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Abstract

Companies face different effective marginal tax rates on their income.
This can be detrimental to allocative efficiency unless taxes offset other
distortions in the economy. This paper estimates the effect of tax rate het-
erogeneity on aggregate productivity in distorted economies with multiple
frictions. Using firm-level balance-sheet data and estimates of marginal
tax rates, we find that tax heterogeneity reduces total factor productivity
by about 3 percent. Our findings highlight the positive correlation between
marginal tax rates and other distortions to capital and especially labor. This
implies that tax rate heterogeneity exacerbates the distortionary effects of
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1 Introduction

In an efficient economy, marginal products of inputs are equalized across firms.
Otherwise, efficiency can be improved by transferring resources from less pro-
ductive firms to more productive ones. Hsieh and Klenow (2009) document a
wide dispersion in productivity across establishments, suggesting a severe mis-
allocation of inputs. Recent estimates suggest that the US could raise its output
by as much as 25 percent if inputs were allocated efficiently (Bils et al., 2021).
The sources of input misallocation, however, remain largely unknown, prevent-
ing policy guidance.

In this paper, we examine corporate income taxation as a potential imped-
iment to the efficient allocation of inputs among firms, and estimate its impli-
cations for aggregate productivity in the US. Although the tax code does not
distinguish between individual firms de jure, the special provisions for deduc-
tions and allowances, such as imperfect loss-offsets or the favorable treatment
of debt financing, can lead to a dispersion in effective marginal tax rates (EMTR)
across firms. Estimates suggest that the resulting dispersion in marginal tax rates
is large. In our sample of publicly traded US companies, the EMTR ranges from
zero to 51 percent between 1980 and 2021, with a standard deviation of 13 percent
to 17 percent depending on the measure and year.

Whether these differences in tax rates necessarily worsen efficiency is nev-
ertheless debatable. While heterogeneity in tax rates would lower efficiency
in competitive, otherwise frictionless economies, the same cannot be said of
economies with distortions. Efficiency could in fact be improved by differential
tax rates if tax rates help offset other distortions in the economy. For instance,
the tax advantage of debt financing might ease credit constraints, or losses car-
ried over from previous years might alleviate liquidity problems for otherwise
healthy firms and prevent premature firm exits. Whether this is the case is an
empirical question.

In pursuit of an answer, we link corporate taxation and productivity in a

standard model of production under distortions to factor allocation. We derive



analytical formulas that help predict the change in output from eliminating dif-
ferences in marginal tax rates across firms and reallocating total capital and labor
accordingly. Our formulas highlight the correlations between the marginal tax
rate and factor productivity in the cross-section of firms as key to determining
the effect of corporate tax policy on efficiency. These correlations are informative
about the interaction between different sources of misallocation.

To apply our formulas, we combine balance-sheet data from Compustat on
publicly listed companies in the United States with firm-level estimates of the
marginal tax rates on corporate income (Graham and Mills, 2008; Blouin et al.,
2010). Our calculations indicate that eliminating tax rate heterogeneity would
raise aggregate TFP in the US by about 3 percent. This is quantitatively signif-
icant, especially given that the primary channel through which corporate taxes
affect input allocation is through their impact on equity-financed capital and that
the share of all capital in total income is about a third.

Our result reflects a positive correlation between tax rates and other distor-
tions, suggesting that corporate tax policy has tended to exacerbate distortions
to input allocation rather than offsetting them. Indeed, we find that marginal
tax rates correlate positively with the marginal cost of capital, amplifying the
cross-sectional dispersion in the marginal product of capital. Surprisingly, we
also find a strong positive correlation between the EMTR and labor distortions.
Because labor expenses can be deducted from net income, corporate taxes are
thought to be non-distortionary to employment. However, the empirical corre-
lations suggest that a tax rate equalization would lower tax rates for firms where
the marginal products of capital and labor are higher on average, thus putting
the available inputs to a more productive use. Our calculations suggest that if
tax rates were not correlated with other distortions, then potential losses in pro-
ductivity would be much smaller, less than 1 percent for most years, with the
exception of the period prior to the 1986 tax reform.

This paper connects two strands of the literature on the macroeconomic ef-

fects of factor misallocation (Restuccia and Rogerson, 2008; Hsieh and Klenow,



2009). Papers in this literature typically adopt one of two approaches. The first
approach aims to measure the dispersion in marginal products directly using
micro-level data on firms or establishments. These papers often find large poten-
tial gains from removing frictions to the optimal allocation of factors, but do not
specify what types of distortions are behind misallocation. The primary chal-
lenge for this literature has been to distinguish between differences in marginal
products and differences in production technologies and measurement error (Bils
et al,, 2021).!

Papers that adopt the second approach study specific frictions and use cali-
brated models to quantify the associated output losses, typically by comparing
the distorted economy with a frictionless counterfactual (Midrigan and Xu, 2014;
David and Venkateswaran, 2019; Kaymak and Schott, 2019). Because of computa-
tional and theoretical complexities, this approach is limited in its ability to model
and compute a diverse set of distortions, and, therefore, to study the interactions
between them. As a result, eliminating specific frictions leads to productivity
gains by methodological design. Furthermore, because the change in productiv-
ity from reallocating inputs is a second-order concept — one firm’s gain is another
firm’s loss — by and large, these studies find the productivity gains from reallo-
cation to be much smaller than what is suggested by the empirical dispersion in
marginal productivity.

This paper combines elements from both approaches by focusing on a specific
friction — corporate income taxes — while allowing for other distortions more
generally. Because our findings rely on the covariance between tax wedges and
productivity, errors in specification or measurement of marginal products are

less of a concern, and none at all if the errors are orthogonal to tax rates.”

'Hsieh and Klenow (2009) address these issues by benchmarking their misallocation measure
to the US when assessing the extent of resource misallocation in India. Bils et al. (2021) exploit
panel data to purge the firm-level dispersion in productivity of measurement error.

“We also show that (classical) measurement error in tax rates biases the estimated change in
productivity associated with eliminating tax differentials downward, and it affects the interpreta-
tion of how taxes interact with other distortions in the economy. We address such measurement
error by using multiple measures of marginal tax rates.



Our paper is also related to the large body of literature that is concerned
with measuring the effects of corporate taxes on economic outcomes, such as
investment and employment (see, for instance, Cummins et al. (1994), Djankov
et al. (2010), or Slattery and Zidar (2020), among others). Whereas the papers in
this literature focus on the effects of changes in the level of corporate taxes, this
paper studies the effects of the dispersion in marginal tax rates.

The rest of the paper is organized as follows. Section 2 derives our theoretical
results. Section 3 describes how we connect the theory to the data, presents the
degree of tax heterogeneity, and shows how tax distortions can be measured. We

present our findings in Section 4 and conclude in Section 5.

2 Model

In this section we derive a general formula for quantifying the changes in aggre-
gate TFP from eliminating the heterogeneity in firm-level tax rates in the spirit
of Hsieh and Klenow (2009). To fix ideas, we first develop an investment problem
with multiple distortions and show how the resulting optimality conditions can
be generalized.

Consider the investment problem of a firm that is facing an effective marginal
tax rate on its income, 7, as well as other frictions, such as capital adjustment
costs and credit constraints. Each period, the firm chooses labor, future capital,
and investment to maximize the payout to shareholders, which depends on cur-
rent and expected after-tax profits. For simplicity, assume that the firm knows
the realization of the next period’s productivity z and taxes 7 at the time of the

investment decision. The firm’s problem is given by

V(z, k) = max —i—® (%) k+8[(1—7)[zF(K,n)—wmn]+ E.. V(K]
1)



subject to the law of motion for capital and a collateral constraint

o= i+ (1-0)k (2)
i < (qk, 3)

with associated multipliers ¢ and p.
The labor decision is not affected by the level of 7 because wage payments

are tax-deductible.® The first-order condition with respect to labor is given by
2F,(k,n) = wy, (4)

where w,, denotes the effective user cost of labor. The optimality condition for
the choice of capital is given by
, i’ N EAN , L
qg=2p (1—7’)2Fk(k,n)—®<?) +o <?) E—i—q(l—é)%—qu , (5)
with the familiar interpretation that at the optimal choice, the marginal cost of
capital, ¢, equals the future benefit of an additional unit of capital.* This bene-
fit consists of the marginal product of capital (net of expected future taxes), the
value of non-depreciated capital, and the effects on the marginal costs of invest-
ment as well as on the financial constraint.
We define the following two terms that will be used to simplify (5). First, the

tax wedge w, is defined as
=— ©)
Wr = .
1—7

A higher effective marginal tax rate 7 implies a higher value of w,. Second, the

3The same is true for capital depreciation and eventual interest payments. Note, however,
that we are using effective marginal tax rates in our estimations below. These already take into
account the tax provisions for depreciation and debt-financing.

*The full derivations are relegated to the Appendix.



“residual” wedge wp, is defined as

wg = % —q(1=0) = p/'¢'d + E.. {cb (%) + @’ (%) ﬂ : @)

Any additional frictions a firm might be facing would be included in the residual
wedge wg. In that sense, the particular distortions firms face other than differ-
ential tax rates, be it adjustment costs or credit constraints, do not matter for our
results below.”

Using the expression for w, and wg, we can write (5) as
2F(K',n) = wp = w,-wg, (8)

where wy, denotes the effective user cost of capital, including all distortions such
as capital adjustment costs, financial constraints, and taxes. We decompose wy,
into two parts, the first part, w, stemming from a directly observable distortion
(effective marginal tax rates), the second being a residual term, wg, that captures
all other factors that affect the user-cost of capital.
This formulation allows us to rewrite the firm’s problem in (1) as a static
allocation problem:
max —wpk’ + 2F(K',n) — w,n 9)

n,k’

The first-order conditions of (9) are consistent with the optimality conditions
derived in (4) and (8).

2.1 Tax heterogeneity and misallocation

We now derive a general formula to measure the effect on aggregate total factor
productivity (TFP) stemming from heterogeneity in firm-specific effective costs

of capital, wy, and labor, wy. To do so, we assume a Cobb-Douglas production

SBelow, we interpret any correlation between the residual wedge and the tax wedge as non-
causal. If there is a causal link, eliminating tax rates would also reduce the dispersion in wg, given
the empirical patterns in the data. In that sense, our findings should be taken to be conservative.



function F'(k,n) = zk®n”. Let G(wy, w, ) denote the joint distribution of distor-
tions to capital and labor across firms.

Our aim is to compare total output in the distorted economy with the alloca-
tion that a social planner would choose - using the same aggregate inputs as the
competitive equilibrium of the distorted economy. These aggregates are denoted
as K = f kdG and N = f n dG for capital and labor, and Y = f y dG for total
output. Because total inputs are held constant between the two economies, any
change in output is equivalent to a change in aggregate TFP.

The following proposition derives TFP in the distorted competitive equilib-

rium of this economy:

Proposition 1. Total factor productivity in the distorted economy is

1 __ B __a
7 Y _ [z wn T w, TG
KaN?

1 __ B8  _1=B @ 1 _lma o ﬂ' (10)
2w T w, l‘de} [f 2T wn T wy, T dG

We are interested in the effect of eliminating tax heterogeneity alone. There-
fore we assume that the planner does not (or cannot) alter wr and w,,. Eliminating
tax differentials will generally alter the aggregate demand for capital and labor.
We therefore introduce common tax rates (or subsidies) on capital and labor in
order to keep the aggregate quantities unchanged. Therefore, the marginal prod-
ucts of labor and capital in the planner’s allocations are proportional to wgp and
Wy, but not equalized across production sites. The optimality conditions in this

counterfactual scenario are given by:
zF,(k,n) =w, =@, -w, and zF,(k,n)=w, =0 wg, (11)

where w,, > 0 and @), > 0 represent the planner’s tax or subsidy policy that is
common across firms. The resulting optimality conditions for k£ and n coincide
with those of a profit-maximizing firm that takes the distortions and the common

tax wedges @y, and @, as given. Those wedges are chosen to satisfy the input-



neutrality constraints on the allocation problem:

/k(w;,w;)dG’ = K and /n(w;,w,’g)dG' =

where G'(w},,w),) denotes the distribution associated with the new distortions.
Because wedges that are common to all firms do not distort relative marginal
products, they do not cause misallocation of inputs. Consequently, G'(wy,, w),) is
equivalent to G'(wg, w;,) in terms of its implications for TFP distortions.

The effect of eliminating tax heterogeneity on TFP can be obtained by setting
w; = 1 (or to any positive scalar), and replacing wy, by wg in equation (10). This
implies that from (8) the marginal cost of capital, wy, is only determined by the
residual distortions wg, but not by heterogeneous tax rates. The following propo-
sition summarizes the change in the economy’s TFP in response to equalizing tax

rates across firms.

Proposition 2. The total change in TFP from eliminating tax differentials across

firms is:

w

Z* I
=y : (12)

un)
A ) a 2
(J e ) ( r“vdG‘)
where y(7)/Y, k(1) /K, and n(7)/N denote the output, capital and employment

shares of firms that are subject to the same tax rate T.

The formula expresses weighted moments of distortions stemming from the
tax rates. The different components respectively weigh tax wedges by capital,
labor or output. In a frictionless economy, capital, labor and output are propor-
tional to each other with a fixed rate of proportionality. In that world, a firm’s
output share is the same as its capital and employment shares. More generally,
with distortions wg and w,, that proportionality breaks down, leading to differ-
ent values based on which weight is used. For instance, higher values of w,, are

associated with lower employment weights. If there is a negative correlation be-



tween labor distortions and tax distortions, then the employment share, n/N,
would correlate positively with w,, raising the denominator in (12) and giving
lower TFP gains from eliminating tax distortions.

It is generally hard to interpret the marginal effect of tax heterogeneity on
aggregate TFP based on equation (12) due to its complex and non-linear nature.
To obtain deeper insights, we therefore impose further restrictions on the dis-
tribution of distortions. The resulting formulas provide a better way to form an
intuition about the sources of misallocation from tax heterogeneity and how in-
teractions between tax rates and other distortions can play an important role in
assessing the allocative effects of tax distortions. To illustrate this point more
clearly, let us now consider an economy where the distortions are distributed
jointly according to a log-normal density. Under that assumption, TFP in the

distorted economy is equivalent to:

InZ = ln/zllv — %ﬁ [a(1 = B)op + B(1 — a)o? + 2afB0y,] . (13)
where o7 and 02 denote the variances of In wy, and In w,, respectively, and oy, is
the covariance between them. Aggregate TFP reflects the underlying distribu-
tion of micro-level productivity levels, z, adjusted for efficiency losses caused by
input distortions. We are interested in the change in TFP from eliminating the
variation in tax rates, i.e., from setting o, = 0. This can be obtained by substi-
tuting wy, = wg, into (10) and taking differences, which gives the formula shown

in the following proposition.

Proposition 3. Eliminating the heterogeneity in the marginal tax rates (o, = 0)

yields the following change in aggregate TFP:

(6%
I—7

1nz — MUE +M03(Lh_1)+

2
it Ly, (14
7 1-~ 2 1-4 or (14)

where Lj,, = akT/az and L, = am/az denote the slope coefficients from a linear

projection of wy, and w,, on w,.



Equation (14) captures the total change in TFP from eliminating tax hetero-
geneity in much simpler terms relative to equation (12). It has three distinct
components. The first one is a pure misallocation component, representing the
reduction in aggregate output caused by a dispersion in the marginal products
of capital across firms. In the absence of other distortions to the efficiency of
the allocation, or if other distortions were orthogonal to tax rates, this would be
the total improvement in TFP that can be expected from equalizing marginal tax
rates. The magnitude of the TFP gains is increasing in the variance of the tax
rates, 0'72., the span of control parameter, ~, and capital’s share of income, a.®

The second term in (14) captures the correlation of marginal tax rates with
other distortions to capital. The coefficient Ly is less than one if Inwp and In w-
are negatively correlated. This can arise if tax rates act to alleviate other distor-
tions. Eliminating tax differentials in this case need not lead to TFP gains. In
fact, in the extreme case where tax rates fully offset other distortions, w, = wjy',
Ly, = 0, which implies that the first two terms cancel each other.

Of course, taxes could also exacerbate the existing distortions. If firms that
have higher marginal costs of borrowing also have higher marginal tax rates,
this would manifest as Ly, > 1, and raise the potential gains from eliminating
tax differentials.

The last term in (14) captures the correlation of marginal tax rates with distor-
tions to labor. If tax rates are higher among firms that face higher marginal costs
of labor, i.e., L,,; > 0, then eliminating tax differentials also improves the allo-
cation of labor, leading to higher TFP gains. This might seem counter-intuitive
because labor costs are deducted from the tax base, which implies that the corpo-
rate tax rate should not in principle distort employment decisions. However, the
correlation between distortions to labor and the tax rates need not be causal in
order to realize the additional TFP gains from equalizing tax rates. Equalization
of tax rates lowers the tax rates for some firms and raises their input demand

resulting in a reallocation of labor toward those firms. This improves efficiency

5To see this, note that a(%_f) =a+ %

10



only if the marginal product of labor, w,,, is higher at those firms on average.

3 Data and methodology

In this section we apply the expressions for TFP gains derived in the previous
section to US data. Although corporations all face the same statutory corpo-
rate income tax schedule, a wide array of special provisions for deductions and
allowances leads to a significant amount of dispersion in effective marginal tax
rates, potentially distorting investment decisions. We use firm-level estimates of
the effective marginal corporate income tax rate in combination with informa-
tion on the balance sheets of publicly listed companies to estimate the effect of

tax rate heterogeneity on productivity and output.

3.1 Data sources and definitions

Our main data source is the Compustat database covering the years from 1980
to 2021. Compustat provides annual balance-sheet data on publicly listed com-
panies. To conduct our calculations we use information on output, employment,
and the capital stock. We define output as the sum of sales and changes in inven-
tories during the year.” Employment is reported directly. To construct a measure
of a firm’s capital stock, we use a perpetual inventory method using investment
expenditures.® This allows us to compute the average productivity of labor and
capital for each firm and year.

We supplement these data with estimates of firms’ marginal corporate in-
come tax rates, taken from two sources: Graham and Mills (2008) and Blouin
et al. (2010). These studies take into account such factors as loss-offset provisions,

depreciation allowances, and debt service when calculating an effective rate for

"Compustat does not contain information on the cost of intermediate inputs, preventing a
measure of value added.
8We describe the data in more detail in Appendix B.
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each firm.” Graham and Mills (2008) and Graham (1996) show that the simulated
tax rates provide a close approximation of the actual taxes paid as reported in

tax records.

Table 1: Summary statistics of marginal tax rates

Variable mean std p25 p50 p75 N
oM 169 171 .007 .070 .342 125,048
7BCG 240 136 108 .283 342 159,247

Note.— The two effective tax variables are taken from Graham and Mills (2008) and Blouin et al.
(2010). See Appendix D for variable definitions and sample selection.

Summary statistics for the two effective marginal tax rate measures are shown
in Table 1 and the distributions are plotted in Figure 1. The two tax measures dif-
fer somewhat in methodology. Rates estimated by Graham and Mills (2008) show
more bunching at zero and at the top statutory marginal tax rate, which has var-
ied over the years. Rates estimated by Blouin et al. (2010) provide a smoother
distribution, with a higher average rate and a slightly smaller variance. The two

tax measures are highly but imperfectly correlated (p = 0.61).

3.2 Measuring tax distortions

Because we have two distinct tax rate measures that are correlated imperfectly,
we treat each measure as an erroneous estimate of the true marginal tax rate. This
allows us to leverage the empirical content of each measure by focusing on their
common component. Specifically, we interpret each measure as a combination

of the true marginal tax rate and a classical measurement error:

*
hw! =lhw, + ¢,

Fach study contains two measures of the marginal tax rates: before and after interest deduc-
tions are applied. The marginal tax rates we use in this paper are after interest deductions.

12



Figure 1: Distribution of marginal tax rates
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Note.- Distribution of effective marginal tax rates across all years. Source: Graham and Mills
(2008), Blouin et al. (2010), and authors’ calculations.

where El¢;|w,] = 0 for i € {1,2}. Replacing the tax wedges by their measured
counterparts not only biases the estimates of the total allocative effect of tax
heterogeneity, but it can also lead to a misinterpretation of how tax rates interact
with capital and labor distortions.

To see this, consider equation (14), which we use in our decomposition exer-
cises below. This formula has three empirical moments that depend on the tax
measure: the variance of the tax wedge, af, and the interactions of tax wedges
with capital and labor productivity, as summarized by the projection coefficients
Ly, and L,;. When w, is replaced by its measured counterpart, w, all three
moments are estimated with a bias. The variance of w is inflated relative to
the variance of w, by a factor of (¢ + 02)/0?. Higher measured dispersion in
tax wedges tends to exaggerate the magnitude of the estimated change in TFP.
Meanwhile, the estimates of Ly, and L,,,, projections of capital and labor pro-
ductivity on tax wedges, are attenuated proportionally by 02/(c? + %) when w?*
is used. Lower measured correlations between tax wedges and other distortions
tend to attenuate the measured change in TFP from eliminating tax heterogene-

ity. The net effect of these two forces is a downward bias in the estimated gains

13



as summarized by the following proposition.

Proposition 4. Assume that the tax wedge is measured with error, w} = w, + €
with E(e¢) = 0. Then, replacing the w, by w in equation (14) underestimates the

estimated net TFP gain from eliminating tax heterogeneity:

o2 o(l - B)

In(Z*/Z)|wr =In(Z" ) Z)|w, — 21,

(15)

Furthermore, the attenuated estimates of L, and L,,, result in an inaccurate
assessment of the interaction between tax wedges and other capital distortions.
The capital component (second term in equation (14)) gets attenuated, and the
direct component (first term) gets exaggerated. The labor component (third term)

is unaffected because the attenuation bias when estimating L,,, is offset by the

upward bias when estimating 2.’
We address measurement error when we use equation (14) as follows. First,
we estimate the variance of tax wedges with the covariance of the two measures:

62 = cov(Inw} ,Inwj ). To measure the distortions to capital and labor, we

appeal to the optimality conditions for factor demands, Inwy, = Ina + In(y/k)
and Inw,, = In 5+ In(y/n), where factor shares « and 3 are common to all firms
in an industry during a given year. To estimate the correlation between total

distortions to capital and the tax wedge, we estimate the following specification:

In(y/k)i = D% + Lizs Inw?;, + el (16)

where i denotes the firm, and ¢ the year of observation. D, are indicators for
a full set of sector and year interactions. These indicators capture variations
in capital shares and average distortions across sectors and years. Therefore,
Ly, + reflects the correlation between the tax wedge and other capital distortions

across firms in a given year, that is, our estimate of Ly, in equation (14).

0This follows from the usual attenuation bias formula: E [ﬁgTL o

TOLS
Ln‘r

| X 0%: = Lyr x 0f, , where

is the OLS coefficient obtained by regressing In w,, on In w’

14



We estimate the cross-sectional correlation between distortions to labor and

tax wedges using a similar specification:
In(y/m)ie = Dly + Lura e, + €l 17

Because each tax estimate might contain measurement error, the OLS esti-
mates of Ly, and L, are potentially attenuated. To remedy this issue, we esti-
mate equations (16) and (17) with an instrumental variables approach, where one
tax measure is used as an instrument for the other.

We estimate separate values of Ly, and L,,,, for each year to compute TFP
gains or losses below. In Table 2 we summarize the patterns of correlations be-
tween different distortions using a common estimate for all years. The first three
columns show the OLS estimates of (16) and (17). The first row in each column
shows the estimates obtained by tax measures provided by Graham and Mills
(2008), and the second row shows the corresponding estimate using the tax mea-
sures from Blouin et al. (2010).

The two measures in the first column disagree about the implied correlation
patterns between tax wedges and other distortions to capital. Recall that a value
below (above) one indicates that the tax wedge is negatively (positively) corre-
lated with other distortions to capital: cov(Inwg,Inw,) < 0 (> 0). Therefore
while Graham and Mills’s estimates of the EMTR suggest a negative correlation
between the tax wedge and capital distortions, Blouin et al.’s estimates suggest
they are orthogonal. Similarly, the two estimates disagree on how strongly labor
distortions project on tax wedges in column 2.

Correcting for the attenuation bias yields a more consistent picture across
measures as shown in columns 4 and 5. Both estimates in column 4 indicate that
other distortions to capital correlate positively with the tax wedges across firms,
implying that the heterogeneity in tax rates exacerbates the existing distortions
to capital.

The estimates in column 5 imply a positive correlation between labor dis-

tortions and the tax wedge. This is surprising because corporate income taxes

15



Table 2: Tax distortions and factor productivity

@) (2) (3) (4) ) (6)
Iny/k Iny/n  Inz Iny/k Iny/n Inz

Panel A

Inw;, 067 055 065 126 161 1.72
(0.04)  (0.03) (0.02) (0.08) (0.06) (0.05)

Panel B

Inwer 096 123 130 159 131 1.56
(0.06)  (0.04) (0.04) (0.09) (0.06) (0.06)

Note.— The table shows the results from regressions of productivity on the tax wedge (1/(1 —7)).
Columns (1) to (3) report OLS estimates. Columns (4) to (6) report instrumental variable estimates
to correct for measurement error. All specifications control for a full interaction of sector and
year indicators. Data on productivity come from authors’ calculations from Compustat. Data
on marginal tax rates come from Graham and Mills (2008) in Panel A and Blouin et al. (2010) in
Panel B.

are typically considered to distort capital investment. Because labor costs are
deducted from the tax base, employment decisions should not in principle be
affected by corporate taxes. The data, however, indicate a strong positive rela-
tionship between the two wedges, especially in specifications that address mea-
surement error.

Columns 3 and 6 show the projections of firm-level TFP on the tax wedge,
which we use below for some of our results. Consistent with the patterns from
average labor and capital productivity, these estimates show that productive
firms on average face higher marginal tax rates.

In our calculations below, we use the IV estimates for each year. Because
from the two tax measures we obtain two estimates of the same underlying pa-
rameter, we combine them by taking an average of the two estimates weighted

by the inverse of their variance. Using the estimates for the entire sample period,

16



reported in columns 4 and 5 of Table 2, we obtain a value of 1.41 (s.e. 0.04 ) for
Ly, and 1.38 (s.e. 0.02) for L,,, for the entire sample period."

Because the distribution of tax rates in the data does not resemble a log-
normal distribution, we also use the generalized formula stated in equation (12)
to compute the allocative effects of tax heterogeneity. The implications of mea-
surement error are more subtle in this case. First, the values of wy, w,,, and firm-
level productivity 2 - conditional on the measured tax rate - are biased. To get
around this we use the estimates in Table 2 to compute the conditional averages
for each of these variables. Letting b.Y denote the consistent estimate for the
projection of In z, where x € {wy, w, 2z}, on the tax wedge, Inw, , we compute
7 = exp(blY x Inw,).”> We then use Wy, @, % to construct the capital, employ-
ment, and output shares of all firms conditional on the value of w, using the
optimality conditions for capital and labor demand along with the production
function.

The methodology above corrects the expected values of firm-level TFP, and
distortions to capital and labor conditional on w;, but it leaves the measurement
of w; and its distribution uncorrected. For this step we proceed by assuming
that the measurement error ¢;, j € {1, 2} is independently normally distributed
across the two measures in the data. This allows us to formulate the potential
bias associated with replacing w, with w as follows:

Zx. Zr o2a(l-8) aoc?

In 2= =t — = + = [B + (1 -], (8
Dy Z, 2 l-—v 1_7[5 (1= B)bir ] (18)

which is proportional to o2, the variance of the measurement error. Whereas

"Specifically, the variance minimizing weights are \; = var(byY ,)/(var(by¥ ;) +var(bgy ,))
for bé‘él, and Ay = 1 — \; for bi‘T/)Q. For Ly, for instance, the values in column (4) of

Table 2 imply a weight of 0.44 = 0.082/(0.08% + 0.092?) for 1.59 and 0.56 for 1.26, giv-
ing a weighted average of 1.41. The standard error for the weighted estimate is given by
var(blY ) x var(Y ,)/(var(biY ) + var(viV,))

“There is a Jensen’s gap between In E[z|w,] and E[In z|w,], but we expect the effect of this
gap on our calculations to be minor, because any discrepancy applies to variables in the numera-
tor and the denominator of equation (12). For instance, when the conditional distribution of z is

log-normal, even when the distribution of 7 is not, these discrepancies offset each other exactly.
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measurement error in tax rates necessarily biased downward the estimated TFP
gains using (14), its effect on the estimates using equation (12) is ambiguous. In
situations where tax wedges correlate positively with capital and labor distor-
tions, the second term above is likely to dominate the first term, resulting in
overestimation of TFP gains from eliminating tax heterogeneity.” This turns out
to be the case in our application. We accordingly adjust our estimates downward
using the expression above.

To generalize the distribution of the tax wedges, we partition the firms into
equally sized quantile bins based on their (measured) marginal tax rate in each
year. For each group-year cell, we then calculate the average tax wedge and
compute the average firm-level TFP, along with capital and labor productivity
as described above. Finally, we then compute the TFP gain or loss using equa-
tion (12) and adjust for measurement error.

Having two measures allows us to estimate the variance of the potential error
in each tax measure by subtracting the covariance between the two measures,
our estimate for the true variance, from the total variance of the measured wedge

~2
Ue,jt

= var(lnwj, ) —cov(lnwj, ,Inw; ) for j € {1,2}. Because we are interested
in the cross-sectional dispersion in tax wedges, we repeat this for each year.
Before we turn to the implications of our estimates for aggregate TFP and
output, we need to set values for the parameters of the production function. For
our baseline results, we keep those parameters fixed over time. This allows us to
highlight the changes in the interactions between distortions when presenting
the time trends. To that end, we set v = 0.85, which implies a profit share
of 15 percent in output. We set 5 = 0.85 x 2/3, which gives a labor share of
0.57. These two choices imply a capital share of a = 0.28. Given the downward
trend in the labor share of income during our sample period, we also consider
alternative scenarios for these parameters and discuss their implications for our

findings below.

BThis is akin to correcting estimates of Ly, and L,,, for measurement error, but not 02 when
implementing equation (14).
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4 Results

In this section, we report our estimates for the effect of eliminating cross-sectional
differences in tax wedges on total factor productivity. Our primary finding is that
tax heterogeneity has lowered TFP in the United States. Our baseline estimates
put this loss at around 3 percent. We find that this result is robust to includ-
ing macroeconomic trends in the decline of the labor share or an increase in
markups. While those trends slightly alter the source of the TFP loss, the overall
magnitudes are hardly affected. Finally, we decompose the TFP losses associated
with tax heterogeneity into its three components (cf. equation (14)). The pure dis-
persion in tax rates explains a sizeable part of the estimated TFP losses, but this
component became smaller after the tax reforms of the 1980s. The correlation of
tax rates with capital and - especially - labor make up the largest component of

losses from tax misallocation.

4.1 TFP losses

We begin with the estimates of the overall TFP gains from eliminating tax het-
erogeneity using the general formula in equation (12). The results obtained by
using the two tax measures are shown in Figure 2.

The change in TFP from eliminating tax heterogeneity is positive throughout
our sample period. This suggests that differential tax rates do not offset other
distortions to capital and labor. On the contrary, our estimates imply that factors
are likely more productive at firms that have higher marginal tax rates. The two
measures yield very similar estimates of TFP gains. The average gain in TFP over
the sample period is around 3 percent across years and measures. This is large
considering that the tax rates primarily distort capital, which accounts for about

a third of production.
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Figure 2: TFP gains from tax rate equalization

Note.- The figure shows the estimated change in TFP if all firms were to face a common tax rate.

4.2 Macroeconomic trends and estimated TFP gains

The TFP losses in Figure 2 appear to be roughly stable over time. When comput-
ing these gains, we assumed constant values for the macroeconomic parameters
of factor shares and markups. Empirically, however, we observe a downward
trend in the labor share of income during our sample. Recent work has argued
that the decline in the labor share is associated with a rise in price markups
and/or an increase in the capital share. In this subsection, we investigate how
these changes might affect the trends in estimated TFP losses associated with tax
heterogeneity.

Because the changes in the composition of income alter three parameters at

once, a, 3, and 7y, and because of the non-linear nature of the equation in (12),
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it is a priori not clear how the macroeconomic trends might change our esti-
mates. Nonetheless, an inspection of the linearized approximation in equation
(14) provides some insights.

A higher markup rate is equivalent to a lower value for v, i.e., more weakly di-
minishing returns to scale. Ceteris paribus, lower values of 7y are associated with
lower TFP losses from tax heterogeneity as indicated by equation (14). Therefore
rising markups would tend to reduce the TFP losses over time. Intuitively, this
is because higher values of v bring the economy closer to a linear technology
(or, equivalently, to perfect competition), where the best firm can absorb all the
resources without facing diminishing returns to scale. That possibility raises the
total gains to reallocating inputs more efficiently.

A higher value of «, capital’s income share, raises the TFP losses, ceteris
paribus. Intuitively, the larger the importance of the distorted factor in produc-
tion is, the larger are the losses from tax distortions.

Changes in the labor share of income, ceteris paribus, have an ambiguous
effect on estimated TFP losses. Note that labor’s share of income acts as a weight
in equation (14) when considering distortions that are related to the allocation of
labor versus capital. A decline in the income share of labor, (3, shifts the weight
from the correlation between tax distortions and other labor distortions to tax
distortions to capital. Because the effect of tax heterogeneity on allocative effi-
ciency is generally ambiguous in a distorted economy - it depends on the corre-
lations of tax rates with other distortions to capital and labor- the net effect of a
change in the labor share is ambiguous as well. For instance, if labor productivity
is generally high and capital productivity is generally low among firms that face
higher tax rates, then a lower labor share should be associated with smaller TFP
losses from tax heterogeneity.

Of course, the shares of capital, labor and profits sum to one, and a change
in one parameter necessarily changes at least one other. While the evidence on
the decline in the aggregate labor share is relatively well-accepted, how much

of that decline was redistributed to capital versus profits is less clear. It turns
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out that the precise answer does not change our findings very much. In our
exercises below, we benchmark the decline in the labor share parameter to the
BEA’s measure for each year of our analysis, and consider two alternatives. First,
we assume that the decline in the labor share was matched one for one by a rise
in the capital share of income, keeping the share of profits constant over time.
Second, we assume the capital share in profits declines proportional to the labor

share, raising profits’ share over time.
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Figure 3: Macro trend scenarios

Note.— Panel (a) shows the labor share of income () from the BEA, and the associated changes in
the shares of capital («) and profits (1 — ) under two alternative scenarios. Panel (b) shows the
TFP gains from tax rate equalization in each scenario. Parameters are constant in the baseline
scenario.

The resulting values for «, /3, and ~y are shown in Panel (a) of Figure 3. The
solid line shows the labor share of income published by the BEA. It declines from
57.7 percent in 1980 to 53.0 percent in 2016. In the first scenario we consider, this
is matched by a 4.7 percent increase in o, shown in yellow in the figure. In the
second scenario, it is instead matched with a proportional decline in the capital
share from 28.8 percent to 26.5 percent (the red line). This keeps the cost share
of labor fixed at 2/3. The decline in total capital and labor costs then implies a

rise in the profit share from 13.5 in 1980 to 20.5 in 2016, or, equivalently, a rise in
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the markup rate from 15.6 to 25.7 percent (shown as the purple line).

Panel (b) of Figure 3 shows the TFP gains under these scenarios. Because
the two tax measures yield similar estimates, we only report the average of the
two estimates in each scenario. Overall, all scenarios yield similar magnitudes.
Relative to the benchmark with constant factor share, the declining labor share
results point to approximately 1 percentage point lower TFP losses from tax het-

erogeneity in recent years.

4.3 Decomposing TFP losses

Next, we decompose the effect of tax heterogeneity on TFP into its components.
Because of'its ease of interpretation, we rely on our linear approximation in equa-
tion (14) for this subsection. First, we compute the total TFP losses. The resulting
estimates of the TFP gains from eliminating tax heterogeneity are shown in Fig-
ure 4. The dashed lines represent the error bands corresponding to two standard
errors above and below the point estimate.

As in the previous section, we find that eliminating tax heterogeneity results
in TFP gains. The magnitude of the gain is 4.6 percent on average, slightly larger
than the 3 percent above, albeit within the margin of statistical error. The es-
timated gains range from around 5 percent during the early 1980s to around 3
percent in recent years, suggesting a 2 percent improvement over the years in
our baseline. Under alternative macro-trend scenarios, shown in the right panel,
the magnitudes remain roughly similar, implying a 2 to 3 percent TFP gain over
the years. These findings are broadly consistent with our findings above.

From equation (14) the total TFP gains reflect not only the dispersion in tax
rates, but also the estimated correlation between the tax wedge and other dis-
tortions to capital and labor. The stacked bars in Figure 5 show these compo-
nents separately for our baseline scenario. The blue bars reflect the misallocation
caused purely by the heterogeneity in tax rates. If tax wedges were uncorrelated
with the marginal products of capital and labor, the blue bars would represent

the total gains in TFP. They can therefore be interpreted as the TFP distortion
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Figure 4: TFP gains from eliminating tax heterogeneity

Note.— The figure shows the estimated change in TFP implied by a common tax rate across firms.
The baseline scenario in Panel (a) assumes constant aggregate shares of labor, capital and profits.
Dashed lines indicate the 95 percent confidence interval. Panel (b) features a declining labor
share either from rising markups or from rising capital share.

caused by tax heterogeneity in an otherwise frictionless economy. From Fig-
ure 5 this component of the TFP gain was 1 to 2 percent prior to 1986, due in part
to the higher statutory corporate tax rate, and has been under 1 percent since
then. Overall, it represents less than a quarter of the total TFP gains. This high-
lights the importance of taking other distortions into account when studying the
allocative effects of a particular distortion.

The red bars in Figure 5 represent the TFP losses that stem from how tax
rates correlate with capital productivity. There are two hypothetical cases. If
cov(wg,w;) < 0, or equivalently, Ly, < 1, the heterogeneity in tax rate reduces
the distortionary effects of other distortions. This could be the case if firms that
face relatively large distortions, for example, due to credit constraints or adjust-
ment costs, face lower tax rates. In that situation, which is observed for several
years in the figure, the red bars contribute negatively to the TFP gain. The second

case, i.e., when cov(wg,w,) > 0 is the more common case, however. This implies
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Figure 5: Components of TFP gains from eliminating tax heterogeneity

Note.— The figure shows the three components of TFP gains from tax rate equalization across
firms (see equation (14)). The blue bars labeled “Tax dispersion” represent gains in an otherwise
frictionless economy. The red bars labeled “Capital” show additional gains/losses in an economy
with capital distortions. The bars labeled “Labor” show additional gains in an economy with
capital and labor distortions.

that tax rates are positively correlated with capital distortions. From the figure
this correlation is not very strong, however, resulting in less than 1 percent of
additional TFP gains. Over the years, the potential gains implied by this compo-
nent have been highest during the 1990s and early 2000s and have diminished in
more recent years. This suggests an improvement from an efficiency perspective
in the distribution of tax rates across firms over time.

The third component of the TFP gain comes from the correlation between
labor distortions and tax wedges. This is shown as the yellow bars in Figure
5. When that correlation is positive, equalizing taxes results in lower tax rates

for firms where the marginal product of labor is typically higher. This implies
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Figure 6: Sources of TFP gains under alternative macro scenarios

a reallocation of employment toward high marginal product firms and creates
an additional gain in TFP. Quantitatively, those gains represent a majority of the
total gains depicted in Figure 4. This is partly because the share of labor in total
income is roughly twice as large as that of capital.

Overall, tax heterogeneity alone represents less than 1 percent of the total
gains. The majority of the 3 to 6 percent projected gain in TFP is due to the fact
that tax wedges are correlated positively with other labor distortions.

The figure 6 shows the decomposition of TFP gains under alternative macro
scenarios where the labor share declines. As before, the left panel attributes that
decline to a rise in the capital share of income and the right panel to a rise in
markups. The relative magnitudes of the interaction between tax wedges and
capital or labor distortions are broadly similar across scenarios. Under rising
markups, overall TFP gains from eliminating tax heterogeneity decline by more,
especially toward the end of the sample. This is attributable to a lower value of
v, which reduces the TFP losses associated with each component (see equation

(14)), although the decline in the labor component is the most apparent.
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5 Conclusion

Our findings show that policies that seek to reduce differences in marginal corpo-
rate income tax rates would result in aggregate productivity gains. The majority
of these gains are attributable to the empirical patterns of various distortions to
input allocation. Firms that face higher tax rates are typically those where capital
and especially labor are more productive on the margin.

These findings highlight the importance of modeling frictions in the economy
when studying the implications of a specific distortion to aggregate efficiency. In
our case, the strong correlation between labor productivity and the corporate tax
rate is surprising because corporate tax rates are thought to primarily affect in-
vestment decisions. Because labor costs are deducted from the corporate income
tax base, the allocation of employment should be efficient in a standard setting.

Our methodology does not speak to the nature of that correlation as it does
not distinguish a spurious relationship from a causal one. Our measurement
approach treats this correlation as non-causal. As a result, removing tax hetero-
geneity does not alleviate the distortions to labor. If the correlation between tax
rates and labor productivity is in fact causal, then our findings should be viewed
as a lower bound for potential gains in efficiency. When the correlation is causal,
we estimate that the potential efficiency loss from tax heterogeneity can be as
high as 7 to 8 percent. Therefore, models of production where labor is chosen dy-
namically, or those with liquidity constraints where payments to labor are made
prior to obtaining sales revenue, are promising avenues for future research that
seeks to determine whether employment decisions are causally distorted by cor-

porate tax rates.
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A Theoretical Appendix

This appendix details the derivations in the text and gives the formal proofs for

the propositions.

Firm’s problem with multiple distortions The optimality conditions for in-

vestment and future capital of the firm’s problem in (1) are given by the first-order

condition with respect to investment:

i —1—@'(%)+q—,u=0 & q:l—i-(D’(%)jLu.

and

o B[ =7)2F(K,n) + E..Vi(Z k)] —q=0,

with the envelope condition

Ve(z k) = —@ (%) + (%) % +q(1 = 8) + pCq.

This implies an optimality condition for the choice of capital given by (5).

Proposition 1. Total factor productivity in the distorted economy is:
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Substituting in the definition of TFP gives the following:
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Proposition 2. The gains in TFP from eliminating tax differentials across firms is:
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Proof. Let w, be the hypothetical distribution of tax distortions. Define w) =
wlwp to be the corresponding wedge on capital choice. Let £/, n’ and 3/ be the
optimal capital, labor and output choices under the alternative taxes. Given the

formulas for these above, the following are true:
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Recall that TFP under new distortions is defined as:
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TFP = Y - _

Note that the TFP is scale independent with respect to w’, i.e. for any scalar

¢, > 0, cwl and dw, give the same TFP. Therefore, without loss of generality,

we set w! = 1 for all firms.



This yields the following:
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which is equivalent to
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where y(7), k(7), and n(7) denote the output, capital and employment shares of

firms that are subject to the same tax rate 7.

]

Proposition 3. Eliminating the heterogeneity in the marginal tax rates (o, = 0)

yields the following change in aggregate TFP:
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where Ly, = oy, /0% and L, = 0,,/c? denote the slope coefficients from a linear
projection of wy, and w,, on w.

Proof. Let y1, = E[Inz] and 6 = V[In z] be the mean and variance of the log of

a variable x. Under joint log-normality:
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Using these equations, the TFP in the distorted economy is:
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When tax differentials are eliminated capital distortions are given simply by wg,
which gives the TFP in that counterfactual as:
1
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Note that 0 — 0% = 02 + og, and 0}, — Or, = 0,,. Rearranging the terms

and netting out ., 03 and 0721 terms, the efficiency losses from distortions are



equivalent to:
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The last equality substitutes the linear projection coefficients for & = Lg, =

z

Ly; —1and 2% = L,,,. Rearranging terms gives the formula in the proposition.
]

Proposition 4. Assume that the tax wedge is measured with error, w} = w, + €
with E(e) = 0. Then, replacing the w, by w in equation (14) underestimates the

net TFP gain from eliminating tax heterogeneity:
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Proof. Let 0%, = 02+ o2 denote the variance of the measured tax wedge. Define

the projection x = L, X Inw; + e,, where w, is the true tax wedge. The OLS

~ 2
estimate of L,, from the projection of z on Inw?. is: L9X% = L, x 5.
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Computation of the nonlinear gains and measurement error correction
For each z € {wy, wy, 2}, define & = exp(blY X Inw;,), where bLY is a consistent
estimator of L.

Then compute current TFP by substituting wy, w,, and 2 in equation (10), and
the ideal TFP by substituting w,,, 2, and wj, = W, /w,+ for wy, in the same equation.

This yields the following equations:
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’ [I(WT*)ﬁ(b£¥fﬂb¥z¥7(1fﬂ)b£¥)dGT*] “ [I(WT*)ﬁ(b£¥f(1fa)b£¥*ab£‘f)dgﬁ} g
g [ (wre) 75 U5 P00l g

o )i, T [y -0, ]

where b1y = bl — 1 is the projection coefficient of Inwg on Inw,~ and G~ is
the marginal distribution of the measured tax wedge.

When ¢ is distributed independently log-normal, then for any scalar ¢ > 0,
Ewt.] = Elwte’] = Elw¢] - E[e‘] = Ew¢] - exp(c?c?/2). Replacing ¢ with the

appropriate power component for each term gives:

7. Zr ola(l—p) ao?
%Ol 9% o).
Zye Z, 2 l—n 1_7[5 (1= B)bir ] (A17)

B Data Appendix

The firm-level data used in Section 3 were constructed as follows. We use the
annual Compustat database, which provides balance-sheet data on publicly listed
companies in the US. Our sample includes the years 1980-2021. We perform the
following sample selection and data-cleaning steps. We restrict attention to firms
registered in the US. We exclude firms in the finance, insurance, and real estate

sectors, as well as in utilities and public administration. We remove observations



with negative sales.

We construct firm-level capital stocks by using a perpetual inventory method.
For each firm, we start with the year in which information on gross and net
property, plant, and equipment (PPEGT and PPENT) is available. We then build
the capital stock by adding the change in PPENT deflated by the investment price
deflator to the calculated capital stock for that year.

We supplement these data with information on firms’ marginal tax rates,
taken from two sources, i) Graham and Mills (2008) (abbreviated as “GM”) and
ii) Blouin et al. (2010) (abbreviated as “BCG”). While the GM database covers the
years 1980-2021, the BCG data are only available from 1980 until 2016. We link
the Compustat data to the marginal tax rate data via the firm identifier GVKEY.
Finally, we remove firm-year observations for which both tax rates are missing.

This results in a sample of 185,203 unique firm-year observations, averaging
about 4,600 firms per year. Marginal effective tax rates are available for 70.3

percent of our observations (90.2 percent for the BCG tax rates).

Estimation of firm-level TFP We estimate firm-level TFP using a three-step
control function approach following Olley and Pakes (1996). The key variables are
value added, employment, and physical capital for each firm and factor shares
in the production function. Value added is defined as sales plus the change in
inventories.

We begin by estimating factor shares at the two-digit NAICS level in three
steps. First, we regress log of output on second-order polynomials in the logs of
the capital stock and investment expenditures, including an interaction term as
well as log employment. We control for a full set of indicator variables for year
and 2-digit NAICS classifications. Sectors with fewer than 100 observations were
dropped from this estimation. Second, to correct for survival bias, we estimate a
probit specification for firm survival in the Compustat data (using the same poly-
nomials and year-industry dummies). In a third step, we estimate capital shares

for each industry by regressing log output on the log capital stock, controlling



for industry-year effects and the predicted survival probability from the previous
step. We then compute log TFP assuming a Cobb-Douglas production function

and normalize it to have a mean of zero in each year and industry.
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