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Abstract

In this paper, we study the relative tax advantages of traditional and Roth retirement accounts in the United
States by examining the retrospective tax benefits of each account type for the 2003 cohort of retirees. We
use the actual history of marginal tax rates at the individual level to estimate that the average tax shields of
traditional and Roth retirement accounts—the excess value of retirement consumption financed by those
accounts relative to brokerage accounts—were 68 percent and 47 percent, respectively. Traditional accounts
were better for this cohort largely due to tax cuts in 2001 and 2003. Under a counterfactual with inflation-
adjusted 2019 law, the average tax shields for traditional and Roth accounts would have been much closer
(33% and 30%, respectively), and nearly half of savers would have achieved higher retirement by saving in
Roth accounts rather than in traditional accounts. This is the first paper to apply the history of marginal
tax rates—informed by administrative income records—to compare Roth and traditional accounts for a
particular cohort of retirees.
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1. Introduction

Whether it is better for workers in the United States to save for retirement in a traditional account
or a Roth account is a profoundly practical question. Many workers have both options through an
employer’s defined contribution (DC) retirement plan, and many workers have access to both options
as individual retirement arrangements (IRAs).

It is well known that Roth accounts tend to be favorable for a person who expects her marginal tax
rate to be higher during retirement than during her working life, while saving in a traditional account
tends to be favorable if the situation is reversed. Both account types shield investment returns from
the tax that would otherwise apply to dividends, interest income, and capital gains—that is, the ‘inside
buildup’ is exempt from tax. Savings in Roth accounts are taxed as income before they are put into
the account, and savings in traditional accounts are taxed as income when they are removed from the
account. If investment returns are the same in both accounts and income tax is incurred exactly once
for savings that passes through either account, then it should be better to pay income tax at whichever
time the worker’s tax rate is lower.

However, predicting a marginal tax rate during retirement is not easy. Retirement income
depends on years of savings decisions and investment returns, both of which are unknown ex
ante. Furthermore, the schedule of marginal tax rates is a policy choice that changes over time
and additionally interacts with the taxation of social security income in a complicated manner.

© The Author(s), 2025. Published by Cambridge University Press.
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Anticipating future marginal tax rates is somewhat difficult even for a worker close to retirement
and extremely difficult for a worker far from retirement.

In this paper, we inform the traditional-or-Roth choice by examining the retrospective tax benefits
of each account type for a particular cohort of retirees that retired in 2003. We use administrative tax
records and a detailed tax calculator to construct tax rates in each year before and after retirement. We
apply those tax rates and historical rates of return to estimate the present value of after-tax retirement
income from traditional retirement accounts, Roth retirement accounts, and brokerage accounts with
no tax benefits, all funded with equal contributions on an after-tax basis.

We consider two tax counterfactuals: one in which individuals faced the history of the tax system
as it actually existed and one in which taxpayers faced the tax system as it existed in 2019 (adjusted
only for inflation) throughout their entire lives. The former is most useful at answering a retroactive
question: Would 2003 retirees have been better off by saving in a Roth or traditional account? The
latter is most useful at answering a prospective question: Should current workers save in a Roth or
traditional account?

We find that traditional accounts tended to dominate Roth accounts under the actual history of
tax law faced by the cohort of 2003 retirees. On average, traditional accounts led to 68 percent more
retirement wealth than if the equivalent after-tax savings were made in a taxable brokerage account,
while Roth accounts lead to 47 percent more retirement wealth relative to taxable brokerage accounts;
we refer to these quantities as the ‘tax shields’ of each type of account. This ranking was relatively
stable across individuals: over 86 percent of individuals would have achieved more retirement wealth
by saving in a traditional account instead of a Roth account. The dominance of traditional accounts is
largely driven by the tax changes in 1986, 2001, and 2003, which meant that marginal tax rates tended
to be higher in working age than in retirement.

By contrast, Roth and traditional accounts are much more comparable under the constant 2019 tax
system. Traditional accounts and Roth accounts receive nearly the same tax advantage on average with
a 33 percent average shield for traditional accounts and 30 percent for Roth accounts. The populations
of savers are split nearly evenly between those who would have achieved higher wealth in a traditional
account (53%) and those who would have achieved higher wealth in a Roth account (47%). This
reflects the fact that we estimate marginal tax rates to be very similar in working age and in retirement
under this counterfactual. Furthermore, the tax shield of both types of accounts is lower under the
constant 2019 law counterfactual, relative to the actual history of tax law, as the 2019 tax system has
tax rates on investment income that are generally lower than they were in the 1980s and 1990s.

We examine heterogeneity within the 2003 cohort. We find that, as predicted, workers whose
replacement rates were higher—that is, their retirement income was larger as a share of their working
age income—were relatively more likely to be better off using Roth accounts. Furthermore, holding
working-age and retirement income fixed, having higher savings is associated with preferring Roth
accounts. We find much more modest heterogeneity by gender and marital status.

We also consider the role of binding contribution limits. Because Roth accounts and traditional
accounts have the same contribution limits but the former are made with after-tax dollars, savers
can effectively shelter more savings under a Roth account. We find that, if individuals are consis-
tently bound by contribution limits, most savers could achieve more wealth in a Roth account, even
under contemporaneous law which favors traditional accounts in other circumstances. However,
using an auxiliary dataset of working age individuals, we find that only about 14 percent of savers
are constrained - thus, this additional consideration is not relevant for most individuals.

We are not the first to examine the relative benefits of traditional and Roth accounts. Crain and
Austin (1997) were one of the first to study the relative benefits of traditional and Roth IRAs, finding
that these benefits are closely tied to tax rates in working age and in retirement. A subsequent litera-
ture (discussed in detail in Adelman and Cross (2010)) considered variations of the Crain and Austin
(1997) model and generally came to similar conclusions. Of note, Gokhale et al. 2001 argue that the
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complicated taxation of social security income has the effect of increasing marginal tax rates on other
income types—including IRA distributions—in retirement, which is a factor favoring Roth accounts.
Burman et al. (2001) argue that the post-tax nature of Roth accounts, in combination with flat dol-
lar contribution limits, means that taxpayers can effectively save a larger amount in Roth accounts.
Kotlikoff et al. (2008) find that the decision between Roth and traditional accounts is highly sensitive
to assumptions regarding expectations about future tax changes.

More recently, Brown et al. (2017) examine traditional and Roth contributions as a portfolio
choice question in the presence of uncertainty over future tax rates. They show that Roth accounts
reduce the risk associated with uncertain future tax rates; this risk reduction favors Roth accounts
relative to traditional accounts. Lachance (2013) uses a life cycle model to derive analytically opti-
mal traditional-Roth portfolio allocation strategies in the presence of tax risk. In simulations using
a dynamic life cycle model, Horneff et al. (2023) find that savings, investment, and consumption
behavior under a traditional-only regime are very similar to behavior under a Roth-only regime.

Our paper differs from most of this literature in that we apply the actual history of earnings, family
status, and other tax-relevant characteristics from administrative data — subject only to some linear
interpolation between data years — rather than those simulated using dynamic programming tools.
This provides a fuller, richer picture of marginal tax rates (including under various counterfactual tax
regimes) throughout working age and retirement, which is necessary to compare Roth and traditional
accounts both retrospectively and prospectively. Additionally, using the observed microdata allows
us to study rich heterogeneity and answer questions about variance. For example, our data allow us to
compute the share of individuals who achieve higher wealth with Roth accounts, even if traditional
accounts achieve higher mean wealth.

The paper that is arguably closest to us is Marchand (2020), who studies the Canadian retirement
system (which also has Roth-style and traditional-style accounts). Marchand (2020) uses a hybrid
approach: simulating earnings paths not as the solution to a utility maximization problem, but solely
to match observed moments in Canadian administrative data. We make several contributions relative
to Marchand (2020). First, we study the United States instead of Canada; the United States tax system
has unique features that affect retirement income and savings incentives, such as the complicated
taxation of social security income and the saver’s credit. Second, we make several methodological
refinements both in the accumulation and decumulation phases, which we discuss in the sections to
follow.

Section 2 describes relevant features of the retirement system, Section 3 formalizes the basic
mechanics of retirement accounts to facilitate comparisons across account types, Section 4 describes
how we apply the principles of accumulation in retirement accounts to administrative data,
and Section 5 presents the results. Finally, Section 6 concludes.

2. United States taxation of retirement savings

In general, savings in a taxable brokerage account generate investment earnings—in the form of capi-
tal gains, interest income, and dividend income—that is subject to taxation. To encourage retirement
savings, the Internal Revenue Code allows investment earnings in a variety of retirement accounts to
be exempt from such capital income taxation, that is, no tax is owed on interest, dividends, or capital
gains that remain in the account. This treatment is sometimes referred to as ‘tax-free inside build-up.

There are two classes of retirement accounts, which are distinguished by tax liability on contribu-
tions and distributions (also known as withdrawals). Contributions to a traditional account are made
with pre-tax dollars—that is, the labor income used to make such contributions is not taxed' —while

"More precisely, the labor income used to make traditional contributions is not taxed under the income tax, though it
remains subject to payroll tax. The payroll tax does not affect the choice between Roth and traditional accounts, so we ignore
payroll taxes throughout this paper.
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Table 1. Tax status of retirement account flows
Brokerage Traditional Roth
Contributions Neutral Subsidized Neutral®
Capital income Taxed Not taxed Not taxed
Distributions Neutral Taxed Neutral

Notes: This table summarizes the tax treatment of retirement accounts and taxable brokerage accounts. See Section 2 for further details.
*Roth contributions are subsidized to the extent that they are eligible for the savers credit.

distributions from a traditional account are generally taxed as ordinary income. Conversely, contri-
butions to a Roth account are made with after-tax dollars and distributions from a Roth account
during retirement are not taxed.?

Roth accounts and brokerage accounts have several characteristics in common. One characteristic
shared by Roth accounts and brokerage accounts is that contributions are made with after-tax dollars.
Another is that distributions are not subject to tax.?

The tax treatment of retirement plans and taxable brokerage accounts is summarized in Table 1.
Relative to taxable accounts, both types of retirement accounts benefit from the exemption of cap-
ital income from taxation—that is, the tax-free inside build-up. The distinction between Roth and
traditional accounts is the timing of tax liability. Again, relative to taxable accounts, traditional con-
tributions receive a subsidy that is offset by a tax cost for distributions. Roth accounts receive neither
this subsidy nor this cost.

Since 2002, contributions to both Roth and traditional accounts have additionally been subsi-
dized by the saver’s credit.* The credit was equal to a percentage of the first $2,000 of contributions
per person. This percentage was 50 percent, 20 percent, or 10 percent, depending on adjusted gross
income (AGI). In 2019, the percentage was 50 percent for joint filers with AGI of $38,500 or less, 20
percent for joint filers with AGI between $38,501 and $41,500, and 10 percent for joint filers with
AGI between $41,501 and $64,000. Joint filers with income above $64,000 were not eligible. Single
filers faced the same ‘staircase’ schedule, except that all income amounts are cut in half. Critically, the
credit is non-refundable. This means that taxpayers with income below the standard deduction, or
with substantial other non-refundable credits (such as the child and dependent care credit) do not
receive a benefit from the saver’s credit.

For tax years after 2026, the SECURE 2.0 Act of 2022 made several changes to the saver’s credit.
First, it changed the mechanism from a tax credit claimed on Form 1040 to a match deposited directly
into a traditional account of the saver’s choosing. Second, it made the credit refundable (i.e., the match
is not limited by tax liability). Third, it replaced the staircase percentage schedule with a smooth
phaseout (between $41,000 and $71,000 in income for joint filers).

Most retirement contributions are to plans sponsored by an employer. Employer plans are typi-
cally referred to by the section of the Code that enables them, for example, 401(k) or 403(b) plans;
we refer to these plans in general as employer-sponsored DC plans, or just employer-sponsored plans
for short. Workers are also permitted to obtain the same tax benefits by saving in IRAs that are not
sponsored by an employer. However, not all individuals are allowed to benefit fully from IRAs: indi-
viduals with access to an employer-sponsored plan or a defined benefit plan (or whose spouse has

*While we focus on the United States retirement system, there are similar types of accounts in certain other countries as
well. In Canada, savers can choose between a traditional-style account (Registered Retirement Savings Plan) and a Roth-style
account (Tax-Free Savings Account), though the latter is not explicitly linked to saving for retirement. In the United Kingdom,
savers have access to Roth-style accounts called Individual Savings Accounts, again not explicitly linked to retirement. See Yoo
and de Serres (2004) for a review of similar accounts in other countries.

*Tax is assessed on capital gains realizations in brokerage accounts, and savers may choose to defer capital gains realizations
until just prior to taking a withdrawal from a brokerage account, but it is the realization event that is taxable, not the withdrawal.

“Formally, this credit is called the Retirement Savings Contribution Credit, but we use the term ‘saver’s credit, as it is more
colloquially known, throughout this paper.
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such access) are not able to make traditional IRA contributions with pre-tax dollars, and there are
income limits to making direct Roth IRA contributions.” In general, there are no income limits to
making contributions to employer-sponsored plans. IRAs came into existence in 1975, created by
Congress in the Employee Retirement Income Security Act (ERISA). Employer-sponsored DC plans
began in earnest shortly thereafter upon the passage of the Revenue Act of 1978.

Both employer-sponsored plans and IRAs are subject to annual limits on the amount that can
be contributed, with the limit applying to the sum of contributions to Roth and traditional accounts.
The annual limits for contributions to employer-sponsored plans are higher than the annual limits for
contributions to IRAs. Contribution limits to employer-sponsored plans and to IRAs are higher for
workers who are at least 50 years old than for workers under age 50. In 2019, the IRA annual limit was
$6,000, or $7,000 if age 50 or older; the limit for employer-sponsored plans was $19,000, or $25,000
if age 50 or older. At some employers, non-discrimination rules cause the employer-sponsored plan
limit to be effectively lower for certain highly compensated employees.

Importantly, IRAs often serve as a vehicle for collecting funds previously saved in a DC plan. Upon
job separation, it is common (and in some cases, required by the former plan) for individuals to ‘roll
over’ their DC balances into an IRA. So long as the DC plan and IRA are the same type (traditional or
Roth), such rollovers have no tax consequences. Goodman et al. (2021) show that the vast majority
of IRA assets reflect rollovers of previous DC contributions rather than contributions made directly
to the IRA. Relatedly, they show that there are substantially more retirement-age distributions made
from IRAs than from DC accounts, suggesting that most DC balances tend to be rolled over into
IRAs before or shortly after the beginning of the decumulation phase.

Participation in DC plans and IRAs is widespread but far from universal. Hoffman et al. (2022)
estimates that 18 percent of working-age individuals owned an IRA in 2020, while 35 percent owned
a DC account. Participation differs by demographic characteristics; among working-age individuals,
54 percent of non-Hispanic white individuals owned either an IRA or DC account, while only 37
percent of non-Hispanic black individuals and 28 percent of Hispanic individuals did so. Additionally,
Investment Company Institute (2024) showed that DC participation is increasing in income: those
with household income over $100,000 participate at nearly three times the participation rate of those
with household income under $50,000.

3. Conceptual approach

This section formalizes the basic mechanics of retirement accounts to facilitate comparisons across
account types.

We start by characterizing how an account balance evolves from one year to the next in a brokerage
account, a Roth account, or a traditional account. We then define the tax shield of Roth and traditional
accounts relative to brokerage accounts and summarize how we apply these principles to data.

3.1. Brokerage accounts

The balance of a brokerage account with no tax benefits evolves according to the following law of
motion for each individual i:

PO = (14 (1 — 7)) (BN + O — D) 0

where B is the balance in the account, S is after-tax contributions to the account (savings), D is after-
tax distributions from the account (consumption), r is the rate of return, and 7K is the tax rate on

*However, some high-income individuals may be able to replicate direct Roth IRA contributions through a two-step
transaction known as a backdoor Roth conversion.
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capital income.® The balance is constrained to be at least zero in all periods, that is, BFROX > 0 for
all ¢. For tractability, we assume that capital income is taxed on accrual. (In reality, dividends and
interest are taxed on accrual, but capital gains are not.) In general, we expect S > 0 and D = 0 during
the working life of the worker, and we expect S =0 and D > 0 during retirement.

Let Ry be the cumulative gross return from time s to time t > s, equal to IS (1 + (1 — 7',5{ )).7
Using the law of motion, we can derive several useful expressions. First, a worker who started saving
in a brokerage account at time ¢ < t and has never taken a distribution from the brokerage account
would have a balance given by the following equation:

t—1
BgROK _ Z SgROKRs,t' (2)
s=t

In Section 4.2, we use a version of Equation (2) to guide our imputation of savings in a way that is
consistent with the observed balance in the base year.

Second, for a worker who has balance BERK at time ¢, does not make any contributions at time ¢
or later, and lives until time > ¢, the budget constraint requires:

t
BEROK > " L 3)
it - ﬁt,s ’

s=t

which we will assume holds with equality in our empirical applications.

3.2. Roth accounts

The balance of a Roth account evolves according to the following law of motion:

0T = (1 4+ ) (BT 4 =™ — Dl ) @
where B is the balance in the account, S is after-tax contributions to the account (savings), D is after-
tax distributions from the account (consumption), r is the rate of return, and o is the subsidy due to
the saver’s credit. The subsidy due to the saver’s credit has an individual subscript because it depends
on the individual worker’s income and retirement contributions. As expressed in this equation, o is
the saver’s credit percentage per dollar of retirement contributions.

Let R*' be the cumulative pre-tax gross return from time s to time ¢ > s, equal to HJ?;S1 (1+7)f
Relative to a brokerage account, a Roth account benefits from (1) the absence of tax on capital income
(1) and (2) the presence of a subsidy on savings (o). These benefits are visible by comparing the law
of motion for brokerage accounts (Equation (1)) to the law of motion for Roth accounts (Equation
(4)). The balance in a Roth account for a worker who started saving at time ¢ < t and has never taken
a distribution is given by:

—1 SﬁOTH RSt

BROTH — , 5
=2 A %)

s=t
where the absence of tax on capital income is expressed here by using R rather than R.

®A reasonable interpretation of the law of motion is that the balance with index ¢ is the beginning-of-year balance, and
contributions and distributions are made immediately after the year begins. In the empirical exercise, we adjust the rates of
return to approximate smoother paths for contributions and distributions within a year. Additional details are provided in
Appendix A.3.

"If t = s, then we define f?f-‘t to be one, that is, zero net returns.

8 As above, if f =, then RS! = R* is defined to be one, that is, zero net returns.
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Distributions for a worker who makes no contributions at time ¢ or later and lives until time  are
constrained by the balance in year ¢:

ROTH . D§OTH
B > = (6)
s=t

which we will assume holds with equality in our empirical applications.

3.3. Traditional accounts

The balance of a traditional account evolves according to the following law of motion:

1 1
FAP = (1 r) (BE + oy S0P — D) @)
=7 —oy =7

where B is the balance in the account, S is after-tax contributions to the account (savings), D is after-
tax distributions from the account (consumption), r is the rate of return, ¢ is the subsidy due to the
saver’s credit, and 77 is the tax rate on ordinary income. The two expressions with the tax rate on
ordinary income adjust for the facts that (1) income that is contributed to a traditional account is
exempt from income tax and (2) distributions from traditional accounts are taxed as income.

The balance in a traditional account for a worker who started saving at time ¢ < ¢ and has never
taken a distribution is given by:

t—1
SiT;RADRS,t

ppr =y SR @

s=t Tis Tis

Distributions for a worker who makes no contributions after time ¢ and lives until time ¢ are
constrained by the balance in year ¢:

TRA ! Di*4P
BIRAD ~ —_— s 9)
T sz:; (1 — 77 )Rts

which we will assume holds with equality in our empirical applications.

3.4. Account type comparisons

We compare the present value of retirement consumption in each account type from the perspective
of the time of retirement ¢, which we define as the period after the final period in which savings are
contributed to the account. For a worker who makes no contributions in time ¢ or later and lives
until time 7, the present value at time ¢" of retirement consumption financed by an account of type
k € (brokerage, traditional, Roth) is given by the following equation:

k D
AF=3" (10)

s=t"

In this expression, A is the present value of retirement consumption at the time of retirement, D is
the current value of net-of-tax financed retirement consumption in some future period, and R is the
gross discount rate, which we assume is the same as the cumulative pre-tax gross return. This same
equation is used for the present value of retirement consumption financed by brokerage, Roth, and
traditional accounts.

The expression of present value (A) in Equation (10) can be compared across account types.
Balances in a particular year (B) are not comparable because (1) accumulation inside a broker-
age account differs from accumulation inside Roth and traditional accounts and (2) distributions
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from traditional accounts are taxed but distributions from brokerage and Roth accounts are not. The
present value of retirement consumption financed by an account is an apples-to-apples measure that
can be compared across brokerage, Roth, and traditional accounts.

Note that the present value of retirement consumption is equal to the balance in the year of retire-
ment for Roth accounts (AROTH — Bf?TH ) and less than the balance in the year of retirement for

traditional accounts (ATRAP < BiTiiAD ) and brokerage accounts (ABROK Bff*OK ). This can be seen
by comparing Equation (10) with Equations (3), (6), and (9).

Standard comparison between Roth and traditional accounts.
It is well known that traditional accounts are generally advantageous relative to Roth accounts if
the working-age tax rate is higher than the retirement-age tax rate. This is easy to see in our model
by deriving the distribution in a particular year of retirement that is attributable to savings from a
particular year for Roth and traditional accounts.

If contributions are only made in a single year s < ¢" and distributions are only made in a single
year t > t', then we can derive the following from the Roth law of motion (Equation (4)):

D{QOTH — 1 SfOTHRS’t. (1 1)
— Ois
If contributions are only made in a single year s < ¢ and distributions are only made in a single
year t > t*, then we can derive the following from the traditional law of motion (Equation (7)):

pprap = LT ganper (12)

1—717 — o0y

Holding fixed after-tax savings (STRAP = SROTH) and assuming for simplicity that the saver’s credit
is zero (o;; = 0), we can see from Equations (11) and (12) that retirement consumption financed by
a traditional account exceeds retirement consumption by a Roth account (D/RAP > DROTH) if and
only if the working-age tax rate exceeds the retirement-age tax rate (7 > 7).’

3.5. Tax shield

We define the tax shield of a retirement account as the excess present value of retirement consumption
financed by the retirement account, measured as of the date of retirement ", over the present value
of retirement consumption financed by a brokerage account with no tax benefits, holding fixed the
path of after-tax savings. The tax shield of a Roth account is given by the following equation:
ROTH
QROTH _ Aj
1

= “mox ~ 1 (13)

The tax shield of a traditional account is defined analogously:

rap _ ALY

— z _

gIRAD — —mox L (14)
1

We are interested in estimating and comparing R°TH and §7RAP,

4. Empirical strategy

This section describes how we use administrative tax records from 1969 through 2022 and other data
sources to simulate the present value of retirement consumption in the year of retirement under var-
ious counterfactuals. We focus on the cohort that retired in 2003, meaning they contributed savings

°More generally, the result is similar in the more empirically relevant case where contributions made in many years (prior
to t') and distributions are made in many years (¢ and later), so long as the appropriately weighted tax rates are used. See
Appendix A.1 for further details.
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to a retirement account in 2002 and in no subsequent year. (That is, in the notation of Section 3.5,
*
t =2003.)

4.1. Overview

For each retiree in the cohort, we use the observed IRA balance in the year of retirement, in
combination with an assumption on the profile of savings over the life cycle, to impute a path of
after-tax savings S over the working life of the retiree. We use the logic of Equation (7) to ensure
that the imputed path of after-tax savings is consistent with historical rates of return r, historical
individual-level marginal tax rates 7;°, and the observed IRA balance in the year of retirement.

We then construct counterfactual balances in the year of retirement for each retiree. Using the
logic of Equations (1), (4), and (7), the imputed path of after-tax savings S, historical rates of return r,
and historical or simulated capital income tax rates TiK , we calculate a counterfactual balance in each
type of account in the year of retirement.

Finally, for each account type, we assume that distributions for each individual match that indi-
vidual’s observed distributions, multiplied by a person-specific factor to force the budget constraint
to hold with equality. We then use the calculated path of distributions and historical rates of return
r to calculate the present value of retirement wealth for each account type as given by Equation (10).
Finally, we calculate the tax shield of Roth and traditional accounts as defined in Equations (13) and
(14).

In our baseline analysis, we consider three counterfactual saving vehicles: traditional plans, Roth
plans, and taxable brokerage accounts. We interact these saving vehicle counterfactuals with two
assumed legal systems: one in which individuals faced the tax system as it existed in 2019 (adjusted
for inflation) throughout their entire lives and one in which individuals faced the history of the tax
system as it actually existed. Across all counterfactuals, we hold fixed the amount of saving, denoted
Sit-

Broadly speaking, the empirical procedure has two main parts:

(1) First, we identify a cohort of interest and construct a long panel from 1960 through 2022 for
each individual in the cohort.
(2) Second, we use the panel to compute retirement wealth under various counterfactuals.

We discuss each in turn.

4.2. Constructing the panel

Sample.

We define a fixed cohort of approximately 800,000 workers that we deem to have retired in 2003. The
workers in this cohort: (1) were age 55-70in 2003, (2) contributed to a workplace DC account or made
a non-rollover contribution to a traditional or Roth IRA in 2002, (3) did not make a non-rollover
contribution to either type of account in any subsequent year, (4) had a balance in a traditional or
Roth IRA entering 2003 or subsequently engaged in a rollover to an IRA at some future point, and (5)
made a distribution from a traditional IRA at any point in 2003 or later. We require that individuals
were alive through the end 0f 2005. For computational tractability, we use a 10 percent random sample
of this cohort in all of our analyses.

Whether a worker contributed to a retirement account in a particular year is coded based on Form
W-2, Box 12 (Codes D, E, E, G, H, S for elective deferrals) and Form 5498, Box 1 (Contributions) for
that tax year. Whether an individual had a balance in a traditional IRA is based on Form 5498, Box
5 (Fair Market Value) and Box 7 (IRA checkbox); rollovers are determined from Form 5498, Box 2
(Rollover contributions). Age is calculated from a database of birth dates for all individuals who have
ever been issued a Social Security Number or Individual Tax Identification Number.
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Table 2. Summary statistics of analysis cohort
Mean 25th percentile 50th percentile 75th percentile
(1) () 3) (4)
Age in 2003 62.04 59 62 65
Share deceased by late 2024 0.392
Age at death 78.14 74 78 83
Share male 0.506
Trad’l IRA value entering 2003 $125,429 $15,827 $49,081 $130,765
Any trad’l IRA entering 2003 0.992
Roth IRA value entering 2003 $1,392 $0 $0 $0
Any Roth IRA entering 2003 0.141
Working-age wages $40,765 $17,368 $31,369 $54,153
Share married in 2003 0.747
Sample size 79,340

Notes: This table reports summary statistics for the sample used in our analysis. All percentiles are pseudo-percentiles, equal to the mean of
the 10 observations closest to the true quantile. Working-age wages are expressed in 2003 dollars.

We focus on individuals who retired in 2003 to give us the longest possible series of retirement
tax rates for a clean cohort of retirees. The electronic records we use do not contain information on
DC contributions in 2001 (or any year before 1999), so for years earlier than 2002 our method of
defining a retiring cohort—looking at the final year in which contributions to a retirement plan were
made—would be inaccurate.

The restriction to IRAs reflects a limitation of our data. Ideally, we would include all individuals
with an IRA balance or a balance in an employer-sponsored DC plan; unfortunately, the tax data con-
tain information on only the former (on Form 5498), not the latter. However, Goodman et al. (2021)
show that it is a reasonable approximation that most assets saved in employer-sponsored accounts
are rolled over into an IRA before the bulk of retirement-age distributions begin. Thus, we interpret
our restriction to holding an IRA entering 2003, or rolling assets into an IRA at some later point, as
capturing a large share of wealth initially saved in employer-sponsored accounts rather than IRAs
themselves. We compute an individual’s ‘observed’ IRA balance entering 2003 as equal to the IRA
value entering 2003 plus the present value of subsequent rollovers (discounted using the rates of
returns as discussed below under the heading ‘Rates of return and portfolio composition’).

Table 2 shows that the median worker in the sample had a traditional IRA balance entering 2003
of $49,000. The median worker had earned average working-age wages of $31,000 (in 2003 dollars).
In 2003, the average age of workers in the sample was 62, and 75 percent of workers in the sample
were married. As of late 2024, 61 percent of workers in the sample were still alive.

Creating the panel from 1999 onward.

From 1999 onward, our database contains the universe of Form 1040 tax returns as well as infor-
mation returns such as Forms W-2, 5498, 1099-R (for retirement distributions), and 1099-SSA (for
social security benefits). In particular, from Form 1099-R, we can identify distributions from a given
individual’s IRA. We are also able to directly observe wages from Form W-2 over this time period.
We observe an individual’s state of residence from their Form 1040.'°

Creating the panel prior to 1999.

Our data are more incomplete prior to 1999. From 1996 to 1998, we observe the usual set of vari-
ables from Form 1040 and its schedules, but not from any information returns. Prior to 1996, we
have access to the population of Forms 1040 in roughly five-year intervals—specifically, 1969, 1974,
1979, 1984, 1989, 1994, and 1995. However, these years are ‘narrower’ datasets, meaning that we do
not observe as much detail about income sources or deductions. Therefore, we must make various

10 . . . . . .
The state of residence is relevant only for calculating state income taxes. We assume marginal state income tax rates are
zero for non-filers.
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imputations, discussed in Appendix Section A.2. Finally, we linearly interpolate between years with
data and extrapolate backward from 1969 to 1960, as also discussed in Appendix Section A.2.

Rates of return and portfolio composition.

We construct annual rates of return from yields on 10-year Treasury bonds and a broad index of
domestic stock market returns based on Fama and French (1993).!! We give a 40 percent weight to
Treasury yields and a 60 percent weight to stock market returns.

Imputing savings.

We impute contributions during working age as follows, each designed to mimic the observed IRA
balance in 2003."? In particular, we consider several particular profiles of (net-of-tax) saving as a share
of (net-of-tax) wages. This leads to savings equations that have the form S;; = «; X f,w;,, where f; is
some deterministic path, w;; is net-of-tax wages, and «; is a scaling factor that (in combination with
assumed rates of return) is pinned down by the actual IRA balance entering 2003. We abstract from
any contribution limits, though we consider them in Section 5.3.

The simplest version of f;; is a constant—reflecting an assumption that individuals save a constant
share of their wages. However, this conflicts with empirical evidence that the savings rate tends to
increase as one approaches retirement (Parker et al., 2022). In our baseline method, we estimate f;; =
g(age;,) directly from an auxiliary sample of individuals in the tax data. In particular, we take a 1
percent sample of individuals who save a positive amount at any point from 2002 to 2006."> Among
this sample, we estimate the average retirement savings rate in 2004—that is, the net-of-tax retirement
savings as a share of net-of-tax wages—by single year of age. We set g(age;,) equal to these means.
Appendix Figure B.1 shows that savings rates increase fairly linearly, crossing 2 percent around age
24 and 8 percent around age 58. This is broadly consistent with the patterns found in Parker et al.
2022.1

One complication to this imputation is that IRAs did not exist until 1975. We proceed by assuming
that savings S;, from 1960 and 1974 were contributed to a taxable account." Then, we assume that the
net-of-tax wealth located in the taxable account is transferred gradually, between 1975 and 1980, to a
traditional account. Additional details and implications of this assumption are provided in Appendix
A3.

In sum, these assumptions are sufficient to allow us to estimate ; and thus the path of S;,. This
path is then held constant across all simulations.'

4.3. Estimating counterfactual retirement wealth

In this subsection, we discuss how we use the inputs constructed in Section 4.2 to estimate A*4P,

AROTH "and ABROK That is, holding net-of-tax saving fixed, what is the net-of-tax wealth held

""We use the Rm-Rf series from Ken French’s data library at https://mba.tuck.dartmouth.edu/pages/faculty/ken.french/
data_library.html.

"2As observed in Table 2, there exist some Roth IRA balances in our sample. We adjust these Roth IRA balances to their
traditional equivalent and then take the sum of the traditional and (adjusted) Roth balances. Details are provided in Appendix
A3.

We choose this time period in order to minimize the role of automatic enrollment, which becomes widespread closer to
the present.

"“We note that this approach refines that of Marchand (2020); that paper imputes a constant amount of saving between the
ages of 30 and 55. To the extent that marginal tax rates vary predictably during working age, our method produces a more
accurate picture of the effective subsidy enjoyed by traditional contributions.

"This is a substantive assumption that retirement accounts did not affect saving. We view this as an approximation.

"In Appendix B.1, we show using a sample of more recent working age individuals — where we can observe true income and
true saving — that the imputation procedure does not have a substantial effect on the average effective tax rate facing savers.
Thus, while the imputation surely deviates from reality for many individuals, the imputation does not appear to cause a large
bias in aggregate.
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by individuals under the counterfactual where all of their saving is in traditional accounts, Roth
accounts, or taxable accounts? Broadly speaking, our task is to estimate each element in Equations (8),
(9), and (10) and their analogues for Roth and taxable accounts. We do so under two legal counter-
factuals: one in which individuals faced the contemporaneous tax system as it actually existed in each
year, and another in which individuals faced the 2019 tax system in all years (with all statutory param-
eters adjusted for inflation). For the former, we take into account that IRAs and similar accounts did
not exist prior to 1975; for the latter, we assume access to such accounts throughout working life.

The accumulation phase.
The primary objects to compute are the tax rates (1Y) and saver’s credit rates (0;,)."” To do so, We make
use of NBER TAXSIM (Feenberg and Coutts, 1993), augmented by us to calculate the saver’s credit.
NBER TAXSIM is a detailed tax calculator that captures most of the important features of federal
and state income taxes; thus, 7;¥ reflects the marginal rate schedule but also reflects the phase-in
and phase-out of credits such as the earned income credit, the interaction with the taxation of social
security income, and the (full or partial) deductibility of state income taxes. Our ability to closely
approximate the actual history of tax rates at the individual level distinguishes this paper from others
that compare Roth and traditional retirement accounts.'®

Additionally, we approximate the annual rate of return in taxable accounts, 7;, = r,(1—7X). To do
so0, we compute marginal tax rates on qualified dividends, taxable interest, and long-term capital gains
which vary by individual. We assume that 50 percent of the return is taxed as long-term capital gains,
25 percent as qualified dividends, and 25 percent as taxable interest. We assume that the accrual-
equivalent capital gains rate is two thirds of the statutory rate; this would be consistent with a 15-year
holding period and 7.5 percent pre-tax rate of return. We can then compute the tax rate that applies
to each component of the investment return, and we set 75 equal to the weighted average.

The decumulation phase.

The remaining objects to compute are the balances at retirement, B; ;o3 and the path of net-of-tax
distributions (D;;). The balances are computed using Equation (2) and their Roth and traditional
analogues. To simulate the path of distributions, we assume that pre-tax distributions (denoted d%)
from account type k € (traditional, Roth, brokerage) are proportional to observed distributions from
traditional accounts, that is, we assume

k _ gk o JTRAD
diy = 0; x dit,obs > (15)
where d*4D is observed distributions from traditional IRAs from person i in year . We solve for

6% for each individual by imposing the budget constraint (i.e., Equation (3) and its analogues). This
approach contrasts to that of Marchand (2020), who compute the retirement marginal tax rate with
respect to a small change in income at a single point in time (age 70). Our approach meaningfully
refines Marchand (2020) to reflect the actual timing of distributions during retirement; furthermore,
our approach picks up the effect of lumpy distributions being associated with an atypically high
average tax rate, while Marchand (2020) abstracts from that effect.

Given the path of pre-tax distributions in the traditional counterfactual, , we can then com-
pute 77, the average tax rate that applies to that distribution. We again use NBER TAXSIM, which
we stress correctly takes into account the partial taxation of social security income, which is critical
for this population (Gokhale et al., 2001).

TRAD
die

"In Section 3.5, we have approximated these as constants (within i and t); however, more accurately, the relevant tax rates
and saver’s credit rates are a function of the contribution amount. We apply an iterative algorithm to compute these rates;
further details are provided in Appendix A.3.

"®While TAXSIM has federal computations coded for all years in our sample period, the coding of state income taxes begins
in 1977. For tax law years prior to 1977, we assume that a given state’s income tax rate is constant and equal to the average
marginal tax rates computed in that state in our sample over the 1977-82 period. We also manually adjust itemized deductions
prior to 1977 such that the federal tax computation will reflect the deduction for state income tax.
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Table 3. Main results: Average tax shield of Roth and traditional accounts relative to taxable accounts

Contemporaneous law Inflation-adjusted 2019 law
(1) ()
Panel A: Average retirement wealth if saved in...
Traditional $91,652 $79,467
Roth $81,280 $80,538
Taxable $53,622 $60,632
Panel B: Average shields:
Average traditional shield 0.676 0.332
Average Roth shield 0.468 0.299
Share with traditional > Roth 0.861 0.530

Notes: Panel A presents the average present value of retirement consumption financed through traditional, Roth, and taxable accounts. Panel B
presents the average (person-weighted) tax shield of traditional and Roth accounts and the share of individuals for whom traditional accounts
would have financed more retirement consumption than Roth accounts. Note that the quantities in Panel B cannot be derived directly from
the quantities in Panel A; due to implicit differences in weighting, the average shield is not equal to the shield implied by the average values of
wealth.

The pre-tax distributions and the average tax rate that apply to them are sufficient to recover the
net-of-tax distributions, D;,. Given the path of distributions and rates of returns calculated earlier, we
can then compute A/RAP, AROTH ‘and ABROK ysing Equation (10).

5. Results

Table 3 summarizes the benefits of Roth and traditional retirement accounts for the cohort of workers
that retired in 2003. We estimate (column 1) the average tax shield of traditional retirement accounts
for the 2003 cohort was 0.68 under contemporaneous law; that is, an average worker who retired in
2003 would have financed an additional 68 percent of retirement consumption by saving in a tradi-
tional retirement account instead of a taxable brokerage account. We estimate that the average tax
shield of Roth accounts for the 2003 cohort was 0.47. Thus, for the 2003 cohort on average, we find
that traditional accounts offered a larger tax shield than Roth accounts. Equivalently, saving in tradi-
tional accounts would have financed more retirement consumption on average than saving in Roth
accounts for the 2003 cohort.

Traditional accounts outperforming Roth accounts for the 2003 cohort is partially explained by
changes in Federal tax policy. As noted earlier, traditional accounts tend to be better if the tax rate
faced by an individual is lower during retirement than during the individual’s working life. Legislation
in 1986, 2001, and 2003 reduced marginal tax rates generally, so the cohort of workers that retired
in 2003 tended to face a lower tax rate schedule during retirement than during their working lives.
Under contemporaneous law, we estimate that the vast majority of the cohort—85 percent—would
have financed more retirement consumption by saving in traditional accounts than in Roth
accounts.

Using the same individual earnings and savings history but under the counterfactual of constant
inflation-adjusted 2019 tax law, we find that Roth and traditional accounts offered nearly the same
shield on average. Table 3 shows that, in the 2019-law counterfactual, we estimate an average tax
shield of traditional accounts of 0.33 and an average tax shield of Roth accounts of 0.30. We estimate
a roughly even number of savers would prefer each type of account - 53 percent of the cohort would
have financed more retirement consumption by saving in traditional accounts than by saving in Roth
accounts."

PImplicitly, we have been contemplating workers choosing one of two allocations: allocate all savings throughout life to
Roth, or allocate all savings throughout life to traditional. However, intermediate allocations are possible; a worker could
contribute to Roth in one year and traditional in another year, for instance. In Appendix B.2.1, we examine several simple
rules that workers might use to choose between saving in traditional and Roth accounts in a given year. In general, we find
that these alternative strategies do not substantially improve retirement wealth relative to always contributing to traditional
accounts.
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Table 4. Key ingredients in calculation of tax shields
Working age Retirement
(1) ()

Panel A: Contemporaneous law
Average effective tax rate 0.311 0.222
Memo: average effective tax rate if disn’s smooth 0.187
Average saver’s credit rate for trad’l contributions 0.001
Average saver’s credit rate for Roth contributions 0.001
Ratio of tax-free to net-of-tax investment returns 1.334 1.063
Panel B: Inflation-adjusted 2019 law
Average effective tax rate 0.211 0.197
Memo: average effective tax rate if disn’s smooth 0.167
Average saver’s credit rate for trad’l contributions 0.032
Average saver’s credit rate for Roth contributions 0.032
Ratio of tax-free to net-of-tax investment returns 1.188 1.052

Notes: This table reports several of the main inputs that determine the tax shields of Roth and traditional retirement accounts. The average
effective tax rate is the marginal income tax rate on one dollar of wage income (during working age) or on one dollar of taxable IRA distributions
(during retirement), including federal and state income taxes and their interaction. The saver’s credit rates are equal to the total saver’s credit
(after the tax liability limitation) divided by the amount of the contribution. The effective tax rates and saver’s credit rates are collapsed to the
individual level, weighting by the present value of traditional contributions. In working age, tax-free and net-of-tax gross investment returns are
collapsed to the individual level weighted by nominal traditional contributions. In retirement, the ratio of tax-free to net-of-tax gross investment
returns is calculated as the ratio of the brokerage balance at retirement BEXK to its present value AP*K as defined by Equation (10). The
numbers in this table are an unweighted average across individuals.

5.1. Determinants of tax shields

Table 4 summarizes key determinants of retirement account tax shields. For traditional accounts, the
difference in marginal tax rates between working age and retirement is very important. Under con-
temporaneous law (Panel A), we find that average marginal tax rates during working age were 31.1
percent, meaning that traditional contributions received a subsidy at a 31.1 percent rate. At retire-
ment, traditional distributions are taxed as ordinary income, while Roth distributions are not taxed.
We find that traditional distributions would have faced an average marginal tax rate of 22.2 percent
under contemporaneous law.** This 9 percentage point wedge causes traditional accounts to tend
to dominate Roth accounts under contemporaneous law. The saver’s credit is negligible in this legal
counterfactual because the saver’s credit was in effect for only one year of working life of this cohort.

Under inflation-adjusted 2019 law (Panel B), the wedge between the working-age subsidy and
the retirement-age tax rate was much smaller. Traditional contributions received a subsidy of 21.1
percent from the regular tax schedule and an additional 3.2 percent from the saver’s credit under
inflation-adjusted 2019 law. Roth contributions received a subsidy of 3.2 percent from the saver’s
credit. Traditional distributions would have faced an average marginal tax rate of 19.7 percent under
inflation-adjusted 2019 law. Because this wedge is much smaller than under contemporaneous law,
the advantage to traditional accounts is also much smaller.

One force pushing the effective tax rate higher in retirement is that individuals tend not to time
their distributions in a tax-efficient way. To quantify this, we compute the effective tax rate under
an alternative assumption that distributions are made smoothly over the entire retirement period.**
Under inflation-adjusted 2019 law, the effective tax rate in retirement would be about 3 percentage
points lower (16.7%), as indicated in the ‘memo’ line in Table 4 - a meaningful amount relative to the
overall wedge between working age and retirement effective tax rates.

This gap between true distributions and hypothetical smoother distributions occurs for two rea-
sons. First, true distributions are lumpy - that is, the effective tax rate in a given year is made higher

*These tax and subsidy rates are collapsed within individual, weighting by the present value of traditional contributions or
distributions, as applicable. Once collapsed to the individual, we take an unweighted average across individuals.

'Specifically, we assume that distributions are equal to an increasing fraction of the balance entering the period, such that
the present value of distributions is constant over time and the account is exhausted in the final year (the earlier of 2022 or
year of death).
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by the IRA distribution itself. Second, it turns out that retirees tend to take distributions exactly
when their tax rate would otherwise be higher, IRA distributions aside. To decompose the relative
role of these two effects, we compute a ‘hypothetical’ average effective tax rate where the effective
tax rate in each year is given under the smooth distribution counterfactual (so that the effect of the
IRA distributions themselves on tax rates is eliminated), but we weight across years using the true
path. We calculate this hypothetical tax rate, averaged across individuals, to be 18.4 percent. The gap
between 19.7 percent and 18.4 percent — about 44 percent of the wedge - represents the direct effect
of lumpy distributions, while the gap between 18.4 percent and 16.7 percent represents the effect of
the correlation between IRA distributions and IRA-exclusive tax rates.”

We stress that the measured tax rates in retirement (and in working age, to the extent that it applies)
correctly take into account the partial taxation of social security income. In particular, the amount
of social security income that is subject to tax is a function of the amount of non-social security
income. As noted by Gokhale et al. 2001, this can have the effect of increasing the marginal tax rate on
other income by 50 or 85 percent for those affected. NBER TAXSIM incorporates this calculation. We
estimate that, on average, the marginal tax rate would be 2.4 (contemporaneous law) or 2.1 (inflation-
adjusted 2019 law) percentage points lower if the distribution did not increase the amount of social
security income subject to federal income tax. In sum, our results are consistent with Gokhale et al.
2001 in that taxation of social security income does increase retirement-age tax rates, but we find that
this effect is smaller on average than the reduction in marginal tax rates due to the general reduction
in income that tends to occur at retirement.

Next, we turn our attention to the role of the saver’s credit. The average saver’s credit rate is note-
worthy for several reasons. First, the fact that the saver’s credit rate is virtually identical between
traditional and Roth contributions means that, for the vast majority of individuals who have house-
hold income such that they can benefit from the saver’s credit ($32,000 for single filers and $64,000 for
joint filers), retirement contributions are under $2,000 per year in 2019 dollars.** Second, given the
nearly identical average saver’s credit rate, the saver’s credit effectively subsidizes traditional contri-
butions by more than Roth contributions, since each dollar of traditional contributions requires less
after-tax saving yet yields the same saver’s credit. Third, the fact that the average saver’s credit rate is
substantially less than the statutory rates of 50 percent, 20 percent, and 10 percent implies that most
savers have income that it is too high or tax liability too low to benefit from the saver’s credit, reducing
the overall subsidy—and slight advantage to traditional accounts—created by the saver’s credit.”*

Figure 1 provides more detail on the time path of marginal tax rates. It shows that, under contem-
poraneous law, marginal tax rates were substantially higher through the mid-1980s than they were in
the 2000s. The Tax Reform Act of 1986 reduced marginal rates somewhat, but they remained higher
than 2019 law until the passage of the Tax Cuts and Jobs Act of 2017. Meanwhile, Figure 1 also shows
that marginal tax rates would have increased gradually under inflation-adjusted 2019 law over the
working lives of the cohort, then dropped sharply at retirement. Under a stable tax law regime with
graduated marginal tax rates, changes in marginal tax rates are primarily a consequence of changes
in income. Income was higher during the working lives of the cohort than during retirement, so
marginal tax rates were also higher.”

*The analogous numbers for the contemporaneous law counterfactual are 22.2 percent (baseline), 18.7 percent (smooth
counterfactual), and 20.6 percent (hypothetical).

If contributions were greater than $2,000, then the saver’s credit rate would be higher for traditional than for Roth.

**We discuss the role of the saver’s credit further in Appendix B.2.3.

*The marginal tax rates in this figure are calculated as dollar-weighted averages reflecting the full history of each legal
regime. The conversion between before-tax and after-tax savings differs across legal regimes while workers are saving, so
retirement account balances and distributions also differ across legal regimes for retired workers. Tax law in 2019 is the same
in both regimes, but the marginal tax rate on distributions is slightly different in 2019 because each retiree has a slightly different
distribution, and the average marginal tax rate is a dollar-weighted average.
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Figure 1. Average tax rates by year.
Note: This figure plots the average marginal tax rate by year in our cohort, including federal and state income taxes.

While the tax rates on contributions and distributions are the key factors determining the relative
ranking between Roth and traditional accounts, the advantage of both types of retirement accounts
over taxable brokerage accounts is largely driven by the benefit of tax-free inside build-up. In the
fourth row of each panel of Table 4, we report the ratio of gross returns in retirement accounts to
net-of-tax returns in taxable brokerage accounts. The tax-free inside build-up increases retirement
wealth by 33 percent during working age and an additional 6 percent during retirement under con-
temporaneous law. The value of tax-free inside build-up is smaller under the inflation-adjusted 2019
law counterfactual: 19 percent during working age and an additional 5 percent in retirement. The
difference between legal environments largely reflects tax changes in 2001 and 2003 that reduced the
tax rates on dividends and capital gains held in taxable brokerage accounts, especially for low and
moderate earners. For example, under 2019 law, joint filers with taxable income under $78,750 do
not pay tax on long-term capital gains or qualified dividends, even in taxable accounts.

In Appendix B.2, we consider the robustness of our findings to varying the assumptions with
respect to contribution timing, distribution timing, and portfolio composition. In brief, we find that
assuming contributions later in working age relative to baseline and (as discussed above) assuming
a smooth path of distributions tends to favor traditional accounts. Changing portfolio composition
mechanically has no effect on the difference between Roth and traditional accounts (as we assume
that the portfolio composition affects only the taxation of investment returns in a taxable account,
not pre-tax returns); we find that the overall shield of retirement accounts roughly doubles relative
to baseline if we assume portfolios consist entirely of taxable bonds. Interested readers are directed
to Appendix B.2 for a more detailed discussion.

5.2. Heterogeneity

One of the advantages of our data is that we can look beyond mean shields; in particular, we can com-
pute the shield for each individual for each type of account. This allows us to describe the distribution
of the relative tax advantages of Roth and traditional accounts.
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Figure 2. Histogram of the traditional shield minus the Roth shield.

Notes: This figure plots the probability mass function of the difference between the traditional tax shield and the Roth tax
shield. Those to the right of zero achieve more retirement wealth in a traditional account, while those to the left of zero
achieve more retirement wealth in a Roth account. The bins at the far left and far right include the mass to their left and
right, respectively.

In Figure 2, we plot the density of the difference between the traditional tax shield and the retire-
ment tax shield under each of the two legal counterfactuals; those to the right of zero achieve more
wealth by saving in traditional accounts, while those to the left of zero achieve more wealth by sav-
ing in Roth accounts. The distribution peaks at about 0.1 under contemporaneous law and just to the
left of zero (i.e., indifference) under inflation-adjusted 2019 law, but there is meaningful dispersion in
both cases. Under contemporaneous law, the range from the 10th to 90th percentile is [—0.022, 0.496],
while it is [—0.117, 0.234] under inflation-adjusted 2019 law.*®

Next, we explore the possibility that traditional or Roth accounts are particularly good for some
types of people defined by certain observable characteristics. In Table 5, we report coefficients from
several regressions. The dependent variable is one of two metrics of the relative advantage of tradi-
tional accounts: (1) a dummy for an individual achieving more wealth in a traditional account than
a Roth account and (2) the difference between the traditional tax shield and the Roth tax shield. The
key explanatory variables are the log of working age income, the log of retirement income, the log of
wealth (defined as retirement wealth when saved in a taxable brokerage account), and dummies for
male, being married (as of 2003), and their interaction. For this purpose, income is defined as AGI,
plus non-taxable social security income, minus taxable distributions from IRAs. We divide by two in
the case of married couples.

Columns (1) and (2) use contemporaneous law, while columns (3) and (4) use inflation-adjusted
2019 law; columns (1) and (3) use the binary dependent variable while columns (2) and (4) use the
difference between the traditional tax and the Roth tax shield. In all columns, there is a clear positive
relationship between working age income and the relative advantage of traditional accounts; simi-
larly, there is a clear negative relationship between retirement income and the relative advantage of
traditional accounts. This result is unsurprising: a worker with higher working-age income will tend

*To protect taxpayer privacy, these quantiles are computed as pseudoquantiles, equal to the mean of the 10 observations
nearest the true quantile.
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Table 5. Determinants of relative advantage of traditional accounts over Roth accounts

Contemporaneous law Inflation-adjusted 2019 law
Share with Trad’l shield Share with Trad’l shield
trad’l > Roth minus Roth shield trad’l > Roth minus Roth shield
(1) (2) 3) (4)

Log working-age income 0.258 0.265 0.223 0.080
(0.004) (0.003) (0.005) (0.002)
Log retirement income -0.164 -0.149 -0.344 -0.123
(0.003) (0.002) (0.005) (0.002)
Log wealth (taxable brok.) -0.023 -0.042 -0.088 -0.033
(0.001) (0.001) (0.001) (0.000)
Male -0.011 0.020 -0.026 -0.004
(0.006) (0.003) (0.007) (0.002)
Married in 2003 0.066 0.032 0.022 -0.001
(0.004) (0.002) (0.005) (0.001)
Male x married 0.015 0.006 0.038 0.010
(0.006) (0.004) (0.008) (0.002)
Constant 0.541 -0.118 1.167 0.270
(0.009) (0.006) (0.012) (0.004)

Linear combinations:
Log retirement income -0.422 -0.414 -0.567 -0.202
- Log working-age income (0.007) (0.005) (0.010) (0.003)
Log retirement income 0.094 0.117 -0.120 -0.043
+ Log working-age income (0.003) (0.002) (0.004) (0.001)
Observations 79,280 79,280 79,280 79,280
R? 0.102 0.255 0.183 0.271

Notes: This table reports the coefficients from four regressions. The dependent variable in columns (1) and (3) is a dummy for an individual
achieving more wealth in a traditional account than a Roth account. The dependent variable in columns (2) and (4) is the traditional shield
minus the Roth shield. Income is defined as AGI, plus non-taxable social security income, minus taxable distributions from IRAs; for the purpose
of this regression, we divide income by two in the case of married couples and we deem working age to begin at age 25. Near the bottom
of the table, we report two sets of linear combinations of these regression coefficients that are of economic interest. The difference in the
coefficients on log retirement income and log working-age income represents the implied effect of the log of the replacement rate. The sum of
the coefficients on log retirement income and log working-age income represents the implied effect of a proportional increase in income during
both retirement and working-age. Standard errors in parentheses.

to face a higher working-age marginal tax rate (making traditional accounts more preferable), while
a worker with higher retirement-age income will tend to face a higher retirement-age marginal tax
rate (making traditional accounts less preferable).

Two transformations of these regression coefficients are of interest; these transformations are
reported at the bottom of Table 5. First, the difference between the coefficient on retirement-age
income and the coefficient on working-age income reflects the implied effect of the log of the replace-
ment rate—that is, the ratio of retirement-age income to working-age income. The effect is strongly
negative: those with a larger replacement rate will tend to prefer Roth accounts, as their marginal rate
in retirement will tend to be larger than their marginal rate in working age. Second, the sum of the
two coeflicients reflects the implied effect of increasing both retirement-age and working-age income
proportionally. Here, we find a difference between contemporaneous law and inflation-adjusted 2019
law. Under inflation-adjusted 2019 law, such a proportional increase in income throughout life tends
to make Roth accounts more preferred, while the reverse is true under contemporaneous law.

Next, we see that higher savings—holding income fixed—makes Roth accounts relatively more
favorable. This likely reflects the fact that a larger account balance creates larger distributions, which
has the effect of pushing people into higher tax brackets. We find that demographic variables (gender
and marital status) have relatively more modest effects.

In Figure 3, we show the effect of the replacement rate in more detail. We plot the Roth and tradi-
tional shields (both relative to taxable accounts) and the share of individuals achieving more wealth
in traditional accounts in 15 bins of the replacement rate. Under both legal counterfactuals, we see
the clear negative effect on the relative advantage of traditional accounts. Under inflation-adjusted
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Figure 3. Heterogeneity by replacement rate.

Notes: This figure plots the average traditional shield, average Roth shield, and the share of individuals that achieve more
wealth in traditional accounts as a function of the replacement rate. The replacement rate is defined as retirement-age
income divided by working-age income. Retirement-age is defined to begin in 2003. Working-age is defined to begin at age
25 and end in 2002. Income is defined as AGI plus non-taxable social security income, with this entire quantity divided by
two when the individual is part of a jointly filing married couple.

2019 law (right panel), the indifference point occurs at a replacement rate of approximately one, with
larger replacement-rate individuals preferring Roth accounts and lower replacement-rate individuals
preferring traditional accounts. By contrast, under contemporaneous law (left panel), the individuals
with the largest replacement rate still tend to prefer traditional accounts over Roth accounts—that is,
the reduction in marginal tax rates caused by changes in the tax schedule is enough to overcome the
increase in marginal rate caused by increased income.

5.3. Extension: Contributions at maximum

In our baseline analysis, we have abstracted from contribution limits. However, for a saver who is
constrained by contribution limits, Roth accounts effectively allow savers to shelter more (after-tax-
equivalent) savings than traditional accounts. This occurs because the same contribution limits apply
to traditional and Roth accounts even though traditional contributions are before-tax and Roth con-
tributions are after-tax. This advantage to Roth accounts has been eliminated by assumption in our
baseline analysis.

In this section, we quantify this advantage under the extreme assumption that each individual in
our sample saved an amount equivalent to contributing the maximum to a Roth IRA in every year
from 1975 through 2002.* These results are presented in Table 6, which quantifies the advantage of
Roth accounts caused by the effectively higher contribution limits.

On average, individuals would have accumulated an account balance of $223,000 under contem-
poraneous law or $363,000 under inflation-adjusted 2019 law. Holding fixed the individual’s after-tax
savings, that individual could have contributed at the maximum to a traditional IRA in each of those

In the inflation-adjusted 2019 law counterfactual, we use 2019 IRA limits adjusted for inflation. In the contemporaneous
law counterfactual, we use the nominal limits as they actually existed. In both cases, we also require that saving in each year is
no greater than own wages.
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Table 6. Wealth if saving at maximum IRA limit

Balancein IRA Balance in taxable account Total wealth

(1) () @3)

Panel A: Contemporaneous law
If saved in Roth $222,845 $0 $222,845
If saved in trad’l plus taxable $222,845 $42,206 $200,977
If saved in taxable $0 $162,303 $152,453
Share with traditional > Roth 0.078
Panel B: Inflation-adjusted 2019 law
If saved in Roth $363,055 $0 $363,055
If saved in trad’l plus taxable $363,055 $48,129 $310,998
If saved in taxable S0 $303,565 $288,152
Share with traditional > Roth 0.019

Notes: This table reports the wealth achieved when individuals save an amount equivalent to the maximum Roth IRA contribution in each year.
Thetable contemplates three alternative savings strategies: (1) save in Roth, (2) save up to the contribution limitin traditional accounts and save
the remainder in taxable brokerage accounts, and (3) save in taxable brokerage accounts. Under contemporaneous law, we use the nominal
contemporaneous IRA limit, which is zero prior to 1975. Under inflation-adjusted 2019 law, we use the 2019 limit adjusted for inflation. The limit
includes catch-up limits, where applicable. We additionally restrict that individuals do not save more than their net-of-tax wages.

years and still had some excess savings because contributions to a traditional IRA are on a before-
tax basis. If those excess savings were put into a taxable account, then we estimate the balance in
the taxable account at retirement would have been $42,000 under contemporaneous law or $48,000
under inflation-adjusted 2019 law. We estimate the present value of retirement consumption financed
through the traditional IRA and brokerage account combined would have been $201,000 (contempo-
raneous law) or $311,000 (inflation-adjusted 2019 law). This is around 10 percent (contemporaneous
law) or 14 percent (inflation-adjusted 2019 law) less than retirement consumption financed through
the Roth IRA. We find that 92 percent (contemporaneous law) or 98 percent (inflation-adjusted 2019
law) of individuals achieve more retirement wealth saving in Roth relative to traditional accounts.
Thus, even under contemporaneous law when the general patterns of marginal tax rates strongly
favor traditional accounts, the ability to shelter more effective savings from tax on investment returns
causes Roth accounts to usually be favored when contribution limits are always binding.

That said, the vast majority of savers tend not to be constrained by contribution limits in practice.
Using an auxiliary sample of individuals in 2005 who were between the ages of 25 and 54, we find
that only 14 percent of savers were constrained by such limits.?® Thus, while contribution limits tend
to cause Roth accounts to be favored for those for whom it is binding, we find that this consideration
is relevant only for a small slice of savers.

6. Discussion and conclusion

In this paper, we used the 2003 cohort of retirees to examine the relative performance of traditional
and Roth retirement accounts. Using administrative data and a detailed tax calculator, our analysis
incorporates individual-level estimates of marginal tax rates throughout the lifetime.

Under contemporaneous law, we find that the vast majority of 2003 retirees would have been better
off saving in traditional retirement accounts. For most of this cohort, the reduction in tax rates caused
by tax changes in 1986, 2001, and 2003 tax rates enough that retirement-age marginal tax rates were
lower than working-age marginal tax rates. Under inflation-adjusted 2019 law, we find that a slim-
mer majority of retirees would have been better off saving in traditional retirement accounts. About
one third of the cohort would have been better off using Roth accounts under 2019 law. If there are

*We define an individual to be constrained by IRA limits if their traditional IRA contributions, plus Roth IRA contribu-
tions converted to ‘traditional-equivalent’ (i.e., by dividing by one minus the marginal tax rate), exceeds 90 percent of the IRA
contribution limit. We define an individual to be constrained by DC limits analogously. We define an individual to be con-
strained if they are constrained either by IRA limits or DC limits. We define an individual to be a ‘saver’ if they make an IRA
or DC contribution during the year.
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no changes to federal tax law, we expect this scenario would be more informative for workers cur-
rently facing the choice between saving in traditional and Roth accounts. Traditional accounts tend
to do better relative to Roth accounts when contributions are made later in working life and when
distributions are taken later in retirement.

Our analysis faces several limitations. First, we abstract from bequests; if heirs face a higher
marginal tax rate than retired individuals, that would tend to favor Roth accounts. Relatedly, the
lack of bequests shuts down estate tax considerations which also tend to favor Roth accounts.

Second, we are holding real savings and investment decisions fixed when we compare account
types. For instance, it may be the case that people would shift to more lightly taxed forms of
investment (e.g., long-term capital gains) if forced to use a taxable account. This could cause us to
overestimate the tax shield of both types of retirement accounts relative to taxable brokerage accounts.
Additionally, it may be the case that behavioral biases cause people to save more in Roth accounts than
traditional accounts - either because individuals desire to make a certain nominal contribution to a
retirement account or because of confusion regarding the tax difference between Roth and traditional
accounts (Adelman and Cross, 2010). Indeed, Beshears et al. (2017) find empirical support for this
hypothesis: individuals tended to contribute the same amount to their employer-sponsored plan after
the introduction of a Roth option, which means that savings effectively increased.

Third, our baseline analysis abstracts from contribution limits. If contribution limits are binding,
individuals can effectively save more in a Roth account than they can in a traditional account. We have
shown that these limits are sufficient to reverse the ranking between Roth and traditional accounts if
they are always binding.

Fourth, our baseline analysis does not allow for more granular strategies regarding distributions.
For instance, a retiree could strategically take distributions from traditional IRAs in years when
marginal tax rates were low. Such a strategy would favor traditional accounts (or a mix of traditional
and Roth).

Fifth, our analysis is entirely retrospective and assumes perfect foresight of investment returns and
marginal tax rates. In reality, individuals face substantial uncertainty over these elements. Brown et al.
(2017) showed that, under certain conditions, this uncertainty tends to favor Roth accounts because
the value of traditional accounts is more uncertain due to uncertainty in retirement-age marginal
tax rates. There are other conditions in which uncertainty favors traditional accounts. For instance,
suppose that there is uncertainty over other sources of retirement income. Traditional accounts are
more valuable exactly when individuals have a bad draw of other income; this ‘hedging’ property
tends to favor traditional accounts.

Finally, and perhaps most substantively, the experience of the 2003 cohort of retirees may not
match the experience of current working-age individuals. As DC saving was in its earlier stages for
the 2003 cohort, these retirees may have been located in a different part of the income distribution
than current working age individuals. Additionally, the 2003 cohort had greater access to defined ben-
efit pensions, potentially increasing sources of other taxable income in retirement and thus increasing
retirement-age marginal tax rates. Furthermore, income dynamics during working age may system-
atically differ between the two cohorts, perhaps most fundamentally for women. It is not obvious
whether these factors, in sum, tend to favor Roth or traditional accounts — therefore, we think the
empirical findings in this paper are still broadly informative for the current cohort, even if imperfect.

In the end, we find that many individuals could achieve a similar amount of wealth in traditional
and Roth accounts under the inflation-adjusted 2019 law counterfactual. Thus, it is likely that many
of these additional considerations which we have not formally modeled may be enough to sway a
saver’s decision one way or the other. Future research should work to integrate these factors to help
savers best prepare themselves for retirement.

Supplementary material. The supplementary material for this article can be found at https://doi.org/10.1017/
$1474747225000083.
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