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Abstract

We examine the economy-wide degree of substitutability between intangible capital

and other factor inputs in production using a large sample of advanced countries. In this

context, we turn to studying the implications of intangible and tangible capital growth

for labor income share dynamics. Compared to tangible capital, we find that intangible

capital more strongly complements skilled labor. The analysis further indicates relative

fungibility between tangible capital and a composite of intangible capital and skilled

labor, in line with the rising prominence of knowledge-intensive tasks and AI-driven

online platforms. The intrinsic nature of intangibles and their asymmetric effects across

skilled and unskilled labor productivity based on our substitution elasticities suggest

that intangible capital growth increases income inequality more aggressively.
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1 Introduction

In the context of neoclassical growth theory, reports of a declining labor share in income are

shifting attention to factor substitution elasticities and productivity growth (Piketty, 2014;

Piketty and Zucman, 2014; Lawrence, 2015; Rognlie, 2015; Boushey et al., 2017; Grossman

and Oberfield, 2022). Research meanwhile indicates that the capital deepening process is

becoming more intangible intensive (Haskel and Westlake, 2017, 2022). Industry leaders

characterized by high profits tend to be firms that invest more heavily in intangible assets

(Crouzet and Eberly, 2018). According to the superstar firm hypothesis of Autor et al. (2017,

2020), more concentrated industries exhibit greater deterioration of the labor share.1 Intangi-

bles can explain this market concentration not just through increasing productivity, but also

through decreasing competition as they can yield barriers to entry (Philippon, 2019; Eeck-

hout, 2021). Such developments have implications for income inequality and redistributive

taxation policy, especially in an environment of low capital relative to labor taxes (Scheve and

Stasavage, 2016; Haskel and Westlake, 2017; Saez and Zucman, 2019; Aghion et al., 2021).

In this paper, we examine i) the economy-wide substitution possibilities between intangible

capital and other factor inputs in production, and in turn ii) the implications for the relative

skilled labor share.

We provide evidence on factor substitution elasticities within a production framework

characterized by multi-level nesting, à la Krusell et al. (2000), that distinguishes between

tangible and intangible capital. For a large sample of developed countries, our analysis reveals

that intangibles exhibit significantly greater complementarity with skilled labor. These two

inputs as a composite and tangible capital, moreover, are found to be substitutes. Such

1Amongst others, also see Gutiérrez and Philippon (2017), Grullon et al. (2019), and De Loecker et al.
(2020) on rising market power (declining competition), concentration, profit margins, and mark-ups across
U.S. industries.
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results are consistent with the structural transformation of advanced economies which is

expanding more data and knowledge oriented industries.

We show that these differences in capital-skill complementarity across tangibles and in-

tangibles imply greater income inequality in response to intangible, as opposed to tangible,

capital growth. This is demonstrated analytically in the model by examining the income

share of skilled labor relative to that of unskilled labor. Our estimates indicate that, for

the given factor intensities, intangible capital growth imparts a stronger positive impact on

the marginal product of skilled labor relative to that of unskilled labor than tangible capital

growth of equal magnitude, noting that we find relative substitutability between unskilled

labor and the remaining factor inputs. Therefore, investment in intangibles, compared to

tangibles, places higher upward pressure on the relative demand for skilled labor at given

factor prices. This ultimately yields higher relative skilled labor compensation.

The distinction between the two forms of capital is important because intangibles tend to

exhibit greater spillover effects, synergies with other intangibles, and scalability. Institutions

relying on such assets place a premium on skilled co-ordinators that are able to identify and

maximize the synergies, as well as accordingly capture any positive spillovers. Intangible

capital investment costs are also more likely to be sunk, which induces greater demand

for highly skilled managers that can deal with the strong bargaining positions of workers

in intangible-intensive firms. If social interaction is becoming an increasingly important

facet of these work environments, it is not surprising that higher-order skills like patience,

conscientiousness, critical thinking, and teamwork are growing in demand (Deming, 2023).2

2Research shows that these attributes are positively correlated with education. For example, Sunde et al.
(2022) find a strong positive link between patience, productivity, income, and years of schooling (human
capital accumulation). Prada et al. (2022) report that students’ teamwork skills improve as they progress in
their university studies, particularly those related to adaptability and decision-making. Studying psycholog-
ical factors (personality traits), Andersen et al. (2020), O’Connell and Marks (2022), and Bittmann (2022)
amongst others stress that conscientiousness as characterised by carefulness, thoroughness, and deliberation
covaries positively with educational attainment. Emotional stability, additionally, is found to be an important
correlate of educational outcomes.
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The literature further suggests that the largest growth slowdowns should occur in coun-

tries with the largest R&D slowdowns (Aghion et al., 2021). Intangible-intensive organiza-

tions are likely to be larger. If such entities are more profitable and skilled labor primarily

shares in higher rents, then income inequality rises. Song et al. (2019) find that differences

in wages between firms are a key source of income inequality. They report that over two-

thirds of the rise in the inequality of earnings in the U.S. from the 1980s onward can be

accounted for by a rising variance of earnings between firms, compared to within firms where

the gap between occupations is still rising. Haskel and Westlake (2017) contend that firm

performance and productivity spreads are larger in industries and countries that invest more

in intangibles. Indeed, Hall et al. (2005) find that the stock market value of a company is

strongly positively associated with its R&D spending and well-cited patents. Leaders pull

away from laggards because they are more intangible-intensive, and therefore enjoy outsized

benefits given the features of intangibles.3 This arises due to the leaders’ superior ability to

i) create and manage scalable, synergistic assets, ii) minimize the risks associated with them,

and iii) capture any advantageous spillovers both within and outside the firm. Conversely,

laggards expecting lower private returns, invest less in intangible capital. As dealing with

knowledge assets requires both cognitive and non-cognitive skills, skilled labor will tend to

be clustered in the high-paid jobs of intangible-intensive firms.

Schumpeter’s paradigm of creative destruction implies that innovation rents and the as-

sociated income inequality are transitory. That is, new innovations and imitation destroy the

rents of past innovations. Innovation fosters social and economic mobility as it enables new

parties to enter the market (Aghion et al., 2019), while fully or partly displacing incumbents.

Attempting to explain the dynamics of inequality at the top of the income distribution,

3Bessen et al. (2020) find that investment in intangibles, especially software, by dominant firms is linked
to reduced leapfrogging (industry dynamism or disruption) and greater persistence of the status quo in the
industry.
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Jones and Kim (2018) emphasize that creative destruction by outside innovators (new firm

entrants) diminishes inequality.

The profit paradox described by Eeckhout (2021) paints a different picture. Intangibles

are creating obstacles that discourage the entry of competitors, thereby increasing economies

of scale for incumbents. Big data combined with artificial intelligence and machine learning

software tenders a powerful means of building market dominance. In order to operationalize

algorithmic applications, vast amounts of data are required. Such data collection, and thus

learning, however, is typically a costly activity. This engenders a first-mover advantage

for the firm that collates the data first. The large upfront investment produces a source

of economies of scale and establishes market power that is difficult to contest as owners

hoard data and hence stifle the training of competitors’ algorithms. Similarly, dominant

online platforms enjoy significant network externalities that make it difficult to penetrate

the market.4,5 Intangibles, therefore, can result in “winner-take-all” situations that carry

exhorbitant profits and returns to managers given the nature of the capital.6 Akcigit and

Goldschlag (2023) find for the U.S. that inventors are becoming increasingly concentrated in

large incumbents where their earnings are notably higher compared to those in young firms.

Intangible capital is more mobile than tangible capital, meaning that it can be shifted

across firms and borders more easily and at lower cost. This makes such capital more difficult

to tax. As capital ownership is disproportionately larger amongst the rich, it thus becomes

more difficult to implement redistributive taxation policies that reduce wealth inequality in

an intangible economy. Another channel through which intangibles are affecting wealth (and

income) inequality is property. As Rognlie (2014, 2015) highlights, price appreciation in the

4The co-existence of other platforms is possible if they offer specialized services.
5Investing in market research, product improvements, and advertsing to develop brand loyalty generates

further barriers to entry.
6The evolution of software for example has enabled CEOs to save time and increase the scope of their

activities, such as the number of product lines controlled.
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housing sector primarily explains the rise in capital’s income share and growing stock of

wealth amongst the rich in the developed world. Cities experiencing property price growth

tend to be those diverse in industry and invention. Cities characterized by a diversified output

composition thrive more economically because they engender greater positive spillovers and

synergies across industries (Glaeser et al., 1992; Glaeser, 2011), thus making them attractive

places to locate for intengible-intensive firms seeking to maximize investment returns (Glaeser

and Hausman, 2020). Forman et al. (2016) expound that such locations are important sources

of patents in wide-ranging fields. Land scarcity and regulatory obstacles however mean that

property prices rise in these cities, which benefits exisiting owners who often tend to be the

affluent.

Finally, Haskel and Westlake (2017) indicate that supporters of populist movements (e.g.

Brexit in the U.K. or Trump in the U.S.) are more likely to hold conservative or traditionalist

views and to score low for the psychological trait of “openness to experience”. If openness to

ideas is important for the type of creativity and innovation espoused by intangible-intensive

economies, intangible capital growth may produce economic pressures that exacerbate polit-

ical divides.

The remainder of the paper is structured as follows. Section 2 outlines the production-

based theoretical framework and derives the analytical expressions employed for the analysis

of the “labor share”-“capital growth” nexus. In section 3, we briefly describe the data. Esti-

mation approach and empirical results are in turn documented in section 4. Section 5 offers

deeper discussion of findings in the context of some of the underlying skills complementing

intangible capital and the wider business/regulatory environment. The section also provides

some direction for future research. We conclude in section 6.
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2 Production Nesting and Labor Share Dynamics

We employ a three-level nested CES production framework that distinguishes between i)

skilled and unskilled labor, and ii) tangible and intangible capital.7 The general normalized

version of the four-factor model for output, which encompasses the special case of Krusell

et al. (2000) (i.e. σ=1 at the first level), is

Yt = ψY0

⎡⎢⎢⎢⎢⎣
δ10(eλ1(t−t0)

F1,t

F1,0

)
σ−1
σ

+ δZ0Z
(σ−1)ρ
(ρ−1)σ
t

⎤⎥⎥⎥⎥⎦

σ
σ−1

(1)

Zt =
⎡⎢⎢⎢⎢⎣
δ20(eλ2(t−t0)

F2,t

F2,0

)
ρ−1
ρ

+ δX0X
(ρ−1)ν
(ν−1)ρ
t

⎤⎥⎥⎥⎥⎦
(2)

Xt =
⎡⎢⎢⎢⎢⎣
δ30(eλ3(t−t0)

F3,t

F3,0

)
ν−1
ν

+ δ40(eλ4(t−t0)
F4,t

F4,0

)
ν−1
ν
⎤⎥⎥⎥⎥⎦
. (3)

The point of normalization is defined in terms of either geometric or arithmetic averages of

corresponding (growing or stationary) variables. Factor i augmenting productivity evolves

according to eλi(t−t0) ≡ Ai,t
Ai,0

. We also introduce an additional factor ψ with E[ψ] = 1 due to

the nonlinearity of the production function and the stochastic nature of the data. Distribu-

tion parameters, representing respective within-process factor income shares at the point of

normalization, are defined as follows

δ10 = r1,0F1,0/(r1,0F1,0 + r2,0F2,0 + r3,0F3,0 + r4,0F4,0) = 1 − δZ0 (4)

δ20 = r2,0F2,0/(r2,0F2,0 + r3,0F3,0 + r4,0F4,0) = 1 − δX0 (5)

δ30 = r3,0F3,0/(r3,0F3,0 + r4,0F4,0) = 1 − δ40. (6)

If, for example, ν < σ, meaning complementarity between F3 and F4 is stronger than that

between F3 and F1, then an increase in the use of input F3 will ceteris paribus lead to an

7Applying some suitable combinations of the estimated parameters, this specification is able to closely
approximate its two-level alternative. Our findings are not vastly altered with the latter model, which displays
inferior fit and stationarity properties of estimated system residuals.
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increase in the demand for input F4 relative to F1 and its relative price. In the case of ρ < σ,

the same argument follows with F2 instead of F3.

The production function and corresponding first-order conditions in logarithmic form are

ln
Yt
Y0

= lnψ + σ

σ − 1
ln
⎛
⎝
δ10(eλ1(t−t0)

F1,t

F1,0

)
σ−1
σ

+ δZ0Z
(σ−1)ρ
(ρ−1)σ
t

⎞
⎠

(7)

ln r1,t =
σ − 1

σ
lnψ + ln(δ10Y0

F1,0

) + σ − 1

σ
λ1(t − t0) +

1

σ
(ln

Yt
Y0

− ln
F1,t

F1,0

) (8)

ln r2,t =
σ − 1

σ
lnψ + ln(δZ0δ20Y0

F2,0

) + ρ − 1

ρ
λ2(t − t0) +

σ − ρ
(ρ − 1)σ lnZt +

1

σ
ln
Yt
Y0

− 1

ρ
ln
F2,t

F2,0

(9)

ln r3,t =
σ − 1

σ
lnψ+ln(δZ0δX0δ30Y0

F3,0

)+ν − 1

ν
λ3(t−t0)+

σ − ρ
(ρ − 1)σ lnZt+

ρ − ν
(ν − 1)ρ lnXt+

1

σ
ln
Yt
Y0

−1

ν
ln
F3,t

F3,0

(10)

ln r4,t =
σ − 1

σ
lnψ+ln(δZ0δX0δ40Y0

F4,0

)+ν − 1

ν
λ4(t−t0)+

σ − ρ
(ρ − 1)σ lnZt+

ρ − ν
(ν − 1)ρ lnXt+

1

σ
ln
Yt
Y0

−1

ν
ln
F4,t

F4,0

.

(11)

Using equations (8)-(11), one can derive relative factor shares

ln
ω4,t/ω4,0

ω3,t/ω3,0

= ν − 1

ν
(λ4 − λ3)(t − t0) +

1 − ν
ν

ln
F3,t/F3,0

F4,t/F4,0

(12)

ln
ωk,t/ωk,0
ω2,t/ω2,0

= (ν − 1

ν
λk −

ρ − 1

ρ
λ2)(t − t0) +

ρ − ν
(ν − 1)ρ lnXt +

1 − ρ
ρ

ln
F2,t

F2,0

− 1 − ν
ν

ln
Fk,t
Fk,0

(13)

ln
ωk,t/ωk,0
ω1,t/ω1,0

= (ν − 1

ν
λk−

σ − 1

σ
λ1)(t−t0)+

σ − ρ
(ρ − 1)σ lnZt+

ρ − ν
(ν − 1)ρ lnXt+

1 − σ
σ

ln
F1,t

F1,0

−1 − ν
ν

ln
Fk,t
Fk,0

(14)

ln
ω2,t/ω2,0

ω1,t/ω1,0

= (ρ − 1

ρ
λ2 −

σ − 1

σ
λ1)(t − t0) +

σ − ρ
(ρ − 1)σ lnZt +

1 − σ
σ

ln
F1,t

F1,0

− 1 − ρ
ρ

ln
F2,t

F2,0

. (15)

where
ωi,t/ωi,0
ωj,t/ωj,0

= ri,tFi,t/ri,0Fi,0
rj,tFj,t/rj,0Fj,0

and k ∈ {3,4}. We set F1 = LU and F4 = LS, so that the

combination F1(F2(F3F4)) corresponds to either the LU(KI(KTLS)) or the LU(KT (KILS))

configuration. Thus LU will always be separable from the compound input Z containing the

remaining three factor inputs. This implies that unskilled labor and the technical change
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augmenting it will have no effect on relative factor prices or shares across the other three

inputs, as can be seen from equations (12) and (13). The pairing of capital and skilled labor

at the bottom level of nesting meanwhile tends to be supported by previous research.

To examine the relation between the skilled relative to unskilled labor share and tangible

or intangible capital, we can consider the following equations

∂ ln
ω4,t/ω4,0

ω1,t/ω1,0

∂
F2,t

F2,0

= δ20(
σ − ρ
σρ

)( 1

Zt
)(A2,t

A2,0

)
ρ−1
ρ

(F2,t

F2,0

)
−

1
ρ

(16)

∂ ln
ω4,t/ω4,0

ω1,t/ω1,0

∂
F3,t

F3,0

= δ30[δX0(
σ − ρ
σρ

)( 1

Zt
)X

ρ−ν
(ν−1)ρ
t + (ρ − ν

ρν
) 1

Xt

](A3,t

A3,0

)
ν−1
ν

(F3,t

F3,0

)
−

1
ν

. (17)

Alternatively, we can examine the growth expression for the relative labor share which sim-

plifies the relevant relations and allows for better comparability of effects across forms of

capital. Differentiating equation (14) with respect to time at the point of normalization

t = t0 where Z =X = Ai,t
Ai,0

= Fi,t
Fi,0

= 1 yields

gω4/ω1 = αgF1 + φgF2 + γgF3 + βgF4 + TC. (18)

Growth in variable m is defined as gm = ṁ
m ≈ lnmt0+1 − lnmt0 and TC is a model parameters

weighted average of factor augmenting productivity growth rates. φ = δ20(σ−ρ)
σρ and γ =

δ30δX0(σ−ρ)
σρ + δ30(ρ−ν)

ρν are the coefficients of interest as they govern the relation between growth

in the relative skilled labor share and growth in the two types of capital. For the first (second)

configuration of factor inputs, φ (γ) is relevant for the link with intangible capital while γ

(φ) is relevant for the link with tangible capital.

It is clear that the response of the relative labor share to intangible and tangible capital

growth is mediated by capital intensities and factor substitution elasticities. Specifically,

for intangible capital to exhibit a stronger positive impact than tangible capital in the first
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(second) constellation of factor inputs, the following inequality must hold

(δ20 − δ30δX0)[
σ − ρ
σρ

] > (<) δ30[
ρ − ν
ρν

]. (19)

When tangible capital and skilled labor are nested at the bottom level of the model, a higher

ν relative to ρ, ceteris paribus, makes it more likely that intangible capital growth delivers

an economically more significant impact on the relative labor share. Conversely, a lower ν

relative to ρ, ceteris paribus, increases this likelihood when the bottom level of nesting in the

model comprises intangible capital and skilled labor.

3 Data

Annual output, capital and labor series are obtained from the EU KLEMS statistical repos-

itory based on national accounts. All variables pertain to the total economy and cover 25

countries primarily over the period 1995-2015.8,9 The data are in line with the ISIC 4 (NACE

2) industry classification and the new European System of National Accounts (ESA 2010).

Real net capital stocks and numbers of persons engaged measure capital and labor inputs

respectively. Engaged labor includes employees, self-employed, and family workers.10 The

nominal rental price of capital services is computed as the ratio of total nominal capital

income to the real capital stock. Similarly, the nominal wage rate for labor services is cal-

culated as total nominal labor compensation divided by the total labor input. Real factor

returns are then given as nominal returns divided by the GDP deflator. In EU KLEMS,

8The list of countries is: Austria (AT), Belgium (BE), Cyprus (CY), Czech Republic (CZ), Denmark
(DK), Estonia (EE), Finland (FI), France (FR), Germany (DE), Greece (EL), Hungary (HU), Ireland (IE),
Italy (IT), Latvia (LV), Lithuania (LT), Luxembourg (LU), Netherlands (NL), Poland (PL), Portugal (PT),
Slovak Republic (SK), Slovenia (SI), Spain (ES), Sweden (SE), United Kingdom (UK), United States (US).

9The time series for Denmark, Finland, France, and Sweden go back further than 1995, which leaves us
with an unbalanced panel.

10Results are not qualitatively altered by only using the number of employees as the basic labor input
measure.
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the remuneration of labor is accordingly adjusted by changes in the number of self-employed

(proprietors).11 Factor shares in value added sum to unity.

Ten asset classes are provided by EU KLEMS in the statistical database under ESA 2010.

We define these assets as either tangible or intangible in line with the classifications of Haskel

and Westlake (2017). Tangible capital consists of residential structures, total non-residential

structures, transport equipment, computing equipment (computer hardware), communica-

tions equipment, other machinery and equipment, and cultivated assets. Intangible capital

meanwhile contains other intellectual property products (consisting of mineral exploration

and artistic originals), research and development, and computer software and databases.

A breakdown of total capital compensation across asset types, however, is unavailable in

the data. Instead, we construct asset-specific capital compensation as follows.12 Adopting a

similar approach to Hall and Jorgenson (1967), capital income for asset class κ in industry j

of country c is estimated as

C̃AP
κ

j,c,t = (ic,t − πκj,c,t + ξκj )Kκ
j,c,tP

κ
j,c,t (20)

where i is the 10-year government bond yield retrieved from the FRED database of the Fed-

eral Reserve Bank of St. Louis, πκ is the growth rate of the respective investment deflator,

ξκ is the non-time and non-country varying capital depreciation rate, Kκ is the two-year end

(moving) average of the respective real net capital stock, and P κ is the corresponding (im-

11Labor compensation in EU KLEMS equals total compensation of employees times the ratio of hours
worked by persons engaged to hours worked by employees, assuming the same hourly wages across employees
and the self-employed.

12Estimation of the user cost of capital is based on the arbitrage equation produced by the neoclassical
theory of investment.
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plied) capital stock deflator.13,14 The sum C̃AP
total

j,c,t = ∑κ C̃AP
κ

j,c,t does not exactly coincide

with total capital compensation over all assets in the EU KLEMS data, CAP total
j,c,t .15 The

general trajectories of the two variables on the other hand are quite alike. Assuming that

the shares of CAP total
j,c,t follow our generated capital shares, the real rentals of tangible and

intangible capital evolve according to

rKTj,c,t =
( C̃AP

KT
j,c,t

C̃AP
total
j,c,t

)CAP total
j,c,t

KT
j,c,tPc,t

and rKIj,c,t =
( C̃AP

KI
j,c,t

C̃AP
total
j,c,t

)CAP total
j,c,t

KI
j,c,tPc,t

(21)

where Pc is the GDP deflator of country c.

Total labor in EU KLEMS is disaggregated along the skill dimension into three groups:

high-, medium- and low-skilled.16 The skill level is governed by educational attainment.

The definition for high-skilled labor as those with a university degree or above is uniform

across countries and time. The line of distinction between medium- and low-skilled labor

conversely can vary across countries due to disparate educational systems, with these two

cohorts together constituting levels of education up to and including secondary (high) school,

vocational education and training, higher education below degree level, and some years of

college (but not completed).17 We decompose aggregate labor as a result into two skill groups:

skilled labor (LS) consisting of high-skilled workers and unskilled labor (LU) comprising

13Typical production models feature r = i − (1 − ξ)E[π] + ξ as the required rate of return on capital in
equilibrium. The approximated return used in equation (20) is more prevalent in the literature. For our
data, the two returns generate similar results.

14Employing the full time period average growth rate of the investment deflator in equation (20) does
not alter results greatly. Similarly, results do not change markedly if start or end of year capital stocks are
employed. These substitute measures are highly correlated with the ones in (20).

15The aggregate capital cost can be expressed as the nominal capital stock-weighted average of asset-specific

required rates of return multiplied by the aggregate nominal capital stock: C̃AP
total

j,c,t ≡ ∑κ
Pκj,c,tK

κ
j,c,t

∑s P sj,c,tKs
j,c,t

r̃κj,c,t×
∑κ Pκj,c,tKκ

j,c,t.
16For Belgium and the U.S., these data are obtained from the WIOD’s Socio Economic Accounts.
17Established national education attainment levels below the university grade do not always allow for

direct comparability. Medium-skilled labor is defined as that with an intermediate level of education, while
low-skilled labor is that with no formal qualifications in EU KLEMS. What classifies an intermediate level
of education and no formal qualifications differs across nations.
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medium- and low-skilled workers. The corresponding labor share splits are also available.

The overall average wage per worker is therefore defined as W = LAB
L ≡ Ls

L
LABS
LS

+ LU
L

LABU
LU

≡
LS
L WS + LU

L WU .

4 Empirical Assessment

Figure 1 establishes that skilled labor commands a disproportionately larger share of total

labor compensation due to the existence of a skill premium. This is evident for all countries

and years on display in the graphs, where countries further above the red dashed reference

line are characterized by larger skilled-unskilled wage gaps. For some economies, vertical

deviations from the 45 degree line have declined over time, pointing to an attenuation of skill

premia and income inequality in line with a rising relative supply of skilled labor. For others,

like Ireland and Lithuania, the divide has increased. We question how intangible capital

compared to tangible capital has influenced these labor share dynamics, focusing on the so

called “capital-skill complementarity” channel.

Table 1 shows preliminary evidence on the relation between the relative skilled labor

share and real capital stocks across the two core asset types of interest. The gross corre-

lation coefficients indicate that both tangible and intangible capital are strongly positively

associated with the income share of skilled labor relative to that of unskilled labor. They

also suggest that the link is somewhat stronger for intangibles. Examining partial correla-

tions that control for the other factor inputs, we now find a significantly more pronounced

positive connection for intangibles compared to tangibles. The partial correlation moreover

implies, assuming a linear model, that intangibles can explain 10 percent of the variation in

the relative skilled labor share not attributable to other factor inputs, while tangibles display

no such explanatory power. Figure 2 demonstrates that growth in the stock of intangible
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relative to tangible capital is related to growth in the relative skilled labor share.

We next turn to the formal, micro-founded, analysis of discrepancies in the effects of

tangible and intangible capital growth on the relative skilled labor share as discussed in

section 2. Equations (7)-(11), consisting of the production function and corresponding first-

order conditions, are estimated as a system of pooled (normalized) panel regressions using a

two-step GMM estimator. The system imposes cross-equation restrictions on parameters and

employs country-specific normalization points. Lags of covariates form the set of instruments

in GMM estimation. Our decision on estimation approach thus takes into consideration the

possibility of cross-equation correlations in residuals and endogeneity.

Estimates of factor-substitution elasticities and factor-augmenting productivity growth

for each of the considered model configurations are reported in Table 2. Results pertaining

to tests of cross-sectional dependence and non-stationarity on residuals of system regressions

are meanwhile provided in Table 3. Looking at column (3) of Table 3, Pesaran (2004, 2015)’s

test suggests that there is greater evidence of cross-section independence in residuals across

system equations in the case of the first model configuration. Columns (1) and (2) of the

same table, however, indicate that average and average absolute cross-sectional correlation

coefficients respectively, obtained from that test, are quite low in both configuration cases.

Given the low correlations, we therefore adopt the assumption of independence following

Pesaran (2004). Results of the first generation Im et al. (2003) panel unit root test are

shown in column (4), while those of the second generation Pesaran (2007) panel unit root

test are displayed in column (5). The first test is also executed on cross-sectionally demeaned

series in order to mitigate the impact of any cross-sectional dependence. The second test

takes the possibility of cross-sectional dependence into account directly. The tests disclose a

rejection of the null of non-stationarity at conventional statistical significance levels.

We rule out Cobb-Douglas forms for any of the nests or levels (top, middle, bottom) in the
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production function as unitary elasticities of input substitution can be rejected in hypothesis

tests. In Table 2, both model configurations show that the top-level substitution elasticity,

σ, is estimated to be significantly above unity. Such a result specifies that unskilled labor

and any of the other individual factor inputs or compound inputs are gross substitutes. σ > 1

on its own implies that, in percentage terms, an increase in the relative physical supply of

capital or skilled labor relative to that of unskilled labor more than offsets the associated

decrease in the corresponding relative factor price. These changes amount to an increase

in the corresponding relative factor income share. Columns (13)-(18) report actual average

annual growth in relative factor prices and income shares based on pooled data. Focusing

on the skill premium, we find in column (15) that skilled relative to unskilled wages have

declined on average over the sample by around two-fifths of a percent per annum (p.a.), while

the relative skilled labor share has been increasing annually by approximately 3.2 percent.

The trends are thus consistent with the predictions of σ > 1 if we ignore other influences.

The waning of skill premia across the U.S. and Europe in the twenty-first century, par-

ticularly after the global financial crisis (GFC), is also documented by Beaudry et al. (2016),

Crivellaro (2016), Valletta (2018), Green and Henseke (2021), and Velic (2023).18 The typi-

cal explanation offered is that the relative demand for skilled labor is not keeping pace with

the growth in relative supply. Crivellaro (2016) and Green and Henseke (2021) further high-

light heterogeneity in wage, education, and labor market trends across European countries.

Beaudry et al. (2016) trace the reversal in the demand for cognitive tasks in the U.S. back

to the tech bust of 2000. High-skilled labor responded by moving down the occupational

ladder and displacing less educated labor in less skill-intensive posts. This pattern became

more apparent after 2008 once jobs associated with the housing bubble vanished.19 Finally,

18The first study focuses on the U.S., the next three on Europe, and the last one on both.
19Skill mismatching amongst college graduates is another factor, especially during recessions (Liu et al.,

2016).
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Beaudry et al. (2016) and Haskel and Westlake (2022) contend that the post GFC period

is characterized by productivity, skilled labor demand, and skill premium growth slowdowns

because of the weaker investment in intangible capital.

Turning attention to the middle and bottom level substitution elasticities (ρ and ν), both

of the estimated systems reveal i) strong complementarity between skilled labor and intangible

capital; and ii) substitutability between skilled labor and tangible capital. Substitutability

between these three inputs furthermore is far lower than that between unskilled labor and

remaining inputs, as estimates indicate ρ < σ and ν < σ across configurations.20 The second

model configuration in particular shows that skilled labor and intangible capital combined

act as a gross substitute for tangible capital, consistent with the growing reliance on skill-

complementary digital technologies to deliver consumer goods and services.21 This is evident

with the displacement of physical retail outlets, bank branches, consultancy offices22, and

certain health care facilities23 by virtual spaces. The strong synergy between intangibles and

skills (low ρ in first constellation and low ν in second constellation) implies a tight positive

comovement between rLS/rKI and ωLS/ωKI . As columns (17) and (18) of Table 2 show, this

is indeed suggested by the data.

Based on the estimated underlying model parameters, Table 4 presents estimates of φ and

γ from growth equation (18). The results indicate that the effects of intangible capital on

the relative skilled labor share are economically and statistically different to those of tangible

capital. These effects theoretically work through the skill premium as relative skilled labor

supply and technical change effects are captured by α, β, and TC parameters/terms in the

20A recent study by Acemoglu et al. (2023) finds that blue-collar workers performing routine tasks face
lower employment and earnings as a result of robot adoption, while other workers indirectly gain.

21Among other implications, Bar-Gill et al. (2023) find that digitization, including the rise of analytics
tools, data-driven decision-making, and digital platforms, increases firm revenues.

22e.g. for legal advisory services and insurance inquiries/purchases.
23e.g. virtual doctors or psychologists in mental health care.
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growth specification. For the first constellation of factor inputs, we find that intangible

capital growth of one percent commands a 1.38 percent increase in the relative skilled labor

share, while the same growth in tangible capital yields a negative effect of about three-fifths

of a percent. For the second model configuration, both categories of capital exhibit a positive

link with the relative labor share if standard errors are ignored. However, the coefficient on

intangibles continues to be much stronger in this second case, standing at around 0.5 which

is more than twelve times the size of the statistically insignifcant coefficient on tangibles.

Intuitively, intangible capital growth raises the marginal product of skilled labor relative

to that of unskilled labor. This occurs because of i) strong complementarity between skilled

labor and intangibles and ii) substitutability between unskilled labor and intangibles. The

more the corresponding substitution elasticities diverge (ρ and σ in the first system; ν and

σ in the second system), the greater the increase in the aforementioned ratio of marginal

products. Moreover, the impact is more pronounced for a higher intensity of intangibles in

production, as reflected by the cost weight δ2 in the first model and δ3 in the second model.

The change in labor productivity across skill types subsequently induces an increase in the

relative demand for skilled labor at given factor prices. As excess demand for skilled labor

builds up, upward pressure on the skill premium materializes. This culminates in a rise in

the relative skilled labor share.24

Compared to intangibles, tangible capital exhibits much weaker complementarity (higher

substitutability) with skilled labor. Tangible capital growth consequently ends up impart-

ing much lower effects on skilled labor’s relative marginal product, relative demand, wage

premium, and relative income share. The weaker growth effect of tangibles reflects the fact

that an increasingly larger proportion of skilled labor is specializing in intangible assets.

24The relative skilled wage bears the full burden of adjustment if the relative supply of skilled labor is
fixed.
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This is consistent with the idea that attenuated investment in intangibles post GFC led to a

productivity slowdown.

Finally, columns (4)-(7) in Table 2 report the estimates of factor-augmenting productivity

growth which underpin the effects of technical change. The results suggest that growth in

the effective supply of skilled relative to unskilled labor exceeds that of the physical ratio.

Similarly, we find that the effective stock of intangibles relative to tangibles grows at a

higher rate than that of the corresponding relative physical stock. Such trajectories in factor

productivities enhance returns emanating from the “skilled labor”-“intangible capital” nexus,

and thereby can widen the income gap across skill groups.

Asymmetric or factor-biased productivity growth in favor of skilled labor and intangi-

ble capital can be endogenized in the following way. Since skilled labor and intangibles

remain relatively scarce inputs compared to unskilled labor and tangible capital, the output

of industries/firms that use the former inputs intensively will be more constrained. This

increases the relative price of “skilled labor”- and “intangible capital”-intensive goods and

services, which makes investment in innovation (R&D) potentially more profitable in sec-

tors specializing in such output. As more financial resources are diverted to “skilled labor”-

and “intangible capital”-intensive industries, their productivity levels outstrip those of other

industries.25 The divergence in productivity levels across these industries in turn acts to

increase both inter-firm and inter-worker income inequality. The same logic applies within

industries for firms characterized by heterogeneous factor intensities. We further note that

our results suggest that productivity growth is net (skilled) labor augmenting, consistent with

neoclassical growth theory and in particular the literature on balanced growth and structural

transformation.26

25Endogenous growth theory effectively indicates that technical change is directed toward scarce factors
and goods.

26For example, see Acemoglu (2009) for an overview.
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5 Discussion

The intrinsic nature of intangibles implies that they engender greater uncertainty and con-

testedness. The riskiness of intangible investment is associated with its sunkedness. Put

differently, the downside risk of intangibles is higher as it is more difficult to recover their

value if the investment project fails. While intangibles are less valuable in the case of busi-

ness failure, they also yield much higher returns in the case of success due to their scalability,

especially in the presence of network effects, and synergies. The return distribution of intan-

gible investments is thus much wider. However, as intangible investments generate significant

spillovers that are contestable outside the borders of the firm, estimating returns to the or-

ganization making the investment is fraught with issues.

Facing uncertainty over ownership of intangible investments due to ambiguity of prop-

erty rules and valuation challenges, intangible-intensive firms deepen their search for well-

networked knowledgeable individuals that can broker connections with wide-ranging partners

in order to harness spillovers and fully exploit synergies. High-profile directors assuage con-

cerns about contestable uncertainties and improve confidence amongst investors about new

technologies and markets. This ultimately can increase share prices and relax financing

constraints (Braggion and Moore, 2013). These tendencies increase the power and value

of managers displaying such qualities. H̊akanson et al. (2021) find that workers recruited

by high-paying firms are indeed those that score well on tests for both cognitive and non-

cognitive skills.27 Haskel and Westlake (2017) contend that top-paying firms are more careful

to sort and screen their workers as a response to the growing importance of intangibles.

An important trait of highly skilled influential directors in a world of intangibles is their

ability to lead. In addition to countering the sometimes costly distortive aspects of author-

27i.e. highly educated individuals gifted with different forms of intelligence.
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itative management models, good leadership in the form of commitment and sacrifice for

example increases the likelihood of loyalty to the firm and thus the ability to retain tacit

intangible capital. Using data on more than one thousand political leaders between 1875 and

2004, Besley et al. (2011) find that economic growth is higher under more educated leaders.

In an intangible economy, leadership is decisive in systems innovation as described by Haskel

and Westlake (2017), where new intangible project ventures may be highly dependent on

the collaboration of a number of related industries. As synergies grow with the number of

investments in intangibles, competent leaders that can persuade their network of partners

and other institutions, including government and competitors, to follow their plans earn a

premium.

Figure 3 graphs the intangible capital intensity of countries against their ease of doing

business scores at the end of our sample period. The cross-section plot evinces a pronounced

positive relation between the share of intangibles in total economy value added and regula-

tory performance where higher scores for the latter indicate better regulatory practices. The

dimensions of regulation include property registration/rights, taxation, contract enforcement,

insolvency resolution, and protection of investors amongst others. The basic correlation im-

plies that countries characterized by better regulatory frameworks are more conducive to

successful investments in intangibles and wider business prosperity. The laws and institu-

tional arrangements of a country underlie its economic health and stability. If the rules are

efficient, accessible, and simple to implement, then this can reduce some of the doubts sur-

rounding the funding of intangible assets. Investors will be concerned with, for example, the

defense of patents28 and honoring of distribution rights. Less equivocal regulation means less

uncertainty on these matters, greater confidence, and thus higher investment.

Favorable tax regimes also improve the intensity of intangibles in an economy. Focusing

28i.e. the ability to retain innovation rents for a period.
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on mobility, Akcigit et al. (2016) find that top-quality inventors and (R&D) scientists are

primarily located in countries with lower tax rates. Akcigit et al. (2018) meanwhile report

that increases in the highest marginal personal income and corporate tax rates dispropor-

tionately decrease the number of i) patents filed, ii) citations (in subsequent innovations),

and iii) inventors.29 On the one hand, taxes can be used to fund productive investments that

raise economic growth. On the other hand, for a given level of public spending, it disincen-

tivizes innovation by diminishing net profits from innovation. Up to a certain tax rate, the

positive effect outweighs the negative effect. According to Aghion et al. (2016), the threshold

at which taxation begins to have a negative net effect on growth is declining with the level

of government corruption.30

The World Management Survey (WMS) which measures management practices, as first

described in Bloom and Van Reenen (2007), provides results that fall in line with the cross-

country heterogeneity in the intensity of intangibles observed in Figure 3. We find that more

intangible-intensive countries such as the U.S., Germany, and Sweden are typically charac-

terized by higher average management scores (i.e. better practices). Less intangible-intensive

countries such as Portugal and Greece conversely display weaker management scores.31 One

of the criteria in the survey is indeed how well loyalty is maintained amongst employees, which

plays a crucial role in the growth of intangible capital. The link between management quality

and the accumulation of intangible capital remains a fruitful avenue for future research at

both aggregate economy and sectoral levels. Bloom et al. (2016b) add that management is

important in explaining large differences in both cross-country and within country levels of

total factor productivity.

29These studies assume a fixed level of public investment.
30Where both of the aforementioned channels are adversely affected.
31See Bloom et al. (2014) and Bloom et al. (2016a) for further details on rankings.
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6 Conclusions

Income inequality and intangible capital growth are themes that have garnered significant

attention in the economics literature over recent years e.g. Haskel and Westlake (2017, 2022),

Oberfield (2023). We contribute to the discussion by examining whether intangibles impart

differential growth effects on the skilled relative to unskilled labor share in income compared

to tangibles. Our empirical analysis is based on a multi-factor, multi-level, supply-side frame-

work that emphasizes the roles of factor substitution elasticities and factor intensities in the

determination of “capital growth”-induced labor share dynamics.

Conducting the study at the total economy level, our results reveal that capital of the

intangible variety demonstrates far greater complementarity with skilled labor, and that

these two inputs as a composite form a strong substitute for tangible capital. Unskilled labor,

meanwhile, exhibits the highest substitutability with remaining factor inputs. These elasticity

estimates from our system of model equations indicate that intangible capital growth yields a

more pronounced positive effect on the relative marginal product of skilled labor for the given

factor intensities. Compared to tangibles, a larger stock of intangibles therefore induces a

higher relative demand for skilled labor at given factor prices. This ultimately means a higher

skill premium and relative skilled labor income than in the case of tangibles. In practice,

the extent to which the gap between skilled and unskilled wages widens will hinge on the

flexibility of the relative supply of skilled labor.

The findings suggest that investment in intangibles acts to more aggressively exacerbate

income inequality than investment in tangibles. Software, large databases, and new manage-

ment practices are leading to a replacement of egalitarian work cultures with systems driven

by a robust reward-productivity nexus. This implies that the gap between the wages of the

most talented skilled employees and those of remaining workers becomes more pronounced
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with the intensity of performance-tracking intangibles. More intangible-intensive economic

activity further means that social capital will play a pivotal role, as negotiations, connections

(networks), and competition over contested assets become increasingly important. In turn,

underlying markers of social capital such as education and class will be in greater demand,

thus reinforcing economy-wide income polarization.
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Figure 1: Shares of Skilled Workers in Employment and Labor Compensation
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Notes: Red dashed reference line represents equality of skilled labor shares in total employment and total labor
compensation. Vertical distance above the line captures the strength of skill premia and income inequality i.e. countries
further above the line are characterized by larger skilled-unskilled wage gaps and income inequality.
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Figure 2: Relative Skilled Labor Share vs. Relative Intangible Capital Stock, 1995-2015
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Notes: Skilled labor share in income is measured relative to the unskilled labor share
in income. Real intangible capital stock is measured relative to the real tangible
capital stock. Both indexes use 2010 as the base year. Pearson correlation coefficient:
0.70∗∗∗. Spearman rank correlation coefficient: 0.65∗∗∗. Partial Correlation: 0.41∗∗∗

(controls: skilled-to-unskilled labor ratio). *** significant at 1%.
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Figure 3: Intangible Capital Income Share vs Ease of Doing Business, 2015
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Notes: Intangible capital intensity is measured as the share of intangible capital in
total economy value added. Ease of doing business score ranges from 0 to 100 with
a higher score reflecting a better regulatory environment that is more conducive to
business success. Pearson correlation coefficient: 0.72∗∗∗. Spearman rank correlation
coefficient: 0.76∗∗∗. Plot with country average intangible capital income shares over
the sample period is similar, where Pearson and Spearman correlation coefficients are
0.58∗∗∗ and 0.53∗∗∗ respectively. *** significant at 1%.
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Table 1: Baseline Correlations: Relative Skilled Labor Share vs Capital

Correlation Coefficient Capital Type

(1) (2)

Tangibles Intangibles

Gross 0.729 0.782
[0.000] [0.000]

Partial 0.023 0.314
[0.644] [0.000]

Notes: Gross correlation is given by Pearson’s coefficient.
Partial correlation is obtained by fitting a linear regression of
the relative skilled labor share on all factor inputs. The par-

tial correlation coefficient is then computed as t/(
√

t2 + n − k)
where t is the relevant variable’s t-statistic, n is the number
of observations, and k is the number of regressors including
the constant. P-values are given in square brackets.
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Table 4: Capital-Skill Complementarity Effects on Relative Skilled Labor Share

Model Configuration Capital-Skill Complementarity Effect

(1) (2) (3)

Tangibles Intangibles H0 ∶ φ = γ

LU ;σ; [KI ;ρ; (KT ; ν;LS)] −0.610∗∗∗ 1.382∗∗∗ 0.00
(0.131) (0.193)

LU ;σ; [KT ;ρ; (KI ; ν;LS)] 0.040 0.510∗∗∗ 0.00
(0.036) (0.079)

Notes: * significant at 10%; ** significant at 5%; *** significant at 1%. Standard
errors in parentheses. P-values reported in column (3) for Wald-type test of coef-
ficient equality. Delta method employed for the calcualtion of standard errors and
p-values.
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