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Abstract

Economists have widely varying opinions of how corporate taxation affects aggregate
investment, output, and wages. This disagreement reflects a 60-year history of mis-
application of the neoclassical theory of investment to interpret empirical work and
guide policy analysis. In this article I reconsider the accumulated evidence relating
tax policy to firm investment through the lens of the neoclassical theory. Empirical
work suggests a range for the firm-level, short-run semi-elasticity of the investment-to-
capital ratio to the user cost of -0.25 to -0.75. The mid-point of this range translates
into values for the elasticity of firm revenue to capital of between 0.22 and 0.35. The
implied general equilibrium, long-run elasticity of capital to the user cost can differ sub-
stantially from leading policy models. The elasticity of the wage to the user cost ranges
from -0.3 to -0.7, or from -0.1 to -0.2 for changes to the user cost in the C-corporate
sector alone. In the relatively low-tax regime in the U.S. in 2024, the neoclassical con-
tribution to higher output from higher capital cannot rationalize more than modest

dynamic tax revenue offsets from further reductions in corporate taxation.
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1 Introduction

Studies of how tax incentives affect investment stretch back more than 60 years to the seminal
analysis of the investment decision of a profit-maximizing firm in Jorgenson (1963) and Hall and
Jorgenson (1967). Jorgenson (1963) derives the user cost of capital and shows that under a Cobb-
Douglas production function the firm’s “desired” or long-run capital stock satisfies K = aY/R,
where K is the stock of capital, Y is the firm’s revenue, R is the user cost, and « is the revenue
elasticity of capital. Hall and Jorgenson (1967) measure R incorporating a detailed analysis
of the corporate tax code and conduct counterfactual exercises for the effect of tax reforms on
investment. In their framework, the long-run elasticity of capital to the user cost is -1, which
Council of Economic Advisers (2019, p. 59) refers to as the “neoclassical benchmark.”

A wave of empirical papers have estimated a user cost elasticity. Hassett and Hubbard (2002,
p.1321) summarize the evidence as finding “elasticities of investment to the user cost of capital
between -0.5 and -1.0,” a range that has become enshrined in evaluations of tax policy (Con-
gressional Budget Office, 2018b; Council of Economic Advisers, 2019, 2025). Yet, this apparently
happy confluence of theory and empirics has not been fully persuasive. A poll of economists taken
five years after the 2017 Tax Cuts and Jobs Act (TCJA) found that 30% of respondents agreed
with the statement that the corporate capital stock was substantially higher as a result, 33%
disagreed, and 36% were uncertain (Clark Center for Global Markets, 2023). In their prospective
analysis of TCJA, Barro and Furman (2018) used an elasticity of -1.6, outside of the Hassett and
Hubbard (2002) range or the supposed neoclassical benchmark.

This paper contends that this disagreement reflects a 60-year history of mis-application of
the neoclassical theory of investment to interpret empirical work and guide policy analysis. This
history starts with the statement that the long-run elasticity of capital to the user cost in the
neoclassical framework is -1. That error was first shown in a comment by Coen (1969). The
reasoning is simple. Jorgenson (1963) and Hall and Jorgenson (1967) obtain dlog K/0log R = —1
only by holding firm revenue Y fixed. But lower capital induced by an increase in the cost of capital
will also reduce firm revenue, resulting in an “accelerator” feedback effect from lower revenue into
even lower capital that the analysis of tax reforms in Hall and Jorgenson (1967) omits.

Empirical studies of the “user cost elasticity of investment” have implemented a diverse set of



empirical specifications that connect to different structural objects. These include the magnitude
of adjustment costs, the elasticity of investment inclusive of the feedback effect identified by Coen,
and the elasticity of substitution between capital and labor. A second major source of confusion
concerns the mapping from moments into parameters and improper comparisons of empirical
results corresponding to different structural objects. In fact, the literature does not even agree on
what estimand underlies the Hassett and Hubbard (2002) range, with implications for the effect
of taxes on investment that vary by a factor of five or more. A third outstanding problem is the
disconnect between empirical estimates of cross-firm short-run investment responses and policy
analysis interested in the aggregate long-run response of capital.

The purpose of this article is to reconsider the accumulated evidence relating investment to
tax incentives in a theory-consistent manner and to relate the cross-firm empirical evidence to the
aggregate response. Section 2 reviews the neoclassical theory of investment of an individual firm 3.
This firm uses capital and labor to produce output, taking input prices as given. The steady state
user cost B; = (p+6)PX(1—T;)/(1 —7;) consists of the before-tax discount rate and depreciation
rate, p+¢, multiplied by the price of capital PX and the “tax term” (1—T;)/(1—7;), where 7; is the
firm’s marginal tax rate and I'; the effective subsidy to the cost of new investment. With a Cobb-
Douglas revenue function over capital and labor, Y;, = Kg‘th ., Coen (1969) derives the long-run
firm-level user cost elasticity inclusive of the feedback from capital to revenue of —1/(y — 1) <
—1, where v = /(1 — ). The Coen (1969) elasticity generalizes with any constant elasticity
of substitution (CES) over capital and labor, naturally with the elasticity of substitution also
mattering. With quadratic adjustment costs in capital, Summers (1981) obtains the relationship
Lii/Kit =0+ (1/¢)Qi, where I;; denotes gross investment at date ¢, Q;; is a transformation of
tax-adjusted Brainard-Tobin’s q, and ¢ determines the scale of adjustment costs. Finally, along the
linearized transition path following a permanent tax change, the short-run Coen (1969) elasticity
scales with the steady state elasticity by the system’s stable eigenvalue.

A related but distinct analytical approach derives the optimal capital stock conditional on
a firm’s sales, similar to Hall and Jorgenson (1967). This tradition of estimating the user cost
elasticity holding output fixed dates to Eisner and Nadiri (1968), who pointed out that the Hall

and Jorgenson (1967) elasticity of —1 holds only under the Cobb-Douglas production function.



In general, the firm-level user cost elasticity conditional on output is the elasticity of substitution
7 between capital and labor, since if the firm is a price-taker in input markets the wage remains
fixed. While of interest in its own right, applying the phrase “user cost elasticity” to both the
Coen (1969) and Eisner and Nadiri (1968) specifications has generated some confusion, for the
same reason that Coen (1969) critiqued Hall and Jorgenson (1967).!

Section 3 revisits the empirical literature estimating firm or asset-level responses of investment
to taxes. The literature has implemented a range of empirical specifications involving possibly
minor seeming econometric choices in the dependent variable (I/K or logI or log K), controls
(non-tax component of Brainard-Tobin’s ¢ or firm revenue) or timing (short or long-run). Yet,
these specifications imply estimands that map into distinct parameters in the neoclassical theory.
I provide a Lemma with the mapping for each empirical specification and group them into firm-
level estimates of the Summers (1981) specification (Table 1), the Coen (1969) user cost elasticity
allowing output to vary (Table 2), hybrid approaches (Table 3), the Eisner and Nadiri (1968)
specification holding output fixed (Table 4), and asset-level specifications (Table 5). The majority
of estimates are variants of the Coen (1969) specification and map into the short-run semi-elasticity
of the investment-to-capital ratio to the user cost, d[l;;/K;;—1] /dlog R;;. The range of values
stretches from -0.1 to below -1, with most values in the more compact range of -0.25 to -0.75. This
range echoes the Hassett and Hubbard (2002) range of -0.5 to -1. However, my range concerns
the semi-elasticity of investment to the user cost and contains adjustments to earlier estimates not
made in Hassett and Hubbard (2002).2

Section 4 maps the empirical moments into parameter sets. The Summers (1981) and Eisner
and Nadiri (1968) specifications translate straightforwardly into the adjustment cost parameter

and elasticity of substitution, respectively. The Coen (1969) specifications require more care,

L As one example among many, Chirinko, Fazzari and Meyer (1999) directly compare their estimated user cost
elasticity from regressing investment on the user cost while controlling for firm revenue to a user cost elasticity they
infer from a regression in Cummins, Hassett and Hubbard (1994) that does not control for firm revenue. Dwenger
(2014); Council of Economic Advisers (2019); Congressional Budget Office (2018b); Council of Economic Advisers
(2025); Hartley, Hassett and Rauh (2025) all repeat some version of this error.

2Indeed, even the meaning of the Hassett and Hubbard (2002) range remains unsettled. Zwick and Ma-
hon (2017, figure 4) compare the Hassett and Hubbard (2002) range to their coefficient from regressing I/K
on the tax term (1 —I')/(1 — 7). Council of Economic Advisers (2019, p.59) interprets the range as ap-
plying to the elasticity dlogl/dlogR. Since (starting from steady state) d[l;+/K;o) /d[(1—Ty)/(1—m)] =
(Io/Ki0) /11— Ti) / (1 = 7)) x dlog I /dlog [(1—T4) /(1 - 7:)] = 8/ [(1—T4) /(1= m)] x dlog I /dlog Ry,
these objects differ by the ratio of the depreciation rate to the tax term, or roughly a factor of 5 or more. Converting
my range to an elasticity would require dividing by I/K, implying much larger values.



since even the transformed regression coefficients are functions of several underlying parameters.
Figure 2 contains “trees” that start with different values of the short-run Coen (1969) semi-
elasticity, “branch” for different values of the eigenvalue relating the short-to-long-run impulse
response and for the elasticity of substitution between capital and labor, and end in “leaves” with
the implied values of the revenue elasticity of capital o and adjustment cost parameter ¢. For an
empirical short-run semi-elasticity d[[;;/K;;—1] /dlog R;; of -0.5, the implied long-run firm-level
elasticity of capital to the user cost is around -3 or below. This result highlights the difference
between the Coen (1969) elasticity and the elasticity of substitution between capital and labor
and associated “neoclassical benchmark” of -1. The values of a range from 0.22 to 0.35, implying
total returns to scale in the revenue function of 0.87 or above.

Section 5 discusses how the cross-firm studies inform the effect of changes in tax incentives on
aggregate capital, output, wages, and tax revenue. In partial equilibrium, individual firms face
flat factor supply curves, taking the wage as fixed. In general equilibrium, factor supply curves
may slope up. Under the simplifying assumption that the economy consists of a large number of
identical firms, the Coen (1969) elasticity has an analytic general equilibrium counterpart. With
Cobb-Douglas, the general equilibrium elasticity of capital to the user cost becomes —1/(1—Ma),
where M > 1 summarizes the component of decreasing returns in the revenue function due to
downward-sloping demand. (For a monopolistically competitive firm it equals the markup.) I refer
to this elasticity as the Barro and Furman (2018) elasticity, as these authors use it in their analysis
of TCJA. Moving from the Coen (1969) elasticity identified from cross-firm responses to the Barro
and Furman (2018) general equilibrium elasticity therefore requires relating o to v. With CES,
the formula again also involves the elasticity of substitution between capital and labor.

Figure 3 summarizes plausible values using trees, now starting from different values of the
revenue elasticity of capital a and branching into values of the markup and elasticity of substi-
tution. Under Cobb-Douglas, the long-run general equilibrium elasticity ranges from -1.3 to -1.7.
Compared to the firm-level range of -3 or below, this range reflects substantial tightening and
general equilibrium dampening due to the aggregate fixed factor of labor. The elasticity of -1.6
used in the actual Barro and Furman (2018) article falls inside it (they set a = 0.38 implying

—1/(1 — a) = —1.6), illustrating again the difference between a general equilibrium elasticity and



the “neoclassical benchmark” of -1.

A lower elasticity of substitution n reduces the general equilibrium elasticities of capital and
output, as the fixed factor of labor generates faster decreasing returns to capital accumulation.
Quantitatively, with constant returns to scale in the firm’s revenue function the Barro and Furman
(2018) elasticity becomes —n/(1 — Ma) and hence scales with the elasticity of substitution 7.
The values of o consistent with the short-run responses of investment imply returns to scale close
enough to 1 that this formula roughly holds. The wage elasticity is much less sensitive to the value
of n, as a lower elasticity of substitution implies less capital accumulation but faster wage growth
per unit of capital. In the constant returns case the wage elasticity becomes —Ma/(1 — Ma) and
is independent of n; it ranges from -0.3 to -0.7 depending on the values of «, n, and M.

In the U.S. as in many countries, businesses have a choice of corporate form. Figure 4 repeats
Figure 3 for an economy with a C-corporate and non-corporate sector and where the user cost
change applies only to C-corporations, which in 2022 accounted for 43% of private sector employ-
ment. The presence of the non C-corporate sector without a tax change makes the responses of
C-corporate capital and output to the C-corporate user cost larger, as the sector can pull in labor.
The aggregate response however simply scales with the share of activity in the C-corporate sector.

These results characterize the general equilibrium elasticity of capital to the user cost, dlog K/dlog R.
The elasticity of aggregate capital to the tax term may be smaller if the non-tax component of the
user cost changes, for example because an upward-sloping savings schedule causes higher interest
rates (p 1) or limited capital goods supply increases the price of investment (PX 1). Letting ¢
denote the inverse elasticity of the non-tax component to capital, Figure 5 shows that the overall
elasticity of capital to the tax term is (dlog K/dlog R)/(1 — ¢ x (dlog K/dlog R)).

The final set of analytic results characterizes the tax revenue response in the neoclassical
framework. For changes to the corporate rate 7 or generosity of expensing z, the change in
revenue consists of a mechanical component holding the tax base fixed and a dynamic component
as the base changes. Using values for the U.S. in 2024, the dynamic component offsets less than
10% of the mechanical decline when the tax rate falls and between 25% and 45% of the mechanical
decline when expensing becomes more generous. Thus, in the relatively low-tax regime in the U.S.

in 2024, the neoclassical framework cannot rationalize more than modest dynamic revenue offsets



from further reductions in corporate taxation.

In summary, integrating the empirical evidence into the neoclassical framework delivers the
following insights. Empirical estimates of the Coen (1969) specification yield a short-run firm-level
semi-elasticity of the investment-to-capital ratio to the user cost in the range of -0.25 to -0.75. The
midpoint of this range translates into an elasticity of firm revenue to capital a between 0.22 and
0.35. The reasonableness of these values of « constitutes a victory for the empirical predictions
of the neoclassical theory, especially in contrast to early estimates of adjustment costs implied by
the Summers (1981) specification. Estimates of the elasticity of substitution between capital and
labor 7 using the Eisner and Nadiri (1968) specification lie in a broad range, including the Cobb-
Douglas value of 1 but also lower values. The long-run general equilibrium capital elasticity to the
user cost is approximately —n/(1— Ma); for aw C (0.22,0.34) and n C (0.5, 1) it lies between -0.65
and -1.7. The wage elasticity is approximately —Ma/(1 — Ma) and lies between -0.3 and -0.7 for
economy-wide changes in the user cost or between -0.1 and -0.2 for changes to the user cost in the
corporate sector alone. The neoclassical framework cannot rationalize more than modest dynamic
revenue offsets from further reductions in corporate taxation in the relatively low-tax regime in
the U.S. in 2024.

The analysis concludes by contrasting the neoclassical framework with the practice of leading
policy models. Council of Economic Advisers (2019, 2025) follows Hall and Jorgenson (1967)
and applies an elasticity of -1 based on the Hassett and Hubbard (2002) range and an appeal to
the neoclassical benchmark and then obtains an output response given the higher capital stock,
but does not incorporate the additional feedback from output into capital nor the distinction
between the corporate and non-corporate sectors. Congressional Research Service (2024) applies
an elasticity of -0.6 based on the Eisner and Nadiri (1968) specification and likewise does not
incorporate the additional feedback from output into capital. Congressional Budget Office (2018a)
first applies an Eisner and Nadiri (1968) elasticity of substitution of -0.7 to a user cost change
holding output fixed (Congressional Budget Office, 2018b) and then allows firm investment to
respond to output, essentially marrying the cost-of-capital and investment accelerator approaches
but where the feedback from output comes from their macroeconomic model rather than the

simpler neoclassical setting.?

3The critique of policy evaluation and counterfactuals echoes Lucas (1976), who also specifically discussed Hall



2 Theoretical Framework

This section derives key results starting from a firm-level production function. While several
of these results can be found elsewhere, to my knowledge they do not exist in one place with
common notation and I will refer to them repeatedly in what follows. For ease of reference,
Table A.1 summarizes the notation.

Section 2.1 provides the general setup and necessary conditions. Section 2.2 characterizes the
steady state and defines the user cost and “tax term”. Section 2.3 undergoes cross steady-state
analysis with a Cobb-Douglas production function, including deriving the Hall and Jorgenson
(1967) specification and the Coen (1969) specification as the limit of a “cobweb” adjustment
process in the Hall and Jorgenson (1967) framework. Section 2.4 generalizes to a CES production
function and derives the Eisner and Nadiri (1968) elasticity of substitution holding output fixed and
the generalized Coen (1969) steady state elasticity. Section 2.5 adds quadratic adjustment costs in
capital and derives the Summers (1981) specification. Section 2.6 uses the quadratic adjustment
cost environment to relate the cross steady state specifications to their short-run counterparts.

Throughout this section, the analysis concerns a single firm that takes its input prices as given.
This partial equilibrium perspective anticipates the firm, asset, or industry-level variation used in
the studies reviewed in Section 3. Section 5 extends the results to general equilibrium and shows

how the firm-level variation nonetheless disciplines aggregate elasticities.

2.1 General Setup

I set up the problem in continuous time, although nothing essential follows from that choice.
More substantively, I ignore uncertainty and assume zero inflation in order to arrive at the key
relationships as neatly as possible.

Firm ¢ produces revenue Y;, using capital K, and labor L, ;:
Yie = AirF (Kiy, Liy) (1)

where A;; denotes exogenous Hicks-neutral technology and F'(.,.) is a twice differentiable globally

and Jorgenson (1967). My arguments differ from his however. Lucas (1976) focused on the interpretation of
econometric evidence when tax policy is transitory. By contrast, I assume throughout that firms always expect
current policy to continue and argue that even this simpler case has not properly integrated economic theory with
econometric practice.



concave function.* Equation (1) makes no assumption on the structure of demand, only that the
function F'(.,.) maps capital and labor into revenue. The firm hires labor on the spot market each
instant at a common wage W;. The firm owns its capital stock, a fraction ¢ of which depreciates

each period, giving the law of motion:

Kiy = dK,;/dt = I,; — 6Ky, (2)
where I, ; denotes gross investment purchased at price PX. Each dollar of investment also requires
payment of ® (I;,, K, ;) dollars of installation costs.

The corporate tax code affects the firm in three ways. First, a firm can deduct from its taxable
income a fraction of past investment expenditure. Specifically, for a dollar of investment at date t,
the firm can deduct a fraction B;; immediately and the remainder according to a specified schedule,
where ¢; 44 denotes the fraction of the remainder deductible at horizon h. The fraction B;; is
referred to as “bonus depreciation” or “immediate expensing”. Second, the firm may receive an
additional investment tax credit itc;; for investment at date t. The ¢ subscripts in the depreciation
schedule and investment tax credit reflect the possibility that they vary by asset type or industry.
Third, the corporate income tax 7;; applies to revenue net of deductible costs. The ¢ subscript in
the tax rate reflects the possibility of credits, deductions, or net operating losses that make the
marginal tax rate vary across firms.

The firm’s problem simplifies under the maintained assumption that it expects the marginal
tax rate to remain fixed.® In that case, the present value of tax savings per dollar of investment

at date ¢, denoted I';;, consists of the investment tax credit plus the tax rate multiplied by the

4 Allowing for multiple types of capital or labor would complicate some of the expressions below but not change
the key results used to interpret empirical work. Likewise, with a constant intermediate inputs share of cost
(i.e. Cobb-Douglas over intermediate inputs and factors of production), equation (1) may be reinterpreted as the
function giving revenue net of intermediate inputs after concentrating these inputs out of the production function.
With fixed costs, K and L in equation (1) should be interpreted as the variable factors of production.

5Given an initial capital stock K, investment history {Ii7t+h}2:7m, and discount rate

p, the firm solves: HIED SY T S S C fe*PhC’FZ-,thh, where cash flows are CF; =
(I=7) (Vi —Weliy — O (Liy, Kit)) +7i (Bi,tPtKIi,t + / (1—DBjs—n) Ci,t|t—hPtKhIi,thdh> +ite; PE I —PET, 4.
0 —
Earnings Tax credit

Depreciation allowances
With constant 7, this problem gives the same choices as equation (5).



present value of future depreciation allowances z; ;:

Ly = itciy + Tigzig, (3)

where: 2, = B;; + (1 — Bi,t)/ e_phci,Hh‘tdh. (4)
0

Furthermore, while accumulated allowances from past investment affect the value of the firm, they
do not affect the choice of future investment or capital. The optimal choices of capital and labor

therefore arise under the maximization problem:

max /G_ph (1= 7i) (A F (Kig, Lig) — WiLiy — @ (Liy, Kiy)) — (1 — Tuy) PF L)

{Kit4nilitrnLitrn 5o
(5)

subject to the law-of-motion (2) and the initial conditions.
Let \;; denote the Lagrange multiplier associated with the constraint (2). Let Fx (K4, L) =
OF (K4, L) /OK,;; and likewise for Fi, @, ®;. The necessary conditions are:

Li: A Fr (Kiy, Liy) = Wy, (6a)
Kip (1 = 7i) (AigFic (K, Li,t))\_ i Ly Kig)) = OAig + Nig _, (6b)
it
Ly : (1 =7) @r (Lig, Kiy) + (1 = Typ) PtK = iz (6¢c)

Equation (6a) states that the firm will always hire labor up to the point where the marginal
revenue product equals the wage. Equation (6b) equates the firm’s discount rate to the internal
rate of return on the shadow value of capital, equal to the after-tax marginal revenue product, less
the increment to adjustment costs, and plus the change in the shadow value net of depreciation.
Equation (6¢) states that the shadow value of capital must equal the cost of investment, given by
the sum of the marginal adjustment cost and the market price net of tax incentives.

Equation (6b) solved forward yields:

Nt = / e (PHoh (1 —7it) (AiirnFx (Kitin, Liven) — Px (Ligin, Kizin)) dh. (7)
t

Thus, the Lagrange multiplier A equals the present discounted value of an additional unit of capital,
where the composite discount rate p + ¢ accounts for both financial discounting and depreciation
and the marginal value at horizon h consists of the after-tax marginal product of capital net of

marginal adjustment costs.



2.2 Steady State

Variables without ¢ subscripts denote steady state values. I assume no adjustment costs in steady

state, ® ([;, K;) = ®; (1;, K;) = Pk (I;, K;) = 0. Equation (6¢) then gives:
i = (1-Ty) PX. (8)

Substitute this condition into equation (6b) and rearrange slightly:

AiFx (Ki, L) = (p+6) PK (11_ Fi) =R;. (9)

—
Equation (9) equates the steady state marginal product of capital to the steady state user cost
R;.5 The user cost has two terms. The component (p + ) PX comprises the opportunity cost and
depreciation parts of the cost-of-capital, scaled by the market price. The second component is the
“tax term” and will be a key object throughout the analysis. Denote it by €2, ;:

1-T;
0, = L= T
’ 1—7‘1',15

(10)
The ratio ;;, summarizes the taxation of capital, with a higher value indicating higher taxation.”
Using equation (9), the steady state choices of capital and labor also solve the static maxi-

mization problem:

K;,L;

6 Away from steady state, one can still define a user cost R; ;. However, unlike the steady state R;, this object
contains components not directly measurable in the data such as the marginal increment to adjustment costs.
This perspective takes the production function (1) as a technological constraint that holds at every date including
outside of steady state. Chirinko (2008) instead views the production function itself as depending on whether the
firm has its steady state quantity of capital.

"The objective function (5) does not incorporate any deductibility of interest payments. These matter to the
firm’s first order conditions and hence the user cost insofar as the debt choice depends on the capital stock. With
a fixed leverage ratio ¥ such that the value of the flow interest deduction is 7;pyK;, the user cost would also
subtract 7;/(1 — 7;)pv. The combination of low tax rates, low interest rates, and modest leverage make interest
deductibility less important to capital choice today than historically. For example, Gravelle and Keightley (2025)
obtain an average user cost for corporate equipment of 0.184 inclusive of interest deductibility and 0.189 without
it (my calculations based on their model and parameters). Nonetheless, accounting for interest deductibility can
still non-trivially affect the magnitude of the change in the user cost when 7 changes, because 7 directly affects the
value of the interest deduction. It matters much less for change in the user cost due to changes in z. See Goodman,
Isen and Richmond (2025) for an empirical analysis that finds a small effect of interest deductibility on capital.

10



2.3 Cobb-Douglas Across Steady States

The system (6a) to (6¢) simplifies considerably with a Cobb-Douglas production function and

across steady states. Thus, specialize equation (1) to:
Y= Ay KALY, a>0,8>0,a+8< 1. (11)

Using A; Fx (K;, L;) = aY;/K; in equation (9) gives the Hall and Jorgenson (1967) relationship:

ay;
K, =—. 12
a (12

Intuitively, under Cobb-Douglas the factor shares of income are constant. With no adjustment
costs, the price of capital is the user cost (p + §) ; PX. Let lower case letters denote logs of upper
case letters, z = log X (where the lower case letter has an alternative meaning I write instead
log X, such as log I since i indexes individual firms). The Hall and Jorgenson (1967) user cost

elasticity associated with equation (12) is:

_j|Yi:Y =—1. (13)

Notably, while this user cost elasticity holds Y; fixed, in equation (12) Y; is an endogenous object.
The Coen (1969) elasticity relates K; to R; holding fixed only variables exogenous to the firm.
To that end, under Cobb-Douglas the first order condition for labor (6a) takes the form:

L BV PAGKRLY (BAKEN T 10
Uw, W\ W, '
Substitute equation (14) into the Cobb-Douglas production function (11) to find:

5

A; Kza 1-8
Yie = AidKy LYy = AidK, (ﬁth) = Ai K, (15)

1
where: A;; = (ﬁﬂAi,tWtfﬁ) e , (16)
a

= 0,1). 17

Importantly, A; contains only variables exogenous to the firm. The Coen (1969) user cost elasticity

follows from applying the chain rule using equation (15) to equation (12):

11



This elasticity captures the full firm-level response of capital, taking the wage as exogenous.
Furthermore, since in the steady state I; = 0 K;, equation (18) also gives the long-run elasticity of

gross investment:

dlogl; dk; 1
= = < 1. 19
d?"l' dT’i 1 - - ( )

The feature that the Coen (1969) firm-level elasticity with Cobb Douglas is always weakly less
than -1 clearly distinguishes it from the Hall and Jorgenson (1967) “neoclassical benchmark”. The
inequality is strict as long as a > 0.

It is instructive to arrive at equation (18) by instead starting from equation (12) and iterating
in a cobweb adjustment process. Thus, suppose a firm starts with capital K;, and output Y,
satisfying equations (12) and (15), implying Ko = (aA;o/R:)"" 7). At date 0, the log user cost
r; falls by an amount A. To ease exposition, temporarily let A4;; = 1 Vt. If the firm uses the

static updating rule given by equation (12) and changes its capital stock only periodically at dates

t=1,2,..., its capital and output will evolve over time as:
Horizon ki Yis
0 ki o vkio
1 log v+ vkig — (r; — A) L7

2 loga + v (loga + vkio — (ri = A)) — (1 = A)  vkio

t>0 Yhiog+ S _ " (loga — (r; — A)) ki

The cobweb adjustment process sheds additional light on the Coen (1969) critique of Hall
and Jorgenson (1967). Hall and Jorgenson analyzed tax reforms by applying only step 1 of the
iterative process, yielding the elasticity —1. Coen correctly noted that iterating fully would yield
the elasticity — lim; oo 5, 7" = —1/(1 — 7). Hall and Jorgenson (1969, p.369) replied that
with constant returns to scale in the revenue function, @ + f = 1, the parameter v also equals
1 and the full firm-level elasticity becomes infinite, implying “serious shortcomings” of the Coen
approach. While the statement that constant returns implies an infinite elasticity is true, an

alternative perspective is that the coexistence of firms facing different user costs sheds light on the

12



degree of returns to scale at the firm level. Furthermore, and as discussed in detail in Section 5,

this issue disappears for aggregate analysis since aggregate labor is not infinitely elastic.

2.4 Constant Elasticity of Substitution (CES) Across Steady States

The Hall and Jorgenson (1967) and Coen (1969) elasticities generalize under more general CES
production. Thus, now define F' (K;,, L;;) in equation (1) as:

(a+8)n

n—1
F (K, Liy) = ((aj‘_ﬁ) Ki;l/” + (a’%ﬁ) Ll{t”n) L, a>0,>0,n>0,a+08<1.

(20)

Here o + 3 still determines the returns to scale in the revenue function, while 7 is the elasticity of

substitution between capital and labor. Using (O‘:Tﬂl)” —-1= (O‘WJF_’?" (1 + (O:B")», the derivatives of
this function are:

Fi (Kiy, Liy) = aF (Kiy, Li,) o Kj, (21a)

Fy (Kip, Lig) = BF (i, Liy) @50 L7 (21b)

Substitute equation (21a) into equation (9) relating the marginal product of capital to the user

cost to obtain (see e.g. Eisner and Nadiri, 1968):
Ase (Vi) A) @ K, 7 = R, (22)

The generalized Hall and Jorgenson (1967) user cost elasticity associated with equation (22) is:

Ok;
81“1»

=y = —1]. (23)

Next solve for the Coen (1969) specification. Define of = R;K;/Y; and g = W,;L;/Y; as the
steady state revenue shares of capital and labor, respectively. Take logs and implicitly differentiate

equation (22) with respect to r; and rearrange:

dk; 1—n \ oy 1\
(e n) 2

Substitute equation (21b) into equation (6a) with the wage fixed (to derive the partial equilib-

rium firm-level elasticity), take logs and differentiate to obtain 0y;/0k; (see equation (A.2)), and
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substitute this expression into equation (24) to find the generalized Coen (1969) elasticity (see

equation (A.3)):®

dk; 1—5ZF<77+C%Z>
dri:_ l—a-p

(25)

With n = 1, equation (25) simplifies to —(1—3)/(1—a—pf) = —1/(1—7) as in equation (18). Away
from 1 = 1, the degree of returns to scale in the revenue function governs how far equation (25)
differs from equation (18). As a + 5 — 1 (constant returns to scale), n ceases to matter and the

Coen (1969) elasticity diverges to negative infinity.

2.5 Adjustment Costs

Summers (1981) and Hayashi (1982) analyze quadratic adjustment costs in capital. The sub-
sequent literature has emphasized more complicated adjustment costs including over investment
rather than capital (Christiano, Eichenbaum and Evans, 2005) or fixed or irreversible costs of
adjustment (Abel and Eberly, 1994, 1996; Caballero and Engel, 1999; Caballero, 1999; Cooper
and Haltiwanger, 2006; Winberry, 2021). Without disputing the importance of these features, the
motivation for this article is that the empirical literature has sometimes erred in relating moments
to parameters even in the most “vanilla” setting.

The quadratic adjustment costs take the form:

(L )
o (Ii,ty Ki,t) - § K -0 Ki,t7 (26>
it

with: @7 (L, Kiy) = ¢ (Liy/Kip —9),

Qe (Lig, Kig) = (Lig, Kig) [ Kip — (Lie/ Kit) Pr (L, Kiy) -

Substituting the expression for ®; (1;¢, K;,) into the investment necessary condition (6¢) yields

the Summers (1981) equation:

1, 1
’ — _ . 2
Ki,t 6 + ¢Q’l,t? ( 7)

Aig = PF(1=Ti) i

1—7'@'7,5 1_7-1'7&

where: Q;; = — PEQy,. (28)

8The derivation also uses the result that the sum of revenue shares equals the returns to scale of the revenue
function, af + 8 = o+ B (see equation (A.1)).
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The recognition of the difference between the market value of an additional unit of capital, A;; (see
equation (7)), and the tax-adjusted replacement cost, PX (1 —I';;), as a determinant of investment
dates to Brainard and Tobin (1968). The ratio of these values is referred to as Brainard-Tobin’s

q. The definition of @ in equation (28) is a transformation of this concept.

2.6 Coen (1969) in the Short-run

The linearized dynamic transition path links the cross steady state firm-level results to short-run
empirical specifications. To that end, define the mapping from capital to revenue net of labor

costs:
Gi,t (Kz',t) = IYLl_’dX Ai,tF (Ki,t7 Li,t) - WtLi,ta (29)

where G (K;;) has concentrated out labor using the first order condition (6a). Under Cobb-
Douglas Gy (Kir) = (1 — 3) Ai K, (see equation (15)); more generally the i, subscripts on the
G function reflect the dependence on technology and the wage. Importantly, G;; (K;,) inherits
the concavity of equation (1), with in particular G, (Ki;) = A Fre (K, Liy).?

Imposing quadratic adjustment costs, the system (6b) and (6¢) takes the form:

}\i,t =(p+0) N — (L —7) (G;,t (Kit) — @k (44, Ki,t)) ; (30a)
o (N — (1 —Ty) PE
K= ( — K. (30D)

Take a Taylor expansion in the neighborhood of the steady state (see Appendix A.2 for details):

) p ( ) G7 (K3) p | (31)
Ky Ki/(¢(1—m)) 0 Ky — K;

Consider a permanent tax change at date 0 that, in keeping with this section’s partial equilib-

rium perspective, affects only firm 7.!° Using the approximation kiv — ki = (K;r — K;)/K;, for an

9Using equation (6a) and defining H;;(K;;) = L;; as the mapping from capital to labor,
Gii(Kip) = AiiFr (Kig, Lit) + (AioFL (Kig, Lig) = W) H , (K t) = AiiFie (K, Liyg), and GY (Kip) =

Ait (FKK (Kity Lit) + Frr (Ki, Lig) Hi , (Ki4)* + 2Fkr, (Kiy, Liy) H., (Kzt)>

10A reform affecting all firms would involve changes in aggregate variables such as the wage. These changes
would appear as additional forcing terms in equations (32a) and (32b) and contribute to the regression intercept
in the Coen (1969) specifications reviewed in Section 3.
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initial condition £;, the solution is:

Aig — X = ¢ (1 —73) (ko — ki) xeX*, (32a)
kiﬂf —k; = (ki,O - kz) €Xit, (32b)

v = P (Y G K
where: x; = 5 \/<2) 5 <0 (33)

is the stable eigenvalue of the system.'! Implicitly differentiate the capital first order condition

Gl (Kit) = A Fre (Ko, Liy) = R; with respect to R; at the steady state and rearrange to find:

G (K) K dk;
= Zi ) i .
R dn

Substitute into equation (33):

P p\2  (dk\"'R;
Xi_ﬁ‘\/(i) —<dr,.> 2 <0 (34)

where dk;/dr; is the Coen (1969) elasticity in (18) or (25).

We can now state the key short-run results. The derivative of k;; with respect to 7; in equa-

tion (32b) gives the elasticity of capital along the transition path:

dk; o~ dk;
0 — (1 — Xt =, 35
d?”i ( ¢ ) d?"l' ( )
The response of log net investment k” is given by the time derivative of equation (32b):
7 Kl t IZ t .
ki = C = — )= zkz —kfz Xlt. 36
it K, K Xi (Kio )e (36)
The semi-elasticity of I; o/K; o to the user cost after ¢ periods is therefore:
dl; /Ky it ki
— = = —yeXit—, 37
d?”i © d?”i ( )

In particular, the short-run semi-elasticity is —y;dk;/dr;.
The result that the eigenvalue y; scales the short-run response of the investment rate to the

long-run elasticity of capital depends on the assumption of convex adjustment costs. Section 4

1 Auerbach (1989) first derives the partial adjustment form of the transition path as in equation (32b). The
formula (34) differs slightly from Auerbach’s due to my assumption that adjustment costs are fully immediately
depreciable from income. Auerbach (1989) and Auerbach and Hassett (1992) also allow for transitory tax policy
changes, in which case k; depends on both current and future tax policy.
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Figure 1: Impulse Response of @ and [/K

(a) Qi+ and its Components (b) Ii+/Kip—9
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Notes: In Panel (a), the dotted red line shows the absolute value of the change in the tax term €2, the solid blue line
shows the response of the market value of installed capital A/(1 — ), and the solid purple line shows the response
of Q. Panel (b) shows the percentage point increase in the investment-capital ratio /K.
will use this fact and the definition (34) to recover ¢ given other parameters. It merits mention
that with more complicated adjustment costs one can still characterize the shape of the impulse
response function and relate the short-run and long-run elasticities, although not necessarily as a
closed form function of parameters (Chodorow-Reich et al., 2025).

The statement that a finite firm-level elasticity implies diminishing returns to scale in revenue
does not carry over to the short-run elasticity. Take the Cobb-Douglas case for simplicity, in which
dk;/dr; = —1/(1 — ) (equation (18)). Apply L’Hopital’s rule to x;/(1 — ) (see equation (37)):

lim d 1,0/ 2,0 — lim Xi _ Rz

y—=1 dry =11 — 7y _,o_gb' (38)
In the knife edge case of constant returns to scale, the short-run semi-elasticity contains no in-
formation about the long-run elasticity. The exact functional form of the limit depends on the
functional form of adjustment costs.

Figure 1 plots the transition path of the components of @), and I, ;/ K, o in response to a change
in Q;; due to more generous expensing. The top dotted line in Figure 1(a) shows the absolute
value of the change in {2, which in this example falls by 2.5p.p., roughly the difference between

0 and 100% expensing of equipment at the current marginal tax rate and depreciation schedule

(Chodorow-Reich et al., 2025). The remainder of the calibration is illustrative but realistic: the
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production function is Cobb-Douglas with @ = 0.25, 3 = 0.65, a depreciation rate 6 = 0.1, a
discount rate p = 0.06, and adjustment cost parameter ¢ = 1.5. The middle line shows that Q);,
jumps up at date 0, but by less than the reduction in €;;. Arithmetically, A;; must then jump
down, as shown in the bottom line. Figure 1(b) shows that investment jumps above the new long
run steady state value and converges toward it from above.'? In this example the log change in
Q;; is -2.4% and v = 5/7, implying a long-run increase in investment of 2.4%/(1 — v) = 8.4%
(see equation (18)), or a level change of 0.84p.p. of initial capital given § = 0.1. Furthermore,
Xi ~ —0.15, giving [, o/ K;o — 0 = —x; X 8.4% = 1.24% of Ky (see equation (37)), equal to the

date 0 value of the impulse response shown in Figure 1(b).

3 A Reanalysis of Empirical Findings

This section reviews empirical estimates of the effect of taxes on capital and investment across
firms or asset types. Section 3.1 considers the Summers (1981) specification and relates empirical
estimates to the adjustment cost parameter ¢. Section 3.2 reports variants of the Coen (1969)
specification and relates empirical estimates to the long-run capital elasticity dk;/dr; and the
short-run scalar given by the eigenvalue x;. Section 3.3 reviews hybrid specifications. Section 3.4
considers variants of the Eisner and Nadiri (1968) specification and relates empirical estimates
to the elasticity of substitution 7. Section 3.5 reports asset-level specifications. Section 4 further
relates the Coen (1969) specifications to primitive parameters, sometimes with the use of auxiliary
information. As all of the regression specifications apply to individual units or asset types, they
omit the effect of common changes to aggregate factor prices. Section 5 addresses this “missing
intercept” problem and characterizes aggregate elasticities.

The set of papers builds on Zwick and Mahon (2017, table B.8). I restrict analysis to firm or
asset-level studies relating investment to changes in corporate tax policy. Bond and Van Reenen
(2007) review estimates of investment-related parameters using other sources of variation or struc-
tural methods. To keep the analysis manageable, with one exception I also restrict to results using

U.S. data.’® T do not devote space to critiquing research designs. Most share the approach of using

12This qualitative pattern is not generic; with ¢ large enough A; ¢ can jump up and investment can converge to
its long-run value from below.

13Recent articles using non-U.S. data include Maffini, Xing and Devereux (2019); Guceri and Albinowski (2021);
Harju, Koivisto and Matikka (2022); Link et al. (2024); Lerche (2025).
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changes in tax law that have heterogeneous effects across industries or firms. Hence, they rely
on the units most exposed to the changes in taxes not also being differentially exposed to other
common shocks. My interpretation of the cross-sectional results further assumes that tax changes
specific to an individual firm or asset type do not cause firm or asset-specific changes in input
prices, as such changes would contribute to the regression residuals.'*

For readers less interested in the details of individual studies, each sub-section concludes with

a paragraph summarizing the evidence.

3.1 Estimates of the Summers (1981) Specification

Because it explicitly applies at short horizons, a straightforward specification is the Summers

(1981) equation:

Liy/Kiy 1 = (I)/K’Q + bi/K7QQi,ta (39)
where @);; is defined in equation (28). Lemma 1 formalizes the interpretation of b{/ K9 using
equation (27):

I/KQ _

Lemma 1 In the environment of Section 2.5 with quadratic adjustment costs in capital, plim b}

1/¢, where ¢ scales the adjustment cost in equation (26).

Table 1 reviews empirical estimates.

Summary. The implied values of ¢ of roughly 50 found in Cummins, Hassett and Hubbard
(1994) and Desai and Goolsbee (2004) seem implausibly high; they suggest that a firm could pay

1.15 The literature has interpreted the

more than $1 of adjustment costs per dollar of new capita
small coefficients shown in Table 1 (and earlier in Summers (1981) in the time series) as reflecting
attenuation bias stemming from measurement error in the A component of (), including the diffi-

culty of measuring the marginal rather than average value of a unit of capital. Cummins, Hassett

14See House and Shapiro (2008) for a joint analysis of investment and its price in response to bonus deprecia-
tion. Because their setup assumes a temporary tax change, I do not include it among the studies reviewed below,
acknowledging here that whether the onset of bonus depreciation in 2001 was viewed as transitory or permanent
policy matters to the interpretation of analyses of that episode. In general, better measurement of firms’ expecta-
tions of the persistence of tax policy would be an important step forward in refining the user cost changes during
particular episodes and hence in comparing across some of the studies reviewed below.

15An additional failure of estimation of equation (39) concerns the absence of a theoretical rationale for a
regression residual, suggesting the R? should be one.
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Table 1: Estimates of the Summers (1981) Specification

Article Table Estimating Data Variation by (s.e.) fmplied
(col.) equation )
Cummins, Compustat Firm-level with year
Hassett and 3(2) Li/Kit—1 = angual and firm FE and by = 596
Hubbard bo +b1Qi ¢ 1953-1938 control for cash flow 0.019 (0.001)
(1994) (het. SEs)
Firm-level
Cummins, first-differences IV
Hassett and 7 L /Kiy—1 = Global Vantage using €2, ; and by = 15
Hubbard bo +b1Qi ¢ USA 1987 lagged I; 1/ K; 1—1 0.650 (0.077) :
(1996) and cash flow (het.
SEs)
. . Four-digit SIC with
Gooibee 1) B Ut geradimiE S
it ] . .
(2004) 1962-2003 control for cash flow

and Hubbard (1996) use tax variation as an excluded instrument to address the measurement

error and find a much larger regression coefficient and implied value of ¢ of 1.5.16

3.2 Estimates of the Coen (1969) Specification

Table 2 reviews articles that estimate variants of the equations:

Coenk,r Coenk,r
kir = by + by log €2+ + €4,

logl;; = b

Coenlog I,r

Coenlog I,
+ 077" B Tog Q4 + €44,

Ii,t/KLt—l _ bgoenl/K,r + b?oen[/K,r IOg int + €t

Coenl /K,Q2 Coenl/K,Q2
Liy/Kii—1 =10y + by Qs+ ey,

Coenl/K,R Coenl /K,R
L /K1 =10y + by R+ eiq,

log -[i,t

_ bgoenlogl,z + b?oenlog 1,z

Zit + €i¢

(40a)
(40b)
(40¢)
(40d)
(40¢)

(40f)

Specifications (40a) to (40f) all relate firm capital or investment to the tax term €2;;, user cost

R; 1, or depreciation allowances z;;, as defined in equations (4), (9) and (10). They are estimated

in differences, with firm fixed effects, or by first purging the left and right hand sides of date t — 1

expectations.’

7

16Technically, their excluded instrument is the variable szt defined in equation (41). As discussed there, the
identifying variation is simply the tax term €2; ;.
170One can formally define the regression residuals in equations (40a) to (40f) as functions of changes to idiosyn-
cratic productivity or components of the user cost besides the tax term, such as capital goods prices. If by is
heterogeneous, the Lemmas also require that the heterogeneity be uncorrelated with the regressor.
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Lemmas 2 to 5 map these specifications into the long-run Coen (1969) elasticity dk;/dr; or its
short or medium-run counterpart also involving the eigenvalue y;. Equation (40a) across steady

states directly mirrors equations (18) and (25):

Lemma 2 In the environment of Section 2.3 with Cobb-Douglas production across steady states,
plim b = dk;/dr; = —1/(1 — 7), where v = «/(1 — 8) as in equation (17). In the general
CES case, plim b ™" = dk; /dr; = — (M)

l—a—p

Lemma 2 also applies to equation (40b) estimated across steady states, since dlog I; = dk;. The
long-run elasticity plim by°™*" = dk; /dr; will appear throughout the remainder and I will usually
drop the plim for compactness.

Equations (40a) to (40f) are also frequently estimated at shorter horizons. Let k(h) and I(h)
denote log capital and investment h periods after a tax change; for compactness, continue to use

the shorthand k& = k(oco) when no explicit argument for A is given. Using equations (35) and (37):

Lemma 3 In the environment of Section 2.6 with quadratic adjustment costs in capital, equa-
tion (40a) estimated h periods after a tax reform recovers plim bC*FMW" = (1 — exih) pyomor
where x; is the stable eigenvalue given in equation (34). Using dl;o/Ki;o = ddlogl;y, equa-

tion (40b) estimated immediately after a taz reform recovers plim b8 O7 — _ (v, /§) pCoerhr

and equation (40c) recovers plim b O/ — _y pCoenkr

Equations (40d) to (40f) require additional steps since their regressors are €2, R;;, or z;,
respectively, rather than log€2;; as in equations (40a) to (40c). Equation (40d) appears close
to the Summers specification (39); both specifications have I;;/K;; 1 on the left hand side and
they differ only in whether the regressor includes the component \;;/(1 — 7;) in Q;¢. From
the perspective of equation (39), this difference has an interpretation of omitted variables bias in
equation (40d), since the tax change also causes a change in \; ¢, as shown in Figure 1. The correct
interpretation of equation (40d) therefore comes from equation (37) after rescaling the regression
coeflicient by €, ,, since equation (37) and Lemma 3 relate [;;/K;, to the log rather than the level

of the tax term. A similar interpretation applies to equation (40e):

Lemma 4 In the environment of Section 2.6 with quadratic adjustment costs in capital, equa-

Coenl(0)/K,Q (1/Ql)pllm blCoenI(O)/K,r _

tion (40d) estimated immediately after a tax reform recovers plim by =
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— (/%) b and equation (40e) recovers plim blcoml(o)/K’R = (1/R;)plim blcoenl(o)/K’r =

— (xs/R:) b . Equation (40¢) estimated h periods after a taz reform recovers plim by

—(xs/ Ri)eXehby o
Finally for equation (40f):

Lemma 5 Assume the environment of Section 2.6 with quadratic adjustment costs in capital.

Using dz = (=) 55 = — (125 dlog (1~ T), plim b0"™"O% — (3,/6) (r/ (1 - ) b,
also using Lemma 3, plim b"*"™* ™" = _ (7/(1 = T) (1 —exit) by

Table 2 reports estimates of variants of equations (40a) to (40f) as well as my best attempt to
standardize and compare the regression coefficients. As described in Lemmas 2 to 5, this process
involves up to two steps. Step one applies standard manipulations such as multiplying or dividing

by the sample mean of the regressor to transform investment coefficients estimated h periods
CoenI(h)/K,r

after a tax change into the semi-elasticity b, and capital coefficients into the elasticity
b M Step two relates these objects to the long-run Coen (1969) elasticity b = dk;, /dr;

and the eigenvalue Y.

The setup in Cummins, Hassett and Hubbard (1994, table 5) requires additional commentary.
Cummins, Hassett and Hubbard (1994) is a landmark, comprehensive analysis of firm-level in-
vestment around major U.S. tax reforms and is among the most prominently-cited articles in the
literature and for policy analysis. They motivate their first main specification (equations (10)-(11)
in their paper with results shown in their table 5) as a variant of the Summers (1981) specification
in (39), but setting the regressor to QM — Ei,t,léw, where:

- Aa— PEL(1-Ty)

it — ’, 41
Qi — (41)

)

and E;,_; is an expectation operator implemented by projecting on lags of investment, cash flow,
and a time trend. The purging of lagged information using E;;; is innocuous (it isolates the
shock). The definition of QM as including A;;_o, however, instead of \;; as in equation (28),
changes the interpretation of their regression in a manner unrecognized at the time or since.
Cummins, Hassett and Hubbard (1994, p.30) describe this substitution as intended to “focus on the
tax surprise” given the possibility of measurement error in the A component. Yet, this substitution

also removes the endogenous response of A;; to tax changes. Furthermore, the purging of lagged
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Table 2: Estimates of the Coen (1969) Specification

Article ’(1;1?1; E:(gﬁ;?itéﬁg Data Variation b (s.e.) Transformation
Cummins, . ..
Hassett and 5 Lt/ Kiy1 = Compustat f&;@;legfga%rsgc&r;% b x Q (Lemma 4), lagged Q from table 1 and
Hubbard (1994) bo + b1Q; 4 annual P SEs) : figure 1
major reforms
1963 0.874 (0.23) Q= 1.35; —pCoenl(O/Kr _ pCoenkr _ 18
1973 0.47 (0.095)  Q=1.30: bCOC“HO)/K’“ = bComET = 0,61
1982 0.599 (0.10)  Q=1.11": bC"e“I(W Kor — ypSoenkr — 0,66
1987 0.613 (0.09) Q=131 bCO‘”” O/Kr — ypSoenkr — 0 80
Cummins . L
’ Compustat Firm-level projecting
Hassett and L+ /K11 = .
9 X o annual out expectations (het. —b x R (Lemma 4), R = 0.25 (p. 43):
Hubbard (1994) bo +b1R; equipment SEs)
major reforms
1963 -0.605 (0.14) —p{oent O/ Ky pCoenkir _ g 15
1973 -0.546 (0.14) _pSoent O/ K _ yCoenkir _ g 14
1989 _0.757 (019) bCoenI(O)/Kr _ Xb?ocnk,r —=0.19
1987 -0.747 (0.23) bCO‘m’ 0K — ypCoenkr — .19
Cummins, ) ) _ Firm-level projecting b x Q (Lemma 4), Q = 1.21 (Cummins,
Hassett and 6 lia/ i1 Gl({?g}x\%%t? 8¢ out expectations (het.  0.603 (0.086) Hassett and Hubbard, 1994):
Hubbard (1996) bo + b1Qit SEs) _pCoen O/Kor _  pCoenkir _ g 73
. o Four-digit NAICS with bxd(1—7z) /7 (Lemma 5),
Miﬁéff{g&?n bloifgfzf SOL corporate year and firm FE 2 =0.907,6 = 0.1 (table 2), 7 = 0.35
0 P1%e P (cluster firm) (statutory):
3(1 Pooled 3.69 (0.53) —pPoen (/Ko _ g Coenkir ) 79
6(1 Small firms 6.29 (1.21) _pPoen (/K _ g Coenkir _ 4 93
6(2 Large firms 3.22 (0.76) —b(ljocnl(o)/K’r = ngoe“k’r =0.63
b><A2001,2011Az§P33(z),z>P33(z) Xx—(1—7z)/T
) (Lemma 5),
Curtis et al. ki = by + Census ASM . 0.1047 _
2(3) i =70 J Long-difference A2001,2011A2< Py (2),2> Pys () = 0.034,
(2021) by Iz < Pss(2)]  CM 2001-2011 (0.0192) z = 0.84 (Appendix B), 7 = 0.35 (statutory):
b?oenk(lo),r _ (1 . elOX) b?oenk,r — 621
. . Firm-level in —bx4§ (Lemma 3), 6=0.1 (ZWICk and
Chodorow-Reich 3(3) log I, = SOI C-corporate first-differences (het. -4.27 (0.51) Mahon, 2017):

et al. (2025)

bo+b1log €2; ¢

sample, 2015-19

SEs)

_bgoenI(O)/K,T _ Xb?ocnkﬂ” = 0.427

Kennedy et al.
(2022)

Li /K1 =
6(3) bo+b1log €; ¢

SOI corporate

sample,
2013-2019

Instrument using
C-corp. indicator x
post-2017 (cluster firm)

0.445 (0.070)

—b (Lemma 3):

_bICoenI(O)/K,r _ ngoenk,'r — 0.445




information essentially removes the \;;_» term from the regressor altogether. As a result, their
specification in fact is equation (40d) except with —€;, as the regressor, and Lemma 4 applies.
The Cummins, Hassett and Hubbard (1994, p. 30) interpretation of their results in terms of the
magnitude of adjustment costs is therefore incorrect. Rather, focusing on the years with major

o : Coenl(0)/K, k,
tax reforms, their estimates map into values of —by ™ O/Fr — pCoenkr

ranging from 0.66-1.18.
Cummins, Hassett and Hubbard (1996, table 6) implement the same specification and find a value
of 0.73.

Cummins, Hassett and Hubbard (1994, table 9) estimates equation (40e). Using Lemma 4,

bSO T ranging from 0.14 to 0.19 for major tax reform years,

these estimates map into values of x
notably smaller than the values implied by their table 5. This difference is surprising, since the
specifications should differ only in that the regressor in equation (40e) is R/ = (p+¢) multiplied
by the regressor in equation (40d). If p + ¢ were fixed across firms and ignoring the differences
between their Q and 2, then plim b?oen[(o)/ KR — plim b?oen[(o)/ K215+ 6). Instead, Cummins,
Hassett and Hubbard (1994) obtain coefficients of similar magnitude. One possible explanation
is attenuation bias; Cummins, Hassett and Hubbard (1994) use firm-specific p based on bond
yields and ¢ based on book capital. If these values have measurement error, the estimation of
blcoenl(o)/ KR will be attenuated. Alternatively, the difference may stem because their table 5 uses
total investment while their table 9 uses equipment investment in the dependent variable.

Zwick and Mahon (2017) study the introduction of bonus depreciation in the early 2000s. Their

bR booling over all firms is

specification is equation (40f). Applying Lemma 5, the implied x
0.72. They also find important hetergeneity, with xb$°™" = 1.23 for smaller firms and 0.63 for
larger firms.

Curtis et al. (2021) also study the introduction of bonus depreciation but look at outcomes after

b?oenk,r _

10 years. Using Lemma 5, their estimate for log capital translates into a value of (1 — e1%X)
—6.21. This number is not however directly comparable to the estimation in Zwick and Ma-
hon (2017) as the Curtis et al. (2021) sample contains only manufacturing firms. For values of
X C (1, 1.8) (see Section 4 for discussion of these values), the Curtis et al. (2021) coefficient implies
Xb$OT C (0.98,1.34).

Chodorow-Reich et al. (2025) and Kennedy et al. (2022) study variation induced by the TCJA.
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Using firm-level variation for C corporations without international presence (to avoid complications
from the TCJA’s changes to international taxation), Chodorow-Reich et al. (2025) implement
equation (40b). Applying Lemma 3, their regression coefficient translates into xb{°*" = 0.427.

Kennedy et al. (2022) compare C and S corporations, as the corporate rate cut in TCJA
applied only to the former. Their specification is equation (40c). Applying Lemma 3, their

regression coefficient translates into yb{°™" = 0.445.

Summary. Comparing across the implied values of —plimb ! (O/Fr — y pCoenkr

in Table 2 gives
the contours of the Hassett and Hubbard (2002) range of -0.5 to -1 for the short-run response.
However, I report values for the semi-elasticity of investment, not the elasticity; rescaling the
values in Table 2 by I/K would imply much larger elasticities. This difference does not reflect
uniformly larger responses of investment to the more recent episodes of bonus depreciation and
the TCJA than the earlier studies reviewed in Hassett and Hubbard (2002). Rather, in several
cases my re-analysis contains adjustments to earlier estimates. The table also contains notable
extremes. Cummins, Hassett and Hubbard (1994, table 9) implies values for xb%°"*" below
0.2. This study estimates equation (40e) with R;; as the main regressor, however, and thus has
the concern of attenuation bias stemming from the non-tax component of the user cost. Only
Cummins, Hassett and Hubbard (1994, table 5, 1963 and 1987), Zwick and Mahon (2017, small
firms), and Curtis et al. (2021) find values above 0.75. A central tendency range of -0.25 to -0.75

therefore summarizes empirical evidence of the Coen (1969) cross-firm short-run semi-elasticity of

investment to the user cost.

3.3 Estimates of Hybrid Specifications

Motivated by the possibility of measurement error in A\, Desai and Goolsbee (2004) and Edgerton

(2010) split @ to allow different coefficients multiplying the X;;/(1 — 7;;) and €2;; components:'®

i i >\7, ri
]i,t/Ki,t—l _ bgybnd + b?bndﬁ + b121yb sz‘,t + Ciy. (42)
— Tit

This split is formally an over-identification test of the Summers (1981) specification, which requires

b1 = —by. If this condition fails, however, no clear structural interpretation of either coefficient

18This exercise was first proposed by Caballero (1994) in his published comment on Cummins, Hassett and
Hubbard (1994).
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Table 3: Estimates of the Hybrid Specification

Table Estimating

Article . Data Variation by (s.e.)
(col.) equation
Lit/Kit1 = Four-digit SIC with
Desai and bo + b1 it + U.S. Compustat year and firm FE b =
Goolsbee (2004) 8(1) pyQeduipment annual (cluster by firm); 0.0231 (0.0011), by =
) e 1962-2003 includes control for ~ —0.8895 (0.3173)
b3ﬁ structures tax term
Four-digit SIC with
year and firm FE
I/ K; _ North America (cluster by firm); b —
bt/ 5 ni-l Compustat includes control for L=
Edgerton (2010)  3(2) bo + b1 Ais + e al bl 0.038 (0.001), by =
., Qeduipment annua non-taxable status, " g6 (0.323)
2350 1967-2005 its interaction with
Q; +, and structures
tax term

exists:

Lemma 6 In the environment of Section 2.5 with quadratic adjustment costs in capital, plim b?yb”d =

—plim bgy””d = 1/¢, where ¢ scales the adjustment cost in equation (26). In the limit where \;;

b 1Coenk T

is only noise, plim b’ = 0 and plim b}’ = — (x; ) plim as in Lemma 4. If \iy

contains both signal and classical measurement error and Cou(\; 4, $2i1) < 0, then |plim bgyb”ﬂ >
|plim b{/K’Q].

Summary. In practice, Desai and Goolsbee (2004) and Edgerton (2010) find much larger (in
absolute value) coefficients multiplying the €;; component and near zero coeflicients multiplying
Ait/(1 —7;4). Desai and Goolsbee (2004) incorrectly interpret this result as the coefficient multi-
plying €;, providing a more accurate measure of adjustment costs.' While the interpretation of
phbrid

hybrid
b2

attenuation bias affecting may be correct, it does not follow that then recovers the

adjustment cost parameter. In the extreme case where measurement of \;;/(1 — 7;;) results in
only noise, the regression instead recovers the Coen (1969) elasticity. Applying this interpretation
and using 2 = 1.25 (see Table 2, Cummins, Hassett and Hubbard (1994, table 5)) would imply

XbO"M 2 0.7, in the range of values found in Table 2.

YDesai and Goolsbee (2004, p. 315): “the model predicts that these coefficients should be of the same magnitude
as those on tax-adjusted q [\ in my notation], but of opposite sign. Here, instead, the coefficients on the equipment
tax term are considerably larger. With measurement error in q, the coefficient on the tax term may provide a more
realistic estimate of the true coefficient. Such a coefficient is considerably closer to 1 and, consequently, corresponds
to more realistic estimates of adjustment costs.”
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3.4 Estimates of the Eisner and Nadiri (1968) Specification

Table 4 reviews articles that estimate variants of the equations:

Fio="bp 0T+ by 4+ by Ny + e, (43a)

A(kiy —yit) = boE_NCRS + beNCRSTi,t + bE‘NCRS (Kig—1 — Yig—1) + b?NCRSATi,t + €4, (43b)

H H
Lig)Kip—1 = by NPEM Z b]i_hNDLMATi,t—h + Z by VM Ay n + e, (43c)
h=0 h=0
ki, = GENECM | pENECM,. | pB-NECMy o pENECMp
H—1
+ ) (O AR+ 05 M Ay n) + €y (43d)
h=0

Two key features distinguish equations (43a) to (43d) from the Coen (1969) specifications. First,
the inclusion of firm log revenue y;; as a second regressor or the capital-output ratio as the
dependent variable. Second, the explicit focus on long-run outcomes either by estimating only
across steady states or through inclusion of dynamic terms. As a result, they identify the elasticity
of substitution 7. Equation (43a) estimated across steady states is the most straightforward

application. Using equation (22):

Lemma 7 In the environment of Section 2.4 with CES production, equation (43a) estimated

E-Nk,r
1

across steady states recovers plim b — —n and plim by ™" =1+ (1 =n) /(o + B).

To take the Cobb-Douglas case for simplicity, comparing Lemmas 2 and 7 shows that controlling
for Y or not changes the steady state elasticity from —1 to —1/(1 —~), which may be much larger
than —1 in absolute value.?

Chirinko, Fazzari and Meyer (2011) implement equation (43a) by differencing across five-year
averages of firm-level capital and tax-adjusted user cost. Treating the different five-year periods
as distinct steady states, they find an elasticity of substitution of = 0.367 and near constant (in

fact, increasing) returns to scale in the revenue function of o + § = 1.135.

20At short horizons, equation (22) still holds for a suitably defined user cost R;; that includes the marginal
adjustment costs. In this case, the appropriate control is the output y; ; in the period in which the capital is used.
Thus, with time-to-build that delays the effect of investment on output, the appropriate Eisner and Nadiri (1968)
specification control is future output. Of course, this specification also requires r; ; rather than the steady state r;
as the main regressor and capital rather than investment as the dependent variable, making clear the differences
between Coen (1969) and Eisner and Nadiri (1968) specifications even at short horizons.
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8¢

Table 4: Estimates of the Eisner and Nadiri (1968) Specification

Article Table Estlma.tmg Data Variation b (s.e.) Transformation
(col.) equation
Caballero, Engel Ab(kf{_tb_ yi’tl_: LRD 2-digit SIC industry, by /by (Lemma 8): n C [~0.01, 2]
and Haltiwanger Fig. 4 (% 175t n manufacturing constrain by, ba, b3 Not reported 1/02 {Le (r?leaﬁj—l_) o
(1995) 2 %;—Alr Yit—1 1972-1988 by 2 digit sector =
it
2-digit SIC industry,
Lit/Kiv1 = Arellano and Bover Z bip =
Chirinko, Fazzari  4(orth. bo + Compustat (1995) orthogonal -~ _&=is 7046 2opbin ot =
and Meyer (1999) dev.) ZH by w AT+ annual deviation estimator S bog = (1 Zh bl ) Zh (b1,n + ba.p)
Y : h=0 “LASTL = 1981-1991 with H = 2 for by, 0 209(3 %72) (Lemma 9): 1 = 0.26,a+ < 0
Yoo b2,n AYit—n H =4 for by,
control for cash flow
Differences of
averages over .

Chirinko, Fazzari 101) kiy = Compustat + 1972-77, 1978-84, 0 36?%0_068) by —bi,a+B8=(14+b)/(b1+ b )
and Meyer (2011) bo-+bi7s ¢ +boys, DRI 1972-1991 1985-91, S0T(0.U59), (Lemma 7): n=0.367,a+ B = 1.135
, : 5091, 0.925(0.038)

tax-adjusted user
cost from DRI
- by =
A H(()%F;inmsifldt 9-digit industry,  —0.606(0.107), 7= —by/(1—bs),a+ B = ba/(1 — bs)
Dwenger (2014) 5(1) 0 b 1 ”__‘i accountin control lag changes by = (Lemma 10):
%y;ét_—l data) 1987_2%07 in 7 and y 0.406(0.075), by = n=0.935a+ 8 = 0.623
3R -1 0.352(0.067)




Equations (43b) to (43d) reflect alternative approaches to allowing for non-instant adjustment
of capital to its desired level in annual panel data. Caballero, Engel and Haltiwanger (1995)
estimate the cointegration model (43b) using data from the U.S. manufacturing sector. They
motivate a steady state relationship between the capital-output ratio and user cost by starting
from a Cobb-Douglas production function and an ad hoc coefficient scaling the user cost. Thus,
instead of k; — y; = log a — r; (see equation (12)), they assume k; — y; = log a — cr; for a scalar c.
One can instead rigorously derive this relationship by starting from CES with constant returns to

scale (see Appendix B):

Lemma 8 In the environment of Section 2.4 with CES production and constant returns to scale

in the revenue function, o+ 8 = 1, equation (43b) recovers n = bF-NCES [pE-NCRS

They find implied values of 1 between 0 and 2 across 2 digit manufacturing industries, with a
mean 7 of 1.

Equations (43c) and (43d) also do not impose the quadratic adjustment cost environment of
Section 2.5. Instead, they make alternative ad hoc assumptions about how investment or capital
depends on lagged values of “desired capital”, denoted by K, and defined as the solution to

equation (22) taking Y;; as given. Chirinko, Fazzari and Meyer (1999) show (see Appendix B):

Lemma 9 Assume [;;/K;;—1 = 6 + Ztho wrAk}, 4, where ZI?:O wp, = 1. Then in the envi-

ronment of Section 2.4 with CES production, equation (43c) recovers Y r_, by = —n and
H 5 1-
ST BENDLM | Lo

Chirinko, Fazzari and Meyer (1999) analyze variation in the user cost due to tax changes and

other factors. Their preferred specification uses lagged values as instruments (Arellano and Bover,

1995). They find an elasticity of substitution n = 0.26 and negative implied returns to scale.?!
Dwenger (2014) is the lone exception to this section’s focus on results using U.S. data. The

reasons are that this study has featured prominently in the U.S. policy debate (see e.g. Council

2llustrating some of the difficulties in comparing across studies, Chirinko, Fazzari and Meyer (1999, pp. 69-
71) directly compares their results to Cummins, Hassett and Hubbard (1994) without taking account of either
the difference between the distributed lag specification in Chirinko, Fazzari and Meyer (1999) and the one-year
specification in Cummins, Hassett and Hubbard (1994) or the importance of controlling for firm revenue. The same
comparison is made in Chirinko (2008).
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of Economic Advisers, 2019; Congressional Research Service, 2024; Council of Economic Advis-
ers, 2025) and that it offers a methodological critique of and alternative to the distributed lag

assumption in Chirinko, Fazzari and Meyer (1999). Dwenger instead shows (see Appendix B):

Lemma 10 Assume k;; = ¢k;—1 + Ztho wnki; . where ZhH:O wp = 1—¢. Then in the environ-

ment of Section 2.4 with CES production, equation (43d) recovers bF-NFCM /(1 — pE-NECMY — _p
and bg'hNDLM/(l _ bg-NECM) =n+ OI;TZ

Dwenger (2014) estimates equation (43d) using German data and finds n = 0.935, o+ 3 = 0.623.%2

Curtis et al. (2021) also merit mention in a discussion of the elasticity of substitution. As
described above, they estimate a 10 year firm-level response of log capital to bonus depreciation.
They also estimate the 10 year response of log employment and find a response as high or higher
than the capital response. Across steady states, equations (6a), (9), (21a) and (21b) give dk;—d{; =
—n (dr; — dw). If dw doesn’t vary across firms due to a common labor market and the 10 year

response reflects the new steady state, then this result implies an elasticity of substitution n < 0.

Summary. Insummary, estimates of the Eisner and Nadiri (1968) specification holding revenue
fixed yield values for the elasticity of substitution between capital and labor stretching from 0.3

to the Cobb Douglas value of 1.

3.5 Estimates of Asset-Level Specifications

All of the studies reviewed so far use variation at the level of the firm or industry. An alternative

approach uses variation and outcomes at the asset class level:
Ij,t/Kj,t—l _ ngsset I/K,R + blAsset I/K’RRj,t + e, (44)

where the index j rather than 7 indicates asset rather than firm-level analysis.

The interpretation of b?mt /KR hinges on the degree to which asset types correspond to specific

industries. Insofar as they do, the variation in equation (44) mimics a Coen (1969) industry-level

22 Again illustrating the difficulties in comparing across studies, Dwenger (2014, pp. 162-163) includes a literature
review of “the user cost elasticity” that discusses quantitative results in Eisner and Nadiri (1968), Auerbach and
Hassett (1992), Cummins, Hassett and Hubbard (1994, 1996), Caballero, Engel and Haltiwanger (1995), Chirinko,
Fazzari and Meyer (1999), Chirinko, Fazzari and Meyer (2011), and Hassett and Hubbard (2002) without accounting
for the key specification differences across these studies in whether they control for output or not and the adjustment
horizon. Council of Economic Advisers (2019, 2025) and Hartley, Hassett and Rauh (2025) likewise compare without
adjustment the results in Cummins, Hassett and Hubbard (1994) and Dwenger (2014).
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analysis and Lemma 4 applies. If instead all industries use all types of capital with common,
constant elasticity of substitution across asset types, then equation (44) more closely resembles an
Eisner and Nadiri (1968) specification with substitution across capital types rather than between
capital and labor. (In this case the regression intercept plays the role of controlling for total
output.) However, because Lemma 7 relates long-run variation in log capital to the user cost,
equation (44) does not afford easy interpretation in this case. U.S. Bureau of Economic Analysis
(2025a) provides asset-by-industry data for 74 industries and 94 asset types. For the median asset
type, roughly half of economy-wide capital of that type concentrates in one industry. For the
median industry, close to 40% of its capital is of one type. These concentration levels may support
a Coen (1969) interpretation but also suggest prudence in comparing to firm-level analyses.
Table 5 reports results from two studies using asset-level variation. Auerbach and Hassett
(1991) analyze investment patterns across asset classes after the 1986 reform and find assets
with larger declines in the user cost had larger increases in investment.?® Applying a Coen (1969)
interpretation, their coefficient implies yb°™*" = 0.15, below the range established in Section 3.2.
Hartley, Hassett and Rauh (2025) use variation induced by the TCJA and report separate
regressions for changes in the investment-capital ratio from 2016 to each year in 2018-2023. Ap-
plying a Coen (1969) interpretation, their 2018 coefficient translates into xb°™"" = 0.35. Dividing
each horizon’s rescaled coefficient by eX* and averaging across their coefficients for 2018-2023, for
x C (1,1.8) the translated values imply yb{°™" C (0.51,0.65), in the upper-middle part of the

range shown in Table 2.24

Summary. Interpretation of asset-level specifications hinges on the degree to which asset types

correspond to specific industries. Compared to the Coen (1969) estimates reported in Table 2, the

ZBosworth (1985) is the first article of which I am aware to examine the cross-sectional pattern of investment
following a tax reform. It reported correlations of investment surprises and tax changes and concluded that non-tax
forces dominated investment in the years after the 1981 and 1982 tax changes.

24Hartley, Hassett and Rauh (2025, abstract) conclude that their results are “larger than prior estimates of the
responsiveness of investment with respect to the user cost of capital.” Their conclusion differs from mine because
they compare their asset-level regression coefficients to estimates of the elasticity of substitution between capital
and labor based on the Eisner and Nadiri (1968) specification in Dwenger (2014) and Bitros and Nadiri (2017), as
well as to only Cummins, Hassett and Hubbard (1994, table 9) in Table 2 (Hartley, Hassett and Rauh, 2025, p.13).
They also compare their implied elasticity dlogI;/dr; of -1.8 to -3.3 (obtained from multiplying their regression
coefficients by the sample average of R/(I/K)) to a value of -0.7 reported in Congressional Budget Office (2018b).
As discussed in Section 5.5, CBO applies that value to compute the elasticity holding output fixed and subsequently
allows capital to adjust as output increases; it thus cannot be directly compared to an asset-level specification.
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Table 5: Estimates of Asset-Level Specifications

Table Estimating

Article (col.)  equation

Data Variation b (s.e.) Transformation

Asset level

(43

Auerbach and ' _ o BEA weighted by “bx R (L 4). R = 0.226 (A dix B):
Hassett 7(3) I’b’t/thE‘ - equipment by investment, -0.82 (0.26) 8 (Asiz?rlrz(?)/l)(Zr éoenk,(r ppendix B):
(1991) 0+ b1l e asset type 1987 projecting out —b = X0y =0.15

expectations
Hartley, _ _ _ . Asset-level in
Hassett and Lign/Kipgn-1 = BEA Fixed differences from —b x R (Lemma 4), R = 0.2058 (Appendix table 2):

Rauh (2025) bo + b1 Ry Asset Tables 5016 (het. SEs)

1(2) 2018 -1.689 (0.890) —ppeset HO/KO).r _ y jCoenkir _ 35

1(3) 2019 -1.057 (0.847) —ppeset TIKWr _ y expCoenkor _ () 99
1(4) 2020 -1.115 (1.113) _ppeset IAK@)r _ o e2xpCoenkr _ ) 93
1(5) 2021 -2.873 (1.166) —ppeset IO/KE).r _ y gaxploenkr — 59
1(6) 2022 -3.053 (1.180) —ppsset TR gaxpoenkr _ 63
1(7) 2023 -1.282 (1.154) _ppeset TG KE).r _ o edxpCoenkr — ) 96




asset-level studies translate into values in the lower or middle part of the range.

4 Implied Parameters

This section asks what light the empirical evidence summarized in Section 3 can shed on primitive
parameters. For this purpose, I consider a “representative” firm and do not index parameters with
1. I externally calibrate the labor share of revenue * = 0.65 and for simplicity set § = 5*. Where
necessary, | also set the discount rate p = 0.06 and the user cost R = 0.2. While these values
may have changed over time, I view the sampling uncertainty in the empirical studies as likely to
swamp variation due to changes in these parameters and it facilitates comparisons to keep them
fixed.?> This leaves the following parameters: the adjustment cost scalar ¢, the revenue elasticity
of capital @ = o, and the capital-labor substitution elasticity 7.

Table 1 reviewed studies that estimate the adjustment cost parameter ¢. Using tax variation
as an instrument, Cummins, Hassett and Hubbard (1996, table 7) found a value ¢ = 1.5. The
other studies found much larger values, but may suffer from attenuation bias.

Table 4 reviewed studies that estimate the capital-labor substitution elasticity n. Values ranged
from 0.3 to above 1, with 0.9 being from the most recent study. By comparison, Chirinko (2008)
reviews both tax and non-tax based approaches and argues for a value between 0.4 and 0.6 while
Knoblach, Roessler and Zwerschke (2020) conduct a meta-analysis and argue for a value between
0.5 and 0.9. Congressional Budget Office (2018b) uses a value of 0.7, while Council of Economic
Advisers (2019, 2025) use a value of 1.

Table 2 reviewed studies estimating variants of the Coen (1969) elasticity. For a long-run spec-
ification, these translate immediately into functions of «, 5, and 7. For a short-run specification,
these also involve the eigenvalue x given in equation (34) and hence the adjustment cost parameter

¢. Using equations (34) and (37) and Lemma 4, for example:

2 (dk,\ 'R dk;
=~ (2 (2)E) o (4. o

where dk;/dr; is given by equation (25).

25For example, the corporate labor share in the U.S. has trended down from roughly 0.65 in the 1980s to 0.6 in
the 2010s (Karabarbounis and Neiman, 2014), the cost of debt has declined (Gormsen and Huber, 2023), and the
user cost has declined due to a shrinking tax term.
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Two approaches exist to infer primitive parameters from the short-run coefficients. One ap-
proach, pursued in Auerbach and Hassett (1992), assigns values of «, /3, and 1, which collectively
characterize dk;/dr;, and backs out ¢ using equation (45). The alternative, pursued in Chodorow-
Reich et al. (2025), sets y directly, recovers the implied long-run coefficient and the parameter
values «, 3, and 7, and backs out ¢ using the expression for y in equation (34). The drawback of
the second approach is that x is not a deep structural parameter (in fact it depends on policy—see
equation (34)). The advantages are: (i) calibration of y can incorporate external information on
adjustment costs and transition dynamics such as from moments of the firm investment distribu-
tion, (ii) the ratio of the short-to-long-run elasticity is a portable statistic that continues to apply
under more complicated adjustment cost models than quadratic costs, and (iii) the transparency
of setting x directly allows readers to easily substitute their own preferred rescaling.

Figure 2 presents implications for a and ¢ under both approaches, taking as inputs various
combinations of —b{ ™ O/Er — ypCoenkr “y “and 5. The figure contains “trees” based on repre-
sentative values for the short-run semi-elasticity of the investment-capital ratio to the user cost
XbO™ T in Table 2: xbS°™" € {0.25,0.5,0.75}. The Auerbach and Hassett (1992) “branches”
assume a Cobb-Douglas revenue function with constant returns to scale, « + = n = 1, such
that equation (38) applies and ¢ = p/ (Rxb?oenk’r) The Chodorow-Reich et al. (2025) branches
consider x € {0.1,0.14,0.18} and n € {0.5,1}. The values of x have the interpretation of the
scaled ratio of the short-run to long-run impulse response shown in Figure 1(b). In that figure’s
calibration y = 0.15, with an impact response of 1.24% and long-run response of 0.84% yielding
a ratio of y/d = 1.5. Thus, a value y = 0.1 implies a flat impulse response while x = 0.18
implies a more steeply declining impulse response function.?® The values of n € {0.5,1} span the
Cobb-Douglas value of 1 and a lower elasticity of substitution as found in some of the studies in
Table 4 and in the meta-analysis by Knoblach, Roessler and Zwerschke (2020).

Figure 2 contains several lessons. To start, the long-run Coen (1969) firm-level elasticity of

b1C0enk,'r

capital to the user cost, , is always below -1 and sometimes substantially so. Equation (18)

showed this inequality analytically in the Cobb-Douglas case, but it does not necessarily carry

26Chodorow-Reich et al. (2025) argue that y = 0.14 is a plausible value based on calibrations of firm-level
adjustment costs such as in Winberry (2021). Their analysis focuses on the ratio of the short-to-long run elasticity
x/d. Using § = 0.1, this ratio is 1.4, consistent with their analysis of Winberry (2021).
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Figure 2: Coen (1969) Specification Implied Parameters
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Notes: Each “tree” starts from a value for the short-run semi-elasticity of I/K to the user cost 7 of xby°™*". The
“branches” either set the total returns to scale a4+ 8 and elasticity of substitution between capital and labor 7 to 1
or values for the short-to-long-run ratio x and for . The “leaves” give the implied values for the revenue elasticity
of capital o and the adjustment cost scalar ¢.
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over to the CES case, where small enough n and « can make the long-run elasticity close to
zero. For the mid-point short-run semi-elasticity of investment and the values of 7 considered,
the long-run elasticity is around -3 or below. This conclusion highlights the difference between
the long-run Coen (1969) elasticity and the elasticity of substitution between capital and labor
and associated “neoclassical benchmark” of -1. Notably, it does not depend on the assumption
of quadratic adjustment costs, but only the existence of some plausibly-valued scalar relating the
short and long-run elasticities.

Coenk
Second, a short-run value of yb;*™""

= 0.25 can imply quite low values of the capital revenue
elasticity . For xb ™" e {0.5,0.75}, the implied values of v range from 0.22 to 0.35 and the
values of ¢ vary between 1 and 2.5. The upper bound for o comes from the constant returns to
scale specification; in the remainder, o ranges from 0.22 to 0.31. This range implies total returns
to scale a+ 3 between 0.87 and 0.96, not too far from constant returns. The fact that ¢ does not
vary with 7 follows from equation (34), which shows that x depends only on p, R, b{°"" and ¢.

Third, the values of o vary only slightly with n within a y branch of a tree. This result obtains

because in these trees the total returns to scale are not too far from one (see equation (25)).

5 From Cross-sectional Studies to Aggregate Investment

This section explores what the parameter values found in Section 4, based on firm or asset-level
regressions, imply for the aggregate long-run elasticity of capital to the user cost as well as the
effect on aggregate output and wages. The firm-level and aggregate elasticities differ because
in partial equilibrium the neoclassical firm faces flat factor supply curves, taking the wage as
fixed, while in general equilibrium, factor supply curves may slope up.?” Section 5.1 derives the
general equilibrium Coen (1969) user cost elasticity and provides values consistent with the cross-
sectional evidence. Section 5.2 shows that the aggregate user cost elasticity scales with the share of
economic activity in the corporate sector for changes to corporate taxes only. Section 5.3 extends
the analysis to allow for the interest rate or capital goods price to respond to higher investment

demand. Section 5.4 gives formulas for the tax revenue response and shows that the dynamic

2"Following this logic, if firms have monopsony power and face upward-sloping labor supply curves, the gap
between the cross-firm and general equilibrium user cost elasticities of capital is reduced. Kennedy et al. (2022)
and Curtis et al. (2021) both test for and find no evidence that their treated firms increase wages for most workers
relative to control firms, despite their increasing relative employment.
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component does not fully counteract the mechanical revenue loss in the current low tax regime of

the U.S. Section 5.5 compares these results to the approaches in leading policy models.

5.1 The General Equilibrium User Cost Elasticity in the Neoclassical
Model

Interest in the long-run aggregate elasticity dates to Hall and Jorgenson (1967), who as noted
assumed an elasticity of capital of -1 and no effect on output. Their reply to the Coen (1969)
critique anticipates some of the inconsistencies of subsequent approaches: “Another question which
could be asked is the general equilibrium one: What were the overall effects of tax incentive
policies, assuming no alternative compensatory policy? The answer waits for the development of
a satisfactory model of general equilibrium in the United States economy” (Hall and Jorgenson,
1969, p. 394).

In fact, under some simplifying assumptions the Coen (1969) elasticity has an analytic general
equilibrium counterpart. Thus, maintain the following assumptions in addition to the environment

considered in Section 2:
1. Aggregate labor is fixed.

2. The economy consists of a large number of identical firms, all of which face the same tax

schedule.

3. Firms face possibly downward-sloping demand curves with price elasticity of demand M /(M —
1) > 1: dy;y = —dpit/(M — 1), where P, is the firm’s output price (and recall that Y;; is

the firm’s revenue).

Assumption 1 holds for example with balanced growth path preferences. Assumptions 1 and 2
together imply that each firm’s labor input remains the same before and after a tax change.
Assumption 2 also allows the dropping of ¢ subscripts from parameters; I keep ¢ subscripts on firm-
level variables to distinguish them from aggregates without ¢ subscripts. Totally differentiating

the revenue function (1) across steady states and using the necessary conditions (6a) and (9) and
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Assumption 3 gives the firm’s physical output across steady states:*

I will sometimes refer to M as the markup, as it equals the equilibrium markup when firms have
price-setting power.?

Start with the Cobb Douglas case. The key insight to solving for the general equilibrium
user cost elasticity directly is that that while the partial equilibrium revenue elasticity of capital
holding the wage fixed is v = «/(1 — 8) (see equation (15)), the general equilibrium output
elasticity holding labor fixed is Ma (see equation (46)). Let Y denote real aggregate corporate
value-added. The Coen (1969) general equilibrium user cost elasticity follows from applying the

chain rule using equation (46) to equation (12):

dk ay dk 1
dr g et X G =TT T Mg S (47)

Equation (47) gives the general equilibrium version of the Coen (1969) elasticity under Cobb-
Douglas. I will refer to it as the Barro and Furman (2018) elasticity as these authors use it (with
M = 1) to model the aggregate effects of the TCJA.>Y Moving from the Coen (1969) elasticity
identified from cross-firm responses to the Barro and Furman (2018) general equilibrium elasticity
therefore requires relating v to Ma.

Similar calculations give the Barro and Furman (2018) general equilibrium elasticity with CES
production. Specifically, using the general equilibrium output elasticity in equation (46) in the

implicit user cost elasticity (24) gives:

dk _ IR/ VS S R (a+8)n
dr‘((”mw)n)M n) @id)-(-(-a-pnia B

28That is: dy; = dY = 4 FK(I;, Lo K dK + A FL(f/( oL )LdL + a; = afdk; + BFdl; + a;. Setting o = o™, f = B,
and using Mdy; = dyZ — dp; gives equatlon (46). '

29Gome of the studies reviewed in Section 3 exploit industry-level variation. In this case, the cross-sectional
elasticities may still reflect downward-sloping demand even if no individual firm has price-setting power and charges
a markup. Hence equations (47) to (50) still apply for an appropriately-calibrated demand elasticity.

30Barro and Furman (2018, with M = 1) and Chodorow-Reich et al. (2025) both discuss versions of equation (47).
The remaining results in this section are new, including the extension to CES with markups and non-constant
returns to scale in the revenue function in equation (48), the extension to two sectors in Section 5.2, the analytic
framework for crowd-out in the non-tax component of the user cost in Section 5.3, the revenue elasticity results in
Section 5.4, and the quantitative explorations.
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The output and wage elasticities follow from equation (46) and the first order condition (6a)

A F(K;, L;) = W using equation (21b) and d¢ = 0:

dy dk

% = Ma x %, (49)
dw 1—n dy

— =14 —7 —.

e DA g

Importantly, output here refers to corporate value-added, since corporate taxes do not apply
to output of the government, non-corporate, or household sectors. These formulas thus assume
either uniform taxation of all output or full segmentation of labor markets across these sectors
(see assumption 1), as otherwise the corporate sector could pull in labor. Section 5.2 relaxes this
assumption.

Using equations (48) to (50), Figure 3 gives values for the aggregate long-run elasticities of
capital, output, and the wage consistent with the short-run cross-firm evidence. For concreteness, I
consider values a € {0.22,0.26,0.3,0.34} (see Figure 2) and the equilibrium markup M € {1,1.2}.
I continue with a labor share § = 0.65 and the elasticity of substitution n € {0.5,1}.

Several lessons again emerge. First, under Cobb Douglas, the long-run Barro and Furman
(2018) elasticity is always below -1, ranging from -1.3 to -1.7. This range is notably tighter than
the range of partial equilibrium long-run Coen (1969) elasticities, which varied between —1.1 and
—oo in Figure 2 (or —1.1 and —7.5 away from the constant returns case). The reason is that labor
is a fixed factor in general equilibrium, which dampens the overall response. The elasticity of -1.6
used in the actual Barro and Furman (2018) article falls inside this range, illustrating again the
difference between a general equilibrium elasticity and the “neoclassical benchmark” of -1.3!

Second, the capital and output elasticities are smaller with n = 0.5, about half of their values
with Cobb Douglas. Qualitatively, as the elasticity of substitution between capital and labor
declines, the fixed factor of labor generates faster decreasing returns to capital accumulation.
Quantitatively, with constant returns in the firm’s revenue function, a + 3 = 1, the Barro and
Furman (2018) elasticity (48) simplifies to —1/(1 — Ma) and hence scales with 7. The empirical

evidence from Table 2 requires values of « large enough that this approximation roughly holds.

31Barro and Furman (2018, table 3) use a capital share of income of o = 0.38 and no markup, implying an
elasticity of —1/(1 — 0.38) = —1.61. Their table 5 reports their analysis of TCJA. In the case with permanent
provisions, the user cost change is dlogQ = —7.8% and the change in capital is 12.7% (they report this as K/L
but aggregate L is fixed), which gives a ratio of —1.62.
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Figure 3: General Equilibrium Elasticities
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Notes: Each “tree” starts from a value for the revenue elasticity of capital a. The “branches” set the markup M
and the elasticity of substitution between capital and labor 77. The “leaves” give the implied values for the long-run
general equilibrium user cost elasticity of capital, output, and the wage.
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Third, although capital and output respond much less when 7 is smaller, the wage elasticity is
quite similar. Qualitatively, while capital responds less when 1 < 1, the wage responds more per
unit of capital. Quantitatively, with constant returns in the firm’s revenue function the general
equilibrium wage elasticity simplifies to —Ma/(1 — Ma) and hence does not depend on 7.

Fourth, the general equilibrium elasticities are increasing (in absolute value) in the markup M.
In partial equilibrium and fixing the returns to scale in the production function, a higher markup
reduces the Coen (1969) elasticity because it lowers the returns to scale in the revenue function.
Fixing the Coen (1969) elasticity as estimated in the data, however, a larger markup requires a

larger output elasticity, increasing the general equilibrium response.

5.2 The General Equilibrium User Cost Elasticity with 2 Sectors

In many countries including the U.S., businesses have a choice of legal form of organization.
Changes to the corporate tax rate apply only to firms incorporated as C-corporations. These firms
accounted for 43% of private sector employment in 2022 (U.S. Census Bureau, 2022), making it

of interest to relax assumption 2. Thus, modify assumption 2 to:

4. The economy consists of a C-corporate sector and non C-corporate sector, each of which
consists of a large number of identical firms. Firms exogenously choose their sector. The

production function parameters «, 3, and 1 and technology A are common across the sectors.
5. Workers are indifferent between the two sectors.

Assumption 4 ensures that starting from ex ante identical taxation, firms in the two sectors look
identical.??

Let i € {c,n} index variables for the C-corporate and non C-corporate sectors, respectively.
Assumption 5 requires that the wage equalizes across sectors, with the labor market clearing
condition L, + L, = L. Let w. = L, / L denote the share of labor in the C-corporate sector and
set M =1 for notational simplicity. Let £ =1 + (al—;g)—n Applying the first order conditions (6a)
and (9), the CES revenue function derivatives (21a) and (21b), the output elasticity formula (46),

and the labor market clearing condition across steady states with changes in the user cost of dr,

32In fact, C-corporations have higher average capital per worker and productivity. The results in this section
therefore serve as a benchmark without these differences as well as without an endogenous choice of corporate form.
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and dr,,, respectively, gives a linear system of 7 equations in the 7 unknowns dw, dk;, d¢;, dy;:

dw = Edy; — %d&-, i€{e,n}, (51a)

dr; = Edy; — %dki, ie{c,n}, (51b)

dy; = adk; + pdl;, i € {c,n}, (51c)

dl, = — (1 - “’C) de,,. (51d)
We

In addition, dr = w.dz. + (1 —w.)dc, for x € {k,f,y}. The solution is (see equations (A.8)
to (A.10) and (51c)):

= () e (524)
Cclzl;: = <(a T ﬁnfng - 1) ZZ’ (52b)
)
i (i) i (524)
R )
;lffz - a;lfz - iji. (52f)

Figure 4 repeats Figure 3 in the economy with two sectors, starting from initial symmetry. The
presence of the non C-corporate sector without a tax change makes the responses of C-corporate
capital and output larger, as the sector can pull in labor. This response is offset however by
the decline in the non C-corporate sector. Locally, the responses of aggregate capital, labor, and
the wage simply scale their counterparts in Figure 3 by the factor 0.43 of initial activity in the
corporate sector.®® For example, the elasticity of the wage to the C-corporate user cost is in the

range of -0.1 to -0.2.

33With ex ante differences, there would be additional gains or losses from the reallocation of activity. The scaling
also only applies locally; in the limit with constant returns to scale, the C-corporate sector would immediately take
over the whole economy after a tax cut and Figure 3 would apply with no scaling factor.
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Figure 4: General Equilibrium Elasticities with Two Sectors
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n=0.5 dk/dr. = —0.31,dy/dr. = —0.09, dw/dr. = —0.19
a =0.30

n=1.0 dk/dr. = —0.61,dy/dr. = —0.18,dw/dr. = —0.18

n=0.5 dk/dr. = —0.33,dy/dr. = —0.11,dw/dr. = —0.22
a=0.34

n=10 dk/dr. = —0.65,dy/dr, = —0.22, dw/dr, = —0.22)

Notes: Each “tree” starts from a value for the revenue elasticity of capital . The “branches” set the elasticity of
substitution between capital and labor 1. The “leaves” give the implied values for the long-run general equilibrium
user cost elasticity of corporate capital, corporate value added, and the wage. In all branches the markup is set to
M =1 and the share of labor in the C-corporate sector is set to w, = 0.43.

5.3 The General Equilibrium Tax-term Elasticity in the Neoclassical
Model

The general equilibrium elasticities summarized in Figures 3 and 4 apply to changes in the user
cost. As a result, they apply holding fixed the non-tax component (p + §)PX when the tax term
Q= (1-T)/(1 —7) changes. However, the non-tax component could change endogenously, due
to crowd-out from an upward-sloping savings curve that makes p a function of K or an upward-
sloping capital supply curve that makes PX a function of K. Let ¢ = d [log(p+ 0) + p*]/dk
denote the inverse supply elasticity.

Figure 5 summarizes the equilibrium inclusive of any changes to the non-tax component of
the user cost. The vertical axis is the log of the non-tax component. The downward sloping lines
have slope dk/dr. A decline from  to ' < Q shifts the schedule to the right by the amount
dk/dr x dlog€. With ¢ = 0, this shift gives the total effect of the tax change. With { > 0,
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dk/dlog is reduced. Algebraically, the equilibrium is the solution to the system of equations:

Capital demand: dk = (dk/dr)d [log (p + &) + p™ +log Q] ,
Capital supply: d [log (p + 0) + pK] = (dk,
dk /dr
Equilibrium: dk = ——————dlog ().
quilibrium T C(ak/dr) 0g

Figure 5: General Equilibrium Tax Elasticity

log(p—|— (5) +p5r

A

Y d[log(p + 5) + pK]

£y —

N dk

dk/dr(Q) s _dk/dr{(Q) . )
\ AY \\ AY 7

The total general equilibrium capital elasticity to a tax change therefore combines dk /dr found

in Figure 3 or Figure 4 with a value for . In an infinite horizon Ramsey economy or a small open

economy facing a world interest rate, the interest rate p does not depend on investment. Moll,

Rachel and Restrepo (2022) suggest a semi-elasticity of savings to the interest rate of 50, implying

C=1/(p+6)x1/50 = 0.125 using p+ 6 = 0.16 and P¥ = 1. This value provides an upper bound

for the response to corporate tax changes, since corporate capital is only about 40% of the total

capital stock. Goolsbee (1998) finds a large response of capital goods prices to tax incentives.

House and Shapiro (2008) and House, Mocanu and Shapiro (2022) dispute this conclusion, with

House, Mocanu and Shapiro (2022) finding that the Goolsbee (1998) result disappears with revised

data or in longer samples and arguing instead that dp® /dk =~ 0.
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5.4 The General Equilibrium Elasticity of Tax Revenue in the Neo-
classical Model

Steady state corporate tax payments are 7 (Y — WL) — T'[.3* Adding labor tax payments with a

tax rate 77, setting I = 0K, and using the labor first order condition (6a), total taxes T" are:

Corporate taxes=CT Labor tixzceszLT
T =7(A(F(K,L) - Fy, (K,L) L) — 02K) + 7“AFy, (K,L) L. (53)

Let CT and LT denote corporate taxes and labor taxes, respectively. Start with changes in
the corporate rate 7. It is convenient to express taxes paid as a share of baseline corporate revenue
Y. For notational simplicity, let M = 1. The semi-elasticities of corporate, labor, and total taxes

to the corporate tax rate are (see equations (A.14) and (A.15)):

1 dCT cT dk oB* 20K

— = — —— where: = (1= 6% — - — 4
Y x dlog T Y +CCleog7" wheres cor T(a ( f) ok Y )’ (54a)
1 dLT dk op*

v X W = CLTW7 where: ¢;p = 77 (a*ﬁ* + 061{: ) , (54b)
1 dT cT dk

— X = — + (CCT + CLT) (540)

Y dlogr Y dlog T’

and where 05*/0k = <(a1;g)n> a*B* denotes the semi-elasticity of the labor share of revenue to a
change in capital, holding labor fixed (see equation (A.11)).

The first term in equation (54c), CT/Y, gives the mechanical effect of a change in the tax rate
holding the corporate and labor tax bases fixed. The coefficients cor and cpr give the feedback
from additional capital to corporate and labor taxes, respectively. The change in the corporate tax
base when capital increases equals the change in output, a*dk, multiplied by the share of output
accruing to owners of capital, (1 — 3*), less the change in the labor share when capital increases,
0p* |0k x dk, less the additional depreciation deductions z0dK. The change in the labor tax base
equals the change in output multiplied by the labor share, S*a*dk, plus the change in the labor
share. The coefficients cor and ¢ multiply the changes in the corporate and labor tax bases by

their respective marginal tax rates. These coefficients therefore also apply to dynamic changes in

capital induced by changes in z, while the mechanical effect in that case is instead the tax rate

34To streamline the analysis, this sub-section assumes uniform taxation of all business income, which with abuse
of terminology I refer to as the corporate tax system. In the notation of Section 5.2, 7. =7, = 7 and 2., = z, = z.
It also ignores payout taxes (e.g. dividend taxes) and the transition path. See Chodorow-Reich et al. (2025) for a
quantitative evaluation of TCJA incorporating these features.
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applied to steady state investment —77/Y":

1 dT Tl dk

v X $:_7+(CC’T+CLT> E (55)

In 2024, corporate taxes equaled roughly 4% of corporate value added, CT/Y = 0.04 (U.S.
Bureau of Economic Analysis, 2025b6). This value has remained remarkably stable since the 1980s,
as a rising corporate profit share has offset a declining tax rate. Thus, the mechanical reduc-
tion in revenue from a 10% decline in the corporate tax rate is roughly 0.4% of corporate value
added. For 7 = 0.18, z = 0.85, 7% = 0.28 (all approximately values for the average U.S. firm or
worker in 2024), and values of « between 0.22 and 0.34 and n € {0.5,1}, the dynamic component
(cor + cpr) dk/dlog T offsets less than 10% of the mechanical decline in revenue (see Figure A.1).
Alternatively, this range of parameter values implies a dynamic offset of between 25% and 45% of
the mechanical revenue decline when 2 increases.

The result that the dynamic growth effects of corporate tax cuts do not outweigh the mechanical
revenue losses reflects the current, relatively low tax corporate regime in the U.S. Higher values
of 7 or, especially, lower values of z could alter this conclusion. Several other caveats apply: these
neoclassical formulas do not take account of international capital mobility and profit shifting,
changes in corporate form in response to tax changes, or differences in the discounting of future
depreciation allowances by firms and the government. They also do not incorporate higher interest
payments if the interest rate increases (see Section 5.3), which may be non-trivial when the debt-

GDP ratio is large.

5.5 Existing Policy Approaches

Major policy institutions routinely provide estimates of the effects of changes to corporate taxation
on capital and output. I close this section by reviewing these approaches, in order to provide
context for the merits and demerits of the neoclassical approach.

Council of Economic Advisers (2019, 2025) follow Hall and Jorgenson (1967). Council of

Economic Advisers (2019, p. 68) describes their method:

Calculations yield an estimated decline in the average user cost of capital of about 9 percent. Assuming
a consensus user-cost elasticity of investment of -1.0, a 9 percent decline in the average user cost of
capital would induce a 9 percent increase in the demand for capital. Following Jensen, Mathur,
and Kallen (2017), it is then possible to use the Multifactor Productivity Tables from the Bureau of
Labor Statistics in a growth accounting framework to increment the Congressional Budget Office’s
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10-year GDP growth projections by the additional contribution to output from a larger capital stock,
assuming constant capital income shares, until we attain a new steady state.
This approach differs in three important ways from the analysis above. First, it follows Hall
and Jorgenson (1967) in applying the “neoclassical benchmark” elasticity of -1.0 without allowing

13> Second, the “consensus user-cost

for feedback from higher output back into higher capita
elasticity” of -1 differs from my preferred range and relies in part on studies such as Dwenger
(2014) that estimate the Eisner and Nadiri (1968) specification.?® Third, it does not explicitly
account for the non C-corporate sector.

Congressional Research Service (2024, pp. 16-17) likewise follows the Hall and Jorgenson (1967)
approach of omitting feedback from higher output into higher capital. They apply an elasticity of
0.6 based on an average of Dwenger (2014) and a comparable study finding a smaller Eisner and
Nadiri (1968) elasticity. Thus, both Council of Economic Advisers (2019, 2025) and Congressional
Research Service (2024) use smaller elasticities for aggregate capital than found in Figure 3 in part
because they take only the first step of the cobweb adjustment process, as originally critiqued by
Coen (1969).

The Congressional Budget Office (CBO) first applies an aggregate Eisner and Nadiri (1968)
investment elasticity of -0.7 to a user cost change holding output fixed (Congressional Budget
Office, 2018a,b). The value of -0.7 comes from CBO’s own analysis and is compared to the Hassett
and Hubbard (2002) range of -0.5 to -0.1 (Congressional Budget Office, 2018b, p. 3), despite
that range coming from studies mostly estimating the Coen (1969) specification across firms and
at short horizons. CBO then inputs the change in investment into its macroeconomic model
featuring feedback from output into investment as well as crowding out due to higher interest

rates and inelastic labor (using an elasticity of labor supply of 0.2).37

35The phrase “until we attain a new steady state” may seem to imply such iteration, but it does not. Jensen,
Mathur and Kallen (2017) link to a spreadsheet that fully documents the method. Starting from a baseline path
of investment from 2017 forward, investment in each year is increased by 9% relative to the baseline path. This
alternative path of investment implies an alternative path of capital using the perpetual inventory relationship
K11 = (1 —90)K; + I;. Multiplying the additional capital by the capital-income share gives the increase in GDP
in each year.

36See the literature review in Council of Economic Advisers (2019, p. 58). In addition, Council of Economic
Advisers (2019, p. 58) refers to Cummins, Hassett and Hubbard (1994, 1996) as finding “an estimated long-run
elasticity of the capital stock of -0.67”, despite these articles using short-run variation. See Table 2 and Figure 2
for my re-analysis of these studies.

37The CBO macroeconomic model combines a short run with demand-determined output with a long-run Solow-
type growth model. In the short run, higher investment boosts demand and causes GDP to increase relative to
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The CBO method offers an especially useful contrast to the neoclassical approach. Their
mandate requires obtaining a transition path incorporating aggregate demand forces not present in
a neoclassical setting. Furthermore, evaluating macroeconomic effects using a common framework
facilitates comparisons with evaluations of other policy changes. At the same time, the complexity
of the CBO method comes at the cost of computational transparency; because CBO also evaluates
several policies together, no easy quantitative comparison exists between the long-run effects of a

tax policy change in CBO and the numbers reported in Figure 3.

6 Conclusion

Some of the most exciting current work in firm-level dynamics incorporates rich heterogeneity in
production technology, product differentiation, and market size. How firms respond to changes in
the cost of investment or taxation of profits can provide key moments to discipline these models
(Koby and Wolf, 2020). The empirical literature has focused on tax reforms as a particular good
laboratory to measure these responses. These episodes also offer direct evidence to policy makers
considering further changes to corporate taxation.

The interpretation of this body of empirical work requires properly relating the empirical
moments to theory parameters. As frequently occurs in macroeconomics, such structural inter-
pretation has particular import in settings such as tax policy where the difficulty of assigning
causality in the time series and the infrequent nature of tax reforms lead empiricists away from
directly estimating the key objects of interest to policy makers, in this case the long-run effect on
aggregate capital and wages of an aggregate tax policy change.

In this paper I have attempted to re-connect the modern empirical literature studying firm-
level responses to tax reforms to the neoclassical theory of investment. The variety of empirical
specifications and looseness of terminology have sometimes hampered this endeavor, resulting in
improper comparisons across studies. After accounting for these differences, I find a range for the
short-run semi-elasticity of the investment-to-capital ratio to the user cost of -0.2 to below -1, with
most values in the more compact range of -0.25 to -0.75. The mid-point of this range implies a

revenue elasticity of capital of 0.22 to 0.35 and total returns to scale in the firm’s revenue function

potential. In the long run, higher output increases aggregate savings which then results in even higher capital,
similar to the cobweb adjustment process described in Section 2.3.
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of 0.87 or above. In general equilibrium, the aggregate long-run elasticity of capital to its user cost
consistent with the short-run cross-firm evidence ranges from -1.3 to -1.7 with Cobb-Douglas and
otherwise roughly scales from there with the elasticity of substitution between capital and labor.
The elasticity of the wage to the user cost ranges from -0.3 to -0.7. These elasticities all scale by
a factor of about 0.4 for changes to the user cost in the C-corporate sector alone.

My analysis has remained squarely inside the conventional neoclassical theory of the firm fac-
ing convex adjustment costs of capital. Recent work has increasingly enriched this framework,
including estimation of the extensive margin of adjustment (Chen et al., 2023), substitution elas-
ticities with multiple types of labor (Curtis et al., 2021), and extending the framework to include
intangibles (Crouzet and Eberly, 2023) or a multinational setting (Chodorow-Reich et al., 2025).

The framework given here may provide a benchmark for comparing to these papers as well.
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Table A.1: Notation Summary

Symbol Definition Description Eq.
K, Firm capital input
L; Firm labor input
Y+ A F (K4, Lit) Firm revenue (1)
Ly Ki++0K;+ Gross investment (2)
Zit Present value of depreciation allowances (4)
Tit Corporate tax rate
Ty it s+ TitZit Effective subsidy to cost of new investment (3)
p Discount rate
) Depreciation rate
PE Common price of new investment
W, Common wage
it Marginal value of unit of capital (7)
R; (p+ ) PK (11:1;> Steady state user cost 9)
Q4 % Tax term (10)
o Cobb Douglas elasticity of revenue to capital (11)
B Cobb Douglas elasticity of revenue to labor (11)
- a/(1—B) Cobb Douglas elaStigﬁzroiorZ\é?i:te to capital allowing (17)
n Elasticity of substitution between capital and labor (20)
af R K;/Y; Steady state capital share of revenue
BF WL;]Y; Steady state labor share of revenue
) Scalar in quadratic adjustment costs (26)
Qi %jlt_m Transformation of Brainard-Tobin’s q (28)
G (Kiy) maxy,, Ai F (K, Liy) —WiLi, Revenue net of labor costs (29)
Xi - \/(g)Q _ % Stable eigenvalue (33)
bgoenk’r dk; /dr: Long-run firm-level Coiréeglgggt) elasticity of capital to (400)
M Equilibrium markup
¢ d [log (p + 6) + p™]/dk Inverse supply elasticity

A Theory Appendix

This appendix provides additional results used in Sections 2 and 5. Table A.1 summarizes key
notation used throughout the paper. In addition, lower case variables denote logs, variables or
parameters with an ¢ subscript pertain to the firm-level, and variables without an ¢ pertain to the

aggregate economy.



A.1 Additional CES Derivations

This appendix expands on results in Section 2.4. Using equations (21a) and (21b) and the necessary
conditions equations (6a) and (9), the total cost share of revenue is:

. _1 - _1
RiE; +WLi _ Fi(Ki, L) K; + Fy (K;, L) Ly oF (K;, L) "5 K, 7 + BF (K;, L) @ L, 7
Y; a F (K, Ly) a F(K;, Ly)

1—n _1 1—n —=
= aF (K, L)&77 K, "+ BF (K;, L)@ L; "

1—1 1—1
K, "+ (L "
_ Qi SL; =a+8. (A1)

a 1-1/n B 1-1/n
(a57) 5777+ (329) L

In the partial equilibrium Coen (1969) elasticity, the wage remains fixed. Then substituting
equation (21b) into equation (6a), log differentiating, and setting dw = 0:

1777 *
1— 1- (77 T ) @
(@ +5) (@+8)) " Z 1 + =) B
—\1 " @y ) Pi
Substitute 2% = — 2 from equation (A.2) into equation (24):
Ok 17(n+a+7ﬁ]) i
-1
1— * 1- *
dk; (1 + (a+g)n> i 1 _ L= (77 N ﬁ) b
- \\i- () ) 1) T\ i) e -2 (- (e 22) )
* 1-n
l—a-p .

A.2 Linearized Transition Path

This appendix expands on results in Section 2.6. The Taylor expansion uses the result that
Qg (1, K; ) = 01in the steady state and hence d®x (1;4, Kit) = —p0dK; 1/ Ky = —0/ (1 — ) (Aix — Mi)-
Restating equation (31) for convenience:

(2) (sl T ()

Let A denote the coefficient matrix in equation (31). Denote by (xi1,fi) and (x2,fz) the
eigenvalue/eigenvector pairs of —A, with:

w6 - T o= [T
fi=(u K/(1-m)9) b= K/(1-7)0)" (A.5)

The general solution is:

Y 2
(Kzz - Ki) = 1) + ey,



Immediately, G” < 0 = x2 > p, which requires ¢ = 0 or the transversality condition would be

violated. Thus:
)\i,t -\ _ X1t X1
(szt - K,.) - (Ki/«l —)9)) (4.6)

The initial condition K; g gives:

o = (K(’K—_K) (1-1) 0. (A7)

Then defining x; = x; and using the approximation k;; — k; =~ (K;; — K;)/K; gives equations (33),
(32a) and (32b) in the main text.

A.3 2 Sector General Equilibrium

This appendix expands on results in Section 5.2. I restate equations (51la) to (51d) for convenience:
1
dw = fdyz - _dg'h 1€ {C’ n}7
n

1
dri = gdyz - ﬁdkh Z € {C, n}a
dy; = adk; + pdt;, i € {c,n},

dl, = — (1 - “’C) di, .
wC

Using equation (51c),

Substitute into equation (51a):
dy; — adk,
dw = gdy; — L2
o

a s

Rewrite equation (51b) as dy; = <;17de + dn) /€ and substitute:

b (e ANL (Lo
ok ="y (dw <§ Bn) 3 <ndkl+dn)>

“on(@rme) (v (- 5g) ) -

Next solve for labor as a function of prices using equations (5la) and (51b) to write d¢; =
—n (dw — dr;) + dk;:

;= —n (dw — dr; L3 w — L T
dli = —n(d dl)””((a%)ns—l)(d <1 6n§)dl>

- ((aigﬁf— 1) o (<a+g;§§ - 1) " A




Using equation (A.9) for sector n and equation (51d):

d&:_(lif>(”Qaiéﬁgaodw+"<m+gﬁﬁ—Jd%)'

Equate with equation (A.9) for sector ¢ and solve for w:

dw = — (1 iﬂfnf) (wedre + (1 — w,) dry,) . (A.10)

A.4 Tax Revenue

This appendix expands on results in Section 5.4. The derivation makes use of two preliminary
calculations related to the CES production function. First, the partial (holding labor fixed) semi-
elasticity of the labor share of revenue to capital is:

op* 1—n
— = ——— ] a"p" A1l
ok ((a+ﬁ)n)a6 (A-11)
This result uses:
Fr (K, Liy) L e
pr= Ll*E (Kt Lt) ) L= pF (K, Li,t)“‘l“”” Lz{t = o : 1-1/n 8\’
bty <a—+5> (Kit/Liy) + <a—+5>
o Fic (K Lig) Koy o

Y
== OdF (Ki’t, Li,t) (at+B)n Ki,t = )
E (Ki’t’Li’t) <aL+/3> + <aLj-ﬁ> (Ki,t/Li,t)l/n !

Second, the cross-partial of the CES production function is:

1—n
Frp(KipLi)= (14—
o) = (14 g

— (1 + 1= ) Fi (Kiy, Liy) Fr (Kiyg, Lig)
(a+B)n F (K, Liy) '

) BE (K, Li,t)(atg)n L;" Fr (Kiy, Liy)

Using the first order conditions (6a) and (9) and equation (A.11), in steady state this becomes:

op*
ok’

AiFLi (I, L) KiLi (1 ( 1—n (A.12)
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Change in 7 Let CTB = CT/7 denote the corporate tax base:

CTB=A(F(K,L)— F, (K,L)L) — §2K.



The change in corporate taxes in response to a 1% change in the corporate tax rate, expressed as
a share of baseline total corporate value-added, is:

ix dCT  (CTY dlogCT
Y " dlogr Y dlog T

CT dlogCTB
= 14—
dlog T

( ) ( A(Fg (K,L)— Fxr (K,L)L) —6z) dilong)

(A.13)

CTB
14— (A (P (K, L) K — Fiep, (K, L) KL) — 62K) 2
CTB KA KL B Qg

B Lot I\ dk
———i—T(a o —7) dlog T (A.14)

The change in labor taxes is:

1 dLT  tFAFg, (K, L)L dK

Y 8 dlogt Y dlog T
o TLAFKL (K, L) KL dk
B Y dlog T
ap dk
= : Al
( e 8k>dlog7 (A.15)

Change in z We have:
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Y dz V) dz
dk
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_ . op* 21\ dk
_—?—{—T(a(l—ﬁ) — Y)@

Thus, while the mechanical effect of a change in 2 differs from the mechanical effect of a change
in log 7, the dynamic coefficient for corporate taxes is the same. The dynamic coefficient for labor
taxes is likewise the same.

Figure A.1 shows values for the ratio of the dynamic to mechanical revenue change for different
policy instruments and parameters. The top tree uses values of 7 and 2z approximately equal to
those in the U.S. in 2024. The bottom tree shows that with higher baseline tax rates, larger
dynamic revenue effects are possible.

B Additional Notes on the Literature

This appendix contains additional notes on the papers listed in Tables 1 to 4.



Figure A.1: General Equilibrium Dynamic Tax Responses

( A

cor + e = 0.050
(cor +crr) - (dk/dlogT) / (CT/Y) = —0.03
(cor + crr) - (dk/dz) [ (TI]Y) = —0.29

Ccr +crr = 0.034
(cor + crr) - (dk/dlogT) / (CT/Y) = —0.04
(cor + cpr) - (dk/dz) [ (T1]Y) = —0.38

ccr + e = 0.074
(cor + cpr) - (dk/dlogT) / (CT/Y) = —0.07
(cor +crr) - (dk/dz) / (TI]Y) = —0.32

cor + cpr = 0.052
(cor + cpr) - (dk/dlogT) / (CT/Y) = —0.10
(cor + cpr) - (dk/dz) / (1I]Y) = —0.45

cor + cr = 0.010
(cor + crr) - (dk/dlogT) [ (CT/Y) = —0.04
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(cor + crr) - (dk/dlogT) [ (CT/Y) = —0.46
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cor + e = 0.097
(cor + crr) - (dk/dlogT) / (CT/Y) = —0.91
(cor +crr) - (dk/dz) / (7I)Y) = —1.73
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Notes: Each “tree” starts from a value for the corporate rate 7 and present value of expensing z. The “branches”
set the capital output elasticity o and elasticity of substitution between capital and labor n. The “leaves” give
the implied values for the long-run general equilibrium dynamic tax coefficient and the ratio of the dynamic to
mechanical revenue change. All trees and branches use 7 = 0.28 and M = 1.



Auerbach and Hassett (1991) They do not report summary statistics for the value of the user
cost. For the non tax component, they use a discount rate p = 0.04 (p. 203). Using their table 1,
I calculate an asset-weighted average depreciation rate for equipment of 6 = 0.15, where the asset
weights come from assuming 1985 investment is equal to the replacement level of investment. For
the tax component, Cummins, Hassett and Hubbard (1994, figure 1) implies a value 2 = 1.17 for
equipment in 1985. Together, this gives an average user cost for equipment R = (p+§)Q = 0.226.
Note that this is close to the value of 0.25 reported in Cummins, Hassett and Hubbard (1994) for
their full sample.

Cummins, Hassett and Hubbard (1994) I include their results for major tax reform years.

Zwick and Mahon (2017) I report their specification using log I because it is their preferred
outcome and the only outcome for which they report results separately by firm size.

Curtis et al. (2021) This paper regresses the long-difference in equipment capital on an in-
dicator for a firm’s no-bonus z, denoted zy, being in the bottom tercile of the distribution.
The change in z given a value of bonus of B is B+ (1 —B)zy — 2y = B(1 —2x). Thus,
the mean difference-in-difference change in z across the “treated” and “control” firms is B X
(Eilzin|2zin < Pss3(zn)] — Eilzin|2zin > Pss(2n)]). In the main text I use the difference-in-difference
notation Agpo1,2011A < Pyy(z),2> s (z) for this difference. Figure A.1 of their paper shows mean val-
ues of zy in the “treated” and “control” groups of 0.795 and 0.863, respectively.! The value
of bonus fluctuated during their sample period. I use B = 50% as the modal value, implying
A2001,20118 < Pyy(2),2>Pa(z) = 0.034. Since these zs apply only to equipment, I report the equip-
ment capital result in their table 2.

Chodorow-Reich et al. (2025) I report their results for domestic-only firms since these firms
fit into the theory in Section 2.1.

Kennedy et al. (2022) They estimate: I;;/K; ;1 = bidlog(1—7) x Iyear >= 2018 +firm FE+
industry X size X year F'E in a panel of C and S corporations from 2013-2019. They treat dlog(1 —
7) as an endogenous variable and use an indicator for being a C-corporation as the excluded
instrument, since the corporate rate cut applied to C but not S corporations. Since the expensing
provisions applied to both, dlog(1 —I') is the same for both C and S corporations and its effect
should be absorbed by the industry-size-year fixed effects.

Caballero, Engel and Haltiwanger (1995) Their Appendix B motivates their regression
specification by starting from the Cobb-Douglas case with (ignoring productivity) Y;: = K, zt (see
equation (15)) and the associated first order condition for steady state capital yvK' 1= R; ;, where
R; ; here denotes the steady state user cost, which may vary over time. Take logs of the production
function to find: vy;+ — kiy = (7 — 1)k;s. Subtract k;; from both sides of the first order condition
(in logs) to find:

1 1

- it — kig = —— Wig — kig —Tig) -
1_77“,15 t (Vi t—Tit)

i — hiy = T

'The precise values were provided via personal communication from the authors.



Caballero, Engel and Haltiwanger (1995) insert an ad hoc scalar multiplying r;; and assume the
left hand side is stationary to motivate a cointegrating relationship between the log capital-output
ratio and the log user cost.

An alternative motivation without requiring the ad hoc scalar starts from CES. Using equa-
tion (22), take logs and rearrange to find:

1—n
it <7I+ (Oz+ﬁ)>y’t nrit

Thus, a long-run cointegrating relationship between the log capital-output ratio and log user cost
holds exactly only under constant returns to scale, « + 3 = 1.

Chirinko, Fazzari and Meyer (1999) Let K/, denote the firm’s “desired capital” at date ¢,
defined as the solution to equation (22) taking Y;, as given. Instead of an explicit function for

adjustment costs, Chirinko, Fazzari and Meyer (1999) assume that net investment is a function of
lagged changes in log desired capital:

S ) Ak}
Kzt 1 +th i,t—h>

where Ztho wp, = 1. Substitute for Ak}, , using equation (22):

Z 1-—
ot =0+ th (—UAT’i’t_h + (77 + ot ﬁ) Ayzt h> + €ity

ztl

where ¢;; is a summation of past productivity changes.

Dwenger (2014) Dwenger assumes that current log capital is a function of lagged capital and
current and lagged desired capital. After substituting using equation (22) as above:

H
1-—
¢ = Qkip1 + E W <—7]7“z',t—h + (7] + > yz‘,t—h> + € 4.
h=0 at+p

Dwenger (2014) manipulates this expression as follows. In a steady state, we must have:

H
(L= @) ki =k Y wn.
h=0
Using this fact, one can show that for any x:

H H-1
thxi,t—h =(1—=9)zip—1 — Z PR AZ;
h=0 h=0

where: pg = —wo,

H
ph= Y w; k> 0.
Jj=h+1



Thus:

Fio = Ghipr — (1— @)y + L= E =0 +H§_:1 et (20 Agien ) 4
it — i,t—1 nrit—1 o+ B Yit—1 i Hh nNrit—n n a+ 5 Yit—n €t

Dwenger (2014) also includes a sample attrition term in her preferred specification.



	Introduction
	Theoretical Framework
	General Setup
	Steady State
	Cobb-Douglas Across Steady States
	Constant Elasticity of Substitution (CES) Across Steady States
	Adjustment Costs
	Coen1969 in the Short-run

	A Reanalysis of Empirical Findings
	Estimates of the summers-1981 Specification
	Estimates of the Coen1969 Specification
	Estimates of Hybrid Specifications
	Estimates of the EisnerNadiri1968 Specification
	Estimates of Asset-Level Specifications

	Implied Parameters
	From Cross-sectional Studies to Aggregate Investment
	The General Equilibrium User Cost Elasticity in the Neoclassical Model
	The General Equilibrium User Cost Elasticity with 2 Sectors
	The General Equilibrium Tax-term Elasticity in the Neoclassical Model
	The General Equilibrium Elasticity of Tax Revenue in the Neoclassical Model
	Existing Policy Approaches

	Conclusion
	Theory Appendix
	Additional CES Derivations
	Linearized Transition Path
	2 Sector General Equilibrium
	Tax Revenue

	Additional Notes on the Literature

