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Abstract

Capital accumulation in modern economies increasingly takes the form of intangible invest-
ment. This form of investment relies heavily on the contributions of specialized workers—such
as inventors, managers, and entrepreneurs. To examine the macroeconomic implications of the
rising share of intangibles, we develop and calibrate a general neoclassical model where capital
formation requires both investment goods (tangible investments) and specialized labor (intan-
gible investments). We show that rising intangibles renders the supply of capital more inelastic
owing to the limited supply of specialized labor. Rising intangibles also change the incidence
of capital taxation: whereas in traditional neoclassical models the tax burden falls entirely on
production workers, in intangible economies, it is borne primarily by specialized workers and
capital owners.
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1 Introduction

The standard neoclassical growth model treats capital formation as a frictionless process: final
goods can be converted into new capital at no cost. This assumption implies that this model
predicts an infinitely elastic supply curve of capital. As a result, shifts in the supply or demand for
capital — arising from changes in household saving or changes in the productivity of investment
— result in large movements in quantities rather than prices.

This prediction, however, stands in stark contrast to the empirical data, as asset prices exhibit
larger volatility than the capital stock. While models with capital adjustment costs yield a short-
run inelastic capital supply (Hayashi, 1982), they still imply an infinitely elastic capital supply in
the long run. Hence, these models cannot explain why “savings gluts” (Bernanke et al., 2007; Mian
et al., 2020) tend to generate higher movements in the price than in the quantity of assets.

This paper takes a different route: we emphasize that transforming final goods into produc-
tive capital requires specialized labor—entrepreneurs, inventors, and managers—whose aggre-
gate supply is inherently limited. Because more capital cannot simply be constructed from final
goods but must also be conceptualized, designed, and implemented by these scarce workers, the
supply curve for capital slopes upward over any horizon.

This more realistic view of capital formation also highlights a key link between financial and
labor markets. In our model, an influx of savings raises the wages of specialized investment
workers relative to those of production worker. This mechanism suggests that the secular decline
in interest rates has played an important role in driving the rise in wage polarization. (Autor
and Dorn, 2013). Finally, this perspective on capital formation has crucial implications for the
incidence of corporate taxation: while the tax burden falls entirely on production workers in the
standard neoclassical model, it is borne primarily by specialized workers and capital owners in
intangible economies.

Our paper proceeds as follows. We first develop a stylized extension of the standard neoclas-
sical growth model that features a more realistic investment function. Our key departure is that
the investment good is more labor intensive than the consumption good, reflecting the fact that
modern capital formation requires specialized labor (i.e., inventors, entrepreneurs, financiers). In
addition, we allow for accumulated capital (i.e., building on past research, adjustment frictions)
to be an input to capital formation in the short-run.

We then characterize the capital supply elasticity in the model, which governs how respon-
sive firms are to capital demand shocks.” In the neoclassical growth model, capital supply is
infinitely elastic, since the final good can be frictionlessly transformed into capital. In that case,
small demand-side shocks (e.g., interest rate) have large and immediate effect on capital accumu-

lation. In contrast, when investment requires labor in fixed supply, the supply elasticity is finite,

ISee, for instance, Gutiérrez and Philippon, 2017 and Crouzet and Eberly, 2023 for empirical evidence.
2To be precise, the supply elasticity of capital in the model is the elasticity of the capital stock (at some horizon) with
respect to a change in the value of capital (i.e., the marginal q).



even in the long-run. We show that a higher degree of intangibility in capital formation leads to a
lower capital supply elasticity, both in the short-run and in the long-run.

In Section 3, we map the theoretical framework to the data. Our goal is to provide systematic
evidence on the evolution of the labor share in the consumption and investment good sectors over
time. To do this, we combine sectoral production data from KLEMS with the BEA’s input-output
(I-O) make-use matrix to compute the consolidated labor share of each sector. This approach ac-
counts for the labor embedded both directly and indirectly across industries. Our findings reveal a
growing wedge in labor intensity between the investment and consumption sectors—particularly
in the use of high-skilled labor. As a robustness check, we validate our labor share measure using
firm-level accounting data from Compustat.

In Section 4, we explore the quantitative effect of a shift towards intangibles that raises the
labor intensity in the investment good sector. We calibrate the key elasticities of the model using
data on the uses of capital income and valuations (intangible share, total investment yield, and
aggregate capital share), as well as a short-run tax elasticity of investment taken from Chodorow-
Reich, Smith, Zidar and Zwick (2024). Using the calibrated model we simulate a large (25 pp.)
rise in the share of intangible investment, consistent with our evidence from the US corporate
sector over 1972-2022. We find that a shift towards intangibles of the magnitude that we have seen
in the data implies a significant redistribution of aggregate income away from production labor
towards investment labor (-6 pp. of GDP). The model also predicts that the economy becomes
more inelastic: the supply elasticity declines by roughly half in the long-run and one-third in the
short-run.

Finally, we use the calibrated model to quantify the incidence of corporate taxes in our econ-
omy. In the neoclassical growth model, the capital supply elasticity is infinite. As a result, capital
tax cuts have a large effect on investment, and end up being born by production workers via
higher wages. In intangible economies, however, tax cut have a weaker effect on investment,
hence a lower effect on production worker wages. As a result, capitalists and investment labor
absorb more of the shock via revaluation gains (for capitalists) and higher wages (for investment
labor). In the calibrated model, the incidence of capital taxes is roughly half for capitalists, a quar-

ter for production labor, and a quarter for investment labor.

Literature review. A growing literature documents a rise in intangible capital (see, e.g., Fis-
feldt and Papanikolaou, 2013; Peters and Taylor, 2017; Eisfeldt, Falato and Xiaolan, 2023; Cor-
rado, Haskel, Jona-Lasinio and lommi, 2022). Beyond being harder to measure, intangible capital
may exhibit distinct economic properties relative to tangible capital. In Eisfeldt and Papaniko-
laou (2013), intangible capital is unique because it is embedded in key talents. In Crouzet, Eberly,
Eisfeldt and Papanikolaou (2022), intangible capital tends to be non-rival—allowing it to be used
simultaneously in different production streams—and is characterized by limited excludability,

which prevents firms from capturing all the associated benefits or rents. In this paper, we shift our



focus away from the economic properties of intangible capital to its distinct inputs, namely, that it
is created by specialized labor in finite supply.

Luttmer (2018) studies an economy in which households supply both managerial and pro-
duction labor—with managerial labor contributing to both production and investment. Like our
paper, Luttmer (2018) highlights that organizational capital is produced using a specialized input
by discussing the implications of a fixed supply of managerial capital. Another closely related pa-
per is Bhandari and McGrattan (2021), which highlights that a significant portion of small firms’
value stems from organizational capital accumulated through the owner’s effort. The paper fur-
ther explores the implications of this finding for the taxation of non-corporate businesses. Relative
to these papers, we provide new data and moments to calibrate a flexible theory of capital supply.

In our model, the revenues from capital formation accrue to three distinct factors: investment
goods, investment workers, and existing capital. This is similar to Kogan et al. (2020), which as-
sume that investment workers generate blueprints, which are then implemented by firms through
a decreasing return to scale function in investment goods. The key difference is that, in our model,
the distribution of investment rents between investment workers and existing capital is deter-
mined by their respective Cobb-Douglas exponents in the capital formation production function,
rather than being exogenous.’

Finally, our paper offers an alternative explanation for investment stagnation despite high To-
bin’s Q inferred from the data. The existing literature focuses on markups and market power
(e.g., Gutiérrez and Philippon, 2017; Crouzet and Eberly, 2019; Barkai, 2020; Ball and Mankiw,
2023; De Ridder, 2024). In contrast, we emphasize the fact that capital formation requires special-
ized labor (i.e., entrepreneurs, inventors, etc.) which constrains the extent to which investment
goods can be transformed into productive capital. Put differently, in our paper, the “fixed factor”
that limits the ability (or willingness) of firms to scale is not the fact that it would lower their price,

but, rather, that it would increase their labor cost.

2 Stylized model

2.1 Setup

Output production. We focus on a representative firm. Output Y; (i.e., the final good) is pro-
duced using capital K; and production labor Ly through the standard Cobb-Douglas production

function

Y; = Ay K{ L%,/_t"‘, (output production)

3This assumption ensures that factors are paid their marginal products, and so that the decentralized equilibrium
implements the first best (this is similar to the Hosios (1990)’s condition in matching models).



where « € (0,1) denotes the importance of capital relative to labor and Ay, represent Hicks-

neutral productivity in production (TFP). The output can be used to consume C; or to invest I;.

Capital formation. Our key departure from the standard neoclassical growth model is that the
final good cannot be frictionlessly transformed into productive capital: producing and installing
new productive units of capital also requires specialized labor (i.e., inventors, entrepreneurs, man-
agers) as well as accumulated capital (i.e., building on past research, adjustment frictions). We

represent this through the following capital formation function:
o/ 1 1-6
Kiy1 = (1= 06)Ki + Hy where H; = Ap K} (It XL’é/t) ) (capital formation)

The capital formation function is a Cobb-Douglas function of three inputs: existing level of capital
K, the final good I; , and investment labor Ly ;. The parameter x € (0,1) governs the importance
of specialized labor relative to the final good while the parameter 6 € (0,1) governs the impor-
tance of existing capital relative to the other two inputs. Finally, Ap; represent Hicks-neutral
productivity in capital formation (IST shock).* We provide a microfoundation for this aggregate
capital formation function in Appendix A.3.2.

Our specification of the investment function nests and generalizes several important models
used in the literature. One such special case is where capital formation only requires investment
goods (0 = 0, x = 0); that is, H; = ApI;, which corresponds to the neoclassical growth model
(NGM).”> Another important special case is where investment requires a mix of investment goods
and existing capital (x = 0); that is, Hy = Ay K/I!~?, which corresponds to the g-theory of
investment (e.g., Uzawa, 1969; Hayashi, 1982).° The parameter 6 governs the curvature of the

adjustment cost function.

Firm optimization. The rest of the model is standard. The representative firm takes as given the
interest rate r;, as well as wage rates for production and investment labor (wy ;, wg ). It chooses

production labor Ly, investment labor Ly, and a quantity of output I; to maximize the present

4Because we choose a Cobb-Douglas production function, this can alternatively represent technology shocks that
make it easier to install capital, shocks that make investment good more productive (as in Greenwood et al., 1997), or
shocks that make investment labor more productive.

SNote that, even in this case, the efficiency Ay ; at which the final good can be transformed into capital can change
over time as in Greenwood et al. (1997).

®Hayashi (1982) assumes capital accumulation takes the form K; 1 = (1 — 8)K; + ®(I;, K¢), where ®(-) is a function
with constant return to scale; hence, our model can be interpreted as the special case ®(I;, K¢) = K?I tl_e. See Appendix
A.3.3 for more on the connection between our model and Hayashi (1982). Since this seminal paper, the g-theory of
investment has evolved away from modeling capital formation as concave in I/K (like we do) towards cost functions
that are convex in I/K. The key difference is that adjustment costs appear in the budget constraint while capital
formation appear in the capital accumulation equation.



value of future payouts:

oo
-1
Vo = max E Ry 5Dy,
{Lyt Ll K}t

s.t. Dy =Yy — Iy —wy Ly — wHtLHt, (firm budget constraint)

where Ro_y; = ]_[220(1 + r5) denotes the cumulative return of one dollar invested between 0 and
t. This maximization is subject to the equations for production, capital formation, and capital

accumulation above. The corresponding Lagrangian is

Lo =Y Ryt (Y = I = wy s — wrsLig ) + Y Ry (1= 0)Ke + Hy = Kia ).
t>1 t>1
The Lagrange multiplier q; can be interpreted as the marginal value of one capital unit. Given our
assumption that the production and capital formation functions exhibit linear returns to scale, the
market value of the representative firm is given by V; = 4;K;1; that is, the marginal and average
values of capital units are equal (Hayashi, 1982).

Solving the representative firm problem yields the following set of optimality conditions:

wyLy; = (1—a)-Y, (firm foc Ly )
wrLpy = (1—0)x - q:H;, (firm foc Ly )

L =(1-6)1-x)-q:H:, (firm foc I;)

(14 741)qeKep1 = - i1 + g1 (1= 0)Kyq +60 - Hepq), (firm foc K;41)

with the transversality conditions limr_,« Ro’ithKTH = 0. Note that, due to our Cobb-Douglas
assumption, the three inputs of capital formation — existing capital, investment goods, and in-
vestment workers — earn a constant share of the revenues from capital formation q;H;. More
specifically, a share 0 of revenues is paid to existing capital holders, a share (1 — 6)y is paid to
investment workers, and a share (1 — 0)(1 — x) is paid to purchase investment goods.

Note that capital owners earn two types of income: they receive a constant share a of revenues

from output production Y; and a constant share 6 of revenues from capital formation g;K; 1.

Household optimization. Since the focus of the paper is on the production side, we only provide
a stylized microfoundation of the household problem. The representative household takes as

given the sequence of prices {wy ¢, Wi, ¢ }5°, and chooses a sequence of consumption and wealth



{Ct, W;}£2, to maximize welfare:

e
Uy = max -
{CeWik2, tzzl p 1—7o

s.t. Ct + Wt = wy,tLy,t + wH,tLH,t + (1 + 7’t)Wt71,

where V), the initial level of wealth, is given. For simplicity, we assume in this section that the rep-
resentative household supplies a fixed quantity of production labor Ly; = 1 — u and investment
labor Ly ; = p; we will consider the more general case in which labor is elastically supplied in Sec-
tion 4, when taking the model to the data. The household optimality with respect to consumption
gives the usual Euler equation:

C, " =B +r1)CY. (worker foc Cy)

Equilibrium. An equilibrium is an initial condition Ky, an allocation {Ly, L+, It, Ct, K¢, Y }>1,
and prices {wp ¢, Wit 1, Gt +>1 that solve the firm problem (firm foc Ly, firm foc Ly, firm foc
Iy, firm foc K1), household problem (worker foc C;), with the market clearing conditions Ly ; =
1—pu, Lys = u, and C; + Iy = Y}, subject to the technological constraints for (output production)

and (capital formation). Via Walras’ law, we get that household wealth equals firm value: W = V.

2.2 Steady-state

We now characterize the steady-state of the model, assuming that the productivity of the pro-
duction and capital formation functions remain fixed over time Ay; = Ay and Ap; = Anx. We
consider the more general case of a balanced growth path where the productivity of investment
and production labor grow at some exogenous rate in Section 4.

It is useful to think of the steady-state (or long-run) quantity of capital as determined by an
equilibrium between the demand and supply of capital. The demand for capital directly obtains
by combining firm foc K with the steady state condition H = /K:

AyaK= =9 (1 — 1)1 =% = g (r + (1 — 0)4). (capital demand)

This equation can be seen as a market pricing equation, which pins down the price of capital g
given the flow of payments to capital holders and the interest rate 7. Another, equivalent, in-
terpretation of (capital demand) is that firms demand capital until the marginal productivity of
capital (the left-hand side) coincides with its user cost (the right-hand side), as in Hall and Jorgen-
son (1967).” This equation traces a downward slopping demand for capital: a higher capital price
g increases its user cost (since a firm would need to borrow more to purchase one unit of capital),

reducing the quantity of capital demanded by firms.

’The analogy provided by Hall-Jorgenson is that “the firm may be treated as accumulating assets in order to supply
capital services to itself”.



The supply of capital obtains by plugging optimal investment (firm foc I;) into the steady-state

version of (capital formation):

1-6
ApK? ( (1-6)1- X)Q‘SK)FX ]/‘X) = oK. (capital supply)

This equation says that, in steady-state, the quantity of new capital goods created every period
H (the left-hand side) must equal the quantity of capital goods that depreciate every period (the
right-hand side). A higher shadow value of capital g pushes firms to invest more (firm foc I;),
which increases the steady-state supply of capital (capital formation). In the particular case where
investment does not require specialized workers (x = 0), the supply of capital is perfectly elastic
and this equation pins down 4. As soon as capital formation requires investment labor (x >
0), however, this equation traces an upward slopping supply curve for capital. Solving for K in
(capital supply) and (capital demand) gives the long-run demand and supply curve of capital,
respectively. The capital demand curve says that a higher capital price g increases the user cost
of capital, decreasing the firm’s demand for capital (capital demand). The capital supply curve
says that a higher capital price g increases firm investment, increasing the steady-state quantity
of capital (capital supply). The equilibrium is determined by the intersection between these two

curves.

2.3 Implications

2.3.1 Supply elasticity of capital

In contrast with the NGM, our model generates an inelastic supply of capital, both in the short-run

and in the long-run.

Long-run capital supply. Differentiating (capital supply) implies that the long-run elasticity of
capital supply to g is

dlogK 1—x
dlogg  x

This elasticity spans values from zero (when investment only requires specialized labor) to infinity

(long-run elasticity)

(when investment only requires the final good, as in the neoclassical growth model). Notice that
the long-run capital supply elasticity does not depend on 6; as we discuss below, the parameter 0
only determines the short-run capital supply elasticity.

The supply of capital is inelastic when investment requires specialized workers. This has key
implications for the long-run effect of a shift in the demand of capital — say, due to a permanent
increase in the household’s time preference parameter B or a permanent increase in output pro-
ductivity Ay. To visualize this fact, Figure 1 plots the steady-state demand and supply for capital.
Panel (a) corresponds to the neoclassical growth model (x = 0), while Panel (b) corresponds to

an economy that requires specialized worker for capital formation (x > 0 in Panel b). In the neo-
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Figure 1: Long-run equilibrium in the capital market

classical growth model (Panel a), the supply of capital is perfectly elastic, so an outward shift in
capital demand results in a higher steady-state capital stock with no change in the rental rate of
capital. In contrast, in a model with specialized workers (Panel b), the supply of capital is inelastic,
so a shift in the demand for capital is only partially absorbed by a rise in capital, and part of the
adjustment takes the form of a higher capital price (i.e., a higher firm value relative to its capital
stock).

Short-run capital supply. Capital is also inelastic in the short-run, due to the joint presence of
specialized labor (x > 0) and existing capital (¢ > 0) in the capital formation function. Differenti-

ating (capital formation) and (firm foc I;) implies

dlog K11 _ (1-x)(1-9)

= . short-run elasticit
dogqr  CT—(1—x){1=6) ( y)

While the capital share of investment 6 did not matter for the long-run capital elasticity, it is the key
determinant of the short-run capital elasticity. Capital being an input in production 6 > 0 makes
capital less elastic in the short-run. This is exactly the logic behind the g-theory of investment,
which emphasizes the presence of capital adjustment costs in the short-run. As in the long-run,
the capital supply elasticity decreases with the importance of specialized labor in capital formation
X

More generally, for a given sequence of perturbation (dlog gs)s<:, we have:

, apn-e ¢ X160\
diogis = 07 2 0 1 (1- 0= it =gy dlogtin

See Appendix A.2.2 for the derivation. For a constant price perturbation dlogg;—s = dlogg, we
recover the long-run supply elasticity (1 — x)/x.



Table 1 compares the short- and long-run supply elasticity of capital in our model relative to
different benchmark models. There are two key takeaways. First, in economies that do not require
specialized investment labor (“NGM” and “q-Theory”), capital is infinitely elastic in the long-run.
This is because the relative price of capital in terms of goods must be one since they are the same
thing. Adding a positive capital share of investment (6 > 0) makes the short-run elasticity finite
(see “g-theory”), but does not solve the problem of infinite elasticity in the long-run. Second,
the necessity of specialized labor in capital formation (i.e., x > 0) makes the supply elasticity
of capital finite, both in the short- and long-run. This is because labor supply is finite (zero in
our case), which makes the response of capital formation to q constrained by the fixed pool of
investment worker. In other words, investment booms raise the wages of investment labor, hence

dampening the size of the boom.

Table 1: Comparing the supply elasticity of capital across benchmark models

Model Constraint Elasticity of capital
0 X short-run long-run
Neoclassical growth 0=0 x=0 400 +00
Q-theory 6 >0 x=20 5150 +oo
Stylized model 6 >0 x>0 ) % 1777‘

Notes. The short-run supply elasticity of capital is dlog K. 1/9d1og g; while the long-run is dlog K; /dlog g.

2.3.2 Wage gap between investment and production workers

Capital supply is inelastic in our model because capital formation requires an input that is fixed
at the aggregate level: investment labor. In equilibrium, after a shift in the demand for capital,
firms respond by increasing investment, which bids up the wages of investment workers who are
in limited supply. Hence, the flip-side of inelastic capital is that shifts in the demand for capital
will affect the wage gap between investment and production workers.

To see this, one can combine (firm foc Ly ;) and (firm foc Ly ;) to express the ratio of payments

between investment and production workers:

wHLH_l—G. .tht_l—G. ] on
wyly 1—a Y, 1-a« Y rye(1—e)

2.1)

This first equality reflects that, due to our Cobb-Douglas assumptions for our production func-
tions, investment and production workers receive a fixed share of the revenues from their re-
spective sectors. The second equality uses (capital demand), which pins down the ratio between
output and the value of the capital stock in steady state.

Therefore, shocks that disproportionately affect the investment sector will increase the wage

10



gap wy /wy. Consider, for instance, an increase in the household’s time preference B generating a
decline in r. As shown in (2.1), the decline in r increases the steady-state value of capital relative
to output, which increases the wage gap between investment and production workers. Similar, a
rise in the importance of specialized workers in capital formation (a rise in ) increases the wage
gap between the two type of workers.

Put differently, while all workers are paid their marginal products, investment workers pro-
duce cash-flows that have a longer duration than production workers. As a result, as interest rates
decline, the marginal product of investment workers increases relative to production workers, and
so the wage gap between the two workers increases as a result.

Our theory for the wage gap between investment and production workers provides an alterna-
tive view of the “skill-biased” view of technical change (see, for instance, Griliches, 1969, Krusell
et al., 2000, Berlingieri et al., 2024). In our model, investment workers benefit from investment
booms because they are key inputs in capital formation, not because they are complements with
capital in production. One key difference between the two theories is that, in our model, any
shock that make capital more valuable increases the wage of investment workers — whether or
not this higher capital value ultimately translates into a higher capital stock. We will return to
this idea when quantifying the effect of the rise in intangible investment on the wage gap between

investment and production workers in Section 4.

3 Empirical evidence

The central idea of the stylized model is that producing capital goods is more labor intensive—
particularly in terms of specialized labor—than producing consumption goods. We now provide
empirical evidence that this pattern increasingly holds in the U.S. economy, driven in part by the

rising importance of intangible investment.

3.1 Measuring the labor share of investment versus consumption
3.1.1 Evidence from national accounts

Datasets. We begin with the BEA’s input-output matrix, available from 1963 to 2010, which pro-
vides a detailed decomposition of expenditures across 71 industries (U.S. Bureau of Economic
Analysis, 2024a). This matrix tracks how each industry allocates its spending across intermediate
inputs, labor, and capital. We further disaggregate the labor component into payments to college-
educated and non-college-educated workers using data from the Integrated Industry-Level Pro-
duction Account (U.S. Bureau of Economic Analysis, 2024b). In addition, the input-output ma-
trix reports how each industry’s output is allocated—whether to other industries as intermediate

goods, or to final uses in consumption and investment.
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Investment in organizational services. In a series of revisions to the National Income and Prod-
uct Accounts in 1999, 2013, and 2018, the U.S. Bureau of Economic Analysis reclassified firm ex-
penditures on intellectual property products—software, research and development, and artistic
originals—as investments. Corrado et al., 2009 argues for a much broader definition of intangible
capital. Following their lead, we reclassify certain firm expenditures on professional services as
investments.

Specifically, we capitalize 60% of firm spending on the following professional service cate-
gories: “Administrative and support services”, “Miscellaneous professional, scientific, and tech-
nical services”, and “Management of companies and enterprises”.® The first category reflects
spending on outsourced business support services, such as personnel administration and train-
ing. The second includes externally purchased services like accounting, consulting, design, and
computer services. The third captures the service output of establishments that manage other
units within a company. Purchases of these services plausibly represent investment in what the
literature refers to as organization capital (Atkeson and Kehoe, 2005; Eisfeldt and Papanikolaou,
2013; Crouzet and Eberly, 2021; Crouzet et al., 2022)—expenditures related to workforce human
capital, distribution systems, logistics, product design, and customer and brand capital. We group
all of these under the umbrella term “Organizational services.”

Figure 2 shows the composition of investment as a share of GDD, after this reclassification
exercise. We observe a decline in investment in structures and equipment, and a corresponding

rise in investment in intellectual property products and organizational services.

30%

Organizational services

20% A
N Intellectual Property
10%1 i \\,\/ \:/ Y. \'\‘\, — / Equipment

< -
Structure
OO/OA T T T T
1960 1980 2000 2020

Figure 2: Types of investment expenditures as a fraction of GDP

Methodology. Our goal is to compute the labor share of value added required to produce one

unit of a consumption good versus one unit of an investment good.

81deally, we would use a more detailed industry breakdown, but the BEA input-output matrix is available only at
the level of 71 industries for a time series beginning in 1963.
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We proceed in two steps. First, we compute the consolidated labor share of each industry. This
measure accounts not only for the share of the industry’s own value added paid to labor, but also
for the labor embodied in all intermediate inputs used in its production. Formally, we use the
Leontief inverse of the input-output matrix to capture both direct and indirect contributions of
labor throughout the production network.

Second, we compute the labor share of the consumption sector as the weighted average of in-
dustry labor shares, where the weights correspond to the share of final consumption expenditures
coming from each industry. Similarly, the labor share of the investment sector is calculated using
the share of final investment expenditures as weights.

Note that the weighted average labor shares of the consumption and investment sectors sum to
the average labor share of the aggregate economy, up to a wedge driven by the difference between

labor embodied in exports and imports.

Results. Data from the BEA show that most of the output of each industry is used either for
consumption or for investment purposes. Appendix Figure Al illustrates this pattern: most in-
dustries produce primarily either consumption goods or investment goods. This supports our
assumption that an industry’s income shares are similar regardless of whether its output is used
for consumption or investment.

To understand the variation across industries, Figure 3a presents data for the twenty largest
industries ranked by their contribution to final consumption expenditures (by households or gov-
ernment). Housing stands out as a major consumption industry and is composed almost entirely
of capital services, primarily due to imputed rents from owner-occupied housing. Other signifi-
cant consumption sectors include food and healthcare.

Figure 3b presents the corresponding data for the twenty largest industries ranked by their
contribution to investment expenditures. Industries providing organizational services are par-
ticularly important and tend to have high labor shares—especially sectors such as miscellaneous
professional and scientific services, administrative and support services, and management of com-
panies. Tangible investment sectors, such as construction, also exhibit high labor shares.

We also report labor shares separately for college- and non-college-educated workers. Consis-
tent with intuition, intangible capital is particularly intensive in college labor, while construction
is especially intensive in non-college labor.

Given the consolidated labor share of each industry, we compute the labor share of the aggre-
gate consumption sector by taking the weighted average of industry labor shares, using the share
of final consumption expenditures coming from each industry. We apply the same approach to

compute the labor share of the aggregate investment sector:

LSC = ZwCiLSi ; LS[ = ZwIiLSi (31)
i i
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Figure 3: Labor shares by industry in 2017

where wc; denotes the share of final consumption expenditures in the output of industry i, and
wy; denotes the share of final investment expenditures in the output of industry i.
Figure 4 presents the results. Both sectors begin with a similar labor share in 1962. Over time,

however, the labor share in the aggregate consumption sector declines, while the labor share in
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the investment sector remains relatively stable.

In both sectors, a growing share of labor compensation goes to college-educated workers rel-
ative to non-college workers. However, this shift is more pronounced in the investment sector,
where the share of payments to college workers has increased more rapidly than in the consump-

tion sector.
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> 9 VvV 2
\/\H Dl Noncollege labor share
40% Noncollege labor share 40%-

20% 20%

0% 0%
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(a) Aggregate consumption sector (b) Aggregate investment sector

Figure 4: Labor income share for consumption and investment sectors

How can we explain the rise in the labor income share of the investment sector? One part of
the story is the shift from tangible to intangible investment (Figure 2). Intangible investment is
significantly more labor intensive—especially college—labor intensive—than tangible investment
(Figure 4). However, another possibility is that all forms of investment have become more labor
intensive over time. For instance, automation may have progressed more rapidly in the consump-
tion sector than in the investment sector.

To systematically assess these explanations, we use a shift-share decomposition to analyze the
rising difference in labor intensity between the investment and consumption sectors.

Taking the difference of (3.1) over time, denoted A, we have:

1

ALS; — ALSc = Y (wyj — wei) ALS; + ) (Awy; — Awci) (LS; + ALS;) (3.2)
i

-

Within Between

The first term (the within component) reflects the difference between the weighted average co-
variance of changes in investment and consumption expenditures and the change in the labor
share. It captures the idea that consumption industries may have become more automated over
time. The second term (the between component) captures the covariance between the change in
sectoral expenditure shares and the labor share. It reflects the shift in the investment sector toward

intangible forms of capital, which tend to have a higher labor share.
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Table 2 reports the decomposition. We find that roughly half of the rise in labor intensity
is accounted for by the within component, and half by the between component. Hence, both

channels play a significant role.

Table 2: Decomposing the rise in labor intensity in investment versus consumption sector

Total Within Between
A College labor share I vs C 6.8% 5.5% 1.3%
A Noncollege labor share I vs C -1.8% —2.9% 1.1%
A Total labor share I vs C 5.0% 2.6% 2.4%

Robustness. In the appendix, we show that our results are robust to a range of checks: (i) using
a more detailed input-output matrix when available; (ii) not capitalizing organizational services;
(iii) excluding certain sectors—housing, farms, and government—from the analysis; (iv) remov-
ing all government final uses from both the consumption and investment sectors; and (v) using
BEA input-output data after the industry redefinition, which reclassifies the secondary products
of industries to their primary industries. Across all these robustness checks, we find the same
stylized fact: there is a growing wedge in the labor share of the investment sector, especially in the

share of payments going to college-educated workers.

3.1.2 Evidence from Compustat

The previous section uses data from the BEA to compute the labor share of the investment sector.
We now show that our results remain the same if we use investment expenditures reported by
Compustat instead (e.g., Peters and Taylor, 2017, Eisfeldt and Papanikolaou, 2013, He et al., 2024).

Methodology. We use Compustat-CRSP merged data covering the period from 1972-2022. We
use usual screens to focus on the nonfinancial corporate sector. Our goal is to construct industry-
level series for tangible investments, investment in R&D, and investment in organizational ser-
vices.

We start from the statement of cashflows, as reported in Compustat. The key accounting iden-
tity is the cashflows from operations, the cashflows from financing activities, and cashflows for
investing activities sum up to zero. We use the convention that changes in cash balances represent
net payments to debt holders. Notice that this cashflow identity is the financial accounting coun-
terpart of the firm budget constraint in the model. These equations allow us to account for 100%
of the cash that comes in due to profits (cashflows from operations), the net cash that comes out to
pay owners (cashflows from financing activities), and the cash that comes out due to investment

(cashflows from investment activities).
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Adjustments. Building on the existing literature, we conduct some data imputations and adjust-
ments. We make four main adjustments to ensure that our measures accurately capture both tan-
gible and intangible investments. We provide a brief description below, with the detailed method-
ology in Appendix B.1.

Our first adjustment corrects the undercounting of intangible investments by reclassifying a
portion of SG&A (selling, general, and administrative expenses) and all R&D expenditures from
operating expenses to capital expenditures. The reason is that thes line items typically include
labor costs associated with intangible capital formation. Expensing these investment labor costs
(as is currently done) lowers measured operating cashflows and overstates current profits. Our
second adjustment reflects net entry of firms into and out of the public market. We account for
the cash outflows (for instance due to new listings) and inflows (for instance due to acquisitions
of public targets) experienced by passive investors who rebalance their portfolio to maintain a
market-neutral investment. Our third adjustment deals with payments made in the form of new
shares rather than cash by splitting the growth in share count into a cash component and a “non-
cash” component, thereby correctly incorporating stock-based compensation and stock-financed
acquisitions as economic costs. The breakdown between stock compensation and acquisitions is
only available after 2011. In prior years, we assume that acquisition is a constant share w € (0,1)
of noncash payments, where w is computed at the industry year on post 2011 data. Finally, our
fourth adjustment imputes the intangible share of “ambiguous” investments, such as acquisitions
and IPOs, by assuming they contain the same intangibility, ¥, as other forms of investment within

each industry and year.

Results. Figure 5a shows the distribution of investment as a proportion of value added over
time. Three patterns stand out. First, the share of tangible investment declines. Second, the
share of intangible investment rises, driven by increases in both R&D and organization capital—
as proxied by the SG&A component in Compustat. Third, this shift reflects a broader rise in
investment intangibility: from around 10% in the 1970s to 20% after 2000.

To explore the implications of these changing investment expenditures on the labor component
of investment, we combine these investment shares with data on the labor component of tangible
investment (equipment and structures), R&D, and organization capital from the BEA. We then
construct the labor share of investment as the weighted average labor share across these three
components. Note that both the weights and the labor shares within each investment type change
over time. The resulting labor share, shown in Figure 4b, evolves similarly to the BEA series.
Notably, we find that the labor share of investment increases—a contrast to the well-documented
decline in the aggregate labor share of the economy.

Specifically, Figure 5a shows a large rise in the intangibility of investment, from roughly 10%
in the 1970s to 20% post-2000. We then combine these changing investment expenditures with

the labor component of tangible investment (equipment and structure), R&D, and Organization
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capital from the BEA. The result, plotted in Figure 4b show a similar evolution of the labor share
relative to the BEA. Actually, we find that the labor share of investment increases, which contrasts
with the well-known decline in the labor share in the aggregate economy.

Overall, these results show that results form the BEA and Compustat show similar trends
regarding the rising importance of intangibles in investment, and, as a result, the reliance of capital

formation on high-skill labor.
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Figure 5: Labor income share for consumption and investment sectors

3.2 Testing the model mechanism

We now use this data on the uses of capital income to test some implications of our model.

Time series evidence. One important prediction of our model is that an increase in the valuation
of the corporate sector relative to output should be associated with a rise in the wage differential
between investment and production workers (2.1). We now test this time-series prediction.
Figure 6a plots the ratio between the valuation of public firms in Compustat and their capital
income. We find a rising disconnect between the market value of the firms and their revenues,
which is consistent with a vast array of evidence (see, e.g., Gomez and Gouin-Bonenfant, 2024).
We then measure the evolution of the wage differential between investment and production
workers log(wp ¢ /wy,) using data from the Current Population Survey. We define “investment
labor” as occupations in managerial and professional specialty occupations, whereas“production
labor” includes occupations in technical, sales, and administrative support occupations, service
occupations, and production occupations. We focus on the annual labor income reported in the
March survey. We compute the growth in the average wage within occupation class — investment

or production labor — with and without adjusting for composition changes. To control for com-
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position changes within each class, we first residualize wages across a set of interacted worker
characteristics and construct the composition-adjusted wage as the average residualized wage ad-
justed for the average wage within the occupation across years.”’

Figure 6b shows the evolution of the wage differential over time. We find that the wage pre-
mium increases by 10 log points on an unadjusted basis, and by 25 log points after accounting for
composition changes within occupations over time. The discrepancy between the two numbers
suggests that characteristics associated with lower wages have become relatively more common in
investment occupations than in production occupations. One natural explanation is that, as the de-
mand for investment labor expands, workers switching from production to investment roles are,
on average, less skilled than the workers already in these positions. Note that, while our estimates
control for changes in observed characteristics, similar dynamics may be at play for unobservable
ones, suggesting that our results may underestimate the actual rise in the wage differential on a
fixed-composition basis.

Our finding of a rising wage differential between investment and production workers aligns
with the literature on U.S. wage inequality, which document that occupations requiring “abstract”
skills have seen a relative increase in wages compared to those relying on “routine” skills since the
1980s (see, e.g., Autor and Dorn, 2013). Our finding is also also related to the literature on CEO
wage differentials over the same period (see, e.g., Gabaix and Landier, 2008), given that managers
are a subset of investment workers.

We can more formally test the relationship between the two quantities by estimating local
projections of the wage differential between production and investment workers on shocks in

corporate sector valuations:

log [ “H1) — g 4 guartog (L) + yulog (A1) ey, (3.3)
WY t+h 11 Wy t-1

Figure 6¢ presents the estimates {B\h}}lozl with a 95% confidence interval using robust standard
errors. We find that a rise in corporate valuations predicts an increase in the wage differential over
the following years. The response of wages is gradual, consistent with the presence of adjustment
costs in the short-run (i.e., § > 0 in the model). Note that the coefficient B, is not estimated from
the overall trends in the wage differential and in valuations, but, rather, from the deviations of

these two series around their respective trends.

Cross-sectional evidence. Our model predicts that more intangible economies have a lower elas-
ticity of capital — see the expression (short-run elasticity). A similar implication would arise in
the cross-section in a multi-sector model. As long as there is an imperfectly elastic supply of la-

bor across industries and occupations, we should expect that industries with a higher share of

9The set of characteristics includes sex (two groups: male and female), race (two groups: White and non-White), age
(five groups: 16-25, 26-35, 3645, 46-55, and 56-64 years), and education (five groups: some high school, high school
diploma, some college, bachelor’s degree, and more than a bachelor’s degree).
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Figure 6: Relation between corporate valuations and the investment-production wage differential

intangibility tend to have a lower capital supply elasticity.
As a model validation exercise, we now examine the relationship between short-run capital

elasticity and the tangibility at the industry-level (since it is related to the importance of specialize

dlog(Li+wyLpt)
dlog q;

variation in total investment and valuations. We focus on | = 33 broad industry groups over

labor). To estimate the short-run investment-q elasticity , we leverage cross-industry
1972-2022. As an empirical proxy for log g;; we use log enterprise value log V;;. The idea is that
annual industry-level fluctuations in market values are mostly driven by changes in the valuation
of capital g;, rather than changes in capital K;. We estimate an industry-specific “investment-q

elasticity” B; via:
A log(ljlt + w]',tLH,]‘,t) = & + ﬁ]A log V]‘,t + Vi log(lj,tfl + w]',t,lLH/]‘,t,l) + €;. (34)

Figure 7 plots the average tangibility of investment over the sample for each industry, as well as
its investment-q elasticity. Despite the limited sample, we find a significant positive relationship,

consistent with the prediction from the model.
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estimated coefficient ¢;, which captures the elasticity of total investment to firm value (a proxy for ). The red line reports the predicted
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4 Quantitative analysis

We now develop a more quantitative model that we calibrate using our micro-data on the uses
of capital income. We then use the model for two experiments (i) the effect of a shift towards

intangible capitals on the economy, and (ii) the effect of a corporate tax cut.

4.1 Full model

We first extend our stylized model to make it more realistic. We add four ingredients : (i) corporate
taxes (ii) an elastic labor supply in and out of the labor force and between between production and
investment occupations, and (iii) an exogenous growth 7t in the productivity of production and

investment labor.

Production side. The production side is the same as in the stylized model except we now add

corporate taxes, that are rebated to the household The firm budget constraint then becomes:
Dy = (1—1x:)(Ye —wy Lyt) — It —wrH Ly, (firm budget constraint’)
where {7k}, is a sequence of capital income tax rates, or more precisely taxes on payouts.

Household side. On the household side, we now allow the quantity of production and invest-
ment labor to be elastically supplied. More precisely, we assume that the representative household

chooses a sequence of consumption, production labor, and investment labor to maximize welfare:
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{Co Ly Luu Vit 1= 1—7

The quantity o represents the elasticity of aggregate labor supply while ¢ represents the elasticity
of substitution between production and investment labor. The stylized model presented in Sec-
tion 2 corresponds to the special case ¢ = ¢ — 0, in which case the supply of production and
investment labor is fixed. The household first-order conditions with respect to L, Ly; and Lp

gives:

¢ ¢
Ly = wy; Ly;=(1—p) <wYt) Ly Ly;=pu <wHt> Ly, (worker foc Ly)
wy wt

where w; is defined similarly to L;. In the case o = ¢ — 0 (inelastic labor supply) we get L; =
1,Lyy = 1—pu,Ly; = p as in the stylized model from Section 2. Conversely, in the case ¢ —

oo (perfect substitution), the wages between production and investment workers are equalized,

WH,t = Wy t-

Equilibrium. An equilibrium is an initial condition Ko, an allocation {Ly ¢, Ly ¢, L¢, It, K; }¢>1, and
prices {wp ¢, wr i, Wy, 11, gt }1>1 that solve the firm problem (firm foc Ly, firm foc Ly, firm foc I,

tirm foc K1) and household problem (worker foc C;, worker foc L;).

4.2 Calibration

We now calibrate the model. First, we set two parameters externally. We set ¢ = 0.5, consistently
with the macro evidence at the business cycle frequency. We then set ¢ = ¢, which corresponds to
a linearly separable labor supply for production workers and investment workers. The parameter
B is chose to match a roughly 7% log return (unlevered), which is the average over our sample. In
Appendix C.3, we show that, along a balanced growth path with growth rate 7, the log return is
constant at log R = —log B + 7, where 7 is the household’s EIS. Assuming v = 1 and © = 2%,
we get B = 0.95. Second, we set the parameter y = 0.59, which governs the importance of
intangible inputs in capital formation.

Third, we calibrate the remaining parameters four parameters («, 6, J) internally by targeting
two long-run moments (the total investment yield and the labor income share) and one short-
run moment (the tax elasticity of investment). The total investment yield is the sum of tangible
and intangible investments, as a share of enterprise value. In Appendix A.1, we discuss how this

moment has the interpretation of a dilution rate: it measures how much a capitalists that would
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consume all the capital income would get diluted over time. The second moment is the labor
share, which is defined as total payments to labor (to both production and investment labor) as a

share of aggregate income.

Table 3: Internally calibrated parameters

Moment Notation Formula Target
Total investment yield Dragly (1—-6)s 13%
Capital share i T 33%
cbP X ) )
.. . alog(l(]-‘er,oLH,o) 7’+(1*9)5 1
Tax elasticity of investment ~ologl-t) 8 4

Notes. « is the capital share in production; 6 is the production share in investment; x is the intangibility of investment;
¢ is the depreciation rate; r is the return; p is the annual decay of the tax cut.

Note that, together, these two long-run moments can not separately identify 1 — 6 from é. The
reason is that a high investment yield can be due to the fact that capitalists extract little rents from
investment (0 is low) or that the quantity of investment is high (J is high). Income shares alone
can not distinguish between these two cases. Guided by the earlier intution that 6 effectively
governs the elasticity of capital supply in the short-run (as in the g-theory of investment), we use
a short-run moment for our last empirical target.

We draw on evidence from Chodorow-Reich, Smith, Zidar and Zwick (2024) on the empirical
response of US firms to the 2017 Tax Cuts and Jobs Act. We focus on their result that uses tax files
for a sample of roughly N = 7000 (nonfinancial, non-passthrough domestic firms). The variable
of interest is log investment change (post-TCJA versus pre-TCJA). The authors estimate that a 1%
decline in the corporate income tax rate leads to a roughly 4% decline in investment (see their
Table 3, columns 2 and 3). We interpret their estimates as a partial equilibrium short-run response
in the model (i.e., holding prices wy, wy, R constant).

In Appendix 4, we map their regression coefficient to a simple formula that is the product of

two terms. We show that a tax cut (with an annual decay rate of T) implies a short run response of
f 7’+(1—€)(5 1

r+p 0
payout is levered to the tax rate and (ii) the tax cut is not fully permanent. The second term is g,

log total investment o (see Table 3). The first terms accounts for the fact that (i) capital
which governs the short-run elasticity of capital supply in partial equilibrium. Table 4 reports the
model calibration using these short-run and long-run targets.

Given the Cobb-Douglas assumption on capital formation, our calibration implies that the
revenues from capital formation are distributed as follows: a share 6 = 30% is paid to capital
owners, a share (1 —6)(1 — x) = 29% is spent on investment goods and a share (1 — 0)x = 41%

is spend on investment workers. '’

10Using an indirect inference method, Kogan et al. (2020) estimates that the revenues from capital formation are
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Table 4: Calibrated parameters

Parameters Description Value
o Aggregate labor supply elasticity 0.5
¢ Sectoral labor supply elasticity 0.5
B Subjective discount factor 0.95
« Capital share in production 0.38
0 Capital share in investment 0.3
) Capital depreciation rate 0.19
X Intangibility index 0.59

4.3 Quantifying the effect of a rise in intangibles

We now conduct an experiment where we quantify the long-run effect of a rise in the intangibility
of investment x by 25 pp.

Table 5: Distributional effect of a rise in intangibles

Variable Symbol Baseline (pp.) Low x — high x
Panel A — Expenditures
Consumption Y—1 76 -0
Tangible investments I 10 -6
Intangible investments wyLy 14 6
Panel B — Income
Capital income Y —wyLy 33 0
Labor income (production) wyLy 53 -6
Labor income (investment) wyLy 14 6

First, Table 5 reports the effect of rising intangibility on the composition of GDP (see Section
3.1.2 for national accounting definitions). On the expenditure side (Panel A), there is a rise in in-
tangible investments (6 pp. of GDP) offset by a decline in tangible investments (-6 pp. of GDP).
On the income side (Panel B), we see a decline in the production labor income share 53 pp. com-

pensated by a rise in the investment labor income share (53 pp.).

Effect on capital elasticity. Figure 8 shows the long-run effect of rising intangibles on the capital
supply curve, which amounts to a counter-clockwise rotation of the supply curve.!’ Notice that

capital supply becomes much less elastic, due to the growing importance of imperfectly-elastic

distributed as follows: a share & = 45% is paid to investment goods, a share (1 —#)(1 — ) = 13% is paid to capital
owners, and a share 17(1 — &) = 42% is paid to investment workers. Hence, compared to this paper, our estimates imply
that a higher share of investment rents accrue to capital owners relative to investment workers.

HNote that a change in x affects the long-run equilibrium Y due to an endowment effect. For visual purposes, we
construct Figure 8 by showing a rotation around the initial equilibrium, which amounts to consider a joint change in x
and Ay that ensure no change in the long-run (g, K).
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Figure 8: Effect of a rise in intangibles on the market for capital

Quantitatively, varying the value of x in the model, while holding all the other parameters
constant, has a large effect on both the short- and long-run capital supply elasticities. Table 6
reports the model-implied elasticities. The baseline model has low elasticities compared to the
case of full tangibility (i.e., setting x = 0 as in the standard g-theory of investment). In the short-
run it is 0.14 versus 0.43, and in the long-run it is 1.54 versus +co. We obtain a decline in both the
long-run elasticity by more than half when y is increased by 25pp.

Table 6: Capital supply elasticity.

Baseline Q-theory Low x High x
(x=0) (x=0.47) (x=0.72)
Short-run 0.14 0.43 0.11 0.17
Long-run 1.54 +00 1.1 2.23

Notes. The short-run supply elasticity of capital is dlog K1 /9d1og g; while the long-run is dlog K; /dlog g.

Effects on the wage gap. A rise in x corresponds to a rise in labor demand for one type of labor
(i.e., investment labor). How does that translate into changes in relative wages? In the counter-
factual, we obtain a large response of the wage premium by A(wy/wy)/(wy/wy) = +33%. To

understand the sources of the rise in the wage premium, we use the following decomposition:

dlog@:LdlongLH: ! d—x
w 14+¢ wyLy 1+¢ x

The first equality uses labor supply (worker foc L;) to express the change in relative wage in terms
of the change in wage bills, which depends on the occupation-level labor supply elasticity ¢. If it
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was perfectly elastic (¢ = o0), we would see no change in relative wages. In the baseline calibra-

1
T+¢

marginal products of labor (2.1) d% = 54%. Quantitatively, the rise in the wage gap implied by the

tion, labor is moderately elastic, with = 0.67. The second equality uses the long-run relative
model is consistent with the actual increase in the wage gap between investment and production

workers observed in the data since 1970, as plotted in Figure 6.

4.4 Quantifying the effect of a corporate tax cut

We now use the calibrated model to consider the allocative and redistributive effects of a corporate

tax cut.

Theory. A corporate tax cut can be seen as a shift in the demand for capital, as represented
in Figure 8. As usual in supply-demand systems, a positive demand shock will increase prices
and quantities. When the supply curve is horizontal (as in the NGM), then the demand shock
is entirely absorbed by quantities K. But in the baseline, long-run capital supply is imperfectly
elastic due to finite labor supply. As a result, a demand shock, in this case a tax cut, leads to a rise
of both prices q; and quantities K;.

To set ideas, consider a permanent decline in 7x. Using a standard comparative statics ap-

proach and the long-run demand and supply elasticities in the model, we obtain

dlogk 1 —
dlog(l —tx) demand elasticity + supply elasticity
dlogg supply elasticity

dlog(l1 — k) demand elasticity + supply elasticity =06

The shock is absorbed through both a higher valuation of capital g and a rise in capital formation
K. As a benchmark, in the NGM, the response of capital would be roughly twice as high (1.9) with
no response of valuations.

More generally, a shift towards intangibles means that the market increasingly clears via higher
valuations rather than actual capital formation. As we discuss next, this imperfect pass-through of
demand shocks to quantities has important effects on the incidence of capital taxes (i.e., who wins
and loses in terms of welfare). Intuitively, a jump g induced by a tax cut will benefit investment
labor (via higher wages) and initial capitalists (via wealth effect).

We first consider an arbitrary perturbation {d7x};>, around the undistorted steady-state.
Which factors of production win and/or lose in response to this shock? We follow Fagereng et
al. (2024) and apply the envelope condition on the household value function to obtain the total

welfare effect of the change in prices induced by the tax shock.

Proposition 4.1. The equilibrium welfare effect, in units of t = 0 consumption, associated with the per-
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turbation {dtx}$> | around the undistorted steady-state, is given by

(e 9] oo oo
Welfare Gain = E R7'Ly - dwy; + R'Ly- dwp, +dW+ E RV -dry.
t=1 t=1 t=1
welfare gain (production workers) — welfare gain (investment workers) welfare gain (capitalists)

Proposition (4.1) decomposes the welfare effect into the contribution of changes in prices for
the three factors of production: production labor, investment labor, and capital. For labor, the
welfare effect captures the fact that the tax shock affects the path of wages {dwy ;, dwp;}$> ;. For
capitalists, there is an initial wealth gain dVj as well as the contribution of changes in forward re-
turns {dr; };° . The total (private sector) welfare effect is equal to the present value of the change in
the tax rate times capital income (i.e., the mechanical effect of taxes on profits holding everything
else constant): Welfare Gain = ;7 4 Roitnt -dTg p
Quantitative experiment. We now simulate a 1% cut around the steady-state, which decays at an
annual rate of 1 — p = 0.9. We consider the case of a small-open economy, where forward returns
are constant (i.e.,, dry = 0). Throughout this section, our baseline environment is a small open
economy, where we simulate deviations induced by taxes while imposing dr; = 0 (the interest
rate is not affected by the shock, but wages are).!” This simplifies the formula for the welfare
effect for capitalists in Proposition (4.1), which becomes only the initial wealth gain dV; (i.e., the

rise in their wealth due to the fact that future post-tax capital income has increased).

Capital accumulation. Figure 9a plots the response of capital accumulation and valuations over
a 40 year period after the shock. We show the dynamics implied by the model using the low
versus high x calibrations to describe how the shift towards capital affects the response of the
economy. In both cases, the value of capital jumps on impact, but it takes several years for the
stock of capital to peak. Notice, however, that in the intangible economy (high x calibration), the
stimulative effect of the tax cut is much lower, consistent with the earlier calculations regarding
the supply elasticity of capital (see Table 6).

How does the general equilibrium (GE) response of investment respond to the partial equilib-
rium (PE) target used for calibration? In PE, we target a high elasticity, but in a GE experiment
where the tax applies to all of capital income (which represents 4% of GDP in the baseline), we
expect a much weaker response due to rising wages and interest rates.

Table 7 reports the elasticity of total investment to the tax shock in PE (our calibration target),
as well as the corresponding elasticity in a small open economy (the baseline), and in GE. We
find that rising wages reduce the tax elasticity of investment nearly fourfold. The second column

reports the tax elasticity of investment wages: compared to the PE environment (where wages

12Tn terms of the implied dynamics dg;, dK;, assuming a “small open economy” is this is equivalent to setting the EIS
to v = 0, which implies 1 +r; = 1.
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Figure 9: Model-implied effect of a cut in corporate taxes

Table 7: Short-run response to a tax shock.

Tax elasticity of: Investment Investment wages Valuation
(I+wyly) (wr) (9)
Partial equilibrium 4 0 1.1
Small open economy (baseline) 0.96 0.64 0.55
General equilibrium 0.36 0.24 0.21

Notes. The short-run tax elasticity of a variable X; is the response d log X; in response to a tax shock d; = (1 — o)t dtx
(o = 0.1 annually). “Partial equilibrium” is the equilibrium deviation with the restriction dwy = dwy = dR = 0;
“small open economy” is the equilibrium deviation with the restriction dwy = dwy = 0; “general equilibrium” is the
equilibrium deviation where all prices adjust (EIS is set to v = 1)).

are fixed), in a small open economy the elasticity is large at 0.64. Finally, the GE case, where
interest rates dr; also respond, has an even lower tax elasticity of investment. The response of
interest rates is governed by the household EIS % Intuitively, in the case where v — co (Leontief
preferences), aggregate capital does not adjust because household are not willing to substitute
across time periods. We report the case v = 1 (log utility) and the resulting tax elasticity of

investment nearly ten times lower than in PE.

Welfare effects. The welfare effect for workers works through changes in their wage, which
are themselves fully pinned down by the path of the state and co-state variables {q;, K;}{>,. A
rise in capital K benefits both types of workers, via their complementarity with existing capital,
but the value of capital g directly affects the marginal product of investment labor. Figure 9b
plots the resulting path of (undiscounted) welfare effects for both types of labor, expressed as a
share of steady-state GDP. While the tax shock appears to benefit both types of labor equally, it

is worth pointing out that production labor accounts for roughly 4 times more labor income than
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investment labor in steady-state (see Table 5).
The welfare effect for capitalists can be decomposed as the present value of higher future pay-
outs: -
dVo = ZR_t< —1ITI- dTK,t — LY . dwy,t — LH : de,t)~
t=1

Notice that those higher payouts are very front-loaded, especially compared to the back-loaded
increase in production worker wages (see Figure 9b). This is because wages rise slowly with
capital accumulation, while the benefit for capitalists on post-tax capital income is immediate.
Table 8 reports the share of private welfare gains that accrue to each factor of production. In
the baseline, 20% of the tax incidence falls on production workers, while 26% falls on investment
labor and 54% on capitalists. Note that this stands in sharp contrast with the NGM, where 100%
of the incidence falls on productions workers. This is because, when capital is fully elastic (6 = 0),

there is no wealth effect since 4 = 1 at all times.

Table 8: Incidence of capital taxes (welfare gain as a share of private sector welfare gains).

Factor Baseline NGM Q-Theory Low x High x
(x=0=0) (x=0) (x=0.47) (x=0.72)
Production workers 20 100 50 17 26
Investment workers 26 0 0 30 22
Capitalists 54 0 50 53 52

To understand the difference between the baseline and the NGM, it is useful to consider an
intermediary model (i.e., the g-theory special case), where we impose full tangibility x = 0 while
keeping a positive capital share § = 0.3 as in the baseline calibration. In that case, we a slightly
lower capitalist share. We also run the same model experiment in the low- and high-intangible
calibrations. Notice that the shift towards intangibles has led to a reallocation of the incidence of

capital taxes, away from production labor and towards investment labor and capitalists.

5 Conclusion

In this paper, we enrich the standard neoclassical growth framework by introducing a more re-
alistic investment process that pairs tangible inputs—machinery, computers, plants—with both
accumulated capital and specialized labor (such as inventors, entrepreneurs, and financiers). This
key departure recognizes that the formation of new capital hinges on skilled workers who are in
finite supply. As a result, the supply curve for capital slopes upward even in the long run, provid-
ing a new mechanism for the empirical observation of large disconnect between corporate sector
valuations and investment quantities.

After calibrating our model to U.S. data, we show that a growing importance of intangible

investment can explain several key macroeconomic trends over the past two decades: persistently
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weak tangible investment despite high valuations, increasing factorless income, and widening
wage disparities across occupations.

For tractability, our model parametrizes capital formation using a Cobb-Douglas function. This
specification implies that tangible and intangible investments are neither complements or substi-
tutes, and so they each represent a constant expenditure share of capital formation. Alternatively,
we could consider an investment function in which tangible and intangible investments have an
arbitrary elasticity of substitution. In the realistic case in which the two inputs are complement,
the secular decline of equipment prices (investment goods) could have contributed to the rise in
the expenditure share of intangible investment — a version of Baumol’s cost disease. Estimating
the elasticity of substitution between tangible and intangible investments is an important avenue

for future research.
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Appendix

A Appendix for Section 2

A.1 Capital rents

We now describe the income (or rents) associated with capital ownership. We use this income to write the
value of firms in different ways.

Rents. Capital extracts Ricardian rents in the model (i.e., workers are paid their marginal product but
below their average product). We define production and investment rents associated to capital ownership
as:

' Y: Y}
production rents Yt < Ly, aLY,t) i

H, JoH
investment rents = (I1 XUI(”) . ( 1—xtx — 1—Xt)c ) = 0q:H;.
Iy "Ly, a(L; LH,t)

Production rents are the difference between the average and marginal product of production labor. Because
of the Cobb-Douglas assumption for the production function, production rents represent a constant share «
of gross output Y3, as in the NGM. We define investment rents similarly, but where the input to investment
is the bundle of consumption good and specialized labor. Because of the Cobb-Douglas assumption for the
capital formation function, investment rents represent a constant 6 of the revenues from capital formation
qeHy.

Present-value of capital. The previous paragraph says that capital owners earn rents from both the
production and the capital formation processes. In a present-value sense, this implies that the value of
capital can be decomposed into the present value of production rents and the present value of investment
rents. To see this formally, re-arrange (firm foc K;. 1) to obtain:

(I +r01)qK1 = a- Yo + 0-grHip +(1-6)g1Kiepn
——— —_————

production rents  investment rents

Solving forward gives the following present value equation for the value of a unit of capital g:

Y} q¢Ht
qO_ZROHt < Kt+9 K; )

Re-arranging gives the value of a unit of capital g as the sum of the present-value of production rents

associated to that unit of capital and the present-value of its investment rents: '

[ee]
1, 1, qeH:
Z ROat t 2 Oat 1 - t 0- K;

present value of production rents ~ present-value of investment rents

13K ogan et al., 2020 calls this second term the present value of future growth opportunities.
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Present-value of firm. We now examine another present-value identity, which focuses on the cash flows
associated with owning a financial claim on the firm, rather than owning a unit of capital (in our model,
the two approaches are equivalent because of constant return to scale). The valuation equation for the
representative firm is

(1+7441)Vi = D + Viga.

This equation says that the return of owning a firm is the sum of a flow component — the firm payout
Dit1 = Yiy1 —wyr1Lly 41 — Ity — WH 1L 141 — and a capital gain component — the value of the firm
next period V;1. We can re-express this equation as:

I L
(1 i 7t+1)Vt =Tl + (1 R + w‘f,tﬂ H,t+1> Vi,
t+1

where Il; = Y41 — wy11Ly 11 denotes capital income (see Section 3). Relative to the previous equation,

the flow component is now the total amount of capital income I1; while the capital gain component is the

it whep Ly
Vit

could pay out all of its capital income to capital owners, it would have to finance its investment through

“diluted” value of next-period firm value (1 — ) Vii1. The intuition is that, while a firm

share issuance: the dilution rate (I; + wg L)/ V; then corresponds to the rate at which existing owners
get diluted over time.'*

Solving this equality forward and using the transversality condition gives that the value of the firm can
be written as the present value of future dividends, or, alternatively, as the present value of diluted capital

income:

00 ) t—1
Iy +w L
1 1 t+1 Ht+15-H,t+1
VOZZ‘iROHtDt:21ROHt<| | <1— >>Ht.
= =

ol Vi 41

It says that existing capitalists (those that own capital at t = 0) do not own all of future capital income;
rather, they own a share that decays over time because they must continuously re-invest to maintain their
stocks of capital. This is an accounting identity implied by the definition of a firm return.

Using the firm first-order condition for (firm foc I;), we can rewrite the dilution rate as:

L1 +wh Ly
VH,t41

He
Kiyr

—(1-96)

In steady-state, H; = K41 and so the dilution rate is exactly (1 — 6)J. Note that the dilution rate decreases
with 6: the fact that capital owners earn some rents associated with capital formation (6 > 0) makes capital

formation less dilutive for capital holders relative to the neoclassical model.

140ur concept of dilution rate is related to Garleanu et al. (2016), who emphasize the gap between the growth of
aggregate dividends distributed by public firms and the growth of dividends per share as a result of IPOs.
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A.2 Log-linearizing
A.2.1 Long-run changes

The steady-state of the model is given by the intersection of the following capital demand and supply

curves:

1
_ “T&
M ) (capital demand’)

k=-w (55
1-x
Ap\ =000 B
K=y ((;{) (1-60)(1- X)M) , (capital supply’)

where r =1/ — 1 (worker foc Cy)
We now log-linearize the supply and demand curves of capital to estimate the long-run effect of changes
in Ay, Ag an 3 on capital:

1 r
dlogK = 1= (dlogq+ }Mdlogr—dlogAy)

dlogAH+dlogq) .

1-x 1
dlogk=— (a—mu—m

Combining the two equations allows us to solve for d log K:

_ 1 X 1 r
dlogK = - ( _XdlogK A=00=0) dlogAH+r+(1_9)5dlogr dlogAy>
1
1
= dlogK = 1a (dlo Ay—;dlo r+ —————dlo AH>.
B T L O a0 T T -0 8

This last equation summarizes the long-run elasticity of capital K to exogenous shocks in Ay, Ay, and
B — since dlog(1l +r) = —dlogp). Take, for instance the case of a productivity shock in the output
production function. In the case x = 0 (consumption and investment share the same inputs), we get
dlogK = ﬁ dlog Ay, which is the classical elasticity of capital to the interest rate obtained in the stan-
dard neoclassical growth model. In the polar case with x — 1, however, (capital formation only requires
specialized labor), we get dlog K — 0: capital is fully inelastic.

A.2.2 Short-run changes

We know log-linearize the stylized model around its steady-state to obtain the log deviation in capital and
prices as a function of the sequence of productivity shocks.
We first solve for the perturbation in K;;; in terms of backward-looking variables. Log-linearizing

(capital formation) and (firm foc I;) gives

dlogK;+1 = (1 —6)dlogK; + 6 dlog Hy
dlog Hy = dlog Ay + 0 dlogK: + (1 —6)(1 — x) dlog I;
dlogl; = dloggq; + dlog H;.
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Combining the last two equations gives

1

et = 1

(dlog Apt +60dlogKy + (1 —6)(1— x)dlogg:). (A1)

Plugging into the first equation gives the following log-linearized backward-looking equation for K;

° (
T~ 61

dlogK;i1 = (1—6)dlogK; + dlog Ay +6dlogK; + (1 — 6)(1 — x) dlogg;)

(1-6)x 0 (1-6)1-x)
=(1-0 dlogK; + ¢ dlog A ) dl .
(1-sr—aah o ) 4108k + Ty 108 A+ O gy g s
We now find the log-linearized forward equation for g;. Start from (firm foc K1)
(1+re)Kepaqe = aYppr + (1= 0) K1 + 0Hei1)qe41,
which gives
1—-6)6 1—(1-6)¢
dlog (1+r¢) +dlogg: +dlogK; 1 = r+(1-0) dlog Y1 + 1-(1-0) dloggsi1
147 147
1-9¢ 00
+ 17_’_” dlog Kt+1 + 17_’_” dlog Ht+1.
Substituting out dlog Y; ;1 and dlog H;41 using (output production) and (A.1), respectively, yields
+(1—-06)6 1—(1-0)5
dlog (1+r¢) +dlogg: +dlogKsiq = % (dlog Ay s+1 +adlogKii1) + % dlogqi+1
1-9
+ m leg Ki—i—l
00 1

+

T 1= A=) —x) (dlog A t+1 +0dlogKipq + (1 —0)(1— x)dloggis1) -

Log-linearizing (worker foc C;) with a potentially time varying impatience parameter 3, we get
dlog (1 +r441) = —dlogBy1 + ydlog Criq/Ct.

We consider the case y — 0 to simplify (or open economy). Re-arranging give the forward-looking equation
for g;:

r+(1-0)8 66 1
logg: = d1 TR
dlogg: = dlogfrq + ——————dlog Ay + 77— 71— (1-0)(1—-x)

dlog Ap 11

147 147
1—96 (1-0)x
1—(1-6)(1—

+ 1(+r)( x) dloggit1-
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Hence, the log-linearized equilibrium can be written as a system of ODEs:

dlog B+
dlog K11 =(I+A) dlog K +B | dlogAy; |,
dlog g¢ dlogg;—1 dlog Ap

where the matrix A and B are defined as follows

s (o 5. 1-0)1-1)
1-(1-0)(1-x) 1-(1-6)(1-x)
A= (”(1_9)5)(1_"‘”95(1_%) 147 1
_ =0)x — s (1-0)x B
==y 1= =0
0
0 0 OT=(r=a) =)
B = o0
. 147 __ r+(1-6)s _1-0-9)(1-x)
1-6 1-6 1-6
R T L. e B B e

The eigenvalues of the matrix A discipline the speed at which the system converge to its new steady-

state after a permanent change in the time preference parameter 8, or TFP shocks Ay and Ap.

A.3 Alternative formulations of the model

A.3.1 Equivalence to semi-endogenous growth model

The simplest semi-endogenous growth (seg) model without population growth

Y; = ALy, (production)

A1 = A+ AfE. (innovation)

The parameters « and 0 govern the increasing return to scale in the model due to the nonrivalry of ideas A.
When a > 0, production has IRS in (A, Ly). When 6 > 0, ideas production has IRS in (A, Ly).
Out stylized model has the following equations instead:

Y; = Kf (1 —p)", (production)
K1 = (1= 0)K; + K¥p®. (capital accumulation)

Notice that, with inelastic labor, the seg model has the same dynamic as the baseline model in the case
6=0.

A.3.2 A microfoundation for aggregate capital formation

We now discuss one particular way of micro-founding the stylized model in Section 2 along the lines of Ko-
gan et al. (2020). Assume that the representative firm can hire investment workers to create blueprints ac-
cording to a Cobb-Douglas production function Ny = K}*” L”H,t, where N; denotes the number of blueprints,
K; denotes the amount of capital, and Lz ; denotes the amount of investment workers. The parameter u < 1
encapsulates the idea that the creation of new blueprints exhibits diminishing returns to scale holding con-

stant the amount of existing capital.
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The firm then implements new blueprints using investment goods. For each new blueprint j, the firm
can purchase a quantity of investment goods I;; to create a quantity of project-specific capital K;; = A H,tlﬁt‘
The parameter v < 1 encapsulates the idea that investment in new project is subject to decreasing returns
to scale. Once implemented with a quantity of project-specific capital K, the project yields an output
Yir = Ay,tK]@‘ftLZ,"; every period, where Ly ;; denotes the amount of project-specific production workers.
Finally, the project-specific capital K;; depreciates at rate 4.

Denote V; = [Y;;dj,K; = [Kj;djand Ly; = [ L;,dj the aggregate amount of output, capital, and
production workers across existing projects in the economy. Since all projects can hire production workers
at the same wage, total output in the economy can be represented using the aggregate production function
Y = Ay K} L;—t"‘. The total amount of capital in the economy then evolves as

I [
Kis1 = (1= 0)Ki + Ni - Apyy (i) ,

where Ny = K} 7“LY . denotes the aggregate number of new blueprints and I; denotes the aggregate quan-
t H,t g&reg P ggregate q

tity of investment goods used to implement new blueprints — so that Ap (%) ’ represents the quantity
of capital per blueprint.

Note that this system of equations for output production and capital formation in this economy is
equivalent to the one discussed in Section 2, with = (1 —u)(1 —v) and x = u(1 —v)/(v 4+ u(1 —0)), so
the two economies are isomorphic.

A.3.3 Formulation using intermediary capital inputs

We now provide an alternative formulation of our model that is useful to clarify its link with Hayashi (1982).
We decompose our capital formation function (capital formation) in two steps. First, an intermediate firms
uses investment goods and investment labor to produce “intermediary” capital goods

1—
Gt = Agl, *LY,
The representative firm then installs these intermediary capital goods using a capital installment function:
Ht = AH/ththlie.

Combining these two equations yields our stylized model with Ay ; = .AH,tAE;g. In the rest of this section,
we will pick Ay = 6%/(1 — 6)' ¢, which ensures that the derivative of adjustment costs with respect to G
are equal to one at the steady-state.

The fact that intermediary capital goods are produced using a constant return to scale production func-

tion implies that the price of the intermediary capital p¢ is equal to its marginal cost, which gives:

_ 1 1-x\* x \'7* X
pGlt_AG,t(( X ) +(1—x> Che
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The representative’s firm problem for capital installment is the same as in Hayashi (1982):

pG,tG = (l — Q)tht

G
= poipe = (1-0)q

H;
0
H\T?@¢ __1
= PGt <K> At = (1 -0)q

In steady-date, we have H = 4K so, together with .A;Jllj’ . (1—0), we obtain pg = g.

This derivation shows that our model is similar to Hayashi (1982) in that the ratio between the market
value of installed capital and its book value, g/ pg, is equal to one in steady-state. Put differently, the long-
run response of g to aggregate shocks in our model is entirely driven by the long-run response of pg, the
price of the intermediary capital output constructed from a mix of good and investment labor, as the ratio

q/ pc remains constant in the long-run.

A.3.4 Formulation using two sectors

The production technology (see Section 2.1) can be re-written as a multi-sector economy that produces
that has three factors of production (K, Ly, Ly) and two sectors that produce, respectively, a final good
consumption C and a capital good H. We focus on the case where 6 = 0 (long-run):

11<naLxY —wgKy —wyLy st Y= AyK@LV”‘ (final good sector)
Y LY
1-0
I?naLx gH —wxKyg —wyLly st. H= AHKQ (IleL)I%) (capital good sector)
H/“H

where g is the relative price of capital in terms of consumption (the numéraire). The long-run equilibrium
is characterized by 9 unknowns (allocation Ky, Ly, Ky, Ly, I + prices wg, wy, wy, q) and 9 equations:

aY = wgKy (foc Ky)

(1—a)Y =wyLy (foc Ly)

0gH = wxKy (foc Kpy)

(1-0)xqH = wyLy (foc Lp)
1-6)1—-x)qH=1 (foc I)
5(Ky+Kyg)=H (steady-state K)
Ly=1—-pu (market clearing Ly)

Ly=u (market clearing L)
(1+r)g=wx+(1-19)q (arbitrage equation)

Capital supply. We now consider a PE experiment with 8 unknowns (drop g) and 8 equations (drop
arbitrage equation). The thought experiment is to quantify movement along the supply curve.

In the stylized model, we only derive the capital supply elasticity of production in the capital goods
sector as a result of a hypothetical relative price g using only market clearing for specialized labor (market
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clearing L) and optimal input choice as a function of g (foc I):

H= AgK® (11_7(#)()179

= Ap (1= 0)(1 = x)q) =070 -0 g =0 (1-0),

The first equality uses the definition of H and (market clearing L), the second uses (foc I). Note that the
we did not use the demand side. In the short-run (fixed K), we have that

dlogH  (1-6)(1—x)
dlogg 1-(1-0)(1—yx)

In the long-run, we use (steady-state K) and obtain

dlogk 1-x

dlogg ~ x

Capital demand. Note that the first order conditions and market clearing for labor is the same in the
sectoral representation than in the stylized model. We now combine (foc Ky)+(foc Ki7)+(arbitrage equation)
to obtain the capital demand equation in the stylized model (i.e., first-order condition for K;1).

Y H
oY +0gH = wgkK = (1+7r)g= ar + (1 -0+ GK) q, (capital demand)

which concludes the proof.

B Appendix for Section 3

Table A2 lists all industries included in our empirical analysis. For each industry, we report three categories:
(i) the value of the industry’s final use as a share of GDP; (ii) the composition of this final use, broken down
into consumption, tangible investment, intangible investment, and net exports (exports minus imports);
and (iii) the consolidated labor share of the industry’s output, which accounts for the labor embodied in all

intermediate inputs used by the industry.



Table A1l: Full list of use shares and income shares by industry (2017)

Industry Uses/GDP Final use shares Consolidated labor shares
C Tian Lintan X-M College Noncollege
Farms 1% 72% 0% 0% 28% 20% 35%
Forestry fishing 0% 50% 0% 0% 50% 20% 54%
Mining except oil 0% 2% 1% 0% 98% 17% 24%
Support activities 0% 0% 97% 0% 3% 29% 31%
Utilities 1% 99% 0% 0% 1% 18% 17%
Construction 6% 0% 100% 0% 0% 20% 44%
Wood products 0% 28% 42% 0% 30% 19% 41%
Nonmetallic mineral products 0% 64% 0% 0% 36% 19% 29%
Primary metals 0% 4% 0% 0% 96% 20% 31%
Fabricated metal products 0% 41% 19% 0% 40% 21% 36%
Machinery 2% 6% 68% 0% 26% 27% 29%
Computer and electronic 3% 25% 55% 0% 20% 38% 15%
Electrical equipment appliances 1% 47% 31% 0% 22% 28% 28%
Motor vehicles bodies 3% 43% 41% 0% 16% 23% 27%
Other transportation equipment 1% 14% 43% 0% 44% 30% 22%
Furniture and related 1% 67% 29% 0% 3% 23% 39%
Misc manufacturing 2% 68% 19% 0% 13% 31% 26%
Food and beverage products 5% 93% 0% 0% 7% 21% 30%
Textile mills 0% 77% 11% 0% 12% 24% 32%
Apparel and leather 2% 98% 0% 0% 2% 32% 38%
Paper products 0% 70% 0% 0% 30% 22% 30%
Printing and related 0% 77% 0% 0% 23% 24% 34%
Petroleum and coal 2% 78% 0% 0% 22% 17% 12%
Chemical products 3% 74% 0% 0% 26% 23% 14%
Plastics and rubber 0% 69% 1% 0% 30% 23% 27%
Other retail 0% 100% 0% 0% 0% 27% 35%
Air transportation 1% 75% 0% 0% 25% 27% 22%
Rail transportation 0% 52% 0% 0% 48% 18% 31%
Water transportation 0% 82% 0% 0% 18% 24% 24%
Truck transportation 0% 88% 0% 0% 12% 16% 43%
Transit and ground 0% 100% 0% 0% 0% 22% 36%
Other transportation 0% 64% 0% 0% 36% 24% 41%
Warehousing and storage 0% 60% 0% 0% 40% 19% 47%
Publishing industries 1% 44% 0% 43% 13% 39% 13%
Motion picture 0% 32% 0% 42% 26% 34% 16%
Broadcasting and telecom 2% 87% 2% 8% 3% 23% 16%
Data processing internet 0% 48% 0% 46% 6% 30% 11%
Federal Reserve banks 1% 82% 0% 0% 18% 31% 14%
Securities 1% 76% 0% 0% 24% 58% 13%
Insurance carriers 2% 94% 1% 0% 5% 37% 17%
Funds trusts 1% 100% 0% 0% 0% 48% 13%
Housing 8% 100% 0% 0% 0% 7% 5%
Other real estate 1% 3% 95% 0% 2% 17% 14%
Rental and leasing 1% 55% 0% 0% 45% 17% 16%
Legal services 1% 74% 16% 0% 10% 50% 10%
Computer systems design 1% 0% 13% 78% 9% 56% 17%
Misc professional scientific 7% 4% 3% 84% 9% 48% 16%
Management of companies 2% 0% 0% 99% 1% 52% 19%
Administrative and support 3% 9% 0% 90% 0% 29% 37%
Waste management 0% 99% 0% 0% 1% 20% 35%
Educational services 2% 99% 0% 0% 1% 52% 16%
Ambulatory health care 4% 100% 0% 0% 0% 47% 22%
Hospitals 4% 100% 0% 0% 0% 42% 26%
Nursing and residential 1% 100% 0% 0% 0% 43% 27%
Social assistance 1% 100% 0% 0% 0% 38% 35%
Performing arts spectator 0% 93% 0% 6% 2% 44% 24%
Amusements gambling 1% 100% 0% 0% 0% 28% 32%
Accommodation 1% 100% 0% 0% 0% 24% 31%
Food services 3% 100% 0% 0% 0% 21% 40%
Other services 3% 100% 0% 0% 0% 31% 39%
Federal gov (defense) 3% 100% 0% 0% 0% 31% 20%
Federal gov (nondefense) 2% 100% 0% 0% 0% 31% 20%
Federal gov enterprises 0% 91% 0% 0% 9% 30% 20%
State and local gov 7% 100% 0% 0% 0% 36% 21%
State and local gov enterprises 0% 100% 0% 0% 0% 32% 23%




Figure Al visualizes one component of Table A2: the share of each industry’s final use that is allocated
to investment rather than consumption. The key takeaway from this figure is that most industries are used
either for consumption or for investment, but not both. This is reassuring, as our calculation of the labor
share for the aggregate consumption and investment sectors relies on the assumption that an industry’s
labor share is the same whether its output is used for consumption or investment. Since most industries are
predominantly allocated to one category, this assumption is less restrictive in practice. The issue becomes
even less significant when using the detailed input-output table with 402 industries, where an even larger

fraction of industries is used primarily for either consumption or investment.

® Accommodation
® Air transportation
® Ambulatory health care
® Amusements gambling
® Apparel and leather
® Educational services
® Farms
® Federal Reserve banks
® Federal gov (defense)
® Federal gov (nondefense)
® Federal gov enterprises
® Food and beverage products
® Food services
® Forestry fishing
® Funds trusts
® Hospitals
® Housing
® Nonmetallic mineral products
® Nursing and residential
® Other retail
® Other services
® Other transportation
® Paper products
® Petroleum and coal
® Primary metals
® Printing and related
® Rail transportation
® Rental and leasing
® Securities
® Social assistance
® State and local gov
® State and local gov enterprises
® Transit and ground
® Truck transportation
® Utilities
® Warehousing and storage
® Waste management
® Water transportation
® Chemical products
® Insurance carriers
® Plastics and rubber
® Performing arts spectator
® Broadcasting and telecom
® Textile mills
® | egal services
® Misc manufacturing
® Mining except oil
® Furniture and related
® Fabricated metal products
® Electrical equipment appliances
® Data processing internet
® Motor vehicles bodies
® Publishing industries
® Motion picture
® Wood products
® Computer and electronic
® Other transportation equipment
® Administrative and support
® Machinery
® Misc professional scientific
® Other real estate
® Computer systems design
® Construction
® Management of companies
® Support activities

[ [ [ [ [ [
0% 20% 40% 60% 80% 100%
Investment final use share

Figure Al: Investment as fraction of final use by industry



Table A2 compares the labor share computed using our baseline industry classification with the version
based on the more detailed 402-industry classification for the year 2017. The results are very similar, indi-
cating that using a coarser industry breakdown—necessary to extend the analysis back to 1963—does not

materially affect our findings.

Table A2: Robustness of labor income shares

College labor share Noncollege labor share
Panel A: Consumption sector
Detailed 28.2% 21.7%
Summary 29.3% 22.1%
Panel B: Investment sector
Detailed 33.2% 23.6%
Summary 34.6% 26.6%

B.1 Compustat methodology

We now describe the list of adjustments we make to the cash-flow accounting statements of firms in Com-

pustat in order to estimate the uses of capital income.

Adjustment #1: expensed payments to investment labor. One issue with accounting data is that
the distinction between an expense (which are subtracted from sales to obtain cashflows from operation)
and investment (which are not) can be arbitrary, especially in the case of intangibles.

The existing literature shows that this issue leads to an understatement of cashflows from operations
and a corresponding understatement of (minus) cashflows from investment (e.g., Peters and Taylor (2017)
for evidence from firm-level data and Koh et al. (2020) from aggregate data). A usual rule of thumb in the
literature is to reallocate 30% of SG&A and 100% of R&D from expenses to intangible capital expenditures.
This is meant to account for the incorrect expensing of labor expenses that contributes to organizational

capital production. Recently, He et al. (2024) shows that salaries in sales and marketing alone account for

cf adjustment (investment labor) = 0.3 - SG&A + R&D.

Adjustment #2: net entry in sample. When a private firm becomes public or goes public, it effectively
represents a negative cashflow for passive capitalists, who re-balance their portfolio to always own the
market. Similarly, when a firm exits or gets acquired, it represents a positive cashflow. We now describe
how we measure the contribution of net firm entry to market capitalization growth.

First, we introduce a decomposition of the total market value growth (at the aggregate or within an
industry) between time ¢ and ¢ 4+ 1 as the sum of three components due to stayers, entrants, and exits.

Formally, we have that

8total = Jstayer + 8 entry + Gexits (B.1)



where the components are defined in this footnote.'”
Using these definitions, we define the net cashflow due to net firm entry as

cf adjustment (net entry) = —(gentry + Sexit) - market capitalization. (B.2)

It corresponds to the net cash that a passive capitalists who owns the market receives due to net firm entry

during a period.

Adjustment #3: payments in stocks. How should we record a payment when it is the form of stocks?
First, we can decompose the growth in market value of a stayer into growth of price per share and the
growth in number of shares. To match the timing of the payment to the timing of the stock issuance, we use
the fully-diluted share count (which includes outstanding shares, as well as all possible sources of potential
shares such as stock options and reserved shares).

Formally, we can decompose the growth of the market capitalization of stayers (i.e., firms who do not

exit the sample) defined in (B.1) into a price and number of shares component:

Istayer = Sprice 1 Ssharess

where the components are defined in this footnote.'°

Moreover, we observe the contribution of the growth in the number of shares issued for cash gshares, cash
and the remainder gghares — Sshares, cash 1S due to a combination of stock compensation and stock-financed
acquisitions (i.e., “noncash payments”). Using the same logic as for firm entry (see equation B.2), we define

noncash payments as
cf adjustment (noncash payments) = (shares — Sshares, cash) - Market capitalization.

The breakdown between stock compensation and acquisitions is only available after 2011. Therefore, we
assume that acquisition is a constant share w € (0, 1) of noncash payments (stock issuance not associated
with cash). We compute w at the industry level after 2011, and use it to split stock compensation before
2011.

Adjustment #4: imputation of the tangible share of ambiguous investments. How should one
proceed to allocate the sum of cashflows due to mergers, acquisitions, and IPOs into tangible versus intan-
gible investment? To do so, we use the “ambiguous income” approach introduced in Cooley et al. (1995).

I5The formulas are:

Yier, Vitr1 Yie(FnF) Vit+
8total = 7‘/ -1 &stayer = —V -1,
Yier Vi Yie(FnFu) Vit
—_ Yie(Fa\7) Vit Gt = (1 + gstayer) Lie(F\Fy) Vit+1
entry — — < 1, 7 exit — — 7
Y Yier Vi Yier Vi

where F; is the universe of firms at time ¢ and V; is the market capitalization of firm i.
16The definitions of stayer, §price and Gghares are

Py 41 Nj 141 Pi1 Nit+1
8stayer = % -1 8price = IP—: -1 &shares = Il\]t -1 (1 + gprice)/
it1Ni, i, i,

where P, ; is the price per share and N;; is the number of shares outstanding at firm 7 period ¢.



In our setup, the idea will be to assume that acquisitions have the same intangible content as other forms
of investment. Denoting X € (0,1) the intangibility of investment in the rest of investment, we have that

cf adjustments (investment labor + ¢ - (1 — w)- noncash payments)

X

7

cf from investing (capex) + cf adjustments (investment labor + ¢ - (1 — w)- noncash payments)

where we discuss the role of ¢ shortly. We compute X at the industry year-level. Equipped with this last

estimate, we are ready to construct our final variables.

Formulas. Having defined the key variables, we now write down the final formulas:

tangible investments = — cf from investing (capex),
— (1= X) - cf from investing (acquisition),
— (1= X) - cf adjustments (net entry + w- noncash payments),
intangible investments = — cf adjustments (investment labor + ¢ - (1 — w)- noncash payments) ,
— X - cf from investing (acquisition),
— X - cf adjustments (net entry + w- noncash payments) ,
payments to capitalists = — cf from financing

+ cf adjustments (net entry + noncash payments) .
Combining these formulas, we obtain an expression for capital income

capital income =tangible investments -+ intangible investments + payments to capitalists
=cf from operations + cf adjustments (investment labor)

—(1—-19)- (1 — w) - noncash payments,

where the second equality uses the accounting identity of the cashflow statement. The number ¢(1 — w)
corresponds to the share of noncash payments that is unreported in R&D and SG&A. Following changes in
accounting standards in 2006, we set p = 0.5 before 2006 and ¢ = 0 afterwards.

A few remarks are in order. First, that payments to capitalists are invariant to the calibration (X, w).
This is because they only represent assumptions on how cashflows are distributed between tangible invest-
ments and intangible investments. Second, capital income is invariant not only to the calibration (X, w),
but also the adjustments for noncash payments and net entry. This is because noncash payments and net
entry are purely redistributive flows (from capitalists to tangible investments and to innovators). The only
adjustment that affects the level of capital income is the adjustment for expensed investment labor. The
idea is that we reclassify line items as capital expenditures, not expenses.

Table A3 reports the average distribution of capital income over the 1972-2022 period, including a de-
tailed breakdown, and robustness checks. Tangible investments account for 42% of capital over the period,
mostly due to direct capital expenditures, but also in part due to acquisition of existing businesses (who
themselves are partial tangible). Intangible investments account for 44%. Cash and noncash compensation

to investment labor accounts for most of it, but almost 20% comes from payouts associated with cash and



noncash payout that arise in acquisitions. The most important line item is the component of sgé&a that we
attribute to management, marketing, and management labor (see He, Mostrom and Sufi (2024) for recent
evidence).

Finally, payments to capitalists account for a mere 14% of capital income over the sample. While net
cash payouts to equity holders account for 19% of capital income, they were offset by a 12% equity dilution
(i.e., noncash payments). This sample average is skewed by the tech bubble of the 1990s, where payments
to capitalists were negative for a few years (i.e., acquisitions and IPOs exceeded dividends and interest
payouts, see Fried and Wang, 2019 for a discussion of this fact).

Table A3: Distribution of capital income (1972-2022 average).

Uses of capital income (%) Baseline Robustness

X=0 x=1 w=0 w=1

Tangible investments 36 45 37 37 42
Tangible capital expenditures 37 37 37 37 37
Mergers, acquisitions, and IPOs -1 8 0 0 5

(1— %) - cash acquisitions 3 8 0 3 3
(1—-%)(1 — w) - non-cash payments 2 5 0 0 5
(1 — %) - netentry in public universe -6 -6 0 -3 -3

Intangible investments 46 38 46 42 46

Intangible capital expenditure 38 38 38 39 35
0.3 - selling, general, and admin. expenses 24 24 24 24 24
research and development expenses 12 12 12 12 12

§ - w - non-cash payments 2 2 2 4 0
Mergers, acquisitions, and IPOs 8 0 8 3 10
X - cash acquisitions 5 0 8 5 5
X(1 — w) - non-cash payments 3 0 5 0 7
X - net entry in public universe 1 0 -6 -2 -2

Payout to capitalists 18 18 18 18 18
Net cash equity payout 19 19 19 19 19
— Non-cash payments -13 -13 -13 -13 -13
— Net entry in public universe 6 6 6 6 6
Net debt payout 6 6 6 6 6




C Appendix for Section 4

C.1 Production network microfoundation.

The representative firm decides how much of final goods to produce every periods. There is a single con-
sumption good C and N differentiated investment goods I,,. To produce these final goods, the firm op-
erates | industries that produce intermediary goods Y;. These intermediary goods are produced using a
combination of intermediary goods, N;, labor types, and Nk different capital types. The firm maximizes the

present value of payouts:

Vo= max Ry ..Dy
{Yie. Lt K p11,Cr Int}tz 0—>t
s.t. Z Z Wit Lin ¢ (budget constraint)
i=1n=

Ci=Z¢ H Y:’é”t (consumption good)
Lnt = Zy; HYE"Z (investment good)

Ni Nr

i in in : .

Yir = 1Y( Yl] g) ( H K tK) ( [1(G'Lins)” L) (intermediary good)

n=1 n=1
Kyt = Z Kin ¢ (sectoral allocation)

i=1

K1 = (1—06,)Kns + Kf’l,tl,if (capital accumulation)

We now show that this model is isomorphic to a Uzawa two-sector representation.

Proposition C.1 (Uzawa two-sector representation). The production side is isomorphic to
¢ =ac(TTx:¢) (ITLe ).
I = AI(HLan) (HKan)

where the production elasticities are given by
P (a’(l - AY)*lAL)n, U = (a’(l - Ay)’lAK)n,
BuL = ( "(I—Ay)~ 1AL)n/ Buk = (b/(l - AY)flAK)n
Proof. The cost functions for Y, C, and L are:

logp = (I - AY)_lAL logwy + (I — Ay)_lAK -log wg
logpe = /(I — Ay) "' Ap -logwy + &' (I — Ay) "' A - logwg
logg = B'(I — Ay) AL -logwy + B'(I — Ay) ' Ak - log wk

Those imply Cobb-Douglas production functions with exponents given by the elements of a’ (I — Ay) 1Ay



and B'(I — Ay)~'Ar (two N x 1 vectors). CRS in production implies that (A} Ag): = 1. O

C.2 Equilibrium of general model

We focus on the case Ng = 1, Nf, = 2 and we time subscripts. The equilibrium conditions are

w1.C = wicLlic, aC = woclye, axC = wgKc (focs - consumption good)
Bigl = wirlay,  Borql = worlar,  Prql = wgK; (focs - capital good)
Lii/Lic = (1 /(1 = u1))(war/wic)?,  Lar/Lac = (pa/ (1 — p2))(wi/wic)? (focs - sorting)
Lic+Liy=1L1, Lpy+Lx =L Kc+Ki=K (market clearing)
C7=p01+ v )CL7 (market clearing - financial market)

K' = (1-06)K+K1'-? (capital accumulation)
(1+7")g=wk + (1 — On + 9%)‘1/ (arbitrage equation)

Steady-state. We now characterize the steady-state of the model:

w1.C = wicLlic, @ C = woclye, axC = wgKc (focs - consumption good)
Bigl = witLliy,  Porgl = worLly,  Prql = wiK; (focs - capital good)
Lii/Lic = (1 /(1 = u1))(war/wic)?,  Lar/Lac = (pa/ (1 — p2))(wir/wic)? (focs - sorting)
Lic+Liy =L, Lo+Loc =1Ly Kc+Ki=K (market clearing)
K=1, g= 1%(?759)5 (steady-state capital + financial market)

First, using (focs - capital good - 3) and (arbitrage equation + financial market), we have that the long-
run share of capital allocated to the investment sector is

&_ 1)
K7r+(5ﬁK

Plugging into (focs - consumption good - 3 + focs - capital good - 3 ), we have that consumption share of

GDP is
C _ﬁll_SK

gl ax sk

Denote the share of an input in the investment sector by s, so that sy = % and so on. We can express the

wage premium as
wnr  Pr/Bx Sk SaL

wpe  op/ag1—sgl—sy’

Substituting in (focs - sorting), we have that the labor allocation problem for type 7 is the solution to
T (ﬁL/ﬁK sk ) ( SuL )"’
T—syr 1—pn \ap/agl—sg) \1—s,

1 ¢
Syl _( Hn )ng <ﬁL/ﬁK Sk >1+¢
=M =
1—suL 11—y ap/ag 1—sk




Equipped with (sk, s1r,521), it is trivial to solve the rest of the steady-state allocation (g, K).
Capital supply elasticity. From now on, we drop the arbitrage equation and have g be exogeneous.

This allows us to analyze the supply-side of the economy. In the short-run, K is fixed, so that there are only

three unknowns (sk, s11, 52,1.) and three equations:
1
( Lic ) 13
Lyg

a1.,C _( M )
Birql 1—m

=

1 141
(125 ()"
Bargl 1—po Loy
OéKC - KC
’BKqI KI
Let’s look at first-order dynamics
s s 1+¢ s dlogs
sk + Px i (ML— 7) + BiL T2-to1, + oL oﬂlog; 1
1+ ogsiL | _ _
Tk + B i+ Bir T (sz - 747) + BaL dchl)cégsq =—|1
2L
i (e — 1) + B i + Bir T-tor + Por, dlogq 1

C.3 Calibration details

We first extend the concept of “long-run” to a balanced growth path. Denote mx = log(X;;+1/X;) the
growth rate associated to a variable X. Differentiating the production functions for output and investment
gives:

my = ma, tang + (1 —a)mp,

Ty = ma, + 0k + (1= 0)(1 — x)mr + (1 — 0) xrrr,,-

To obtain a balanced growth path with constant labor inputs, we assume that the productivity of production
labor and investment labor grow at the same rate 77. Expressed in terms of Hicks-neutral productivity, this
is equivalent to assuming 714, = (1 —a)7, 4, = (1 —0)x7. In this case, all variables (K, Y, C, I, wy, wg)
grow at the same rate 71. Using the optimality conditions, we obtain

Taking the log of the first equation implies that we can calibrate B as the difference between log returns
minus y7t.

The total investment yield is:

I+ wyLy
\%

qH H

=(1-9) 7 :(1—0)f:(1—6)(5—0—n).

As explained in Appendix A.1, the total investment yield corresponds to capitalists” dilution rate; that is,



the extent to which an investor drawing down total capital income every period from the representative
firm would get diluted over time. Consistently with this idea, note that the equation for g given above
can be interpreted as the value of a income flow initially equal to aY (capital income) and growing at
rate 77 — (1 — 0)(6 + 7r), which corresponds to the growth rate of the economy minus the dilution rate of
capitalists.

Manipulating the first-order conditions of the firm implies that, in the long run, the uses of capital

income in the economy are given by:

I 1 (1-6)(0+m)

PR ey s gy ey
wHLH . (1 — 9)(5+ 7'[)
n  Y—ra+1-0)0+n)
D r—7T

O r—a+(1-0)(@+mn)

This equation expresses the share of tangible investment, the share of intangible investment, and the payout
share in steady state in terms of five parameters.
The capital share of income is

11 aY o o

= _ = qH = 1-0)(0+m
Ydwuly  Y+x(-0gH 14 x01-0)% 1+X06777Sf+(1)7(9)((5j)r7f)

7

The last moment is the short-run, partial equilibrium tax elasticity. Consider a capital income tax shock
dtg s = (1 — ¢)! dtk at t = 0 around the undistorted steady-state. Using (firm foc I;) and (firm foc Ly ;):

It + wy Ly, = (1 —0)q:Hy.

The log total derivative at t = 0 is
1-6
dlog(lp +wroLpo) = dloggo+ dlog Hy = <1 + 9) dlogqo,

where the second equality is obtained using the fact that, in particular equilibrium, wages are taken as
given. In that case, we obtain

1
leg(I() + wH,OLH,O) = @ dlog qo,

Using the envelope theorem on the firm value function, and using the fact that dwy; = dwg, = 0, we
obtain
ror+(1-6)0

d
r+¢ r S

dloggo = —

The first term accounts for the duration of the tax change, where ¢ represents an annual rate of decay. The
second term accounts for the ratio of the tax base (capital income) to the capital payout. Putting together,

we obtain 1 01
rt-001

dlog(Io—i-wH,OLH,o) = — r+¢ 9



C.4 Proofs

Proof of Proposition 4.1. The Lagrangian associated with the household problem is

£0 = Z ‘BtU(Ct, Lt) — Z At (Ct + Vi — ZUy,tLY,t — wH,tLH,t — (1 + T’t)th>
t=1 t=1

1+1\ 177

1 Lt
where U(C,L) = T Ct — 11 .
I

Applying the envelope theorem gives:

ot = 22 a5 (250 - 250+ 2 )
aVy =

w dwy; + —
Jw T ow Ht or;
Yt Yt

o)

=M1 +r)dVo+ Y A (Lyydwys—1 + Ly dwp g1 + Vi1 dry)
=1

[e0)

= ,Bacu(cl, Ll)(l + 7’1) dvp + Z ,BtE)CU(Ct, Lt) (LY,t dwY/t,1 + LH,t de,t,1 + Vi1 di’t) ,
t=1

==ﬁacu(chlq)<(1+id)dvb4EZIQS#(LYJduhu—14LHdeH¢—1+‘4—1dH)>,
=1

where the second and third equalities use the household’s focs with respect to C; and V;, respectively. In
the case where v = 0 (small open economy), we have that 1 + r; = =1 which means that dr; = 0. O
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