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1 Roadmap

This memo describes the methodology used to simulate marginal corporate income tax rates
(MTRs). Section 2 defines MTRs. Section 3 provides an overview of the estimation algorithm.
Section 4 defines the key variables used in the estimation. Section 5 explains the main steps
of the algorithm. Finally, Section 6 summarizes the major tax laws during our sample period

(1925-present).

2 Definition of MTRs

Our algorithm estimates two types of marginal tax rates (MTRs): (1) the interest-MTR and (2)

the profit-MTR, defined as follows:

e The interest-MTR for a given firm-year measures the present value of the tax savings the firm
would obtain if its interest expense were to exogenously increase by $1 in that year, holding

all else constant.

e The profit-MTR, in contrast, measures the present value of the tax savings resulting from a

$1 exogenous decrease in the firm’s profit in that year.

Prior to the Tax Cuts and Jobs Act of 2017 (TCJA), the two MTRs are identical. Before the
TCJA, both shocks—a $1 increase in interest expense or a $1 decrease in profit—reduce taxable
income (TI) by the same amount.

After the TCJA, however, the two measures may differ. The TCJA introduced a limit on the
deductibility of interest expense, restricting the deduction to be at most the sum of interest income,
floor plan financing interest, and 30% of adjusted taxable income (either EBIT or EBITDA). In
years in which this deduction limitation binds, the two MTRs differ because an additional $1 of
interest expense does not reduce current-year T1. Instead, it becomes part of the disallowed interest
expense carryforward (DICF), which reduces TI in a future year when the limit no longer binds.

For analyzing firms’ capital structure decisions, the relevant measure is the interest-MTR, be-
cause it captures the tax benefit of debt financing. The profit-MTR can be informative in other
contexts—for example, in estimating the sensitivity of taxable income to non-debt-related shocks or

in the profit component of investment decisions. Therefore, we estimate and report both measures.



3 Overview of the Algorithm

To illustrate our algorithm, consider a Compustat firm with gvkey 028724, whose fiscal years range
from 1993 to 2023. Our algorithm iterates through each fiscal year to estimate the firm’s MTR.
To make the discussion concrete, we describe below how we estimate the MTR  for fiscal year 2019.
MTRs for other years are computed analogously.

We begin by constructing a vector of taxable incomes (TIs). The first portion of this vector
contains historical values from 1993 to 2019. We then simulate 50 additional years of T1I covering
fiscal years 2020-2069 and append these simulated values to the historical data.!

Next, we calculate the taxes paid by the firm over this entire period using a custom function
called ComputeTax, which is written in MATLAB. This function outputs a vector of taxes paid
across both historical and simulated years, 1993 to 2069 in this example.

To compute the profit-MTR, we modify the TI vector by reducing taxable income in 2019 by
$1,000. We then re-apply the ComputeTax function to obtain the corresponding vector of taxes
paid. The profit-MTR for a given simulation is calculated as the present value of the difference in
taxes paid between the baseline and the shocked scenario (for years 2019-2069), divided by $1,000.2
We repeat this simulation procedure 200 times, obtaining a profit-M TR estimate in each iteration,
and then compute the average profit-MTR across all 200 simulations.

To compute the interest-MTR, we modify the TI vector by increasing the interest expense
in 2019 by $1,000. If the interest-expense deduction limit is not binding (i.e., interest expense
< interest income plus floor plan financing interest plus 30% of adjustable taxable income in
2019), the additional interest expense reduces TI by $1000 in 2019. If the interest deduction
limitation binds, the portion of the interest below the deduction cap is deducted from TI, while the
portion of the interest that exceeds the cap is added to the disallowed interest expense carryforward
for that year instead; this carried-forward interest is deducted in the first future year in which
the interest deduction is not limited. We then re-run the ComputeTax function to obtain the
corresponding vector of taxes paid and calculate the present value of the difference in taxes paid

between the baseline and the shocked scenario (for years 2019-2069), divided by $1,000. We repeat

'We forecast many future years of income because of the carryorward features of the tax code. We define TI and
explain our simulation methodology in Section 4.

2Future tax savings are discounted using the 20-year U.S. Treasury yield, an interest rate series with a long history,
allowing us to calculate tax rates as far back as the 1920s.



this simulation procedure 200 times, obtaining an interest-MTR estimate in each iteration, and
then compute the average interest-MTR across all 200 simulations.

Accurately estimating MTRs requires (1) measuring firms’ historical taxable income and dis-
allowed interest expense carryforwards, (2) simulating firms’ future taxable income and related
variables, and (3) incorporating key provisions of the tax code that affect tax liabilities, including
loss carrybacks and carryforwards, blended tax rates in years that tax rates change, interest-expense
deduction limits, and net operating loss (NOL) deduction restrictions.® We discuss our implemen-

tation of these elements in the following sections.

4 Key Variables

When defining variables, we distinguish between historical and simulated values. To clarify the
distinction, suppose again that we are estimating the MTR for a firm with gvkey 028724 in fiscal year
2019. Historical TIs refer to annual taxable income up to and including 2019, data which are known
to the firm and its decision-makers. In contrast, simulated TIs refer to taxable income in future
years—2020 and beyond in this example—which are generated as part of our simulation procedure.
When we separately estimate the MTR for 2020, all data up through 2020 become historic and
future data from 2021 onward are simulated. Analogously, we differentiate between historical
and simulated values for other key variables, including disallowed interest expense carryforwards

(DICFs) and the fiscal year-end month.

A Historical Deductible Interest Fxpense and Disallowed Interest Ezpense Carryforward

As noted above, the TCJA introduced a limitation on the deductibility of interest expenses. Under
this provision, deductible interest expense is limited to be at most the sum of interest income,
floor plan financing interest, and 30% of adjusted taxable income (ATI). Under the TCJA, ATI
is defined as EBITDA for taxable years ending between December 2018 and November 2022, and
as EBIT for the three taxable years ending thereafter. The One Big Beautiful Bill Act returned
the definition of ATI to EBITDA for taxable years ending in December 2025 or later. In addition,

the Coronavirus Aid, Relief, and Economic Security (CARES) Act of 2020 temporarily increased

3To keep the code tractable, we incorporate transitional (blended) rates only when the change in the top corporate
tax rate exceeds 5 percentage points.



the percentage of ATI that is currently deductible from 30% to 50% for taxable years beginning in
2019 and 2020.%

Consistent with these provisions, we define the firm’s historical interest expense deduction limit
as follows. For ease of reference, we denote the firm’s fiscal year-end month as F'YFE. In the definition
below, FYE<11/2018 refers to fiscal-years ending at or before November 2018.

When estimating MTRs for fiscal years ending prior to the enactment of the CARES Act (March

2020), the firm’s historical interest expense deduction limit is defined as follows:

Limit = oo; FYE<11/2018

= interest income + 0.3*max(0,EBITDA); 12/2018 <FYE<2/2020

A limit of positive infinity reflects the absence of any statutory restriction on interest expense
deductibility prior to the TCJA.
When estimating MTRs for fiscal years ending at or after the enactment of the CARES Act,

the firm’s historical interest expense deduction limit is defined as follows:

Limit = oo; FYE<11/2018
= interest income + 0.3*max(0,EBITDA); 12/2018 <FYE<11/2019
= interest income + 0.5*max(0,EBITDA); 12/2019 <FYE<11/2021
= interest income + 0.3*max(0,EBITDA); 12/2021 <FYE<11/2022
= interest income + 0.3*max(0,EBIT); 12/2022<FYE<11/2025

= interest income + 0.3*max(0,EBITDA); 12/2025<FYE

When creating this variable, we approximate EBITDA with EBIT if EBITDA is missing.®

4Certain firms are exempt from this limitation on interest expense deductions. Exempt firms include small
firms—defined as firms with annual gross receipts below a statutory threshold—as well as firms operating in selected
industries. The size threshold for the small-business exemption was $25 million in 2018 and was subsequently
increased over time to account for inflation. Following Sanati and Beyhaghi (2025) and Bayar, Kalcheva and Oyelade
(2024), we assume that small firms and firms in the following industries are exempt from the limit: regulated utilities
(two-digit SIC code 49), real estate (SIC codes 6500-6599), and agriculture (SIC codes 0100-0999). In addition,
for motor vehicle dealers, a substantial share of interest expense is likely classified as floor plan financing interest,
implying that the limitation may not apply to these firms (SIC codes 5511-5521 and 5551-5599). Accordingly, in our
implementation, we do not apply the TCJA interest expense deduction limit to these firms.

SFollowing the literature (Carrizosa, Gaertner and Lynch, 2022; Hanlon and Heitzman, 2024; Huang, Klassen and
Wu, 2025), we measure EBITDA as pretax income + total interest expense + depreciation and amortization - interest
and related income. EBIT is measured analogously.



We define the firm’s historical deductible interest expense as follows:

Deductible interest expense = interest expense; FYE<11/2018

= min(Limit, interest expense); 12/2018<FYE

When creating this variable, we assume interest expense equals zero if missing.

The portion of interest expense that a binding limitation does not allow to be deducted in the
current year is carried forward and can be used to reduce taxable income in future years. We refer
to this as the disallowed interest expense carryforward (DICF). The historical DICFs of firms are

defined as follows:

DICF =0; FYE<11/2018

= max(0,interest expense - limit); 12/2018<FYE

DICF is positive when any portion of interest expense cannot be deducted due to the statutory
limitation, and zero when the firm’s interest expense is fully deductible. For fiscal years prior to
the TCJA, DICF is set to be zero. In our algorithm, DICF accumulates over time, so that each
year’s value is added to the firm’s existing stock of disallowed interest expense and carried forward
to subsequent years; and the accumulated DICF is reduced as it is used to offset future taxable

income.

B Historical Tazable Income (TI)

Following Graham and Kim (2011), we define firms’ historical taxable income (TI) as:

T1 = (operating income after depreciation + non-operating income)
+ rental expense/3 — deferred taxes/top rate
+ extraordinary items and discontinued operations/(1 - top rate)

+ special items - deductible interest expense

The rental expense item is intended to represent the interest portion of leases (see Graham, Lemmon

and Schallheim (1998)). If any of the following variables are missing — non-operating income, rental



expense, deferred taxes, extraordinary items and discontinued operations, or special items — we
set them equal to zero as long as total assets are reported. The variable Top rate represents
the highest statutory corporate income tax rate applicable in each year, obtained from the Tax
Foundation website.® For firm-years that predate Compustat coverage, where historical data are

limited, we approximate TI as EBIT minus interest expense.

C  Simulated TIs

To simulate future taxable income, we assume TI follows a firm-specific random walk with drift,

consistent with prior studies (Shevlin, 1990; Graham, 1996; Graham and Kim, 2011):
Tliger = pi+ Thig + €ipi1s €1 ~idd. N(0,07),

where T'I; ; is taxable income of firm ¢ in year ¢, and p; and o; denote the firm-specific drift and
volatility, respectively. Both parameters are estimated using up to 30 years of each firm’s historical

data prior to year t.”

D Simulated DICF's

We define firms’ simulated disallowed interest expense carryforwards (DICFs) as follows:

o When estimating MTRs for fiscal years ending before December 2018: The interest expense de-
duction limits introduced by the TCJA first apply to taxable years ending in December 2018.
Accordingly, when estimating MTRs for fiscal years ending before December 2018, simulated
DICFs are zero, and the interest expense deduction limit is never binding in any simulated
year. For example, when estimating the MTR for a fiscal year ending in December 2015, the

DICEF is zero for all simulated future years (e.g., 12/2016, 12/2017, and beyond).

o When estimating MTRs for fiscal years ending between December 2018 and February 2020:
This period precedes the enactment of the CARES Act in March 2020, which temporarily

changed the ATT deduction percentage from 30% to 50%. When estimating MTRs for fis-

5The link to the site is: https://taxfoundation.org/data/all/federal /historical-corporate-tax-rates-brackets/
"When estimating ;¢ and o, we use a simplified measure of TI, defined as: (operating income after depreciation +
non-operating income) + rental expense/3 - deferred taxes/top rate - deductible interest income.



cal years ending between December 2018 and February 2020, simulated DICFs are defined
for each simulated year t as DICF; = max(0, Interest expense, — (Interest income; + 0.3 x
max(0, ATI;))) for simulated year t. Consistent with the TCJA, ATT in simulated year t is
defined as EBITDA if year ¢ ends between December 2018 and November 2022, and as EBIT
if year ¢ ends thereafter. Interest expense and interest income in each simulated year are
approximated using the firm’s observed interest expense (or income) in the year for which
the MTR is being estimated. Rather than separately simulating EBIT and EBITDA for fu-
ture years, we assume they vary proportionally with simulated (i.e., forecasted) TT in a given
simulation scenario. Thus, if TI doubles by simulated year t, EBIT and EBITDA are also

assumed to double by year t.

As an example, suppose we are estimating the MTR for fiscal year 2019 for gvkey 028724.
Further assume that the firm’s interest expense, interest income, TI, and EBITDA in that
year are $10 million, $1 million, $30 million, and $50 million, respectively. If TI increases
by 50% to $45 million in simulated year 2020, then simulated EBITDA is also assumed to
increase by 50% to $75 million in 2020. The simulated DICF for 2020 is therefore computed

as max(0,10 — (1 + 0.3*max(0, 75))) = 0.

When estimating MTRs for fiscal years ending between March 2020 and November 2025:
This period follows the enactment of the CARES Act in March 2020, which temporarily
increased the ATI percentage from 30% to 50% for taxable years beginning in 2019 or 2020.
Accordingly, when estimating MTRs for fiscal years in this period, simulated DICFs are
defined for each simulated year ¢ as DICF; = max(0, Interest expense, — (Interest income; +
0.5 x max(0, EBITDA;))) if year ¢ ends before November 2021. For simulated years ending
in December 2021 or later, the ATT percentage reverts to 30%. For simulated years ending in

December 2022 or later, ATI is defined as EBIT.

When estimating MTRs for fiscal years ending in December 2025 or later: The OBBBA
returned the definition of ATI to EBITDA for taxable years ending in December 2025 or
later. Accordingly, when estimating MTRs for this period, simulated DICFs are defined as

DICF; = max(0, Interest expense, — (Interest income; + 0.3 x max(0, EBITDA;))).



E  Month of fiscal year-end

Month of fiscal year-end can be relevant when new tax rates are introduced and “blended” in the
first year, conditional on month of fiscal year-end.

In the historical data, we assume the reported fiscal year-end month (which take integer values
from 1 to 12), as reported in Compustat or Moody’s Manual. For simulated values, we assume that
the fiscal year-end month remains fixed at the value observed in the fiscal year for which the MTR
is being estimated.

For example, consider the estimation of the MTR for fiscal year 2019 for gvkey 028724. For the
historical period (1993-2019), we use the fiscal year-end month as reported in Compustat. For the
simulated period (2020-2069), we assume that the fiscal year-end month remains constant at its

2019 value, which equals 12.

5 Key Steps

We now describe the ComputeTax function, which calculates the taxes paid by a firm across both

historical and simulated years. The function has the following inputs:

e (1) the fiscal year and fiscal year-end month of the year for which the MTR is being estimated.

Hereafter, we refer to this fiscal year as the current year;
e (2) a vector of taxable incomes (TT);
e (3) a vector of disallowed interest expense carryforwards (DICF);
e (4) a vector of fiscal years; and
e (5) a vector of fiscal year-end months.

Inputs (2) through (5) contain both historical and simulated observations. Given these inputs, the
ComputeTax function computes the taxes paid in each year of the vector from the perspective of a
firm with the fiscal year and fiscal year-end month specified in (1). The subsections below describe

the key steps of this function in detail.



A Applying Disallowed Interest Ezpense Carryforwards

The first step in our algorithm is applying DICFs. Note that, after the TCJA, firms can reduce
their TT either through DICFs or NOL carryforwards. The DICF was created in 2018, while NOL
CF's have existed for more than a century. Starting in 2019 (the first year when a portion of
accumulated DICF might be used to reduce taxes), we assume that firms apply DICFs before
applying NOL CFs, under the assumption that this minimizes TT more effectively, because starting
in 2018, carried forward NOL deductions are limited to 80% of TI.

To illustrate, consider a firm with a TT of $100 million and a DICF of $30 million. If the firm
does not apply DICFs first, the 80% NOL deduction limit allows TI to be reduced only to $20
million ($100 x (1 - 80%)). In contrast, if the firm applies DICF's first, TI is reduced to $70 million
before the NOL limit is applied, allowing the firm to use the carried forward NOL to further reduce
TT to $14 million ($(100 - 30) x (1 - 80%)).

To apply DICFs first, we first iterate through each year in the provided vectors and, when
appropriate, reduce T1Is by applying DICFs. To explain this step, suppose the algorithm is currently
at element J of the vectors. We refer to the fiscal year corresponding to element J as year J. If the
DICF in year J is positive, it is used to reduce TI in subsequent years, but only when the interest
expense deduction limit is not binding in those later years. Specifically, a positive DICF from year
J is applied to reduce positive TT in a later year if (i) year J ends in or after December 2018, (ii)
the fiscal year for which we are estimating MTR (the current year) ends in or after December 2018,
and (iii) the interest expense deduction limit in the later year is not binding.

As described above, our DICF and interest deduction limitation process is based on a couple
assumptions. Fortunately, for historic data, Gardner, Hanlon and Heitzman (2025) have gathered
the actual interest deduction limitation data as reported by firms in their financial statements.
These authors graciously provide us with these actual data, which as described next, we overlay
on our dataset and treat as actual. Specifically, we refine the measure of DICF in year J using the
deferred tax asset (DTA) variable reported by Gardner, Hanlon and Heitzman (2025). The DTA
variable reflects the cumulative value of disallowed interest expense carryforwards. For years prior
to the current year, we compare the DTA value with the cumulative sum of DICFs up to year J.

If the two differ, we adjust the DICF for year J so that the cumulative sum is as close as possible



to the DTA value reported by Gardner, Hanlon and Heitzman (2025).

B Looping Over the Vector and Computing Taxes Paid

The next step in the algorithm iterates through each year in the provided vectors to compute the
taxes paid in that year. As the algorithm moves through the vector, it considers two cases.

The first case arises when TT is negative. In this case, the firm in our algorithm either carries
the loss back to obtain a tax refund or carries the loss forward to offset T1I in subsequent years. The
second case arises when T1I is positive. In this case, the firm pays taxes at the applicable statutory

tax rate. We describe these two cases in detail below.

B.1  When TI is Negative

For most of the past century, US companies have been allowed to use tax-loss carryback and
carryforwards to reduce taxes. For years prior to 2018, if a company experienced a loss it could
carry the loss back and use it to offset positive taxable income that occurred in the past; the firm
effectively refiled with the IRS its tax calculations and tax payments after reducing positive TT in
an historic year with the carried back loss. (Losses could be carried back between one and five
years, depending on tax rules in a given year.) Firms could also carry forward losses to offset
positive taxable income in future years. The exact number of years that losses could be carried
forward varied by tax legislation in a given year. Tables 2 and 3 summarize how the maximum
number of allowable carryback and carryforward years has changed over time.?

Following Graham (1996), our tax algorithm assumes that firms always use NOL carrybacks
first because the time value of money makes carrybacks more valuable than carryforwards (with the
possible exception of years following a tax rate hike). The TCJA eliminated tax-loss carrybacks
(though they were temporarily reintroduced with the CARES Act). TCJA also introduced a

limitation that tax-losses occurring in 2018 and later can only be used to offset 80% of future

income in any given year, although the CARES Act temporarily eliminated this limitation.

B.1.1 Applying NOL Carrybacks

8In some periods—most notably during economic downturns—Congress has temporarily and retroactively ex-
tended or reinstated carrybacks for up to five years.

10



Once TI has been determined for a given year, the algorithm first checks whether a firm with
negative TI in a given year can carry the loss back to obtain a tax refund. To illustrate, suppose
the current year (i.e., the year for which we estimate the marginal tax rate) is 1999. Consider
year J, the element of the vector currently being evaluated, and suppose that year J corresponds
to a historical year, such as 1994, in which TI is negative. Under the tax code in effect in 1994,
firms were permitted to carry losses back for up to three years. Accordingly, the algorithm checks
whether the firm paid taxes in the preceding three years (1991-1993) and, if so, has the firm obtain
a refund in year 1994.

Now consider the case in which year J corresponds to a simulated future year, such as 2005,
and TT in that year is negative. In this case, we assume that firms expect the tax code in effect
in the current year (1999) to remain unchanged in future years. Under the 1999 tax code, firms
were permitted to carry losses back for up to two years. The algorithm therefore checks whether
the firm paid taxes in the preceding two years (2003-2004) and, if so, has the firm obtain a refund
in year 2005.

More generally, we assume that losses are carried back according to the tax rules in effect in
year J when year J precedes the current year. For simulated future years, we assume that the tax
rules in effect in the current year continue to apply.

We conclude by describing how the algorithm treats three tax laws in our sample period that
temporarily and retroactively altered the maximum number of loss carryback years available to
firms: the Job Creation and Worker Assistance Act of 2002 (JCWAA), the Worker, Homeownership,
and Business Assistance Act of 2009 (WHBAA), and the Coronavirus Aid, Relief, and Economic
Security Act of 2020 (CARES). Below, we describe how the algorithm incorporates the JCWAA;
the other two laws are incorporated in an analogous manner.

Enacted on March 9, 2002, the JCWAA temporarily increased the maximum carryback pe-
riod from two to five years for taxable years ending between January 2001 and December 2002.
Accordingly, when estimating MTRs for fiscal years ending prior to March 2002 (the month of
enactment of the JCWAA), we allow firms in our model to carry losses back for up to two years in
both historical and simulated periods. In contrast, when estimating MTRs for fiscal years ending

in March 2002 or later, we allow firms to carry losses back for up to five years during the period

11



authorized by the JCWAA, after which the carryback limit reverts to two years.”

B.1.2  Applying NOL Carryforward

If TT in year J remains negative after applying available carrybacks, the remaining loss is carried
forward to offset taxable income in subsequent years. As before, the maximum length of the
carryforward period is determined by the tax code in effect in year J if year J precedes the current
year (i.e., the year for which we estimate marginal tax rates). If year J corresponds to a simulated
future year, we instead assume that the current tax code remains in effect in future years.

To illustrate, suppose that the current year is 1985 and year J corresponds to 1979. Under the
tax code in effect in 1979, losses could be carried forward for up to seven years. Accordingly, a
negative TI in 1979 may be carried forward to offset taxable income in years 1980 through 1986.

Now consider the case in which year J corresponds to a simulated future year, such as 1990.
Under the tax code in effect in the current year (1985), losses could be carried forward for up to
fifteen years. Accordingly, a negative TI realized in simulated year 1990 may be carried forward to
offset taxable income in years 1991 through 2005.

We conclude by describing how the algorithm incorporates the 80% NOL deduction limit intro-
duced by the TCJA. Because the TCJA eliminated NOL carrybacks, this limitation applies only
to NOL carryforwards. Enacted in December 2017, the TCJA limits the use of losses arising in
taxable years ending in December 2018 or later to offset no more than 80% of taxable income in
subsequent years. The Coronavirus Aid, Relief, and Economic Security (CARES) Act of 2020,
enacted in March 2020, temporarily suspended this limitation for losses arising in taxable years
beginning after December 31, 2017 and before January 1, 2021.

Our algorithm incorporates these provisions as follows. When estimating MTRs for fiscal years
ending prior to December 2018, the NOL deduction limit is not applied to any part of the vector.
When estimating MTRs for fiscal years ending between December 2018 and February 2020 (i.e.,
prior to the enactment of the CARES Act), the NOL deduction limit applies to losses experienced

in fiscal years ending in December 2018 or later. Finally, when estimating MTRs for fiscal years

9The WHBAA temporarily increased the maximum number of NOL carryback periods from two to five for losses
arising in taxable years ending after December 31, 2007, and beginning before January 1, 2010. Each taxpayer was
generally allowed to make the extended carryback election for only one taxable year within this period. Our code
assumes that firms make this election in the first taxable year within the permissible period in which taxable income
is negative.

12



ending in March 2020 or later (i.e., after the enactment of the CARES Act), the NOL deduction

limit applies only to fiscal years ending in December 2021 or later. '°

B.2 When TI is Positive

If TT is positive in year J, our algorithm estimates the taxes the firm would owe in that year,
taking the perspective of a firm operating in the current year (the year for which we estimate the
MTR). Consistent with our assumptions so far, we use the tax code in year J to compute the tax
obligation in year J if year J precedes the current year. If year J is a simulated future year, we
use the tax code in the current year, assuming that firms expect the current tax code to remain in
place in future years.

To illustrate, suppose the current year is 1990 and year J corresponds to 1985, in which the
firm has positive TI. In this case, the tax code in effect in 1985 is used to compute the firm’s tax
obligation for that year. Suppose instead that year J corresponds to a simulated future year, such
as 1996. In this case, the tax code in effect in the current year (1990) is used to compute the firm’s
tax obligation for year 1996.

We next describe how our algorithm incorporates tax laws that either retroactively changed tax
rates or changed tax rates gradually over time. During our sample period, there were five major
tax laws that gradually modified corporate tax rates over time, creating explicitly transitory rate
structures: the Revenue Act of 1950, the Excess Profits Tax Act of 1950, the Revenue Act of 1951,
the Tax Reform Act of 1986, and the Tax Cuts and Jobs Act of 2017. Below, we describe how our
algorithm incorporates the transitory rates introduced by the TCJA; our code integrates the other
four laws in an analogous manner.

The TCJA gradually reduced the corporate tax rate from 35% to 21%, depending on the ending
month of a firms’ taxable year. Specifically, firms with taxable years ending in December 2017 or
earlier paid 2017 taxes entirely at the old rate (35%). Firms whose taxable years ended in January
2018 paid 11/12 of their 2018 income tax at the old rate (35%) and 1/12 at the new rate (21%).

The weights were 10/12 and 2/12 for firms ending their taxable years in February 2018, and by

107 osses that occurred prior to December 2018 could be carried forward to offset 100% of future taxable income,
while losses that occurred later were accumulated in a separate NOL carryforward account that only allows a maximum
of 80% of future income to be offset. Thus, after 2018 there were two separate NOL carryforward accounts, one for
losses that occurred prior to 2018 and another for losses that occurred later.

13



December 2018, all firms paid taxes fully at the new rate.

Our algorithm incorporates this blended-rate structure set by the TCJA. In particular, note
that the blended rate is determined by the number of days in the taxable year falling before and
after December 31, 2017; for coding purposes, our unit of time is months rather than days when
modeling transitory tax rates. When we estimate MTRs for fiscal years ending before January 2018,
firms in our model apply the pre-existing corporate tax rate (35%) when computing tax liabilities.
In contrast, when we estimate MTRs for fiscal years ending in January 2018 or later, firms apply
a blended rate that combines the old rate (35%) and the new rate introduced by the TCJA (21%)
during the transition period. Firms recognize that the blended rate applies only temporarily and
therefore apply the new statutory rate (21%) in all subsequent fiscal years once the blended-rate
period expires.

During our sample period, there were three tax laws that retroactively changed corporate tax
rates: the Revenue Act of 1950, the Excess Profits Tax Act of 1950, and the Revenue Act of
1951. By retroactive, we mean that these laws modified the tax code for taxable years ending prior
to their enactment. In our algorithm, even when tax laws retroactively change the tax code for
periods preceding their enactment, these changes do not affect our MTR computations for fiscal
years ending prior to the enactment date, because firms do not observe or incorporate tax code
changes until they are enacted. Accordingly, our estimated MTRs reflect the information available
to managers at the time decisions were made, and we assume that managers have no foreknowledge
of future tax legislation.

To illustrate, consider the Revenue Act of 1950. Enacted on September 23, 1950, this law
required firms to pay a blended corporate tax rate that combined the old rate (38%) and the new
rate (45%), based on the number of days in the taxable year falling after July 1, 1950. Accordingly,
when estimating MTRs for fiscal years ending prior to September 1950 (the month of enactment

of the Revenue Act of 1950), the blended rate is not applied.

14



6 Major Tax Laws

This section provides an overview of the major corporate tax laws enacted during our sample period
and explains how each law is approximated and incorporated into our code.'’ To provide context
for these implementations, Table 1 summarizes changes in the top statutory corporate tax rate over

time during our sample period.

A Taz Increases in the Farly 1940s
e Details of the tax laws:

— [1] The corporate tax rate increases in the early 1940s occurred through four major tax
laws. The First and Second Revenue Acts of 1940, enacted on June 25 and October 8
of that year, respectively, jointly raised the top corporate tax rate from 19% to 24%,
with the larger increase implemented under the October act. The new rates applied to

taxable years beginning on or after January 1, 1940.

— [2] The Revenue Act of 1941, enacted on September 20, 1941, increased the top rate

from 24% to 31%, effective for taxable years beginning on or after January 1, 1941.

— [3] The Revenue Act of 1942, enacted on October 21, 1942, further raised the top rate

from 31% to 40%, effective for taxable years beginning on or after January 1, 1942.

e Code: Our algorithm incorporates [1]—[3], explicitly accounting for the effective dates of each
statutory tax rate change. To illustrate, consider the First and Second Revenue Acts of 1940,
which applied to taxable years ending in December 1940 or later. When estimating MTRs
for fiscal years ending prior to December 1940, firms in our model apply the pre-existing
corporate tax rate (19%) when computing tax liabilities. In contrast, when estimating MTRs
for fiscal years ending in December 1940 or later, firms apply the new statutory rate (24%)
when computing tax liabilities for fiscal years ending in December 1940 and thereafter. We

apply an analogous treatment for the Revenue Act of 1941 and the Revenue Act of 1942.

" Throughout this memo (and in the code), when a tax law change is specified as applying to taxable years beginning
after a given date, we equivalently describe it as applying to taxable years ending after that date plus twelve months.
For example, the One Big Beautiful Bill Act (OBBBA) returned the definition of adjusted taxable income (ATI) to
an EBITDA-based calculation for taxable years beginning after December 31, 2024. We describe this equivalently as
applying to taxable years ending in December 2025 or later.
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B Tax Increases in the FEarly 1950s

o Details of the tax laws:

— [1] Corporate tax increases in the early 1950s occurred through three major tax laws.
The Revenue Act of 1950, enacted on September 23, 1950, raised the top rate from 38%
to 45%. The transition to the new rate was implemented gradually through a blended-
rate structure, under which the effective tax rate for each firm was a weighted average
of the old (38%) and new rates (45%) based on the number of days before and after
July 1, 1950; we approximate the blending formula based on months rather than days.
For example, a firm with a fiscal year ending in September 1950 would apply the old
rate to nine-twelfths of its income and the new rate to three-twelfths, so that total taxes

owed equal (9/12)x taxes under old rates + (3/12)x taxes under new rates.'?

— [2] The Excess Profits Tax Act of 1950, enacted on January 1, 1951, increased the top
corporate income tax rate from 45% to 47%, with the higher rate applied gradually
based on the number of days before and after July 1, 1950. The Excess Profits Act also
introduced tax rules that do not directly affect the corporate income tax rate, which we

therefore do not include in our MTR algorithm.

— [3] The Revenue Act of 1951, enacted on October 20, 1951, further increased the top
rate from 47% to 52%, with the higher rate applied gradually based on the number of

days before and after April 1, 1951.'3

e Code: Our algorithm incorporates [1]-[3], explicitly accounting for the effective dates of each
statutory tax rate change and modeling the blended-rate structure of the three acts discussed
above. To illustrate, consider the Revenue Act of 1950, enacted in September 1950. When
estimating MTRs for fiscal years ending prior to September 1950, firms in our model apply
the pre-existing corporate tax rate (38%) when computing tax liabilities. In contrast, when
estimating MTRs for fiscal years ending between September 1950 and December 1950, firms

apply a blended rate that combines the old rate (38%) and the new rate introduced by the

12For the taxable year ending in December 1950, the law specifically stated that the first $25,000 of income would
be taxed at 23%, and the remainder at 42%.

13For the taxable year ending in December 31, 1950, the law specifically stated that the first $25,000 of income
would be taxed at 28.75%, and the remainder at 50.75%.
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Revenue Act of 1950 (45%). Importantly, firms recognize that the blended rate applies only
temporarily and therefore apply the new statutory rate (45%) in all subsequent fiscal years
once the blended-rate period expires. We apply an analogous treatment for the Excess Profits

Tax Act of 1950 and the Revenue Act of 1951.

C  Tax Reform Act of 1986 (TRA)

e Details of the tax laws: Enacted on October 22, 1986, the TRA reduced the statutory cor-
porate income tax rate from 46% to 34%. The transition to the new rate was implemented
gradually through a blended-rate structure. Taxable years ending on or before June 30, 1987
were taxed entirely under the old rate schedule, with a top rate of 46%. Taxable years ending
between July 1987 and June 1988 faced a blended rate, where the effective tax rate was a
weighted average of the old and new rates based on the number of days before and after
June 30, 1987. Beginning with taxable years ending on or after June 30, 1988, all income was

subject entirely to the new 34% rate.

e (ode: Our algorithm explicitly accounts for the effective date of the statutory tax rate change
and models the blended-rate structure of the TRA described above. In particular, note that
the blended rate is determined by the number of days in the taxable year falling before and
after June 30, 1987. Hence, when estimating MTRs for fiscal years ending before July 1987,
firms in our model apply the pre-existing corporate tax rate (46%) when computing tax
liabilities. In contrast, when estimating MTRs for fiscal years ending in July 1987 or later,
firms apply a blended rate that combines the old rate (46%) and the new rate introduced by
the TRA (34%) during the transition period. Firms recognize that the blended rate applies
only temporarily and therefore apply the new statutory rate (34%) in all subsequent fiscal

years once the blended-rate period expires.

D Job Creation and Worker Assistance Act of 2002 (JCWAA)

e Details of the tax law: Enacted on March 9, 2002, the JCWAA temporarily increased the max-
imum number of NOL carryback periods from two to five years. The change applied to losses

that occurred for taxable years ending after December 31, 2000, and before January 1, 2003.
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e (ode: In our algorithm, we assume that firms carry losses back for more than two years
whenever permitted under the JCWAA, as doing so increases current period tax refunds.'*
Our code explicitly accounts for both the effective date and the temporary nature of this policy
change. In particular, because the JCWAA was enacted in March 2002, when estimating
MTRs for fiscal years ending prior to March 2002, we allow firms to carry losses back for at
most two years. In contrast, when estimating MTRs for fiscal years ending in March 2002 or
later, we allow firms to carry losses back for up to five years during the period authorized by

the JCWAA, after which the carryback limit reverts to two years.

E  Worker, Homeownership, and Business Assistance Act of 2009 (WHBAA)

e Details of the tax law: Enacted on November 6, 2009, the WHBAA temporarily increased the
maximum number of NOL carryback periods from two to five for losses arising in taxable years
ending after December 31, 2007, and beginning before January 1, 2010. Each taxpayer was
generally allowed to make the extended carryback election for only one taxable year within
this period. While choosing a five-year carryback provided the greatest reach (for example,
a 2009 loss could be carried back to 2004), the law imposed a special limitation on the fifth
year of the carryback period: if the NOL was carried back to the fifth preceding year, it could

only be used to offset up to 50% of that year’s taxable income.

e (Code: In our algorithm, we assume that firms carry losses back for more than two years when
permitted under the WHBAA, as doing so allows them to obtain larger current period tax
refunds. To maintain tractability, we do not model the 50% limitation on income offset in
the fifth carryback year. Because this law allowed firms to carry losses back and refile past
tax returns for only one taxable year, our code assumes that firms make this election in the

first taxable year within the permissible period in which taxable income is negative.

As with the JCWAA, our algorithm explicitly accounts for both the effective date and
the temporary nature of this policy change. In particular, because the WHBAA was enacted

in November 2009, when estimating MTRs for fiscal years ending prior to November 2009, we

“Our coding also captures the fact that carrying losses back for more than two years under the JCWAA—relative
to a two-year carryback—reduces any remaining losses available for carryforward and therefore affects tax liabilities
in future years (Graham and Kim, 2009).
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allow firms to carry losses back for at most two years. In contrast, when estimating MTRs
for fiscal years ending in November 2009 or later, we allow firms to carry losses back for more
than two years in the first taxable year authorized by the WHBAA, after which the carryback

limit reverts to two years.

F  Tax Cuts and Jobs Act of 2017 (TCJA) and Coronavirus Aid, Relief, and Economic
Security Act of 2020 (CARES)

e Details of the TCJA: Enacted on December 22, 2017, the TCJA made several major changes

to the corporate tax code:

— [1] The TCJA gradually reduced the corporate tax rate from 35% to 21%, depending
on the ending month of a firm’s taxable year. Taxable years ending in December 2017
or earlier were taxed entirely at the old rate (35%). Taxable years ending between
January 2018 and December 2018 were subject to a weighted average of the old rate
(35%) and the new rate (21%), with weights based on the number of days after Decem-
ber 31, 2017. Taxable years ending after December 31, 2018, were fully subject to the

new rate (21%).

— [2] The TCJA also changed the rules governing NOL carrybacks and carryforwards.
Taxable years ending before December 2018 could carry NOLs back two years and carry
them forward up to twenty years. Starting with losses that occur in taxable years ending
in December 2018, firms could no longer carry NOLs back but could carry them forward

indefinitely.'®

— [3] The TCJA introduced limits on NOL deductions. While NOLs can reduce TI, they
cannot reduce TI by more than 80%. This provision began to apply to losses that
occurred in years ending in December 2018 and thereafter.

— [4] Finally, the TCJA imposed limits on interest expense deductions. This provision

began to apply to taxable years ending in December 2018. For taxable years ending be-

5The TCJA had originally prohibited NOL carrybacks for tax years ending after December 31, 2017, which
inadvertently blocked fiscal-year entities (those starting in 2017 and ending in 2018) from carrying back losses. The
CARES Act changed this to apply to tax years beginning after December 31, 2017. In our code, we adopt the
corrected rule, as this fix was widely anticipated by tax practitioners.
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tween December 2018 and November 2022, firms could deduct interest expenses up to the
sum of interest income, floor plan financing interest, and 30% of adjusted taxable income
(ATI) where ATI was EBITDA. For taxable years ending on or after December 2022,
ATI was set to change to EBIT.'6 Certain firms are exempt from this limitation on
interest expense deductions. Exempt firms include small firms — defined as firms with
annual gross receipts below a statutory threshold — as well as firms operating in selected

industries.

e Details of the CARES: Enacted on March 25, 2020, the CARES Act temporarily altered key

provisions of the U.S. corporate tax code established by the TCJA.

— [1] The CARES Act temporarily reinstated NOL carrybacks, allowing losses from tax
years 2018, 2019, and 2020 to be carried back up to five years to offset prior profits.
Specifically, the five-year carryback period applied to NOLs generated in taxable years
beginning after December 31, 2017, and before January 1, 2021. This meant, for example,
that a 2018 loss could be carried back to 2013. By permitting five-year carrybacks, the
CARES Act effectively reversed the TCJA’s ban on carrybacks for those years. (Prior
to the TCJA, pre-2018 law generally allowed a two-year carryback, which the TCJA had

eliminated.)

— [2] The CARES Act also temporarily suspended the NOL deduction limits for losses

arising in taxable years beginning after December 31, 2017, and before January 1, 2021.

— [3] Finally, the CARES Act temporarily increased the percentage of ATI that deter-
mines the interest deduction cap from 30% to 50% for taxable years beginning after

December 31, 2018, and before January 1, 2021.

e Code: Our algorithm incorporates all tax adjustments introduced by the TCJA and the
CARES Act described above. When incorporating the corporate tax rate change under the
TCJA, our code explicitly accounts for the effective date of the statutory rate change and
models the associated blended-rate structure. In particular, note that the blended rate is de-

termined by the number of days in the taxable year falling before and after December 31, 2017.

The One Big Beautiful Bill Act of 2025 returned the definition of ATT to EBITDA.
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When we estimate MTRs for fiscal years ending before January 2018, firms in our model apply
the pre-existing corporate tax rate (35%) when computing tax liabilities. In contrast, when
we estimate MTRs for fiscal years ending in January 2018 or later, firms apply a blended rate
that combines the old rate (35%) and the new rate introduced by the TCJA (21%) during the
transition period. Firms recognize that the blended rate applies only temporarily and there-
fore apply the new statutory rate (21%) in all subsequent fiscal years once the blended-rate

period expires.

When incorporating changes to the maximum number of loss carryback and carryforward
periods, we again explicitly account for the effective dates of the statutory changes. Recall that
the TCJA eliminated NOL carrybacks and allowed losses to be carried forward indefinitely
beginning with taxable years ending in January 2018. Accordingly, when we estimate MTRs
for fiscal years ending prior to January 2018, firms in our model may carry losses back two
years and carry losses forward for up to twenty years. When we estimate MTRs for fiscal years
ending between January 2018 and February 2020 (i.e., prior to the enactment of the CARES
Act), firms switch to the TCJA regime—under which losses cannot be carried back but may
be carried forward indefinitely—for losses incurred in taxable years ending in January 2018
or later. Finally, when we estimate MTRs for fiscal years ending in March 2020 or later
(i.e., after the enactment of the CARES Act), firms may carry losses back for up to five years
during the period authorized by the CARES Act and then revert to the TCJA rules beginning

with taxable years ending in December 2021.

Our code also incorporates the NOL deduction limits introduced by the TCJA. Recall
that, under the TCJA, these limits first applied to losses incurred in taxable years ending in
December 2018 or later. Accordingly, when we estimate MTRs for fiscal years ending prior to
December 2018, firms in our model are not constrained by NOL deduction limits. When we
estimate MTRs for fiscal years ending between December 2018 and February 2020 (i.e., prior
to the enactment of the CARES Act), the NOL deduction limits apply to losses incurred in
taxable years ending in December 2018 or later. Finally, when we estimate MTRs for fiscal
years ending in March 2020 or later (i.e., after the enactment of the CARES Act), the NOL

deduction limits apply to losses incurred in taxable years ending in December 2021 or later.
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We conclude by explaining how our code incorporates the interest expense deduction lim-
its introduced by the TCJA. Recall that the TCJA imposed interest expense deduction limits
for taxable years ending in December 2018 or later. Accordingly, when we estimate MTRs
for fiscal years ending prior to December 2018, the interest expense deduction limit is not
applied in any year. When we estimate MTRs for fiscal years ending between December 2018
and February 2020 (i.e., prior to the enactment of the CARES Act), the limitation applies to
taxable years ending in December 2018 or later, with adjusted taxable income (ATT) defined
according to the TCJA—based on EBITDA for the applicable period and switching to EBIT
thereafter. When we estimate MTRs for fiscal years ending between March 2020 and Novem-
ber 2025, the interest expense deduction limit continues to apply to taxable years ending in
December 2018 or later, with the ATI percentage temporarily increased from 30% to 50%
during the period specified by the CARES Act.

Since small firms are exempt for the interest expense deduction limits, we replace
interest-MTR with profit-MTR for small firms.!” Following the literature (Sanati and Bey-
haghi, 2025; Bayar, Kalcheva and Oyelade, 2024), we assume that firms in the following
industries are also exempt from the interest expense deduction limit: regulated utilities (two-
digit SIC code 49), real estate (SIC codes 6500-6599), and agriculture (SIC codes 0100-0999).
In addition, for motor vehicle dealers, a substantial share of interest expense is likely classi-
fied as floor plan financing interest, implying that the limitation may not apply to these firms
(SIC codes 5511-5521 and 5551-5599). Accordingly, we replace the interest-MTR with the

profit-MTR for firms in these industries as well.

G One Big Beautiful Bill Act of 2025 (OBBBA)

o Details of the tax law: Enacted on July 4, 2025, the OBBBA returned the definition of ATI

to EBITDA for taxable years ending in December 2025 or later.

e Code: Our algorithm incorporates the change in the definition of ATI specified in the OBBA.

17The size thresholds for the small-business exemption are $25 million in 2018, $26 million in 20192021, $27 million
in 2022, $29 million in 2023, $30 million in 2024, and $31 million in 2025. The threshold is based on a firm’s average
sales over the preceding three years. When sales data are available for only one or two of those years, we compute
the average using the available years. If sales data are unavailable for all three prior years, we use sales from the
current year.
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When estimating MTRs for fiscal years ending in December 2025 or later, we compute interest

expense deduction limits using EBITDA as ATI.
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Tables
Table 1: Tax Rates

This table reports the top statutory corporate tax rate over time, beginning in 1919. Column 1 lists the relevant
time periods, and Column 2 reports the corresponding top bracket corporate tax rate.

(1) (2)
Time Periods Top Bracket Corporate Tax Rate
1919-1921 10%
1922-1924 12.5%
1925 13%
1926-1927 13.5%
1928 12%
1929 11%
1930-1931 12%
1932-1935 13.75%
1936-1937 15%
1938-11/1940 19%
12/1940-11/1941 24%
12/1941-11/1942 31%
12/1942-1945 40%
1946-6/1950 38%

7/1950-3/1951
4/1951-3/1952

blended rate between 38% and 47%
blended rate between 47% and 52%

4/1952-1963 52%
1964 50%
1965-1967 48%
1968-1969 52.8%
1970 49.2%
1971-1974 48%
1975-1978 48%
1979-1981 46%
1982 46%
1983 46%
1984-6/1987 46%
7/1987-6/1988 blended rate between 46% and 34%
7/1988-1992 34%
1993-12/2017 35%
1/2018-12/2018 blended rate between 35% and 21%
1/2019-Present 21%
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Table 2: Maximum Number of Carryback Periods

This table reports the maximum number of allowable loss carryback years during the sample period. Information for
the early part of the sample period (through the 1980s) is drawn from Willan (1994).

(1) (2)
Time Periods # Carryback Periods

1918-1920
1921-1941
1942-1949
1950-1953
1954-1957
1958-1975
1976-1996
1997-12/2000
1/2001-12/2002
1/2003-12/2007
1/2008-11/2010
12/2010-11/2018
12/2018-11/2021
12/2021-Present

—_
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Table 3: Maximum Number of Carryforward Periods

This table reports the maximum number of allowable loss carryforward years during the sample period. Information
for the early part of the sample period (through the 1980s) is drawn from Willan (1994).

(1) (2)
Time Periods # Carryforward Periods
1918-1920 1
1921-1931 2
1932 1
1933-1938 0
1939-1949 2
1950-1975 5
1976-1980 7
1981-1996 15
1997-12/2017 20
1/2018-Present Infinity
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