 -0.156***  -0.004  -0.128***  -0.048* -0.070  -0.106***
(0.047) (0.055) (0.047) (0.022) (0.027) (0.059) (0.034)

Speed of adjustment, ™ -0.308***  -0.253***  -0.104** -0.206***  -0.181**  -0.311*** -0.241***
(0.101) (0.069) (0.043) (0.043) (0.076) (0.062) (0.057)
Long-run elasticity of capital w.r.t user cost, 6" -0.134 -1.029*** 0.928 -0.495*** -0.195 -0.257* -0.402**
(0.177) (0.333) (0.679) (0.136) (0.209) (0.151) (0.163)
Country-sector fixed effects Yes Yes Yes Yes Yes Yes Yes
Year dummy Yes Yes Yes Yes Yes Yes Yes
Number of groups 126 126 126 126 126 126 126
Observations 571 571 571 571 571 571 571

Notes: FEach column presents the estimated coefficients of the investment equation for each capital asset such that n equals computing
equipment (IT), communications equipment (CT) and transport equipment (TraEq), other machinery and equipment (OMach), non-
residential investment or structures (OCon), software and databases (SoftD), and research and development (R&D). The estimation
method is dynamic fixed effects (DFE). We consider: * p < 0.10, ** p < 0.05, and *** p < 0.01.
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Table 3.9: Estimates for the equations of the change in log of the stock of capital in error-correction form (equation
3.4): using the GMM estimator with a short restricted balanced panel dataset

Dependent variable: Ak} IT CT TraEq  OMach OCon SoftD R&D
Change in log of the stock of capital lag t-1, Aky ;  -0.215"**  -0.382***  (.083 -0.045 -0.324*** -0.008 -0.166**
(0.077) (0.104)  (0.152)  (0.122) (0.093 ) (0.164) (0.063)
Change in log of output, Ay, 0.097 0.160 0.131%*  0.167*** 0.053 0.135* 0.057
(0.160) (0.099)  (0.061)  (0.050) (0.043) (0.080) (0.070)
Change in log of output lag t-1, Ay;_q 0.085 0.177 0.120*  0.185*** 0.078 0.171 0.154%**
(0.133) (0.109)  (0.067)  (0.048) (0.052) (0.106) (0.055)
Change in log of user cost of capital, AY} 0.026 -0.287***  -0.049 -0.026* -0.004 -0.081**  -0.068***
(0.052) (0.064)  (0.035)  (0.014) (0.017) (0.037) (0.020)
Change in log of user cost of capital lag t-1, AV} -0.022 -0.203***  0.047  -0.090*** -0.027 -0.012 -0.098***
(0.052) (0.065)  (0.044)  (0.024) (0.024) (0.062) (0.025)
Speed of adjustment, ™ -0.297***  -0.272*** -0.083* -0.191"**  -0.110*  -0.278*** -0.190***
(0.056) (0.078)  (0.048)  (0.050) (0.062) (0.096) (0.043)
Long-run elasticity of capital w.r.t user cost, 6" -0.003 -0.919***  1.646*  -0.327** -0.243 -0.222 -0.458***
(0.154) (0.302)  (0.944)  (0.161) (0.383) (0.216) (0.210)
Country-sector fixed effects Yes Yes Yes Yes Yes Yes Yes
Year dummy Yes Yes Yes Yes Yes Yes Yes
Number of instruments 26 26 26 26 26 26 26
Number of groups 126 126 126 126 126 126 126
Observations 571 571 571 571 571 571 571
Arellano-Bond test for AR(1) (p-value) 0.006 0.010 0.024 0.009 0.013 0.006 0.033
Arellano-Bond test for AR(2) (p-value) 0.399 0.625 0.921 0.169 0.308 0.175 0.263
Sargan test of overid. restrictions (p-value) 0.001 0.000 0.014 0.000 0.000 0.000 0.000
Hansen test of overid. restrictions (p-value) 0.001 0.263 0.079 0.001 0.096 0.012 0.292

Notes: Each column presents the estimated coefficients of the investment equation for each capital asset such that n equals computing
equipment (IT), communications equipment (CT) and transport equipment (TraEq), other machinery and equipment (OMach), non-
residential investment or structures (OCon), software and databases (SoftD), and research and development (R&D). The estimation
method is two-step system GMM. We consider: * p < 0.10, ** p < 0.05, and *** p < 0.01. For this GMM specification the predeter-
mined variables are the lagged values of capital, the current and lagged values of output, and the current and lagged values of the user
cost of capital. The exogenous variables are the year dummies. The set of instrument variables is collapsed.



3.5.3 Alternative model

As in [Fatica| (2018), this third element of the sensitivity analysis allows for the assessment of capital
elasticities with respect to the price component of the user cost of capital (the relative prices of
capital) and with respect to the non-price component of the user cost of capital. This alternative
specification uses the entire dataset and implements the DFE and GMM estimation methods. Let
the price component of the user cost of capital be denoted p} = log(P]"/p:). Let the non-price
component of the user cost of capital be defined as np;,’ = log[(1 — A})(r}* + 6™)/(1 — 7¢) — o"].
Then, the logarithm of the user cost of capital can be decomposed as 9% = p} + np;’. Therefore
the autoregressive distributed lag model can be expressed as follows:

2 2 2 2
kijt = Z askiji—s + Z BsYiji—s + Z CsPijit—s + Z VsnPyj s + Nij + Wi + €ij1 (3.6]
s=1 s=0 s=0 s=0

The model in error-correction form is

Akij = moAkiji—1 + 1Y + T2 AYij -1 + T3ADije + TalDiji—1
+ AP + T AP 1 + P(Kiji—2 — Yiji—2) + OpDiji—2 + Onpnipij o) [3.7]
+ Aij + we + €,

where 05 and 6 are the capital long-run elasticities with respect to the price and non-price
components of the user cost of capital, respectively. The estimated coefficients for this alternative
specification are presented in Tables and for the DFE and GMM models in error correction
form and Table for the autoregressive distributed lag model (in the appendix).

This alternative model uses the same dataset as the original specification whose estimated
coefficients can be seen in Tables and Although these are two different specifications,
it is possible to compare the speed of adjustment parameters. The dynamic fixed-effects (DFE)
method provides very similar speed of adjustment parameters in both Tables and They
are negative and significant for all types of capital. The GMM method provides consistent speed
of adjustment parameters in Tables [3.5] and for IT and R&D.

As shown in Table in the short-run dynamics of the DFE regression, the estimated co-
efficients corresponding to the current change in the log of the price component of the user cost
of capital (the relative prices) are negative for all types of capital. They are significant except for
TraEq. It should be noted that the magnitudes of the coefficients for I'T and CT differ greatly from
the estimated coefficients for the other types of capital. The estimated coefficients for the change
in the log of the price component of the user cost of capital for lag ¢ — 1 are negative, except for
R&D. They are significant for CT, OMach, and OCon. Furthermore, the estimated coefficients
associated with the current change in the log of the non-price component of the user cost of capital
for OMach, SoftD, and R&D are negative and strongly significant only for OMach. The estimated
coefficients corresponding to the change in the log of the non-price component of the user cost of
capital for lag t — 1 are negative for I'T, CT, OMach, SoftD, and R&D, but are significant for only
OMach.

As for the long-run equilibrium relationship in the DFE regression (Table , the speed of
adjustment parameters are negative and strongly significant for all types of capital. The long-run
elasticities of capital with respect to the price component of the user cost of capital (the relative
prices) are negative and significant except for R&D. [Fatical (2018)), applying the cross-sectionally
dependent mean group (CDMG) estimation method using a panel dataset from 1987-2004 covering
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23 sectors of the market economy, found negative and significant long-run elasticities of capital
with respect to the price component of the user of capital for IT, CT, TraEq, OMach, and OCon.
It should be noted that intangible capital assets (SoftD and R&D) are not part of her study. The
long-run elasticities of capital with respect to the non-price component of the user cost of capital
are negative for IT, CT, OMach, and SoftD, but significant at the 5% level of significance for only
OMach. Using the CDMG estimation method, Fatica (2018) found negative and significant non-
price component of user cost elasticities for CT, TraEq, OMach, and OCon, but insignificant for
IT.

In the short-run dynamics of the GMM estimation results shown in Table among physical
capital assets the estimated coefficients corresponding to the current change in the log of the price
component of the user cost of capital (the relative prices of capital) are negative for I'T, CT, OMach,
and OCon. They are strongly significant for IT and CT. Turning to intangible capital assets, this
coefficient is negative and significant at the 5% level for R&D. In addition, the estimated coefficients
of the change in the log of the price component of the user cost in lag ¢ — 1 are negative for all
physical and intangible capital assets, but are insignificant. In summary, using the GMM estimation
method it can be said that changes in relative prices significantly affect capital accumulation in the
short term for IT, CT, and R&D in this dataset.

As for the estimated coefficients associated with the current change in the log of the non-price
component of the user cost of capital, they are negative for all types of capital except for TraEq
(Table [3.11). The OCon estimate is significant at the 10% level. Furthermore, the estimates
corresponding to the change in the log of the non-price component of the user cost of capital at
lag t — 1 are negative for IT, TraEq, OMach, OCon, and R&D, but significant at the 1% level of
significance for TraEq. Although the negative signs seem to suggest that short-term changes in
the non-price component of the user cost of capital appear to influence the capital accumulation
process in the expected direction, this result appears to be significant for only TrakEq.

With respect to the long-run equilibrium relationship, as seen in Table the speed of adjust-
ment parameters for physical capital assets are negative for IT, CT, and TraEq. However, these
parameters are significant at the 5% significance level only for IT and TraEq. As for intangible
capital assets (SoftD and R&D), the speed of adjustment parameters are both negative, but signif-
icant only for R&D. Moreover, the long-run elasticities of capital with respect to the relative price
of capital (the price component of the user cost of capital) have the negative sign observed in the
literature (Bond and Xing}, [2015; Fatical |2018) for all physical and intangible capital assets, except
for transport equipment. They are significant at the 1% and 10% levels for IT and CT respectively.
Indeed, a one-percent decrease in the relative price of capital goods induces the stock of capital to
increase by 1.9% for IT and by 5.1% for CT. In addition, the long-run elasticities of capital with
respect to the non-price component of the user cost of capital have a negative sign as in |[Fatica
(2018) for IT, TraEq, and R&D. These elasticities are significant at the 5% level of significance for
computing equipment (IT) and transport equipment (TraEq). In short, a one-percent decrease in
the non-price component of the user cost of capital causes the stock of capital to increase by 2.0%
for IT and 5.5% for TraEq.

It can be noted that the types of capital for which the GMM estimates of the long-run elasticities
of capital with respect to the relative price of capital goods are significant (IT and CT) have seen the
largest declines in relative prices over the period (Figure . Also, the types of capital for which
the long-run elasticities of capital with respect to the non-price component of the user cost of capital
are significant (IT and TraEq) have higher depreciation rates than other physical capital assets.
The non-price component of the user cost of capital incorporates the transmission mechanism of
the effects of the corporate income tax rate on the capital accumulation process. Indeed, in this
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dataset, it can be said that the impacts of a decreasing corporate income tax rate tend to create
positive incentives for capital accumulation in form of IT, TrakEq and R&D.
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Table 3.10: Estimates for the equations of the change in log of the stock of capital in error-correction form
(equation : using the dynamic fixed effects (DFE) regression with decomposed user cost of capital

Dependent variable: Ak} 1T cT TraEq OMach OCon SoftD R&D
Change in log of the stock of capital lag t-1,Ak} | 0.169*** 0.117*** 0.267*** 0.228***  -0.259*** 0.117** 0.281%**
(0.055) (0.024) (0.082) (0.062) (0.091) (0.056) (0.081)
Change in log of output, Ay 0.249*** 0.218** 0.083** 0.107*** 0.106*** 0.101** 0.071**
(0.070) (0.088) (0.034) (0.024) (0.026) (0.045) (0.035)
Change in log of output lag t-1, Ays—1 -0.029 0.100** 0.084*** 0.080*** 0.126*** 0.133*** 0.067**
(0.047) (0.047) (0.029) (0.020) (0.031) (0.033) (0.029)
Change in log of relative price, Ap} -0.724***  -0.717*** -0.094 -0.149*** -0.050** -0.063* -0.071*
(0.071) (0.068) (0.067) (0.039) (0.022) (0.034) (0.037)
Change in log of relative price lag t-1, Ap}_; -0.074 -0.094** -0.013 -0.094***  -0.073*** -0.024 0.013
(0.054) (0.041) (0.032) (0.022) (0.022) (0.038) (0.042)
Change in log of n.p.c. of user cost, Anpy 0.038 0.013 0.028* -0.018*** 0.004 -0.038 -0.006
(0.025) (0.029) (0.015) (0.007) (0.008) (0.027) (0.009)
Change in log of n.p.c. of user cost lag t-1, Anpy’ -0.016 -0.015 0.004 -0.027** 0.001 -0.007 -0.004
(0.036) (0.036) (0.020) (0.013) (0.011) (0.020) (0.012)
Speed of adjustment, @™ -0.131***  -0.070***  -0.068***  -0.063***  -0.093***  -0.128***  -0.034***
(0.015) (0.009) (0.010) (0.011) (0.018) (0.016) (0.010)
Long-run elasticity of capital w.r.t relative price, H%L -1.143***  -1.579***  -0.923***  -1.424***  -0.993***  -0.612*** -0.380
(0.115) (0.267) (0.272) (0.223) (0.150) (0.136) (0.567)
Long-run elasticity of capital w.r.t n.p.c of user cost, 9%} -0.092 -0.931 0.074 -0.541** 0.122 -0.017 0.716
(0.298) (0.612) (0.387) (0.252) (0.138) (0.203) (0.473)
Country-sector fixed effects Yes Yes Yes Yes Yes Yes Yes
Year dummy Yes Yes Yes Yes Yes Yes Yes
Number of groups 137 137 137 137 137 137 137
Observations 2414 2414 2414 2414 2414 2414 2414

Notes: Each column presents the estimated coefficients of the investment equation for each capital asset such that n equals computing equipment
(IT), communications equipment (CT) and transport equipment (TraEq), other machinery and equipment (OMach), non-residential investment or
structures (OCon), software and databases (SoftD), and research and development (R&D). The estimation method is dynamic fixed effects (DFE).
We consider: * p < 0.10, ** p < 0.05, and *** p < 0.01.
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Table 3.11: Estimates for the equations of the change in log of the stock of capital in error-correction
form (equation (3.4): using the GMM estimator with decomposed user cost of capital

Dependent variable: Ak} 1T CT TraEq OMach OCon SoftD R&D
Change in log of the stock of capital lag t-1,Ak} ; 1.057 0.013 0.120 0.300*** -0.243 0.047 0.404***
(0.129) (0.079) (0.112) (0.166) (0.117)  (0.115) (0.107)
Change in log of output, Ay 0.318** -0.021 0.081 -0.026 0.140 0.114 0.173**
(0.159) (0.252) (0.111) (0.059) (0.084)  (0.290) (0.074)
Change in log of output lag t-1, Ay;_1 -0.262* 0.254 0.018 0.094* 0.132** 0.317 0.141
(0.136) (0.192) (0.096) (0.048) (0.062)  (0.243) (0.097)
Change in log of relative price, Ap} -1.035%**  -0.911*** 0.131 -0.093 -0.075 0.007 -0.206**
(0.066) (0.067) (0.123) (0.061) (0.047)  (0.158) (0.090)
Change in log of relative price lag t-1, Ap}y_; -0.069 -0.076 -0.032 -0.046 -0.047 -0.197 -0.013
(0.129) (0.105) (0.099) (0.084) (0.063)  (0.153) (0.065)
Change in log of n.p.c. of user cost, Anp} -0.040 -0.108 0.013 -0.014 -0.024* -0.017 -0.015
(0.041) (0.125) (0.016) (0.019) (0.015)  (0.039) (0.021)
Change in log of n.p.c. of user cost lag t-1, Anp}’ -0.114 0.035 -0.082%*** -0.002 -0.034 0.022 -0.033
(0.070) (0.115) (0.030) (0.036) (0.022)  (0.039) (0.023)
Speed of adjustment, ¢ -0.081** -0.021 -0.026** 0.012 0.019** -0.035  -0.023***
(0.034) (0.015) (0.024) (0.014) (0.007)  (0.024) (0.009)
Long-run elasticity of capital w.r.t relative price, 9;} -1.934%** -5.091* 0.756 -5.166 -0.210 -4.770 -1.686
(0.329) (2.878) (2.487) (9.672) (1.719)  (3.531) (1.528)
Long-run elasticity of capital w.r.t n.p.c of user cost, 9% -1.995** 3.524 -5.541** 0.902 0.495 0.219 -0.190
(0.992) (3.393) (2.671) (3.981) (1.285)  (1.306) (1.082)
Country-sector fixed effects Yes Yes Yes Yes Yes Yes Yes
Year dummy Yes Yes Yes Yes Yes Yes Yes
Number of instruments 120 90 130 90 130 110 130
Number of groups 137 137 137 137 137 137 137
Observations 2414 2414 2414 2414 2414 2414 2414
Arellano-Bond test for AR(1) (p-value) 0.002 0.001 0.002 0.004 0.116 0.003 0.010
Arellano-Bond test for AR(2) (p-value) 0.602 0.711 0.541 0.226 0.094 0.670 0.135
Sargan test of overid. restrictions (p-value) 0.000 0.001 0.000 0.000 0.000 0.000 0.009
Hansen test of overid. restrictions (p-value) 0.109 0.154 0.114 0.134 0.403 0.170 0.213

Notes: Each column presents the estimated coefficients of the investment equation for each capital asset such that n equals computing equip-
ment (IT), communications equipment (CT) and transport equipment (TraEq), other machinery and equipment (OMach), non-residential in-
vestment or structures (OCon), software and databases (SoftD), and research and development (R&D). The estimation method is two-step
system GMM. The symbol n.p.c. stands for non-price component. We consider: * p < 0.10, ** p < 0.05, and ***. p < 0.01. For this GMM
specification the predetermined variables are the lagged values of capital, the current and lagged values of output, and the current and lagged
values of the user cost of capital. The exogenous variables are the year dummies. The set of instrument variables is collapsed. The leftmost
columns of the instrument matrix are dropped. For example, the first 9 columns for IT, the first 12 for CT, the first 8 for TraEq, the first 12
for OMach, the first 8 for OCon, the first 10 for SoftD, and the first 8 for R&D were dropped.



3.5.4 Lessons from the sensitivity analysis

Taken together, the results presented in this paper show that if one has a panel dataset with a
time dimension of close 20 (e.g., 19), the dynamic fixed-effects (DFE) estimator of the relationship
between capital and the user cost of capital seems to be more in line with the general conclusions
of the neoclassical theory of business investment behaviour. This is evidenced by the similarity
in signs and significance of the results presented in Table to those obtained by [Fatical (2018)
for disaggregated capital (using a panel dataset covering the time period 1984-2007) and by Bond
and Xing| (2015]) for aggregated capital (using a panel dataset covering the time period 1982-2007).
Since [Fatica (2018) obtained estimates that were smaller in terms of magnitude when applying the
group mean or pooled mean group estimators, there is reason to believe that the DFE estimates
presented in Table may be overestimates, but they give the right direction of the relationship
under study and are significant.

If one has a panel dataset with a short time dimension (as is the case in Tables and ,
the results of DFE estimation would raise quite a few doubts which the GMM estimates would
dispel. Therefore, in this case, there is reason to believe that the results obtained using the GMM
method are more reliable (Table[3.9). Thus one can conclude that changes in the user cost of capital
affect capital accumulation for communications equipment (CT) among physical capital assets and
for research and development (R&D) among intangible capital assets, although the diagnostic tests
(particularly the Hansen test of overidentifying restrictions) suggest that the GMM estimates aren’t
necessarily perfect.

As for the results involving the entire dataset (Tables and [3.11)), the number of
observations per cross-sectional unit varies between 11 and 19. Although the estimated coefficients
for the short-term dynamics of the DFE and GMM estimation methods seem to agree, the DFE
estimates associated with the long-term equilibrium variables are more in line with the general
conclusions of the neoclassical theory of business investment behaviour and better coincide with
the empirical results already established in the literature (Bond and Xing, [2015; [Fatica, [2018).
Since the average number of observations per cross-sectional is 17.62, it is possible that the bias in
the instrumental variable estimation method (the GMM estimator) due to too many instruments
is quite pronounced. Roodman| (2009a)) explains that the instrument count is quadratic in the
time dimension of the panel dataset, and the bias becomes very noticeable when the number of
instruments explodes.

3.6 Conclusion

FEmpirical studies of the relationship between capital and the user cost of capital agree on an in-
verse relationship between them. This relationship is underpinned by the existence of a long-term
cointegrating relationship between capital, output and the user cost of capital. This cointegrat-
ing relationship is studied for five types of physical capital assets: computing equipment (IT),
communications equipment (CT), transport equipment (TraEq), other machinery and equipment
(OMach), non-residential investment or structures (OCon); and two types of intangible capital as-
sets: software and databases (SoftD) and research and development (R&D).

The first conclusion we draw summarises the results using first an unbalanced panel dataset
containing 137 country-sector pairs and an average number of observations per country-sector pair of
17.62, and then a balanced panel dataset containing 68 country-sector pairs with 19 observations per
country-sector pair. These data cover the period 1995-2015. The DFE estimates of the relationship
between capital and the user cost of capital in an error-correction model of the change in the
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capital stock provide the empirical results that are the most consistent with the general conclusions
of the neoclassical theory of business investment behaviour. These results are also consistent with
empirical results for physical capital assets already established in the literature. Thus changes in
the user cost of capital significantly affect capital accumulation for all physical capital assets in
IT, CT, TraEq, OMach, and OCon; and for SoftD, but not for R&D, among intangible capital
assets. If we take into account the potential problem of dynamic panel bias by applying GMM
estimation, we see that these conclusions hold adequately well for I'T capital, although at the level
of the short-run dynamics both DFE and GMM provide estimates that are qualitatively equivalent
for all types of capital.

In a second effort, the model is estimated using a short balanced panel dataset containing
126 country-sector pairs over the period 1998-2003. The bias in the DFE estimation seems very
noticeable. This is evidenced by the speed of adjustment parameters, which are two or three times
higher compared to the cases presented in the previous paragraph. The GMM estimation confirms
the long-run relationship between capital and the user cost of capital for CT and R&D.

Finally, a modified model that assumes that the user cost of capital can be decomposed into
its price and non-price components is estimated using the unbalanced panel dataset containing 137
country-sector pairs and an average number of 17.62 observations per country-sector pairs. The
DFE estimates confirm that changes in the relative prices of capital goods (i.e., the price component
of the user cost of capital) significantly influence changes in the capital stock for all types of capital,
except for R&D. However, the non-price component of the user cost of capital impacts capital change
for only OMach. The GMM estimation confirms that changes in the relative prices of capital goods
have a long-term impact on the evolution of the capital stock for IT and CT. In contrast, changes
in the non-price component of the user cost of capital affect changes in the stock of capital for
IT and TraEq, in the long-run. Altogether, it seems that for capital stock in the form of IT, the
relationship between capital and the user cost of capital is verified and the choice of estimation
method does not matter.

Roodman| (2009a) argued that if one has a panel dataset with a sufficiently large time dimension,
e.g., 20 or more observations per cross-sectional unit, fixed-effects estimation will work well since
small sample biases will be insignificant. In this respect, future releases of the EU KLEMS database
that extend the time dimension of the dataset will be very useful, as they will allow us to measure
the robustness of the DFE estimation results. They will also allow us to apply other fixed-effects
estimation methods that are able to take into account the heterogeneity between country-sector
pairs.
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3.8 Appendix

3.8.1 Time series properties

Table 3.12: Cross-sectionally augmented Dickey-Fuller test (CADF) for the log of output

Constant Constant and trend

Variables Lags Z[t-bar] p-value Z[t-bar] p-value
Log of output 0 0.988 0.838  -1.379 0.084
1 1.134  0.872  -2.412 0.008
2 4.081 1.000 2.553 0.995
3 6.178 1.000 6.369 1.000
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Table 3.13: Cross-sectionally augmented Dickey-Fuller test (CADF) for the log of the stocks of capital

Constant Constant and trend
Variables Lags Z[t-bar] p-value Z[t-bar] p-value
Log of stock of capital in computing equipment 0 2.366 0.991 7.329 1.000
1 -0.574 0.283 4.077 1.000
2 3.449 1.000 8.963 1.000
3 3.088 0.999 6.245 1.000
Log of stock of capital in communication equipment 0 4.122 1.000 4.104 1.000
1 1.086 0.861 -2.878 0.002
2 3.310 1.000 1.109 0.866
3
Log of stock of capital in transport equipment 0 10.680 1.000 11.580 1.000
1 7.098 1.000 8.331 1.000
2 8.537 1.000 9.755 1.000
3 8.732 1.000 10.334 1.000
Log of stock of capital in other machinery and equipment 0 10.849 1.000 6.591 1.000
1 6.610 1.000 1.285 0.901
2 11.864 1.000 7.548 1.000
3 13.984 1.000 12.489 1.000
Log of stock of capital in non-residential investment 0 4.232 1.000 7.979 1.000
1 4.325 1.000 3.237 0.999
2 6.212 1.000 6.205 1.000
3 8.952 1.000 8.677 1.000
Log of stock of capital in software and databases 0 -3.662 0.000 0.369 0.644
1 -4.870 0.000 -3.565 0.000
2 1.398 0.919 2.784 0.997
3 3.484 1.000 0.754 0.775
Log of stock of capital in research and development 0 2.496 0.994 8.408 1.000
1 -2.126 0.017 3.196 0.999
2 -0.505 0.307 6.657 1.000
3 -2.571 0.005 4.138 1.000
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Table 3.14: Cross-sectionally augmented Dickey-Fuller test (CADF) for the log of the user cost of capital

Constant Constant and trend
Variables Lags  Z[t-bar] p-value Z[t-bar] p-value
Log of user cost of capital in computing equipment 0 -4.740 0.000 3.585 1.000
1 -4.470 0.000 5.460 1.000
2 0.059 0.523 11.459 1.000
3 1.197 0.884 11.991 1.000
Log of user cost of capital in communication equipment 0 -9.152 0.000 -3.492 0.000
1 -5.133 0.000 1.199 0.885
2 -0.888 0.187 8.761 1.000
3 3.468 1.000 10.325 1.000
Log of user cost of capital in transport equipment 0 -3.458 0.000 -2.529 0.006
1 0.753 0.774 1.577 0.943
2 3.315 1.000 6.753 1.000
3 1.761 0.961 8.470 1.000
Log of user cost of capital in other machinery and equipment 0 -0.827 0.204 -1.786 0.037
1 3.367 1.000 2.302 0.989
2 3.432 1.000 5.925 1.000
3 3.579 1.000 5.056 1.000
Log of user cost of capital in non-residential investment 0 -1.257 0.104 -2.704 0.003
1 1.458 0.928 1.795 0.964
2 5.420 1.000 5.077 1.000
3 4.905 1.000 5.213 1.000
Log of user cost of capital in software and databases 0 -5.935 0.000 -5.936 0.000
1 -5.604 0.000 -1.521 0.064
2 -5.789 0.000 0.692 0.756
3 5.788 1.000 6.530 1.000
Log of user cost of capital in research and development 0 -0.435 0.332 -1.136 0.128
1 3.192 0.999 3.487 1.000
2 5.010 1.000 5.774 1.000
3 7.455 1.000 7.011 1.000




Table 3.15: Statistical summaries of the variables involved in the model in error correction
form

Variables Mean  Std. Min Max
Change in log of the stock of capital lag t-1 in I'T 0.054 0.220 -1.040 2.982
Change in log of the stock of capital lag t-1 in CT 0.060 0.260 -1.036  4.330
Change in log of the stock of capital lag t-1 in TraEq -0.011  0.099 -0.724 0.628
Change in log of the stock of capital lag t-1 in OMach 0.008 0.058 -0.256 0.788
Change in log of the stock of capital lag t-1 in OCon 0.001 0.066 -0.612 0.753
Change in log of the stock of capital lag t-1 in SoftD 0.037 0.106 -0.573 0.844
Change in log of the stock of capital lag t-1 in R&D 0.028 0.091 -1.032 1.256
Change in log of output 0.009 0.085 -0.572 0417
Change in log of output lag t-1 0.008 0.086 -0.572 0.417
Change in log of user cost of capital in IT -0.081 0.283 -3.386  1.658
Change in log of user cost of capital lag t-1 in IT -0.093 0.282 -3.386 1.658
Change in log of user cost of capital in CT -0.036 0.321 -3.401 1.937
Change in log of user cost of capital lag t-1 in CT -0.045 0.322 -3.401 1.937
Change in log of user cost of capital in TraEq -0.001  0.243 -1.445 1.833
Change in log of user cost of capital lag t-1 in TraEq -0.007 0.243 -1.445 1.833
Change in log of user cost of capital in OMach 0.005 0.252 -1.468 1.969
Change in log of user cost of capital lag t-1 in OMach -0.001  0.253 -1.468 1.969
Change in log of user cost of capital in OCon 0.016 0.252 -1.750  2.002
Change in log of user cost of capital lag t-1 in OCon 0.011  0.253 -1.750 2.002
Change in log of user cost of capital in SoftD -0.005 0.203 -1.136 1.606
Change in log of user cost of capital lag t-1 in SoftD -0.009 0.204 -1.136 1.606
Change in log of user cost of capital in R&D 0.012 0.223 -1.295 1.764
Change in log of user cost of capital lag t-1 in R&D 0.008 0.223 -1.295 1.764
Change in log of relative price of IT -0.079 0.176 -3.305 1.059
Change in log of relative price lag t-1 of IT -0.087 0.175 -3.305 1.059
Change in log of relative price of CT -0.037 0.193 -3.311 1.060
Change in log of relative price lag t-1 of CT -0.040 0.194 -3.311 1.060
Change in log of relative price of TraEq -0.001  0.084 -1.055 0.970
Change in log of relative price lag t-1 of TraEq -0.002 0.083 -1.055 0.970
Change in log of relative price of OMach 0.004 0.073 -0.662 0.506
Change in log of relative price lag t-1 of OMach 0.003 0.072 -0.662 0.506
Change in log of relative price of OCon 0.017 0.083 -1.607 1.278
Change in log of relative price lag t-1 of OCon 0.017 0.082 -1.607 1.278
Change in log of relative price of SoftD -0.001 0.072 -0.635 0.451
Change in log of relative price lag t-1 of SoftD -0.001  0.072 -0.635 0.451
Change in log of relative price of R&D 0.014 0.070 -0.628 0.480
Change in log of relative price lag t-1 of R&D 0.014 0.069 -0.628 0.480
Change in log of n-p.c. of user cost of capital in IT -0.002  0.205 -0.987 1.282
Change in log of n-p.c. of user cost of capital lag t-1 in IT -0.007  0.205 -0.987 1.282
Change in log of n-p.c. of user cost of capital in CT 0.001 0.240 -1.214 1.573
Change in log of n-p.c. of user cost of capital lag t-1 in CT -0.004 0.241 -1.214 1.573
Change in log of n-p.c. of user cost of capital in TraEq 0.000 0.227 -1.144 1.485
Change in log of n-p.c. of user cost of capital lag t-1 in TraEq -0.005 0.228 -1.144 1.485
Change in log of n-p.c. of user cost of capital in OMach 0.001 0.241 -1.230 1.593
Change in log of n-p.c. of user cost of capital lag t-1 in OMach  -0.004 0.242 -1.230 1.593
Change in log of n-p.c. of user cost of capital in OCon -0.001 0.244 -1.282 1.636
Change in log of n-p.c. of user cost of capital lag t-1 in OCon -0.007 0.245 -1.282 1.636
Change in log of n-p.c. of user cost of capital in SoftD -0.004 0.191 -0.926 1.198
Change in log of n-p.c. of user cost of capital lag t-1 in SoftD -0.008 0.191 -0.926 1.198
Change in log of n-p.c. of user cost of capital in R&D -0.002 0.211 -1.050 1.363

Change in log of n-p.c. of user cost of capital in lag t-1 in R&D  -0.006 0.211 -1.050 1.363
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3.8.2 Choice of instruments in GMM regressions

The autoregressive distributed lag ARDL(2,2) model expressed in equation [3.3] is estimated by
applying the GMM estimation method (two-step system GMM). In this respect, some considerations
have been made. First of all, we note that the long-term coefficient of the log of the capital-output
ratio (kiji—2 — vij1—2) of the model in equation is equal to 1. This restriction is taken into
account in the estimation of the ARDL(2,2) model. Second, this GMM implementation uses as
predetermined variables the lagged values of capital, the current and lagged values of output, and
the current and lagged values of the user cost of capital. The exogenous variables are year dummies.
The final consideration concerns how to limit the proliferation of instruments. In order to restrain
the proliferation of instruments Roodman| (2009a)) and Roodman| (2009b) proposed “collapsing”
the instrument set and/or limiting the number of lags to be included by dropping the leftmost
columns of the instrument matrix. All this is done while paying special attention to the results
of the AR(1) and AR(2) tests and the Hansen test of overidentifying restrictions. In practice the
AR(1) hypothesis should be rejected because of the dynamics of the model, the AR(2) hypothesis
should not be rejected, and finally we should find the p-value of the Hansen test of overidentifying
restrictions between 0.1 and 0.25 (Roodman), 2009b)) [[]

3.8.2.1 GMM regression results in Table

This paragraph describes the choice of instruments used in the regression results presented in
Table [3.5] The instrumental variables are the first lag of the change in the logarithm of the capital
stock (L1.dinK), the second lag of the logarithm of the capital stock minus the second lag of the
logarithm of real value added (L2.InK — L2.InY"), the change in the logarithm of real value added
(dInY"), the first lag of the change in the logarithm of real value added (L1.dinY’), the change in
the logarithm of the user cost of capital (dinc), the first lag of the change in the logarithm of the
user cost of capital (L1.dlnc), the second lag of the logarithm of the user cost of capital (L2.lnc).
The set of instrumental variables is collapsed. Some of the leftmost columns of the instrument
matrix are dropped. For example, the first three for computing equipment (IT), the first two for
communications equipment (CT), the first three for transport equipment (TraEq), the first two for
other machinery and equipment (OMach), the first two for non-residential investment or structures
(OCon), the first five for software and databases (SoftD), and the first three for research and
development (R&D). When the three leftmost columns of the instrument matrix are dropped as is
the case for I'T capital for example, variable lags from 4 to 20 are available instruments.

3.8.2.2 GMM regression results in Table

The instrument variables are virtually the same as described above for the GMM results presented
in Table The set of instruments is collapsed as before. The only difference comes from the
strategy to limit the proliferation of instruments by dropping the leftmost columns of the instrument
matrix. The first six columns of the instrument matrix are dropped for IT. The first five for CT,
the first four for TraEq, the first two for OMach, the first four for OCon, the first two for SoftD,

16The procedure xtabond2 in Stata is used to obtain the estimated coefficients. Several options are used:
twosep to request feasibly efficient GMM estimator (FEGMM); robust, which is equivalent to cluster(id),
to request standard errors that are robust to heteroscedasticity; small to request small-sample corrections;
and finally orthogonal to request the forward orthogonal-deviations transform instead of first differencing.
The option laglimits(a .) drops the a — 1 first vectors of instruments; i.e., the a — 1 leftmost columns of the
instrument matrix.
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and the first three for R&D. Thus, lagged variables from 7 to 20, 6 to 20, 5 to 20, 3 to 20, 5 to 20,
3 to 20, and 4 to 20 lags are available instruments for respectively I'T, CT, TraEq, OMach, OCon,
SoftD, and R&D.

3.8.2.3 GMM regression results in Table

Again, the instrument variables used previously are considered. The set of instrument variables is
collapsed. Since the time dimension of this sub-sample dataset used in the regression is short, the
strategy of dropping the leftmost columns of the instrument matrix is not applied.

3.8.2.4 GMM regression results in Table

The instrument variables are the same as before. Also in this case, the set of instruments is
collapsed. The only difference comes from the effort to limit the proliferation of instruments by
dropping the leftmost columns of the instrument matrix. The first nine columns of the instrument
matrix are dropped for IT capital. The first twelve are dropped for CT, the first eight for TrakEq,
the first twelve for OMach, the first eight for OCon, the first ten for SoftD, and the first eight for
R&D. Thus, lagged variables from 10 to 20, 13 to 20, 9 to 20, 13 to 20, 9 to 20, 11 to 20, and 9 to
20 lags are available instruments for respectively I'T, CT, TraEq, OMach, OCon, SoftD, and R&D.

3.8.3 Regression results for the ARDL(2,2) models

Table shows the estimated coefficients of the autoregressive distributed lag model, ARDL(2,2),
estimated in section 3.4.2. Tables [3.17], [3.18] and [3.19] show the estimated coefficients of the
autoregressive distributed lag model, ARDL(2,2), estimated respectively using the longest possible
panel dataset, a simple short panel dataset, and applying an alternative specification that allows the
user cost of capital to be decomposed into its price and non-price components. This autoregressive
model is restricted because it imposes the long-term coefficient of the log of capital-output ratio in
the model in error correction, (kjjt—2 — vijy—2), to be equal to 1. The estimated coefficients are
obtained applying the GMM estimation method. Collapsing the set of instruments and dropping the
leftmost columns of the matrix of instruments are two techniques suggested by [Roodman! (2009b))
used to help limit the proliferation of instruments.
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Table 3.16: Estimates for the log of stock of capital equations in an autoregressive distributed lag model

(equation |3.3), using GMM estimator

Dependent variable: kj' IT CT TraEq OMach OCon SoftD R&D
Log of the stock of capital lag t-1, &k ; 0.941***  1.067***  1.481"**  1.352***  0.692***  1.044***  1.374***
(0.078) (0.058) (0.094) (0.092) (0.117) (0.123) (0.091)
Log of the stock of capital lag t-1, ki* , -0.072 -0.061 -0.486***  -0.335"**  0.333*** -0.083  -0.411***
(0.066) (0.054) (0.101) (0.093) (0.116) (0.119) (0.083)
Log of output, y; 0.202 0.031 0.057 0.038 0.031 0.211 0.107
(0.227) (0.241) (0.105) (0.055) (0.047) (0.161) (0.073)
Log of output lag t-1, y:—1 -0.459 -0.193 -0.058 -0.033 0.097 0.064 0.068
(0.294) (0.352) (0.137) (0.095) (0.071) (0.211) (0.096)
Log of output lag t-2, y:—o 0.388** 0.155 0.006 -0.022  -0.153"**  -0.235 -0.138
(0.156) (0.188) (0.065) (0.070) (0.054) (0.145) (0.091)
Log of user cost of capital, 9} -0.344***  -0.295*** 0.029 -0.029***  -0.015* -0.064* -0.028
(0.072) (0.087) (0.019) (0.010) (0.008) (0.033) (0.028)
Log of user cost of capital lag t-1, 97, 0.123** 0.158** -0.063** 0.021 -0.013 0.045 -0.044**
(0.049) (0.069) (0.027) (0.021) (0.012) (0.038) (0.021)
Log of user cost of capital lag t-2, 97 4 0.083*** 0.070* -0.001 -0.016* 0.011 0.012 0.052%**
(0.028) (0.038) (0.024) (0.008) (0.012) (0.027) (0.018)
Country-sector fixed effects Yes Yes Yes Yes Yes Yes Yes
Year dummy Yes Yes Yes Yes Yes Yes Yes
Number of instruments 131 136 131 136 136 118 131
Number of groups 137 137 137 137 137 137 137
Observations 2414 2414 2414 2414 2414 2414 2414
Arellano-Bond test for AR(1) (p-value) 0.000 0.000 0.000 0.005 0.075 0.006 0.008
Arellano-Bond test for AR(2) (p-value) 0.763 0.207 0.886 0.101 0.040 0.832 0.089
Sargan test of overid. restrictions (p-value) 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Hansen test of overid. restrictions (p-value) 0.130 0.155 0.195 0.425 0.324 0.197 0.187

Notes: Each column presents the estimated coefficients of the investment equation for each capital asset such that n equals computing equipment (IT), communications equip-
ment (CT) and transport equipment (TraEq), other machinery and equipment (OMach), non-residential investment or structures (OCon), software and databases (SoftD),
and research and development (R&D). The estimation method is two-step system GMM. The standard errors are in parenthesis. We consider: * p < 0.10, ** p < 0.05, and
*** p < 0.01. For this GMM specification the predetermined variables are the lagged values of capital, the current and lagged values of output, and the current and lagged
values of the user cost of capital. The exogenous variables are the year dummies. The set of instrument variables is collapsed. The leftmost columns of the instrument matrix
are dropped. For example, the first 3 columns for IT, the first 2 for CT, the first 3 for TraEq, the first 2 for OMach, the first 2 for OCon, the first 5 for SoftD, and the first
3 for R&D were dropped.



1¢1

Table 3.17: Estimates for the log of stock of capital equations in an autoregressive distributed
lag model (equation : using the GMM estimator with the longest balanced panel dataset

Dependent variable: kp* IT CcT TraEq OMach OCon SoftD R&D
Log of the stock of capital lag t-1, k7 ; 1.387*** 1.163*** 1.493*** 1.497*** 0.661*** 1.248*** 1.200***
(0.075) (0.082) (0.096) (0.137) (0.094) (0.175) (0.072)
Log of the stock of capital lag t-1, k> , -0.429***  -0.215%**  -0.488***  -0.489***  0.348*** -0.255 -0.212%**
(0.073) (0.075) (0.100) (0.139) (0.089) (0.173) (0.074)
Log of output, y: 0.384** 0.070 0.180* 0.088 -0.021 0.080 0.093
(0.152) (0.235) (0.105) (0.073) (0.107) (0.085) (0.090)
Log of output lag t-1, y¢—1 -0.260 0.128 -0.228* -0.080 0.226 -0.086 0.124
(0.314) (0.518) (0.121) (0.084) (0.165)  (0.123)  (0.143)
Log of output lag t-2, yz—o -0.082 -0.146 0.044 -0.016 -0.214** 0.012 -0.204*
(0.238) (0.375) (0.092) (0.048) (0.090) (0.077) (0.111)
Log of user cost of capital, ¥} -0.356*** -0.114 -0.008 0.029 0.078* 0.072 -0.041
(0.116) (0.091) (0.048) (0.034) (0.044) (0.054) (0.049)
Log of user cost of capital lag t-1, 93 0.194 0.467** 0.101 -0.088**  -0.137*** -0.020 0.144**
(0.177) (0.186) (0.090) (0.039) (0.043) (0.069) (0.065)
Log of user cost of capital lag t-2, 97 , 0.113 -0.276 -0.079 0.054* 0.034 -0.063 -0.085*
(0.093) (0.167) (0.077) (0.028) (0.036) (0.063) (0.044)
Country-sector fixed effects Yes Yes Yes Yes Yes Yes Yes
Year dummy Yes Yes Yes Yes Yes Yes Yes
Number of instruments 88 93 98 108 98 108 103
Number of groups 68 68 68 68 68 68 68
Observations 1292 1292 1292 1292 1292 1292 1292
Arellano-Bond test for AR(1) (p-value) 0.000 0.000 0.001 0.002 0.041 0.035 0.001
Arellano-Bond test for AR(2) (p-value) 0.937 0.572 0.387 0.431 0.045 0.297 0.553
Sargan test of overid. restrictions (p-value) 0.000 0.000 0.000 0.019 0.000 0.000 0.000
Hansen test of overid. restrictions (p-value) 0.465 0.891 0.968 0.995 0.979 0.973 0.998

Notes: FEach column presents the estimated coefficients of the investment equations for each type of capital such that n equals comput-
ing equipment (IT), communications equipment (CT) and transport equipment (TraEq), other machinery and equipment (OMach),
non-residential investment or structures (OCon), software and databases (SoftD), and research and development (R&D). The estima-
tion method is two-step system GMM. The standard errors are in parenthesis. We consider: * p < 0.10, ** p < 0.05, and *** p < 0.01.
For this GMM specification the predetermined variables are the lagged values of capital, the current and lagged values of output, and
the current and lagged values of the user cost of capital. The exogenous variables are the year dummies. The set of instrument vari-
ables is collapsed. The leftmost columns of the instrument matrix are dropped. For example, the first 6 columns for IT, the first 5 for
CT, the first 4 for TraEq, the first 2 for OMach, the first 4 for OCon, the first 2 for SoftD, and the first 3 for R&D were dropped.
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Table 3.18: Estimates for the log of stock of capital equations in an autoregressive distributed lag model
(equation |3.3): using the GMM estimator with a short restricted balanced panel dataset

Dependent variable: k' IT CcT TraEq ~ OMach OCon SoftD R&D
Log of the stock of capital lag t-1, k| 0.785"**  0.618***  1.083***  0.955***  0.676***  0.992***  (.834***
(0.077) (0.104) (0.152) (0.122) (0.093) (0.164) (0.063)
Log of the stock of capital lag t-1, k' 5 -0.082 0.110 -0.167 -0.147*  0.215***  -0.270*** -0.024
(0.056) (0.077) (0.147) (0.087) (0.066) (0.093) (0.028)
Log of output, y; 0.097 0.160 0.131**  0.167*** 0.053 0.135* 0.057
(0.160) (0.099) (0.061) (0.050) (0.043) (0.080) (0.070)
Log of output lag t-1, y;—1 -0.012 0.017 -0.012 0.018 0.025 0.036 0.097
(0.125) (0.097) (0.065) (0.057) (0.036) (0.098) (0.067)
Log of output lag t-2, y;—o 0.212 0.095 -0.036 0.007 0.032 0.107 0.035
(0.149) (0.105) (0.066) (0.050) (0.046) (0.088) (0.060)
Log of user cost of capital, 97 0.026 -0.287**  -0.049 -0.026* -0.004 -0.081**  -0.068***
(0.052) (0.064) (0.035) (0.014) (0.017) (0.037) (0.020)
Log of user cost of capital lag t-1, 97 -0.049 0.083 0.096**  -0.064***  -0.023 0.069 -0.029
(0.043) (0.064) (0.042) (0.022) (0.018) (0.056) (0.021)
Log of user cost of capital lag t-2, 97, 0.021 -0.047 0.090* 0.027 -0.000 -0.050 0.011
(0.039) (0.041) (0.049) (0.019) (0.022) (0.048) (0.029)
Country-sector fixed effects Yes Yes Yes Yes Yes Yes Yes
Year dummy Yes Yes Yes Yes Yes Yes Yes
Number of instruments 26 26 26 26 26 26 26
Number of groups 126 126 126 126 126 126 126
Observations o971 571 o971 571 571 o971 571
Arellano-Bond test for AR(1) (p-value) 0.006 0.010 0.024 0.009 0.013 0.006 0.033
Arellano-Bond test for AR(2) (p-value) 0.399 0.625 0.921 0.169 0.308 0.175 0.263
Sargan test of overid. restrictions (p-value) 0.001 0.000 0.014 0.000 0.000 0.000 0.000
Hansen test of overid. restrictions (p-value) 0.001 0.263 0.079 0.001 0.096 0.012 0.292

Notes: Each column presents the estimated coefficients of the investment equation for each capital asset such that n equals computing equipment
(IT), communications equipment (CT) and transport equipment (TraEq), other machinery and equipment (OMach), non-residential investment or
structures (OCon), software and databases (SoftD), and research and development (R&D). The estimation method is two-step system GMM. The
standard errors are in parenthesis. We consider: * p < 0.10, ** p < 0.05, and *** p < 0.01. For this GMM specification the predetermined variables
are the lagged values of capital, the current and lagged values of output, and the current and lagged values of the user cost of capital. The exogenous
variables are the year dummies. The set of instrument variables is collapsed.
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Table 3.19: Estimates for the log of stock of capital equations in an autoregressive distributed
lag model (equation [3.3): using the GMM estimator with decomposed user cost of capital

Dependent variable: k} IT CcT TraEq OMach OCon SoftD R&D
Log of the stock of capital lag t-1, ki* | 1.057*** 1.013*** 1.120%*** 1.300*** 0.757***  1.047*** 1.404***
(0.129) (0.079) (0.112) (0.092) (0.166) (0.115) (0.107)
Log of the stock of capital lag t-2, k7" o -0.138 -0.035 -0.146 -0.288*** 0.263 -0.082 -0.427***
(0.115) (0.074) (0.109) (0.097) (0.166) (0.109) (0.106)
Log of output, ys 0.319** -0.021 0.081 -0.026 0.140 0.114 0.173**
(0.159) (0.252) (0.111) (0.059) (0.084) (0.290) (0.074)
Log of output lag t-1, y¢—1 -0.581*** 0.275 -0.063 0.120* -0.007 0.203 -0.032
(0.202) (0.236) (0.119) (0.063) (0.061) (0.253) (0.102)
Log of output lag t-2, y¢—2 0.343** -0.232 0.008 -0.105** -0.152** -0.282 -0.117
(0.145) (0.198) (0.096) (0.048) (0.059) (0.235) (0.094)
Log of relative price, py -1.035%**  -0.911*** 0.131 -0.093 -0.075 0.007 -0.206**
(0.066) (0.067) (0.123) (0.061) (0.047) (0.158) (0.090)
Log of relative price lag t-1, p}* | 0.966*** 0.835*** -0.163 0.048 0.028 -0.204 0.194
(0.127) (0.118) (0.134) (0.085) (0.054) (0.155) (0.128)
Log of relative price lag t-2, p}* -0.089 -0.033 0.052 0.106 0.051 0.030 -0.026
(0.096) (0.094) (0.080) (0.076) (0.052) (0.177) (0.062)
Log of n.p.c. of user cost, np} -0.040 -0.108 0.013 -0.014 -0.024* -0.017 -0.015
(0.041) (0.125) (0.016) (0.019) (0.015) (0.039) (0.021)
Log of n.p.c. of user cost lag t-1, np}’_; -0.074 0.143** -0.094*** 0.011 -0.009 0.039 -0.018
(0.064) (0.059) (0.026) (0.024) (0.012) (0.039) (0.019)
Log of n.p.c. of user cost lag t-2, npy" -0.048 0.041 -0.061*** -0.008 0.024** -0.014 0.028
(0.051) (0.060) (0.022) (0.010) (0.012) (0.038) (0.018)
Country-sector fixed effects Yes Yes Yes Yes Yes Yes Yes
Year dummy Yes Yes Yes Yes Yes Yes Yes
Number of instruments 120 90 130 90 130 110 130
Number of groups 137 137 137 137 137 137 137
Observations 2414 2414 2414 2414 2414 2414 2414
Arellano-Bond test for AR(1) (p-value) 0.002 0.001 0.002 0.004 0.116 0.003 0.010
Arellano-Bond test for AR(2) (p-value) 0.602 0.711 0.541 0.226 0.094 0.670 0.135
Sargan test of overid. restrictions (p-value) 0.000 0.001 0.000 0.000 0.000 0.000 0.009
Hansen test of overid. restrictions (p-value) 0.109 0.154 0.114 0.134 0.403 0.170 0.213

Notes: Each column presents the estimated coefficients of the investment equation for each capital asset such that n equals computing equipment (IT),
communications equipment (CT) and transport equipment (TraEq), other machinery and equipment (OMach), non-residential investment or structures
(OCon), software and databases (SoftD), and research and development (R&D). The estimation method is two-step system GMM. The symbol n.p.c. stands
for non-price component. We consider: * p < 0.10, ** p < 0.05, and *** p < 0.01. For this GMM specification the predetermined variables are the lagged
values of capital, the current and lagged values of output, and the current and lagged values of the user cost of capital. The exogenous variables are the
year dummies. The set of instrument variables is collapsed. The leftmost columns of the instrument matrix are dropped. For example, the first 9 columns
for IT, the first 12 for CT, the first 8 for TraEq, the first 12 for OMach, the first 8 for OCon, the first 10 for SoftD, and the first 8 for R&D were dropped.
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