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I. Introduction

Do retirement savings policies—such as tax subsidies, em-
ployer-provided pensions, and savings mandates—raise total
wealth accumulation or simply induce individuals to shift savings
across accounts? Despite extensive research, the answer to this
question remains unclear, largely due to limitations in data and
research designs (Bernheim 2002).

In this article, we revisit this question using a panel data set
with 41 million observations on savings in both retirement and
nonretirement accounts for the population of Denmark. We or-
ganize our empirical analysis using a stylized model in which the
government uses two policies to raise saving: a price subsidy and
an automatic contribution that puts part of an individual’s salary
in a retirement account. We analyze the effects of these policies
on two types of agents: active savers and passive savers. Active
savers make savings decisions by maximizing utility, taking into
account the subsidies and automatic contributions. Passive
savers make fixed pension contributions that are invariant to
the automatic contribution and subsidy.

The model predicts that automatic contributions should have
no impact on total saving—total flows into nonretirement and
retirement accounts—for active savers who can fully offset the
automatic contribution by reducing their own voluntary pension
contributions. In contrast, the effect of automatic contributions
on total saving is ambiguous for passive savers. If passive savers
absorb the reduction in disposable income due to the automatic
contribution by maintaining a fixed consumption plan and run-
ning down their bank balance, automatic contributions have no
impact on total saving even though they increase savings within
retirement accounts. But if passive savers absorb the reduction in
disposable income by reducing consumption and maintaining a
fixed savings target in nonretirement accounts, automatic contri-
butions increase total saving. Price subsidies have no effect on
passive savers’ decisions. Subsidies induce active savers to save
more in retirement accounts, but their effects on total saving are
once again ambiguous and depend on the relative magnitude of
price and wealth effects.

We analyze the impacts of price subsidies and automatic con-
tributions empirically and estimate the fraction of active versus
passive savers using Danish income tax records. These data pro-
vide deidentified information on savings for all Danish citizens
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from 1995 to 2009. The Danish pension system—which has indi-
vidual and employer defined-contribution accounts and a govern-
ment defined-benefit plan—is similar in structure to that in the
United States and other developed countries. The Danish data
and institutional environment have two primary benefits. First,
they offer high-quality, third-party-reported information on sav-
ings for a much larger number of individuals than recent studies
based on survey data, which typically have fewer than 1,000 ob-
servations in their analysis samples (e.g., Gelber 2011). Second, a
series of sharp reforms in Denmark provide quasi-experimental
research designs to identify the impacts of retirement savings
policies.

We divide our empirical analysis into three sections. First,
we analyze the impacts of defined-contribution employer pension
plans and government mandates, both of which are ‘‘automatic
contributions’’ in the sense that they raise retirement saving if
individuals take no action. Using event studies of individuals who
switch firms, we find that individuals’ total saving rises by ap-
proximately 80 cents (øre in Danish) when they move to a firm
that contributes 1 Danish kroner (DKr) more to their retirement
account even if they could have fully offset the increase. Increases
in compensation in the form of automatic retirement contribu-
tions raise total saving much more than equivalent increases in
disposable earnings. Most individuals do not change voluntary
pension contributions, savings in taxable accounts, or liabilities
at all when they switch to firms that contribute more to their
retirement account, consistent with passive behavior. The sav-
ings impacts are equally large when we restrict attention to the
subset of individuals who switch firms because of a mass layoff at
their prior firm, showing that our estimates are not biased by
endogenous sorting. The changes in savings behavior persist for
at least 10 years after the firm switch and ultimately result in
higher wealth balances at the age of retirement. We complement
our analysis of employer pensions by studying the impacts of a
government-imposed Mandatory Savings Plan (MSP) that
required Danish citizens above an income eligibility cutoff to con-
tribute 1% of their earnings to a retirement savings account start-
ing in 1998. Using a regression discontinuity design, we show
that the MSP raised total saving by nearly 1% of earnings on
average even for individuals who were previously saving more
than 1% of their earnings in voluntary retirement savings ac-
counts. Overall, we estimate that at least 85% of individuals
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respond passively to changes in automatic contributions, leaving
their own pension contributions and taxable saving unchanged
when employer or government contributions rise.

In the second part of our empirical analysis, we study the ef-
fects of subsidies for retirement savings. Denmark has two types of
tax-deferred savings accounts: capital pensions that are paid out
as a lump sum on retirement and annuity pensions that are paid
out as annuities. In 1999, the government reduced the subsidy for
contributing to capital pension accounts by 14 cents per DKr for
individuals in the top income tax bracket. Using a difference-
in-difference design around the top tax cutoff, we find that capital
pension contributions fell sharply for individuals in the top income
tax bracket. The aggregate reduction in capital pension contribu-
tions is entirely driven by just 19% of prior contributors, most of
whom stop making capital pension contributions in 1999. The re-
maining 81% of prior contributors do not change their capital pen-
sion contributions. Since utility maximization would call for some
nonzero change in contributions when prices change at an interior
optimum, we infer that 81% of individuals behave passively with
respect to changes in subsidies.

Next, we investigate whether the changes in pension contri-
butions induced by the subsidy change led to changes in total
wealth accumulation. We estimate two crowd-out parameters:
the degree of shifting between different pension accounts and
the degree of shifting from pension accounts to taxable savings
accounts. First, we find that 57 cents of each DKr that would have
been contributed to capital pensions is shifted to annuity pension
accounts (whose tax treatment was unchanged) when the capital
pension subsidy was reduced. Hence, total pension contributions
fall by 43 cents for each DKr of reduction in capital pensions.
Second, focusing on this reduction in total pension contributions,
we estimate that 99 cents of each DKr contributed to retirement
accounts comes from money that would have been saved in a
taxable account. This 99-cent crowd-out estimate determines
the overall impact of retirement savings subsidies on total
saving and can be compared to prior estimates (e.g., Engen,
Gale, and Scholz 1996; Poterba, Venti, and Wise 1996). Based
on this estimate, we calculate that each DKr 1 of government
expenditure on subsidies for retirement saving generates less
than 1 cent of net new saving. The upper bound on the 95% con-
fidence interval is 28 cents of new saving per DKr 1 of expend-
iture on subsidies.
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In the final part of our empirical analysis, we investigate het-
erogeneity in responses across individuals. We document three
pieces of evidence tha suggest that active versus passive choice is a
key reason that automatic contributions and subsidies have very
different effects on total saving. First, the 1999 subsidy reduction
has much larger effects on individuals starting a new pension in
that year relative to those making pension contributions in previous
years, consistent with evidence on inertial behavior in other domains
(Samuelson and Zeckhauser 1988; Ericson 2012). Second, individ-
uals who actively change their pension contributions more fre-
quently in other years are more responsive to the price subsidy
change and more likely to offset automatic contributions by changing
their own individual pension contributions. Third, individuals who
are wealthier, older, or have economics training are more responsive
to price subsidies and more likely to offset automatic contributions.
In sum, ‘‘active savers’’—those who are more responsive to price
subsidies and less influenced by automatic contributions—tend to
be financially sophisticated individuals who plan for retirement.

We conclude that the effects of retirement savings policies on
wealth accumulation depend on whether they change behavior
through active or passive choice. Policies that rely on individuals
to take an action to raise savings have significantly smaller ef-
fects on total saving than policies that raise savings automatic-
ally even if individuals take no action.

Our results build on a large literature in public finance esti-
mating crowd-out in retirement savings accounts reviewed by
Poterba, Venti, and Wise (1996) and Engen, Gale, and Scholz
(1996). Some recent studies in this literature (e.g., Gelber 2011)
present evidence that increases in individual retirement account
(IRA) or 401(k) savings represent increases in total saving,
whereas others (e.g., Benjamin 2003; Engelhardt and Kumar
2007) find that much of the increase in 401(k) savings represents
substitution from other accounts. Although some of the difference
between the results of these studies likely stems from differences
in econometric assumptions, the variation that drives changes
in contributions to 401(k)s could also explain the differences in
results. For instance, increases in 401(k) contributions by
employers may generate less crowd-out than tax incentives or
programs that require active individual choice, an idea fore-
shadowed in early work by Cagan (1965) and Green (1981).

Our results also relate to a more recent literature in behav-
ioral economics showing that defaults significantly increase saving
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within retirement accounts (e.g., Madrian and Shea 2001; Thaler
and Benartzi 2004). This prior work has not investigated whether
defaults raise total saving or simply induce individuals to save less
in nonretirement accounts. Our finding that policies that change
saving passively do raise total saving thus significantly strength-
ens the argument for policies such as automatic enrollment and
defaults if a policy maker’s goal is to increase savings rates.

Finally, our analysis provides three facts that could be useful
to test between macroeconomic models of household behavior.
First, the marginal propensity of consumption (MPC) depends
critically on the form of compensation: the MPC out of disposable
income is an order of magnitude larger than the MPC out of pen-
sion contributions. This finding is consistent with evidence that
consumption behavior departs from the predictions of frictionless
life cycle models (e.g., Johnson, Parker, and Souleles 2006), but
suggests that factors such as inattention (Reis 2006) or unaware-
ness may be as important as liquidity constraints and buffer stock
behavior in explaining such departures. Second, our findings are
consistent with a model of ‘‘spenders’’ and ‘‘savers’’ (Campbell and
Mankiw 1989; Mankiw 2000), in which some agents follow a rule
of thumb based on current disposable income and others optimize
according to the life cycle model. We estimate that approximately
85% of individuals are rule-of-thumb spenders who make con-
sumption choices based on disposable income. Third, our results
imply that the interest elasticity of savings is low, both because
the savings rates of active savers are inelastic with respect to net-
of-tax interest rates and because many individuals react pas-
sively with respect to changes in net-of-tax returns.

The article is organized as follows. Section II presents a sty-
lized model to organize our reduced-form empirical analysis.
Section III describes the data and institutional background.
Sections IV, V, and VI present the empirical results on automatic
contributions, price subsidies, and heterogeneity across individ-
uals, respectively. Section VII concludes.

II. Conceptual Framework

In this section, we set up a stylized two-type model of savings
behavior and characterize its comparative statics to structure our
empirical analysis.
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II.A. Setup

Individuals live for two periods. They earn a fixed amount W
in period 1, which they can either consume or save in one of two
risk-free accounts: a retirement account or a taxable savings ac-
count. Let r denote the net-of-tax interest rate that individuals
earn in the taxable account. The government offers a subsidy  
that increases the return to saving in the retirement account to
r + . To simplify notation, we abstract from income and capital
gains taxes and let  represent the net subsidy to retirement
accounts taking all taxes into account. We assume that the sub-
sidy is financed by a tax on future generations or other agents
outside the model. This assumption is appropriate for our empir-
ical application because the variation in  we study affects a
small set of agents and is financed out of general revenues.

Let Si represent the amount that individual i saves in the
nonretirement (taxable) savings account. Let PI

i denote the
amount that individual i contributes to the retirement account,
PE the amount his employer contributes to his retirement ac-
count, and PG the amount the government requires the individual
to contribute to a retirement account.1 Let Pi ¼ PI

i þ PE þ PG

denote total retirement saving. We treat PE and PG as exogenous
parameters because our goal is to characterize individual re-
sponses to exogenous changes in these policies. Both PE and PG

are automatic contributions in the sense that they are involun-
tary contributions that do not require any active choice by the
individual. We model PE and PG as coming out of gross earnings
W, so that disposable income W�PE

�PG remains to be allocated
between consumption, taxable savings, and individual pension
contributions.2 With this notation, a $1 increase in PE or PG

leads to a $1 reduction in disposable income, leaving total com-
pensation fixed and eliminating any income effects from changes
in retirement benefits. Note that in our model, PE and PG are
interchangeable; however, we distinguish between employer
and government contributions to retirement accounts in our
empirical analysis.

1. To simplify notation, we assume that PE and PG do not vary across individ-
uals in our model; in our empirical analysis, we exploit variation in PE and PG across
individuals for identification.

2. This is purely a notational convention because we can always redefine earn-
ings as gross payments. For example, if the individual receives a take-home salary
of 20,000 and retirement benefits of PE = 1,000, we would define W = 21,000.
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The individual chooses PI
i and Si taking the policies

fPE, PG, g as exogenous. To eliminate mechanical effects of
changes in PE or PG that force individuals to save more, we
assume that there are no constraints on Si and PI

i .
3

Consumption in the two periods is given by

ci, 1ðSi, PI
i Þ ¼W � Si � PG � PE � PI

i

ci, 2ðSi, PI
i Þ ¼ 1þ rð ÞSi þ 1þ rþ  ð ÞðPI

i þ PE þ PGÞ:
ð1Þ

In this two-period setting, saving in the retirement account
strictly dominates saving in taxable accounts, and hence all indi-
viduals would optimally set Si = 0. In practice, retirement ac-
counts are illiquid and cannot be accessed prior to retirement,
leading many individuals to save outside retirement accounts
despite their tax disadvantage. We model the value of liquidity
as a concave benefit g(Si) of saving in the nonretirement account.4

Accounting for the value of liquidity, individuals have utility

uðci, 1Þ þ �u ci, 2

� �
þ gðSiÞ:ð2Þ

where u(c) is a smooth, concave function and �< 1 denotes the
individual’s discount factor.

1. Active vs. Passive Savers. There are two types of agents,
active savers and passive savers, who differ in the way they
choose Si and PI

i . Let � denote the fraction of active savers.
Active savers choose Si and PI

i to maximize utility (equation (2))
given fPE, PG, g as in the neoclassical model. Passive savers set
retirement contributions at an exogenous level PI

i ¼
�Pi that does

not vary with fPE, PG, g. There are several models in the litera-
ture for why individuals’ retirement savings plans are insensitive
to incentives, such as fixed costs of adjustment that generate in-
ertia, hyperbolic discounting that leads to procrastination in
updating plans (Carroll et al. 2009), or a lack of information.

3. In practice, individuals face a constraint of PI�0 and also a limit on total
pension contributions. We focus on the behavior of individuals in the interior of the
choice set in our empirical analysis to obtain estimates that correspond to param-
eters in our model.

4. Gale and Scholz (1994) develop a three-period model in which individuals
face uncertainty in the second period, motivating them to keep some assets in a
liquid buffer stock. Our model can be loosely interpreted as a reduced-form of the
Gale and Scholz model.
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The results that follow do not depend on which of these micro-
foundations drives passive behavior, and we therefore do not
specify a particular model of passive choice.

Regardless of how passive savers make choices, they must
satisfy the budget constraint in equation (1), which can be rewrit-
ten as

ci, 1 þ Si ¼W � PG � PE � �Pi
I
¼W � Pi,ð3Þ

that is, consumption plus taxable saving equals income net of
pension contributions. We assume that passive savers choose Si

(or, equivalently, ci,1) as a function of net income W – Pi, so that
changes in retirement savings policies affect behavior in period 1
only if they affect retirement contributions. Again, we do not posit
a specific model of how passive savers choose Si. Instead, we show
how the effects of government policy depend on the way passive
savers adjust ci,1 and Si when net income changes.

II.B. Comparative Statics

Table I summarizes the comparative static predictions of
our model. We begin by characterizing the impacts of automatic
contributions in columns (1) and (2). Because voluntary pension
contributions are a perfect substitute for automatic contribu-
tions, active savers will undo changes in PE and PG one for
one by reducing PI

i . Automatic contributions therefore do not
affect their total contributions to retirement accounts Pi.
In contrast, passive savers leave PI

i fixed by definition and

TABLE I

PREDICTED EFFECTS OF RETIREMENT SAVING POLICIES

FOR ACTIVE VERSUS PASSIVE SAVERS

Automatic contribution Price subsidy

Raises total
pension

contributions?
Raises total

saving?

Raises total
pension

contributions?
Raises total

saving?

Active savers
(neoclassical)

No No Yes Uncertain

Passive savers Yes Uncertain No No

Notes. This table summarizes the predictions of the stylized model in Section II, which assumes that
individuals are at an interior optimum and do not face any corners in choosing pension contributions ðPI

i Þ

or taxable saving (Si). Active savers follow the neoclassical life cycle model when choosing PI
i and Si.

Passive savers set PI
i at a fixed level irrespective of government and employer policies.
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hence their total retirement contributions Pi rise with PE and
PG. Let PI, P, and S denote the mean level of individual pension
contributions, total pension contributions, and taxable saving in
the population. We refer to dP

dPE as the degree of pass-through of
employer pensions to total pensions (i.e., pass-through is 1
minus the rate of offset). We define pass-through of government
pensions dP

dPG analogously. If we restrict attention to individuals
who are not constrained by a corner, we can estimate the frac-
tion of active savers directly from the rates of pass-through in
the population:

�̂E ¼ 1�
dP

dPE

�̂G ¼ 1�
dP

dPG
:

Next, consider impacts of automatic contributions on the mean
level of total saving (P + S). The total saving of active savers is
unaffected by changes in PE and PG. The impact of PE and PG on
the total saving of passive savers depends on whether they cut
consumption ci,1 or nonretirement savings Si to meet the budget
constraint in equation (3). Two cases span the potential re-
sponses. At one extreme, if an individual has a fixed consumption
plan �ci, 1 and does not pay attention to retirement savings, he will
end up with a smaller bank balance Si at the end of the year. In
this case, changes in PE and PG will have no effect on total saving.
At the other extreme, if an individual has a fixed target for his

bank balance �Si, he will absorb the reduction in disposable
income by reducing consumption ci,1. In this case, a $1 increase
in PE or PG will increase total saving by $1. These extreme cases
illustrate that existing evidence that automatic contributions in-

crease saving within retirement accounts ð dP
dPE > 0Þ should not ne-

cessarily make us expect that such policies will raise total saving.

In general, we may observe d PþSð Þ

d PEþPGð Þ
ranging from 0 to 1 depending

on the way passive savers set their budgets. If individuals are
either pure consumption or savings targeters, we can estimate
the fraction of savings targeters as:

dðPþ SÞ

dðPE þ PGÞ

dP

dðPE þ PGÞ

;
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that is, the fraction of passive savers who do not change S when P
rises.

Next, we turn to the effects of price subsidies (columns (3)
and (4) of Table I). By definition, price subsidies have no effect on
PI

i for passive savers. The impacts of an increase in the price
subsidy on active savers have been characterized in prior work
(e.g., Gale and Scholz 1994; Bernheim 2002). Increases in the
subsidy  affect PI

i through three channels: (i) by reducing the
price of PI

i relative to Si, leading to substitution across accounts;
(ii) by reducing the price of ci,2 relative to ci,1, raising total saving;
and (iii) by increasing total lifetime wealth, which raises period 1
consumption ci,1 and hence reduces saving. Prior empirical work
(e.g., Duflo et al. 2006; Engelhardt and Kumar 2007) consistently
finds positive effects of subsidies on retirement contributions
ðdPI

d > 0Þ, suggesting that in practice the price effects dominate
the wealth effect on average. Note that

dPI
i

d ¼ 0 only if the
wealth effect exactly offsets the two price effects. Treating this
as a measure zero knife-edge case, we can obtain another esti-
mate of the fraction of active savers based on responses to
changes in the subsidy:

�̂S ¼ 1� frac
dPI

i

d 
¼ 0

� �
,

where fracð
dPI

i

d ¼ 0Þ denotes the fraction of individuals who do not
change their individual pension contributions at all in response to
changes in  .

Last, consider the effects of the subsidy on total saving. Since
changes in the subsidy rate have no impact on net income W – Pi

in period 1 when individuals do not change PI
i , they also do not

affect Pi + Si for passive savers. For active savers, the effects of
price subsidies on total saving Pi + Si are ambiguous. If the elas-
ticity of intertemporal substitution (EIS) is small, the increase in
Pi induced by a price subsidy could come largely from shifting
assets across accounts, with little effect on total saving. If the
EIS is large, an increase in  would increase total saving.
Hence, estimating dðPþSÞ

d is of interest for policy independent of
estimating �̂S.

An important implication of this simple framework is that
the degree to which pension contributions are offset by reduced
saving in taxable accounts depends on the policy instrument used
to increase retirement savings. Automatic contributions affect
the pension contributions of passive savers, whereas price
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subsidies affect the pension contributions of active savers.
Because active optimizers are likely to be cognizant of all the
accounts in which they might save, they may be more likely to
reoptimize by shifting assets across accounts in response to a
price subsidy than are passive savers in response to an automatic
contribution.

Our stylized two-type model predicts that an individual
who is passive with respect to price subsidies will also be pas-
sive with respect to automatic contributions, and hence
�̂E ¼ �̂G ¼ �̂S. This strict prediction would not hold in a more
general and realistic environment, as individuals may fluctuate
between being active and passive over time and may be more
cognizant of some policies than others. Nevertheless, if the
mechanism of active versus passive choice is important in driv-
ing differential responses to retirement savings policies, one
would expect to see certain correlations in the heterogeneity
of responses across individuals. First, individuals who are cur-
rently making active choices for other reasons—for example,
those who are starting new pension accounts—should presum-
ably be more responsive to price subsidies (e.g., Ericson 2012).
Second, individuals who actively respond to price subsidies
should also be more likely to offset automatic contributions.
Third, typical micro-foundations for active versus passive
choice predict that active savers should have higher levels of
total saving Pi + Si. For instance, in Carroll et al.’s (2009)
model, individuals with low discount factors �—who have low
savings rates—tend to be passive savers because the fixed up-
front costs of planning for retirement outweigh their net pre-
sent value gains from planning. More generally, the same char-
acteristics that make some individuals actively optimize with
respect to retirement savings incentives, such as financial lit-
eracy or attentiveness, are also likely to make these individuals
plan for retirement to begin with. This leads to the testable
prediction that automatic contributions should increase saving
more for low-wealth individuals, whereas price subsidies should
generate larger responses among high-wealth individuals.

In the remainder of the article, we analyze the impacts of
retirement savings policies empirically, focusing on three object-
ives that emerge from our conceptual framework: (i) estimating
the fraction of active versus passive savers using the estimators
developed above, (ii) quantifying the impacts of automatic contri-
butions and subsidies on total saving, and (iii) testing the
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mechanism of active versus passive choice by analyzing hetero-
geneity across individuals.

III. Data and Institutional Background

III.A. Institutional Background

This section provides institutional background relevant for
the research designs we implement below. See OECD (2009) or
Bingley, Gupta, and Pedersen (2007) for a comprehensive de-
scription of the Danish retirement system and Danish Ministry
of Taxation (2002) for a description of the income tax system. Note
that over the period we study, the exchange rate was approxi-
mately DKr 6.5 per US$1.

The Danish pension system consists of three components
that are typical of retirement savings systems in developed coun-
tries: a state-provided defined benefit (DB) plan (analogous to
Social Security in the United States), employer-provided defined
contribution (DC) accounts (analogous to 401(k)s in the United
States), and individual retirement accounts (analogous to IRAs in
the United States).

The DB pension in Denmark pays a fixed benefit subject to
earnings tests. For example, in 1999 the DB pension paid a bene-
fit of DKr 95,640 (US$14,700) for most single individuals over the
age of 67. Because our analysis focuses exclusively on DC ac-
counts, we do not summarize the DB system further here. The
structure of the DB pension system did not change in a way that
affects our analysis of DC accounts over the period we study.

Most jobs in Denmark are covered by collective bargaining
agreements between workers’ unions and employer associations.
These agreements set wage rates and often include a pension
plan in which a fixed proportion of an individual’s earnings is
paid into a retirement account that is managed by an independ-
ent pension fund. Typically, two thirds of the contribution to
employer-administered pension accounts is made by the em-
ployer, with the remaining third deducted from the individual’s
paycheck (with no individual discretion). Because the distinction
between these two sources of payment has no bearing on our
empirical analysis, we refer to the sum of the employer and
worker portions as the ‘‘employer-provided pension contribution,’’
denoted PE.
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Individual DC accounts are completely independent of em-
ployer accounts but have equivalent tax properties. Individual
contributions do not need to be updated once they are set up,
and in particular do not necessarily need to be changed as indi-
viduals change employers.

Within both the employer and individual DC pensions, there
are two types of accounts: capital pension accounts and annuity
pension accounts.5 These accounts have different payout profiles
and tax consequences. Balances accrued in capital pension ac-
counts are paid out as a lump sum and taxed at 40% on payout.
Balances accrued in annuity pension accounts are paid out over
several years—for example, as a 10-year annuity or a lifetime
annuity—and are taxed as regular income. Contributions to
both types of accounts are tax deductible at the time of contribu-
tion. Capital gains in both capital and annuity retirement
accounts are taxed at approximately 15%, compared with an
average of approximately 29% for assets in taxable accounts.
Withdrawals prior to retirement from either account incur a tax
of 60% plus administrative fees prior to age 60; as a result, only
2.2% of individuals in a given year withdraw money prior to
age 60.

Employers set the amount they contribute to capital and an-
nuity pension accounts for their workers. The sum of employer
and individual contributions to each type of account is capped at
limits that have gradually increased over time. In 1999, total
contributions to each account (capital or annuity) were limited
to DKr 34,000 (US$5,200); in 2009, the cap was DKr 46,000. The
cap binds for relatively few people. For example, conditional on
having positive individual capital pension contributions, 4.6% of
individuals are at the contribution limit for capital pensions.

III.B. Sample and Variable Definitions

We merge data from several administrative registers—the
income tax register, the population register, and the Danish
Integrated Database for Labor Market Research (IDA)—to
obtain annual information for the Danish population from 1995

5. Annuity pensions can be further broken into two subcategories labeled
‘‘rate’’ and ‘‘annuity’’ pensions, which pay out over a different number of years.
We use the term ‘‘annuity pension’’ for simplicity here to refer to both of these
accounts because the difference between these subcategories does not matter for
our empirical analysis.
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to 2009. Starting from the population data set, we impose two
restrictions to obtain our primary analysis sample. First, we ex-
clude observations in which individuals are below the age of 18 or
over 60, at which point early retirement schemes begin. Second,
we exclude observations with self-employment income because
business wealth and income are not measured precisely for the
self-employed. This leaves us with an (unbalanced) panel of ap-
proximately 41 million observations for 4 million individuals.

All income and savings variables are based on third-party
reports. Earnings and pension contributions are reported directly
by employers and pension funds to the tax authority. End-of-year
assets and liabilities in taxable accounts are reported directly to
the tax authority by banks and financial institutions. These
wealth data are collected because Denmark levied a wealth tax
until 1996; data collection continued after that point and the tax
authorities use the third-party reported wealth data to cross-
check if reported income is consistent with the level of asset
accumulation.6

We observe flows into retirement accounts in each year, but
have no information on total wealth balances in these accounts.
In contrast, we observe total wealth balances in taxable accounts,
but not the flow of saving into such accounts. We therefore define
a (noisy) measure of gross taxable saving as the change in an
individual’s taxable asset holdings.

We define net saving as gross savings minus the change in
liabilities. Our measure of liabilities covers all forms of secured
and unsecured debt (such as credit cards) except home mort-
gages. We use gross saving as our baseline measure because
liabilities are measured with substantial noise, yielding less pre-
cise estimates, particularly when analyzing heterogeneity; how-
ever, we show that we obtain similar point estimates when using
net saving in all cases in the full sample.

6. Prior to 1997, the tax authority also required individuals to self-report some
components of their wealth to administer the wealth tax. Leth-Petersen (2010) uses
these wealth data in his analysis. Here, we use only third-party reported data,
which are available starting in 1995. Kleven et al. (2011) conducted a randomized
tax audit in collaboration with the Danish tax authorities and found that tax eva-
sion is negligible among wage earners. Their finding suggests that the third-party
reported information we use here are of high quality and accurately capture real
economic behavior.
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Our measures of taxable saving suffer from three limitations.
First, because we do not directly observe home equity wealth and
mortgage debt, we miss investments in home improvements and
payments to home equity. We assess whether this is a significant
source of bias by replicating our analysis on the subsample of
renters. Second, our definition of saving also does not account
for investments in other durables, such as cars or appliances.
To test for intertemporal substitution in durable goods purchases,
we analyze policy effects on savings behavior over several years.
Third, the wealth data exclude some assets such as cash holdings
outside bank accounts and exotic assets like yachts. Such assets
likely account for a small fraction of total wealth and are unlikely
to be the main substitutes for savings in retirement accounts.

We top code pension contributions above the 99th percentile
to the 99th percentile in each account in each year, as these
values are above the contribution limit and hence may be errone-
ous. In some specifications, we measure pension contributions
and savings rates as a percentage of labor income. To reduce
the influence of outliers on these estimates, we code as missing
all rates as well as all measures of taxable saving that are below
the 1st or above the 99th percentiles of their distributions in the
relevant estimation sample, as described in the notes to each
table.

We use three concepts of income in our empirical analysis.
First, we define labor income Yi,t as labor earnings before the
deduction of any taxes, excluding contributions to employer-
administered pensions. Second, we define total compensation
Wi,t as labor earnings plus (both employer and employee) contri-
butions to employer-administered retirement accounts. This con-
cept matches the definition of total compensation W in the model
in Section II. Third, we define taxable income Ytax

i, t as labor income
plus other forms of income (e.g., unemployment insurance
payments) that affect the computation of the individual’s tax
liability.

We analyze income and saving at the individual (rather than
household) level because Denmark effectively has an individual
tax system and thus the key incentives operate at the individual
level. The tax authority divides balances held in joint accounts
equally among the account’s owners to obtain measures of indi-
vidual capital income for tax purposes, and we use these individ-
ual-specific measures to compute saving in our analysis. To
ensure that our results are not biased by resource pooling
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within couples, we directly test for offsets in the partner’s account
and analyze the subsample of individuals without partners.7

III.C. Summary Statistics

Table II presents summary statistics for the full sample and
the top tax threshold sample used in our analysis of price sub-
sidies, which includes observations with taxable income within
DKr 75,000 of the top tax bracket cutoff. We report all monetary
values in nominal terms. The asset positions of individuals in our
sample are similar to those of individuals in the United States
on average. The median savings rate (including pension contri-
butions) in our sample is 8.7%. The median savings rate for
households in the U.S. Panel Study of Income Dynamics is
approximately 14% (Dynan, Skinner, and Zeldes 2004). 18.7%
of individuals own stock in nonretirement accounts and 73.3%
hold nonmortgage debt in Denmark; the corresponding fractions
in the 2001 U.S. Survey of Consumer Finances are 21.3% and
75.1% (Aizcorbe, Kennickell, and Moore 2003).

A key feature of the data is that savings rates in taxable
accounts vary considerably across individuals and over time for
a given individual. The standard deviation of taxable savings
rates (as a percentage of labor income) in the full sample is
30.5%; the within-person standard deviation of savings rates is
22.6% on average across individuals in the full sample. Savings
rates are highly variable despite the fact that our administrative
records have little measurement error for two reasons. First, fluc-
tuations in asset returns generate noise in flow savings rates be-
cause we measure saving as the difference in wealth in taxable
accounts. Second, the timing of durable goods and service pur-
chases (e.g., a new refrigerator) and lumpy nondurables (e.g., an
end-of-year vacation) generate true fluctuations in balances and
savings rates. This latter channel is very important quantita-
tively: for individuals who own no stocks in taxable accounts,
for whom the first channel is essentially shut down, the within-
person standard deviation of savings rates across years remains
at 19.5%. The fluctuation in savings rates across years makes it

7. Our definition of partners includes cohabitation, which is common in
Denmark. The administrative records identify partners as individuals who (i) are
married, (ii) live together and have one or more children together, or (iii) live to-
gether, are of opposite gender, differ in age by less than 15 years, and are not blood
relatives.
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challenging to obtain precise estimates of policy impacts on
saving in taxable accounts, a problem that is likely to arise in
any empirical analysis of savings behavior. The econometric
methods we use are specifically designed to account for such
noise and maximize the precision of estimates of taxable saving
responses.

IV. Impacts of Automatic Contributions

The ideal experiment to analyze the impacts of automatic
pension contributions on saving would be to randomize automatic
contributions holding fixed total compensation. For example,
we would set up automatic pension contributions for a random
subset of individuals of, say, DKr 1,000 and reduce their take-
home pay by DKr 1,000 so that total compensation is held
fixed. We approximate this ideal experiment using two quasi-
experimental research designs: (i) changes in employer provided
pensions and (ii) the introduction of a mandated government sav-
ings plan (MSP). The employer pension variation provides much
more precise estimates because it generates idiosyncratic vari-
ation at the individual level, whereas the MSP is a purer approxi-
mation of the ideal policy experiment.

IV.A. Employer-Provided Pensions

Contributions to employer-administered retirement ac-
counts ðPE

i Þ vary significantly across firms because of differences
in collective bargaining agreements. To isolate variation in PE

i
that is orthogonal to unobserved determinants of workers’ sav-
ings rates, we study changes in workers’ savings rates when they
switch jobs.8 Although job changes are endogenous, they generate
high-frequency changes in employer pension contributions that

8. An alternative source of variation is changes in firm pension policies over
time. Firm-level policy changes were very gradual and relatively small on an
annual basis during the period we study, making it difficult to disentangle the
causal impacts of changes in firms’ policies from other confounding factors that
trend over time. Arnberg and Barslund (2012) correlate changes in savings rates
with changes in employer pensions and, consistent with our results, find little evi-
dence of crowd-out. We also studied changes in individual saving rates when they
first start receiving employer pension contributions, following Gelber (2011). We
estimate a pass-through rate exceeding 90% using this design, which is similar to
our later estimates based on job changes and indicates that most individuals are
unresponsive to changes in their employer’s pension policies.
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are plausibly orthogonal to tastes for saving, which presumably
evolve more smoothly over time. We evaluate this orthogonality
condition in detail after presenting a set of baseline results.

Throughout this section, we restrict attention to the sub-
group of individuals who switch between firms at some point in
our sample. We define an individual as switching firms in year t if
he has earnings from two distinct firms in year t and t – 1.9 To
limit the sample to individuals switching between full-time jobs
rather than entering or exiting the labor force, we exclude obser-
vations in which earnings either fell by more than half or more
than doubled, which account for approximately 25% of the
switches in our sample.10 This leaves us with 4.10 million job
switches in the data. Because firms’ pension contributions are
typically denominated as a percentage of worker’s salaries, we
scale all variables in this subsection as a percentage of labor
income Yi,t. We begin by illustrating the research design using
event studies around firm switches and then present regression
estimates that pool all the available variation and control for
income effects.

1. Event Studies. Figure I, Panel A plots an event study of
individuals who move to a firm that contributes at least 3 per-
centage points more of labor income to retirement accounts than
their previous firm. Let year 0 denote the year in the sample that
an individual switches firms and define all years relative to that
year (e.g., if the individual switches firms in 2001, year 1998 is�3
and year 2003 is +2). To hold sample composition fixed across
years, we include only individuals with at least four years of
data both before and after the year of the switch. The series in
squares in Figure Ia plots employer contributions (to capital plus
annuity accounts) for these individuals. By construction, em-
ployer pensions jump in year 0, by an average of 5.57% of labor
income for individuals in this sample.

9. The firm identifiers were changed in 2003, 2005, and 2007; we therefore
define the firm switch variable as missing for observations in these years. For in-
dividuals who hold multiple jobs within a single year, we define a firm switch as
having a different ‘‘primary job’’ in the next year. We also confirm that our results
hold for the subsample of individuals who have only one job in each year.

10. Our results are insensitive to this restriction provided that we exclude the
1% of individuals who experience earnings changes exceeding 250% or below –80%.
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FIGURE I

Effects of Employer Pensions on Savings Rates: Event Studies

Panels A and B are event studies of pension contribution and taxable sav-
ings rates when workers switch firms. We include only the first firm switch for
individuals in our data in these figures; hence, t = 0 denotes the first year in
which the primary firm ID in the data changes for an individual. Panel A plots
an individual’s mean taxable savings rate (Sit), individual pension contribution
rate ðPI

itÞ, and employer contribution rate ðPE
itÞ, all measured as a percentage of

current labor income Yit. We include only workers whose employer pension
contribution rate increased by at least 3 percentage points of labor income at
t = 0. We also limit the sample to workers for whom data is available for event
years [–4, +4] so that the sample is constant through the figure. Panel B rep-
licates Panel A, restricting further to the sample of workers with positive indi-
vidual pension contributions prior to the switch ðPI

i, t¼�1 > 0Þ.
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FIGURE I

Continued

Panel C plots the effect of changes in employer pensions on total pension
contributions and total saving using a threshold approach. The lower series
(triangles) plots the fraction of individuals in Panel A with total pension con-
tributions ðPI

it þ PE
itÞ greater than the level of firm pension contributions at t = 0.

To isolate changes in individual pension contributions, we fix employer pension
contributions at the t = –1 level for t< 0 and at the t = 0 level for t> 0. The
dashed line plots the predicted change in this threshold measure if there
were no change in individual pension contributions. The upper series (squares)
repeats the lower series using total saving ðStot

it Þ rather than total pension con-
tributions to define the fraction above the threshold. The solid series in Panel D
plots a histogram (with bin width of 0.1%) of the change in individual pension
contributions PI, as a percentage of lagged contributions, from t = –1 to t = 0, for
the sample in Panel B. The dashed series in Panel D replicates this histogram,
limiting attention to workers whose employer pension contributions changed by
less than 0.5 percentage point of labor income in absolute value at t = 0.
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How does this jump in employer pensions affect individual
pension contributions? The series in triangles in Figure I, Panel A
plots individual pension contributions ðPI

i Þ around the firm
switch. Individual pension contributions fall by 0.11% of income
from year �1 to year 0. Under the identification assumption that
the distribution of individual pension contributions would have
remained unchanged between periods t and t – 1 absent the
change in employer pensions, we infer that a DKr 1 increase in
PE causes a 0:11

5:57 ¼ 2 cent reduction in individual contributions PI.
Under the assumptions of our stylized two-type framework in

Section II, the two-cent estimate would imply that �̂E ¼ 2% of
individuals are active savers who offset the increase in employer
contributions by reducing individual contributions to retirement
accounts. However, the stylized model ignores the fact that indi-
viduals face limits in the amount they can contribute to retire-
ment accounts, whichs affect the estimation of �̂E for two reasons.
First, 62.2% of individuals in Figure I, Panel A are at the lower
corner ðPI

i, t¼�1 ¼ 0Þ prior to the firm switch. These individuals
cannot offset the increase in employer pensions even if they
want to do so. Second, 7.6% of the individuals in Figure Ia have
total contributions at the contribution limit ðPI

i, t�1 þ PE
i, t�1 ¼

PmaxÞ prior to the switch.11 In this subgroup, even passive indi-
viduals who are not actively responding to changes in PE

i are
forced to reduce PI

i to meet the contribution limit after the firm
switch.12 The first constraint makes the two-cent figure an under-
estimate of the degree of active behavior, while the second works
in the opposite direction.

Because of these corners, the increase in total pension con-
tributions in Figure I, Panel A is driven by a combination of mech-
anical effects (i.e., being forced to save more in pensions) and
passive behavior (i.e., not offsetting increases in automatic em-
ployer contributions even when it is feasible to do so). The mech-
anical effect is determined by the fraction of individuals at the
corner with respect to a particular policy change, whereas the
degree of passive behavior is likely to be relevant for predicting
behavioral responses to policy changes more broadly. We use two

11. More precisely, 7.6% of individuals are at the corner in either annuity or
capital pension accounts and hence may be constrained.

12. This adjustment occurs automatically because individuals receive the tax
deduction only for pension contributions up to the limit, and we measure P I in our
data as the tax-deductible portion of individual pension contributions.
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methods to isolate passive behavior: conditioning on positive
lagged contributions and studying thresholds instead of levels.

Figure I, Panel B replicates Panel A, restricting the sample to
individuals who make positive individual pension contributions
in the year before the firm switch ðPI

i, t¼�1 > 0Þ. In this sample,
only 12.1% of individuals make zero contributions in year 0 after
the firm switch, but the rate of pass-through remains high at
1� 0:56

5:64 ¼ 90%. This result shows that most individuals do not
offset the increase in employer pensions even if they are able to
do so, but still does not yield a point estimate of the fraction of
active savers �̂E that is completely unaffected by corners.

To obtain such a point estimate, we analyze whether individ-
uals in the interior of the choice set change PI

i when PE
i rises. In

particular, we calculate the fraction of individuals whose total
pension contributions PI

i þ PE
i exceed the new level of employer

pensions (measured in levels):

ft ¼ Ei½P
I
i, t þ PE

i, t¼�1 > PE
i, t¼0� for t < 0

ft ¼ Ei½P
I
i, t þ PE

i, t¼0 > PE
i, t¼0� for t � 0

:

For example, for individuals whose employer pension contribu-
tion rose from DKr 2,000 to 5,000 in year 0, ft is the fraction whose
total pension contributions exceed DKr 5,000 in each year t.13

Because the change in employer pensions is inframarginal rela-
tive to this threshold, the fraction of individuals with total con-
tributions of more than DKr 5,000 should be unaffected by this
increase in employer pensions if all individuals are active savers,
irrespective of corners.

Figure I, Panel C plots ft for the same sample as in Panel A.
The fraction ft jumps at t = 0, implying that the distribution of
total pension contributions shifts upward in the interior of the
choice set when PE rises. To quantify the degree of pass-through
implied by this treatment effect, we calculate the extent to which
ft would rise if everyone were a passive saver under the main-
tained assumption that the distribution of PI

i is stationary

13. When defining ft, we fix employer pensions at PE
i, t¼0 for all t> 0 rather than

using the current level of PE
i, t because there are fluctuations in employer pensions

over time due to changes in policies and subsequent firm switches that can affect ft

even if the individual does not change his own contributions. We fix employer pen-
sions at PE

i, t¼�1 for all t < 0 for the same reason.
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between periods t = –1 and t = 0. We calculate the predicted
change in ft under 100% pass-through as

�f pred
t ¼ Ei½P

I
i, t¼�1 þ PE

i, t¼0 > PE
i, t¼0� � Ei½P

I
i, t¼�1 þ PE

i, t¼�1 > PE
i, t¼0�:

The dashed line in Figure I, Panel C depicts the predicted change
�f pred

t between periods �1 and 0. We calculate the degree of pass-
through as the ratio of the actual change in period 0 to the

predicted change under full pass-through, �ft

�f pred
t

. This statistic

measures how far between the extremes of all active savers
(with �ft ¼ 0) and all passive savers (with �ft ¼ �f pred

t ) the
data lie. In the two-type model in Section II—in which individuals
either fully offset the change in PE

i to the extent possible or make
no change at all—this estimate corresponds to the mean rate of
pass-through dP

dPE. We present evidence later that indicates that
individuals’ responses follow this binary form in practice. We

obtain an estimate of dP
dPE ¼

�ft

�f pred
t

¼ 0:948 using the threshold es-

timator, implying that only �̂E ¼ 5:2% of individuals who are not
constrained by a corner respond actively to changes in PE

i .
Next, we analyze whether individuals offset the increase in

pension contributions by saving less in taxable accounts. The
series in circles in Figure I, Panel A plots taxable saving Si.
There is little change in the level of taxable saving, implying
that the increase in employer pension contributions raises total
savings rates. Figure I, Panel B shows that we obtain similar
results when we restrict the sample to individuals who were
making voluntary individual pension contributions in the year
before the switch.

In Figure I, Panel C, we implement the threshold approach by
analyzing whether total saving—including both retirement and
taxable nonretirement accounts—exceeds the new level of em-
ployer pension contributions. When defining total saving, one
must account for the difference in the tax treatment of saving in
retirement and nonretirement accounts. Because pension contri-
butions are tax-deductible, one has to reduce consumption by only
(1 – MTRit)Pit to save Pit in a retirement account, where MTRit is
the individual’s marginal tax rate. In contrast, one must reduce
consumption by Sit to save Sit in a taxable savings account. Hence,
total saving—the amount of disposable income an individual
chooses not to consume—is (1 – MTRit)Pit + Sit in posttax dollars.
Because we measure pension contributions in pretax dollars (as in
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prior work), we measure total saving in pretax dollars as well and
define total saving as

Stot
it ¼ PE

it þ PI
itþ

Sit

ð1�MTRitÞ
:

The series in triangles in Figure I, Panel C plots the fraction of
individuals ft with total saving Stot

it above the new level of em-
ployer pension contributions, PE

i, t¼0.14 The fraction of individuals
with total saving above this amount jumps sharply after the firm
switch. Comparing the observed change to the predicted change
with no offset, pass-through to total saving is dStot

dPE = 0.618.
As already noted, the identification assumption underlying

our research design is that an individual’s preferences for saving
would not have jumped sharply in year 0 in the absence of the
change in firm policies. Two pieces of evidence suggest that the
identification assumption is likely to be satisfied. First, there is no
trend toward higher individual pension contributions prior to
year 0 in Figure I, Panel A, as one would expect if individuals’
tastes for saving were changing around the job switch.

Second, many individuals do not change their individual pen-
sion contributions at the time of the job switch. This is illustrated
in Figure I, Panel D, which plots histograms of percentage
changes in individual contributions from the year before the
firm switch to the year of the firm switch for two groups of indi-
viduals who were making voluntary contributions prior to switch-
ing firms. The first group consists of those whose employer
pension contribution increases by at least 3 percentage points,
the same individuals as in Panel B. The second group consists
of individuals whose employer pension contributions changed by
less than 0.5 percentage point when they switched jobs. In the
latter group, 52% of individuals leave their individual pension
contributions unchanged when they switch jobs, compared with
42% in the former group. The fact that individuals’ propensity to
adjust their pension contributions rises by only 1�0:42

1�0:52� 1 ¼ 21%
when they switch to a firm with much higher employer contribu-
tions implies that most individuals behave passively with respect
to changes in PE. For these individuals, total pension contribu-
tions change by exactly the same amount as the change in
employer contributions, strongly suggesting that the increase in

14. As before, when defining ft, we fix employer pensions at PE
i, t¼0 for all t > 0

and PE
i, t¼�1 for all t < 0.

ACTIVE AND PASSIVE DECISIONS AND CROWD-OUT 1167

 at U
niversity of C

alifornia, B
erkeley on January 15, 2017

http://qje.oxfordjournals.org/
D

ow
nloaded from

 

http://qje.oxfordjournals.org/


saving at t = 0 reflects the causal effect of employer pensions
rather than other factors.15

2. Regression Estimates of Pass-Through. We now estimate
regression models that generalize the event studies in Figure I to
include changes in employer pension contributions of varying
sizes and control for income effects. Let �zi ¼

�Zi

Yi, t¼�1
denote the

change in a variable Zi from the year before to the year after
a firm switch, scaled as a percentage of labor income Yi,t=–1

prior to the switch. We quantify pass-through by estimating vari-
ants of the following regression specification using OLS:

�zi ¼ �0 þ �E�pE
i þ �1�wi þ �XXi þ "

E
i ,ð4Þ

where �zi denotes the change in total pension contributions or
savings rate, �pE

i denotes the change in the employer pension
contribution rate, �wi denotes the change in total compensation
as a percentage of per-switch labor income, and Xi denotes a
vector of covariates. In this equation, �E represents the impact
of a DKr 1 increase in employer pensions while holding total com-
pensation fixed (i.e., by reducing labor income by DKr 1), as in the
ideal experiment described at the beginning of this section. Under
the identification assumption Covð"E

i , �pE
i Þ ¼ 0, estimating equa-

tion (4) using OLS yields an unbiased estimate of �E. If individ-
uals are not at a corner, the pass-through rate �E ¼ 1� �E

identifies the fraction of passive savers.
Table III reports estimates of equation (4). We restrict the

sample to individuals switching firms and use only data from the
year before and the year after the firm switch (years�1 and 0). We
cluster standard errors by destination firm to account for the cor-
relation in employer pensions across employees of the same firm.

We begin in column (1) of Table III by analyzing effects on
total pension contributions (P E + P I). We estimate three variants
of this regression. In Panel A, we estimate equation (4) without
any additional controls (no X vector). To reduce mechanical ef-
fects due to corners, we restrict the sample to individuals who are

15. Given switching costs and search frictions, it is unlikely that individuals
who want to save say 3.3% more of their labor income in a given year could manage
to switch to firms that contribute exactly 3.3% more to retirement savings.
Moreover, because individual and employer contributions have identical tax bene-
fits, there isno reason to switch firms tosave more; it would be much easier to simply
raise one’s own contributions to the same retirement accounts.
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TABLE III

EMPLOYER PENSIONS: PASS-THROUGH ESTIMATES

Sample:

(1) (2) (3) (4) (5) (6) (7)
All firm
switches

All firm
switches

Mass
layoffs

Top tax
sample

All firm
switches

First
switches

Switches
age 46–54

Dep. Var.:

� Tot.
pension

rate

� Tot.
savings

rate

� Tot.
savings

rate

� Tot.
savings

rate

� Net
savings

rate

� Tot.
savings

rate
� Accrued

wealth

Panel A: lagged saving >0
� Employer pension

rate
0.949

(0.0015)
0.777

(0.0224)
0.828

(0.1865)
0.750

(0.0376)
0.745

(0.0372)
0.784

(0.0403)
4.541

(0.4255)
� Total compensation 0.007

(0.0002)
0.118

(0.0033)
0.178

(0.0250)
0.133

(0.0069)
0.059

(0.0048)
0.078

(0.0053)
0.089

(0.0042)
Observations 867,075 1,890,220 37,432 876,922 1,880,642 727,372 54,147

Panel B: lagged saving> 0 with controls
� Employer pension

rate
0.949

(0.0015)
0.762

(0.0228)
0.816

(0.1883)
0.753

(0.0371)
0.715

(0.0374)
0.762

(0.0393)
4.603

(0.4289)
� Total compensation 0.007

(0.0002)
0.127

(0.0032)
0.178

(0.0239)
0.141

(0.0068)
0.076

(0.0047)
0.102

(0.0049)
0.082

(0.0041)
Observations 867,075 1,890,220 37,432 876,922 1,880,642 727,372 54,147

Panel C: threshold approach
� Employer pension

rate
0.939

(0.0025)
0.936

(0.0131)
0.817

(0.0447)
0.887

(0.0316)
0.977

(0.0236)
0.910

(0.0108)
� Total compensation 0.030

(0.0006)
0.150

(0.0033)
0.200

(0.0152)
0.181

(0.0097)
0.114

(0.0025)
0.150

(0.0030)
Observations 3,582,391 3,582,391 65,554 1,655,486 3,565,267 1,306,354

Notes. This table presents estimates of the effect of changes in employer pension contribution rates
around firm switches on total pension contributions and total saving. Panels A and B report OLS esti-
mates using the specification in equation (4); Panel C reports 2SLS estimates using the specification in
equation (5). In Panel A, all independent and dependent variables are measured as a percentage of labor
income in the year before the switch. The independent variables are the change in the employer contri-
bution rate from the year before to the year of the switch ð�pEÞ and the change in total compensation over
the same period (�w). In column (1), the dependent variable is the change in the total pension contribu-
tion rate ð�pE þ�pI Þ. In this specification, we include only individuals not at a corner in individual
pensions (defined as positive lagged individual pension contributions) at t = –1. In columns (2)–(6), the
dependent variable is the change in savings rate ð�stotÞ over the same period. We include only individuals
not at a corner in individual savings (defined as either positive lagged individual pension contributions or
lagged wealth greater than 10% of current labor income) at t = –1. Column (3) repeats column (2), restrict-
ing to the sample of workers whose firm switch is classified as coming from a mass layoff. We define mass
layoffs as more than 90% of workers leaving a firm with more than 50 employees within a single year,
with no more than 50% of the original employees ending up at the same new firm. Column (4) repeats
column (2) for the ‘‘top tax cutoff’’ sample described in Table II, that is, individuals within DKr 75,000 of
the top tax cutoff. Column (5) repeats column (2) using saving net of liabilities as the dependent variable
instead of gross saving. Column (6) repeats column (2) restricting to the first firm switch for each indi-
vidual. The dependent variable in column (7) is the cumulative change in total saving between the time of
the first firm switch and age 60 for those workers switching before age 55 and reaching 60 in our data.
Panel B replicates Panel A controlling for age, marital status, gender, college attendance, and two-digit
occupation indicators. Panel C replicates Panel A using the threshold approach to calculate pass-through
described in the text. In column (1), we regress the change in an indicator for having a total pension
contribution rate above the threshold (defined as the maximum of the employer contributions at the new
and old firm) on the change in total compensation and the change in an indicator for crossing the same
threshold if the pass-through rate were 100% and savings in other accounts stayed at their year t – 1
level. We instrument for the change in the indicator with the change in the employer contribution rate
and include an indicator for having a positive change in the employer contribution rate as a regressor in
these specifications. The remaining columns in Panel C repeat this procedure using the relevant depend-
ent variable and subsample. In all specifications, we exclude individuals with �w< –50% or �w> 100%
and, within this group, those with �pE or �stot in the top or bottom 1% of the distribution. Standard
errors, reported in parentheses, are clustered by the firm to which the individual switches.
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making individual pension contributions ðPI
i, t¼�1 > 0Þ prior to the

firm switch.16 We estimate that total pension contributions
PE þ PI rise by 94.9 cents on average when employer pensions
are increased by DKr 1. In contrast, a DKr 1 increase in labor
income (i.e., an increase in total compensation holding PE

i fixed)
increases saving by only 0.7 cent.

Figure II, Panel A presents a binned scatter plot that is the
nonparametric analog of the linear regression in column (1) of
Table III, Panel A. This figure plots changes in total pension con-
tributions ð�ðpI þ pEÞÞ from year �1 to year 0 versus changes in
employer pension contributions �pE, controlling for changes in
total compensation. To construct this figure, we first regress
�ðpI þ pEÞ and �pE on total compensation �w (using two separ-
ate OLS regressions) and calculate residuals. We then divide the
residuals of �pE into 20 equal-sized groups (vingtiles) and plot
the mean of the �ðpI þ pEÞ residuals in each bin against the mean
of the �pE residuals in each bin. This binned scatter plot provides
a nonparametric representation of the conditional expectation
function of �ðpI þ pEÞ given �pE, controlling for �w. The regres-
sion coefficient and standard error reported in this and all subse-
quent binned scatter plots are estimated on the microdata using
OLS regressions as in equation (4).

Figure II, Panel A shows that changes in employer pensions
increase total pension contributions throughout the distribution.
Large changes (e.g. ±5% of earnings) continue to have signifi-
cant effects on savings behavior, challenging models of rational
inattention (Cochrane 1991; Browning and Crossley 2001;
Reis 2006; Chetty 2012). At the least, the costs of attention
are large enough such that in the policy-relevant domain—
which is unlikely to include automatic retirement contribu-
tions of more than 10% of income—most individuals behave
passively.

In Panel B of Table III, we replicate the specification in Panel
A, adding the following vector of covariates Xi: age, gender, mari-
tal status, an indicator for attending college, and two-digit occu-
pation indicators. Not surprisingly, the coefficient is virtually

16. Importantly, we condition only on per-switch pension contributions being
positive; we do not condition on PI

i, t¼0, which is endogenous to the change. For com-
pleteness, we estimate pass-through to total savings in the full sample in column (1) of
OnlineAppendixTableI.Asexpected, thepass-throughestimatesaresimilar inthefull
sample, since individuals at a corner must behave like passive savers.
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FIGURE II

Effects of Employer Pensions on Saving: Binned Scatter Plots
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FIGURE II

Continued

These figures display binned scatter plots corresponding to the estimates
from Table III. All dependent and independent variables are measured as a
percentage of gross labor income in the year prior to the switch. Panel A plots
the relationship between the changes in total pension contribution rates
�ðpI þ pEÞ and employer pension contribution rates �pE, controlling for the
change in total compensation �w. This plot corresponds to Table III, Panel
A, column (1); see notes to that table for sample definitions and further details.
Panels B and C correspond to Table III, Panel A, column (2) and use the same
sample and definitions as in that column. Panel B plots the relationship be-
tween �stot and �pE, controlling for the change in total compensation �w.
Panel C plots the relationship between �stot and �w, controlling for the
change in total compensation. To construct each figure, and all binned scatter
plots that follow, we first residualize the y- and x-variables with respect to the
control vector using an OLS regression estimated on the underlying regression
sample. We then divide the x-variable residuals into 20 ranked equal-sized
groups (vingtiles) and plot the mean of the y-residuals against the mean of
the x-residuals in each bin. The best-fit line, as well as the coefficient and
the standard error reported in parentheses (which is clustered by destination
firm in this figure), are calculated from multivariate regressions on the micro-
data (corresponding to those in Table III). The coefficients reported in Panels A
and B can be interpreted as the pass-through rate of employer pension rate
changes to total pensions and savings, holding fixed total compensation. The
coefficient reported in Panel C can be interpreted as the marginal propensity to
save out of disposable income.
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unchanged, as the sharp change in employer pensions at the time
of the job switch is essentially orthogonal to these covariates.

Finally, in Panel C, we use a threshold-based approach to
obtain an estimate of the fraction of active savers that is not
biased by corners, as in Figure I, Panel C. To implement this
approach in a regression that pools both increases and de-
creases in pension contributions, we define the threshold as
�P ¼ maxðPE

i, t¼0, PE
i, t¼�1Þ. We define the change in an indicator for

having total pension contributions greater than this threshold:

��i ¼ I½PI
i, t¼0 þ PE

i, t¼0 >
�P� � I½PI

i, t¼�1 þ PE
i, t¼�1 >

�P�:

We then define an analogous variable measuring whether an in-
dividual would cross the same threshold if he behaved passively
and left PI at the year t – 1 level:

��pred
i ¼ I½PI

i, t¼�1 þ PE
i, t¼0 >

�P� � I½PI
i, t¼�1 þ PE

i, t¼�1 >
�P�:

We estimate a regression of the following form on the full sample
of all firm switchers using 2SLS:

��i ¼ �0 þ �E��pred
i þ �1�wi þ �2½�pE

i > 0� þ "E
i ,ð5Þ

instrumenting for the predicted change ��pred
i with the change in

employer pension rate �pE
i . The resulting 2SLS coefficient is an

estimate of pass-through analogous to that in Figure I, Panel B.
Intuitively, the 2SLS coefficient is the ratio of the fraction of
agents who actually cross the threshold to the fraction who
would cross the threshold if they were totally passive. This is
equivalent to the fraction of agents who undo the change in em-
ployer pensions in a model with two types, implying that
�E ¼ 1� �̂E. The resulting estimate is �E ¼ 93:9 cents of pass-
through to total pensions per DKr 1 of employer contributions.

Next we turn to effects on total saving (Stot), including saving
in taxable nonretirement accounts. Column (2) of Table III repli-
cates the same triplet of specifications using changes in total
savings rates instead of total pension contributions as the de-
pendent variable. In Panel A, we condition on having liquid
wealth of more than 10% of income or having positive individual
pension contributions in the year before the firm switch to reduce
the influence of corners.17 We estimate that a DKr 1 increase in

17. Because early withdrawal penalties make retirement savings illiquid, in-
dividuals may seek to maintain a buffer stock in taxable accounts in an
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PE, holding fixed total compensation W, increases total saving by
77.7 cents. A DKr 1 increase in labor income raises total saving by
only 11.8 cents. Comparing the coefficients on �pE in columns (2)
and (1), we infer that 77.7/94.9 = 82% of passive savers target a
fixed level of taxable saving rather than consumption in a two-
type model. The fact that most individuals have fixed savings
targets in taxable accounts that are invariant to PE explains
why automatic contributions are very effective in increasing
total saving. Panels B and C show that we obtain similarly high
rates of pass-through to total saving when we include controls or
use the threshold approach to account for corners.

Figure II, Panel B replicates Panel A for total saving, using
the sample in column (2) of Table III, Panel A. Consistent with
the regression estimates, we observe systematic pass-through of
changes in employer pensions to total saving throughout the dis-
tribution. Figure II, Panel C presents a binned scatterplot of the
change in total savings rates versus changes in total compensa-
tion �w, controlling for changes in employer pension contribu-
tions �pE. This figure confirms that the marginal propensity to
save out of labor income is substantially smaller than the mar-
ginal propensity to save out of automatic employer pension
contributions. As a result, automatic contributions that reduce
disposable income lead to reductions in consumption and increase
total saving.

In column (3), we address potential concerns about endogen-
ous sorting by limiting the sample to individuals who left their old
firm in a mass layoff, which we define as more than 90% of work-
ers leaving a firm that had at least 50 employees in a single
year.18 By this measure, 1.8% of the firm switches occur because

environment with uncertainty (Carroll 1997). Since there is no exogenously defined
wealth constraint in a buffer stock model, we use 10% of income as a baseline def-
inition of the lower corner for liquid wealth. Samwick (2003, Table 5b) calibrates a
life cycle model and shows that individuals with high discount rates maintain ap-
proximately 10% of income in nonretirement financial wealth as precautionary
savings when they have access to tax-deferred retirement accounts. Our results
are robust to alternative definitions of this threshold because very few individuals
change taxable saving when P E changes. Moreover, our estimates using the inter-
ior threshold approach in Panel C do not rely on this assumption.

18. To ensure that such mass layoffs are not simply a relabeling of the firm ID,
for example, due to a change in ownership, we also restrict to firm closures in which
no more than 50% of workers from the old firm end up at the same new firm in the
next year.
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of mass layoffs. In this sample, we estimate pass-through of em-
ployer contribution changes to total saving of approximately 0.82,
similar to the estimate in the full sample. Since those who lost
their jobs in a mass layoff are unlikely to be switching firms
purely because of their pension plans, this result supports the
validity of our research design.

In column (4), we replicate the baseline specification in
column (2) for individuals who are within DKr 75,000 of the top
tax cutoff, the sample we use to identify the impacts of subsidies
(see Table VI later). The pass-through rates of employer pensions
to total saving remain very similar in this subgroup, showing that
the differences we document between the effects of price subsidies
and automatic contributions are not due to differences in sample
composition.

Column (5) replicates the baseline specification in column (2)
with savings net of liabilities as the dependent variable. The pass-
through estimates are virtually unchanged, implying that
changes in employer pensions do not have significant effects on
debt. We assess the robustness of our findings to additional meas-
ures of total saving in Appendix Table I. First, our baseline meas-
ure of net saving does not include mortgage debt. In column (2) of
Online Appendix Table I, we replicate the specification in column
(2), Panel A for the subsample of renters. Pass-through rates
again remain similar, indicating that changes in the rate of
home mortgage repayment do not drive our findings. Second,
our baseline measure of savings is defined at the individual
level; if individuals respond to employer pensions by changing
savings in their partner’s account, we would understate crowd-
out. In column (3), we define total saving at the household level
(summing individual savings for partners). In column (4), we rep-
licate the baseline specification but restrict the sample to individ-
uals who do not have a partner. In both columns, the pass-
through estimates remain similar, allaying the concern that re-
source pooling in couples leads us to understate crowd-out.

3. Long-Term Impacts. In Figure III, we investigate the per-
sistence of the increases in saving over time. Figure III, Panel A
replicates the regression specification in column (2) of Table III,
Panel A at various horizons. To simplify computation, we only
include the first firm switch for each individual in the sample.
Each point in this figure is the regression coefficient �E, t from a
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regression of the form in equation (4), where �pE
i is measured as

the change in employer pensions from the year �1 before the
switch to year t. The first point, �E, 0 ¼ 0:784, corresponds to the
one-year pass-through estimate to total saving shown in column
(6) of Table III, Panel A. The remaining points show that there is
no discernible trend in pass-through over the subsequent
10 years.

FIGURE III

Long-Term Effects of Employer Pensions on Wealth Accumulation

These figures show the long-term effects of changes in employer pension
contribution rates at the time of firm switches. Panel A plots the pass-through
coefficients of changes in employer pension contribution rates to total saving at
different horizons, replicating the specification in Table III, Panel A, column (6)
in each year after the event. For instance, the coefficient for t = 1 represents the
coefficient in a regression of the change from t = –1 to t = 1 in the total savings
rate on the change in employer pension rates over the same horizon, controlling
for the change in total compensation over that horizon. The dashed lines rep-
resent the boundaries of the 95% confidence interval, using standard errors
clustered by destination firm. Panel B is a binned scatter plot of the relation-
ship between the change in employer contribution rates and total wealth
accrued between the firm switch and age 60, corresponding to Table III,
Panel A, column (7). See notes to Table III for further details on the specifica-
tions and sample definitions; see notes to Figure II for further details on con-
struction of the binned scatter plot.
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Figure III, Panel B shows the consequence of this persistent
change in savings behavior on wealth when individuals begin to
retire. This figure restricts attention to the subset of individuals
whose first firm-switch occurs between ages 46 and 54 and who
reach age 60 within our sample frame. We define total wealth
accrued from the date of the switch up to age 60 as the cumulative
sum of savings in retirement and nonretirement accounts.19

Figure III, Panel B plots total accrued wealth versus the
change in employer pensions at the time of the switch.
Individuals who happened to switch to firms that had employer
pension contribution rates that were 5% higher end up accruing
additional wealth equivalent to more than 25% of annual labor
income when they reach age 60.20 Column (7) of Table III

FIGURE III

Continued

19. This measure of wealth accrued includes investment returns in taxable ac-
counts (because our definition of savings in taxable accounts is computed based on
changes in wealth in those accounts), but does not include investment returns in
retirement accounts because we only observe flows into retirement accounts.

20. The increase in accrued wealth is smaller than what one would predict
based on the mean age at the point of the firm switch (51) and the 90% pass-through
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replicates this specification and shows that it is robust to control-
ling for the standard vector of covariates. This is perhaps the
most direct evidence that automatic employer contributions
raise total saving in the long run: they substantially increase
the amount of wealth with which individuals enter retirement.

IV.B. Government Mandatory Savings Plan

We complement our analysis of employer pensions by study-
ing a government policy that directly implemented automatic
pension contributions by reducing individuals’ earnings. In
1998, the Danish government introduced a mandatory savings
plan (MSP) with the goal of reducing consumption to lower the
risk of an ‘‘overheating’’ economy (Green-Pedersen 2007).21 The
MSP took 1% of individuals’ labor income and automatically allo-
cated it to a separate retirement savings account managed by an
independent pension fund. Individuals with labor incomes below
DKr 34,500 (US$5,300) were exempted from the program in 1998.
The MSP accounts were distinct from other retirement accounts
but functioned like individual capital pension accounts when they
were set up. Individuals received annual notifications of the bal-
ances in their MSP accounts as for other retirement savings
accounts; see Online Appendix Figure I for an example.

1. Methodology. We analyze the impacts of the MSP on sav-
ings using a regression discontinuity design. Figure IV, Panel A
illustrates the design by plotting MSP contributions in 1998 ðPG

i Þ

versus labor income (Yi), the income base used to determine the
MSP, in DKr 1,000 income bins. Individuals who earn just below
DKr 34,500 make no contribution to the MSP; individuals who
earn DKr 34,500 are forced to make a contribution of DKr 345 out
of their own income. The size of the contribution then increases
linearly (with a slope of 1%) with income.

estimate in Figure III, Panel A: ð60� 51Þ � 5% � 90 ¼ 41%. This is because not all
individuals stay at the same firm after the initial switch, and thus the actual in-
crease in employer contribution rates shrinks on average over time.

21. The government’s intention of reducing consumption is consistent with our
empirical findings and suggests that policy makers implicitly viewed most individ-
uals as passive savings targeters.
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FIGURE IV

Effect of Government Mandated Savings Plan: Regression Discontinuity
Estimates

These figures present a regression discontinuity analysis of the effects of
the MSP on total pension contributions and saving in 1998. All panels present
the data in DKr 1,000 income bins relative to the threshold, so that the dot at
DKr �500 includes all individuals with income in the range [–1000,0). Panel A
shows the contributions mandated by the program. Individuals with income
below DKr 34,500 were not required to make any contributions; those earning
more than this threshold were required to contribute 1% of income. Panel B
plots the count of individuals in each bin around the threshold.
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FIGURE IV

Continued

Panel C plots the fraction of individuals in each bin with total pension
contributions ðP ¼ PE þ PI þ PGÞ above DKr 1,265, the mean level of total pen-
sion contributions for individuals within DKr 5,000 of the threshold. Panel D
plots the fraction of individuals in each bin with total saving

�
Stot ¼ P þ S

1�MTRð Þ

�
above DKr 1,371, the mean level of total saving for those within DKr 5,000 of
the threshold. The solid lines plot the linear best fit to the actual data above
and below the threshold. The dashed lines plot the counterfactuals we use to
calculate the increase one would observe under full pass-through (see Online
Appendix A for details). We estimate pass-through in Panels C and D using the
specifications in columns (4) and (5) of Table IV.
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We estimate the impacts of the MSP on savings using OLS
regressions of the following form:

�Zi ¼�0 þ �G � 345 � ½Yi � 34;500� þ �1Yi þ �2ðYi � 34;500Þ�

½Yi � 34;500� þ �XXi þ "
G
i ,

ð6Þ

where �Zi denotes the change in total pension contributions or
savings (measured in levels) from 1997 to 1998, Yi denotes indi-
vidual i’s labor income in 1998, and Xi denotes a vector of covari-
ates. We estimate this regression on the sample of individuals
who have labor income within DKr 25,000 of the MSP cutoff in
1998.22 We cluster standard errors by DKr 1,000 income bins to
account for specification error in the control function (Card and
Lee 2008).

In equation (6), �G represents the pass-through of govern-
ment pension contributions to saving, as identified from the dis-
continuous jump in the level of MSP contributions of DKr 345 at
the cutoff.23 Unlike with employer pensions, there is no need to
account for income effects here because the government mandate
was financed by reducing the individual’s disposable income by
an equivalent amount. Hence, the MSP policy change corres-
ponds exactly to the ideal experiment described before, and we
can identify the fraction of passive savers directly from �G.

The identification assumption underlying equation (6) is that
unobserved determinants of savings rates "G

i evolve smoothly
around the MSP eligibility cutoff. Following standard practice
(e.g., Imbens and Lemieux 2008), we evaluate this assumption
by first analyzing the density of the running variable (labor
income) around the cutoff. Figure IV, Panel B plots a histogram
of the income distribution around the eligibility cutoff. There is no
evidence of manipulation of income around the cutoff, consist-
ent with prior evidence that individuals are typically unable to
sharply manipulate their wage earnings to take advantage of
even much larger tax incentives (Chetty et al. 2011; Chetty,
Friedman, and Saez 2013). We also test whether observable

22. Certain doctoral students in Denmark received a stipend of exactly DKr
48,987.50 in 1998. This creates a mass point at DKr 48,987.50 with very different
demographics and savings rates in the window used to estimate the control func-
tions for the RD design. We exclude this group of 401 observations in this section.

23. One could also identify the effect of the policy from the change in the mar-
ginal propensity to save (�2 – �1) at the cutoff. This approach yields similar results;
we only report estimates based on the discontinuity in levels in the interest of space.
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characteristics such as age and gender are smooth around the
cutoff and find no evidence of discontinuities in these variables
(not reported). These tests support the identification assumption
underlying the RD design.

2. Results. We begin by analyzing whether the MSP was offset
by reductions in contributions to individual or employer pension
accounts. In column (1) of Table IV, we estimate equation (6) with
total pension contributions ðPi ¼ PI

i þ PE
i þ PG

i Þ as the depend-
ent variable Zi. We condition on having positive pension contri-
butions in the year before the MSP was implemented
ðPI

i, 1997 þ PE
i, 1997 > 0Þ to reduce the mechanical effect of corners.

In this group, 22% of individuals are at the lower corner in 1998,
so the neoclassical model would predict pass-through of at most
0.22. We estimate pass-through of mandated savings to total
pensions of �G ¼ 0:88, similar to the estimates obtained from
the variation in employer pensions. Column (2) shows that
including the control vector used in Panel B of Table III does
not change this estimate significantly. Column (3) shows that
using a quadratic control function instead of a linear control func-
tion for income Yi when estimating equation (6) yields similar
estimates.

To obtain an estimate of pass-through that is unaffected by
corners, we implement a threshold approach similar to that in
Panel C of Table III. We first define an indicator �i for having
total pension contributions Pi > �P ¼ DKr 1;265, the mean level
of total pension contributions for individuals within DKr 5,000 of
the MSP eligibility cutoff. Figure IV, Panel C shows the fraction
of individuals with Pi > �P jumps by 3.3% at the eligibility cutoff.

To translate this effect into a measure of the degree of pass-
through, we estimate the increase in the fraction above the
threshold that would have occurred if no one offset the increase
in the MSP. We construct this counterfactual by adding 1% of
income to observed pension contributions below the cutoff to es-
timate what the level of pension contributions would be if the
MSP were passed through one for one into Pi. We then reestimate
the linear control function below the cutoff—shown by the dashed
line in the figure—and calculate the size of the jump that would
be predicted at the cutoff with no offset (see Online Appendix A
for details). Under the binary response model in Section II, pass-
through �G is the observed increase in �i at the eligibility cutoff
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divided by predicted increase. The resulting estimate is
�G ¼ 84:5%, as shown in column (4) of Table IV. Intuitively,
pass-through is very close to 1 because the observed increase in
the fraction above the threshold in Figure IV, Panel C is similar to
the predicted increase if no one were to offset the MSP.

In column (5), we analyze the effects of the MSP on total

saving Stot
it ¼ Pit þ

Sit

ð1�MTRitÞ
, measured in pretax dollars as in

Table III. We follow the same methodology as in column (4), defin-
ing the threshold based on whether total saving exceeds S = DKr
1,371, which is the mean level of total saving for individuals
within DKr 5,000 of the eligibility cutoff. This approach yields
estimated pass-through of the MSP to total saving of
�G ¼ 1:268, with a standard error of 0.363. Figure IV, Panel D

TABLE IV

GOVERNMENT-MANDATED SAVINGS PLAN: PASS-THROUGH ESTIMATES

(1) (2) (3) (4) (5) (6) (7)

Dep. Var.: � Total pensions

Total

pension

threshold

Total

saving

threshold

Total ind.

saving

threshold

Net

saving

threshold

Pass-through

RD

0.883

(0.204)

1.052

(0.200)

0.801

(0.310)

0.845

(0.113)

1.268

(0.363)

1.336

(0.349)

2.188

(0.587)

Income

control

function

Linear Linear Quadratic Linear Linear Linear Linear

Controls X

Observations 35,578 35,578 35,578 158,229 148,380 148,380 128,988

Notes. This table presents pass-through estimates using an RD design based on the eligibility cutoff
for the MSP in 1998. All cells report estimates from regression specifications with separate linear or
quadratic control functions above and below the eligibility cutoff, using the specification in equation (6).
In columns (1)–(3), the dependent variables are the change in the level of total pension contributions
PI+ PE from 1997 to 1998. The estimates reported are for the discontinuity at the threshold divided by
DKr 345 (the increase in mandated saving at the threshold) and hence can be interpreted as pass-through
estimates �G. Column (1) estimates the specification with no controls. Column (2) replicates column (1)
controlling for age, marital status, gender, college attendance, and two-digit occupation indicators. Column
(3) replicates column (1) using a quadratic rather than a linear control function for income. We restrict the
sample to individuals who are making positive total pension contributions in 1997 in columns (1)–(3).
Columns (4)–(7) use the threshold approach described in the text to estimate pass-through in the full
sample. In column (4), the dependent variable is an indicator for having total pension contributions above
DKr 1,265, the mean level of total pension contributions for individuals within DKr 5,000 of the MSP
eligibility cutoff. The coefficient reported, which can be interpreted as an estimate of �G , is the discon-
tinuity divided by the counterfactual effect of the policy under full pass-through, which is calculated by
mechanically increasing savings on the left-hand side of the discontinuity by 1% and estimating the
predicted jump at the eligibility cutoff (see Online Appendix A for details). Columns (5), (6), and (7)
replicate column (4) with total saving (Stot), total saving excluding employer pensions (SI,tot), and net
saving as the dependent variables. The thresholds in those cases are DKr 1,317, DKR 1,078, and DKr
0. In all specifications, we exclude observations with individual pension contributions below the 1st or
above the 99th percentile of the estimation sample. We also exclude 401 doctoral students who earn
exactly DKr 49,987.50. Standard errors, reported in parentheses, are clustered by DKr 1,000 income
bin in all specifications.
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presents the graphical analog of this regression, constructed in
the same way as Panel C. Consistent with the regression esti-
mate, the fraction of individuals above the threshold jumps at
the MSP eligibility cutoff by an amount similar to what one
would predict under full pass-through based on the observations
below the cutoff.

In column (6), we replicate the specification in column (5) but
exclude employer pension contributions PE

i from total saving to
ensure that individuals are not forced over the threshold by em-
ployer contributions that are outside their direct control. The
pass-through estimate remains high, implying that the MSP
raised total saving even for individuals who could have fully
offset the change themselves by reducing PI

i or Si.
Finally, in column (7), we replicate the specification in

column (5), defining the threshold based on whether the individ-
ual has positive net saving (gross saving net of nonmortgage
debt). We continue to find substantial pass-through in this speci-
fication, although the noise in liabilities makes the estimate less
precise. We assess the robustness of our estimate of �G to add-
itional measures of total saving in Panel B of Online Appendix
Table I. We replicate the specification in column (5) using the
same variants already described in the analysis of employer
pensions. Across all the specifications, we find estimates of
pass-through that are significantly above 0 and not statistically
distinguishable from 100%.

The RD design indicates that few individuals offset the MSP
by saving less in other accounts. However, this analysis is based
on the behavior of individuals around the MSP eligibility cutoff,
who have very low incomes. In Online Appendix A, we analyze
responses at higher income levels using a difference-in-
differences (DD) design that compares changes in savings
around the introduction of the MSP in 1998 and its termination
in 2003 for individuals with different income levels. We find that
the pass-through of MSP to total pension contributions remains
high across the income distribution: few individuals act to offset
the MSP by reducing voluntary pension contributions irrespect-
ive of their income levels.

Using our preferred threshold specifications, the analysis of
employer pensions yields an estimate of �̂E ¼ 1� 93:9%¼ 6:1%,
whereas the analysis of the government mandate yields an esti-
mate of �̂G ¼ 1� 84:5% ¼ 15:5%. Both designs imply that only a
small group of individuals—at most about 15%—respond actively
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to changes in automatic contributions in our two-type model. We
now turn to the impacts of price subsidies on saving and analyze
whether a similar degree of active response is observed in that
domain.

V. Effects of Price Subsidies

As described in Section III, there are two types of retirement
savings accounts in Denmark: capital pensions (paid out as a
lump sum) and annuity pensions (paid out as annuities).
Starting in 1999, the deduction for capital pensions was reduced
from 59 cents per DKr to 45 cents per DKR for individuals in the
top income tax bracket. The top tax cutoff was DKr 251,200
(US$38,600) in 1998, roughly the 80th percentile of the income
distribution. The deduction was unchanged for those in lower tax
brackets. The tax treatment of annuity pension contributions was
also unchanged. The reform did not change the tax treatment of
payouts or capital gains within either account and thus had no
effect on the value of existing balances.

We divide our analysis of price subsidies into three
parts. First, we analyze the impacts of the 1999 reform on
mean contributions to capital pension accounts. Second, we ana-
lyze the distribution of responses at the individual level to quan-
tify the amount of active response to the subsidy change. Finally,
we investigate crowd-out: how much of the change in capital
pension contributions was offset by changes in contributions
to other pension accounts and savings in nonretirement
accounts?

V.A. Effect of Subsidies on Capital Pension Contributions

Figure V, Panel A illustrates the impact of the 1999 top-
bracket subsidy reduction by plotting mean capital pension con-
tributions versus taxable income ðYtax

i Þ.
24 We restrict the sample

to workers whose taxable incomes place them within DKr 75,000

24. The income base that determines the individual’s position relative to the top
tax cutoff includes labor income as well as capital income if it is positive, subject to
certain rules on the allocation of capital income across spouses. The mean level of
max(Capital Income,0) is DKr 895 for the individuals in Figure V, Panel A and
13.8% of these individuals have positive capital income. For simplicity, we do not
include capital income in our definition of Ytax

i , creating a small amount of mis-
classification around the top tax cutoff.
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Effect of 1999 Subsidy Reduction on Capital Pension Contributions
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of the top income tax cutoff. To construct the figure, we first group
individuals into DKr 5,000 income bins based on their current
taxable income relative to the top tax cutoff, demarcated by the
dashed vertical line. We then plot the mean capital pension con-
tribution in each bin in each year from 1996 to 2001 versus
income. The relationship between income and capital pension
contributions is stable from 1996 to 1998, the years before the

FIGURE V

Continued

These figures illustrate the impact of the 1999 capital pension subsidy re-
duction on capital pension contributions. Panel A plots average total (individual
plus employer) capital pension contributions for individuals with income in
each DKr 5,000 income bin within DKr 75,000 of the top tax threshold, in
each year 1996–2001. Panel B plots average individual capital pension contri-
butions in each year for two income groups: those with income in the range
DKr 75,000 to DKr 25,000 below the top tax threshold (control group), and in
the range DKr 25,000 to DKr 75,000 above the top tax threshold (treatment
group). Panel C plots the difference in the MPS in capital pension accounts
between individuals above and below the top tax cutoff in each year. We esti-
mate this difference in MPS in each year using equation (8). The coefficients
reported in Panels B and C correspond to the specifications in columns (1) and
(3) of Table V.
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reform. In 1999, the marginal propensity to save in capital pen-
sion accounts falls sharply for those in the top bracket: each DKr
of additional income leads to a smaller increase in capital pension
contributions.

We quantify the effects of the capital pension subsidy reduc-
tion on individual capital pension contributions using two differ-
ence-in-differences estimators. The first estimator compares the
level of capital pension contributions, which we denote PI, C

i , for
individuals above versus below the top tax cutoff before versus
after the 1999 reform. The second estimator compares the mar-
ginal propensity to save (MPS) as income rises dPI, C

dYtax
i

� �
for individ-

uals below versus above the top tax cutoff before versus after the
reform. Intuitively, our first estimator identifies the effects of the
subsidy change from the change in the average level of contribu-
tions for individuals above the top tax cutoff in Figure V, Panel A.
The second estimator identifies the impacts of the subsidy change
from the change in the slope of pension contributions with respect
to income in Figure V, Panel A. We obtain similar results using
both approaches for effects on pension contributions, but the MPS
estimator yields more precise estimates of effects on taxable
saving for reasons described shortly.

Note that Figure V, Panel A shows the impact of the reform
on total capital pension contributions, including both employer
and individual contributions. Because our primary goal is to char-
acterize individuals’ savings behavior, we focus exclusively on
voluntary individual pension contributions in the remainder
of this section. In Online Appendix Table II, we replicate the
analysis that follows for employer pensions and show that the
subsidy reduction induced employers to shift from capital to
annuity pensions, leaving total employer pension contributions
unchanged.

1. Estimator 1: Changes in the Level of Contributions.
Figure V, Panel B illustrates the levels DD estimator. For each
year between 1996 and 2001, we plot mean individual capital
pension contributions PI,C for two groups: those with current tax-
able incomes between DKr 25,000 to 75,000 below the top tax
bracket cutoff and those with incomes between DKr 25,000 to
75,000 above the top tax bracket cutoff. The first group consti-
tutes a ‘‘control group’’ in that their incentives to contribute to
capital pensions remained unchanged around the 1999 reform.
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The second is the ‘‘treatment’’ group, whose incentives to contrib-
ute to capital pensions fell sharply in 1999.25 Capital pension
contributions fall sharply for the treated group relative to the
control group in 1999, consistent with Figure V, Panel A.

We quantify the treatment effect on pension contribution
levels by estimating regressions of the following form, including
all individuals in the treatment and control groups defined above:

PI, C
i, t ¼ �0 þ �1posti, t þ �2treati, t þ �

L
Sposti, t � treati, t

þ �XXi, t þ "i, t,
ð7Þ

where PI, C
it denotes capital pension contributions, posti,t denotes

an indicator for the years including and after 1999, treatit is an
indicator for having taxable income above the top tax cutoff
Ytax

i, t >
�Yt, and Xi,t denotes a vector of controls. We restrict the

sample to the three years before and after the reform (1996–
2001) when estimating this equation. We cluster standard
errors at the DKr 5,000 income bin level to allow for correlated
errors by income group over time. Under the identification as-
sumption that unobserved determinants of pension contributions
"it do not change differentially on average across the treatment
and control groups around the reform, the parameter �L

S repre-
sents the causal effect of the subsidy reduction on the level of
capital pension contributions.

Column (1) of Table V implements equation (7) without any
additional controls (no X vector). We estimate that the reduction
of the capital pension subsidy reduced capital pension contribu-
tions by �L

S ¼ �2;449 relative to a prereform mean of DKr 5,113
for individuals with incomes DKr 25,000–75,000 above the top
tax cutoff. This 48% reduction is significantly different from 0
with p< 0.001. Column (2) of Table V shows that adding the
standard vector of controls used in Panel B of Table III to this
specification does not change the estimate.

2. Estimator 2: Changes in the Marginal Propensity to Save.
Figure V, Panel C illustrates the MPS DD estimator. To construct
this figure, we first run an OLS regression of the following form
for each year t between 1996 and 2001 separately, including

25. The set of individuals in these two groups varies across years due to income
fluctuations.
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all individuals with income within DKr 75,000 of the top tax
cutoff:

PI, C
i, t ¼ �0, t þ �1, ttreati, t þ �2, tY

tax
i, t þ �tY

tax
i, t � treati, t þ "i, t,ð8Þ

where PI, C
it again denotes individual capital pension contribu-

tions. The coefficient gt measures the difference between the mar-
ginal propensity to contribute to retirement accounts for
individuals above the top tax cutoff (the treatment group)
versus those below the top tax cutoff (the control group) in
year t. Figure V, Panel C plots the coefficient estimates gt. The
marginal propensity to contribute to capital pensions falls shar-
ply after 1999 in the treatment group relative to the control
group, consistent with the sharp change in slopes above the top
tax cutoff in 1999 in Figure V, Panel A.

To quantify the magnitude of the change in the MPS due to
the subsidy, we estimate OLS regressions of the following form,
including all individuals with income within DKr 75,000 of the
top tax cutoff:

PI, C
it ¼ �0 þ �1posti, t þ �2treati, t þ �3posti, t � treati, t

þ �s
0Ytax

i, t þ �
s
1posti, t � Y

tax
i, t þ �

s
2treati, tY

tax
i, t

þ �MPS
S posti, t � treati, t � Y

tax
i, t þ �XXi, t þ "i, t

ð9Þ

In this equation, �MPS
S is a DD estimate of the effect of the

subsidy reduction on the the MPS in capital pensions. In particu-

lar, �MPS
S is the change in

dPI, C
i, t

dYtax
i, t

for individuals in the top bracket

relative to those below the top bracket when the capital pension
subsidy is removed in 1999. We again restrict the sample to the
three years before and after the reform (1996–2001) and cluster
standard errors at the DKr 5,000 income bin by year level to allow
for correlated errors by income group over time. Under the iden-
tification assumption that unobserved determinants of the MPS
Covð"i, t, Ytax

i, t Þ do not change differentially across the treatment

and control groups around the reform, the parameter �MPS
S rep-

resents the causal effect of the subsidy reduction on the marginal
propensity to save in capital pension accounts.

We implement equation (9) in column (3) of Table V. The null
hypothesis that the change in the subsidy had no effect on the
MPS in capital pension accounts is rejected with p< 0.001. The
coefficient of �MPS

S ¼ �0:021 implies that a DKr 1,000 increase in
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income led to DKr 21 of additional saving in capital pensions
when the additional 13.6-cent subsidy was in place before 1999.
The MPS in the treatment group prior to the policy change was
�s

0 þ �
s
2 ¼ 0:019þ 0:0058 ¼ 0:025. The subsidy reduction thus

reduced the marginal propensity to save in capital pensions by
0.021/0.025 = 84%. Again, adding controls does not affect this
estimate (column (4)).

V.B. Estimating the Degree of Active Response

The aggregate reduction in individual capital pension contri-
butions masks substantial heterogeneity in responses across in-
dividuals. Figure VI, Panel A plots the distribution of changes to
individual capital pension contributions (as a fraction of lagged
contributions) for those in the treatment group in Figure V, Panel
B who were contributing to capital pensions in the prior year. We
plot the distribution of changes in contributions from 1998 to
1999, the year of the treatment, as well as from 1997 to 1998 as
a counterfactual. The difference between the two distributions
shows that a substantial fraction of individuals exited capital
pensions completely when the subsidy was reduced, that is,
they reduced contributions by 100%. The reform also reduced
the fraction of individuals who leave their contributions un-
changed across years.

Figure VI, Panel B replicates Figure VI, Panel A for the con-
trol group (individuals DKr 25,000–75,000 below the top tax
cutoff). The distributions of changes are virtually identical in
1998 and 1999 for individuals who were unaffected by the 1999
tax reform, supporting the view that the difference between the
distributions in Figure VI, Panel A reflects the causal impact of
the subsidy reduction.

We use the distributions in Figure VI, Panel A to estimate
the fraction of individuals who deliberately reoptimize their pen-
sion contributions in response to the 1999 subsidy reduction. To
begin, note that 26.1% of the individuals in the treatment group
in Figure VI, Panel A leave their capital pension contributions
literally unchanged in 1999.26 As discussed in Section II, every

26. This figure is lower than the 43.0% at 0 in 1999 in the histogram in
Figure VI, Panel A because the 0 bin in the histogram includes those with changes
between 0% and 5%.
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FIGURE VI

Effect of 1999 Subsidy Reduction on Distribution of Individual Capital Pension
Contributions
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active saver should cut capital pension contributions by some
nonzero amount at an interior optimum. Hence, at least 26.1%
of individuals respond passively to the subsidy change. This esti-
mate provides a lower bound on the fraction of passive savers
with respect to incentives ð1� �̂SÞ because the changes in

FIGURE VI

Continued

Panel A plots the distribution of changes to individual capital pension con-
tributions, as a fraction of lagged individual pension contributions, for individ-
uals who are DKr 25,000–75,000 above the top tax cutoff in 1998 and 1999 (the
treatment group). Panel B replicates Panel A for those DKr 25,000–75,000
below the top tax cutoff (the control group). Both panels include only individ-
uals with positive lagged individual pension contributions. The dots represent
the floor of bins of 5% width, so that the dot at 0% represents individuals with
changes in the range [0%, 5%). Panel C shows the long-term dynamics of re-
sponse to the 1999 reform for those who were contributing to capital pensions
in 1998. To construct this figure, we first calculate the fraction of individuals
with positive individual capital pension contributions in each postreform year
in the treatment and control groups. We then plot the difference between this
fraction in the treatment and control groups and add 1 to facilitate interpret-
ation of the scale. For instance, the dot at 91.3 in year 0 implies that the reform
induced 8.7% of those contributing in 1998 to stop contributing in 1999. The
dashed lines represent the boundaries of the 95% confidence interval, estimated
from a DD regression analogous to equation (7), with standard errors clustered
at the DKr 5,000 income bin level.
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retirement account contributions made by the remaining 74% of
individuals are not necessarily driven by reoptimization in re-
sponse to the subsidy change.27

To go beyond the upper bound of �̂S < 74% and obtain a point
estimate of �̂S, we first estimate the effect of the subsidy on the
fraction of individuals who leave their capital pension contribu-
tions unchanged relative to the previous year ðPI, C

i, t ¼ PI, C
i, t�1Þ. We

estimate this impact using the DD equation in equation (7) with
the dependent variable as an indicator for having PI, C

i, t ¼ PI, C
i, t�1.

We restrict the sample to individuals contributing to capital pen-
sions in the prior year (t – 1) and to t 2 f1998, 1999g, the years
shown in Figure VI. Column (5) of Table V shows that the fraction
of individuals who leave their capital pension contributions un-
changed relative to the previous year falls by 3.3 percentage
points when the subsidy is reduced in 1999. In 1998, 29.2% of
individuals in the treatment group did not change their capital
pensions at all relative to their 1997 levels. It follows that an
additional 3.3/29.2 = 11.3% respond actively to the subsidy
change among those who would not have changed their pensions
at all absent the reform.

The 11.3% figure can be interpreted as an estimate of �̂S

among the subgroup of individuals who do not actively change
their pensions for nontax reasons in 1998. One might expect that
the fraction who respond to the subsidy will be larger among
those who reoptimize their portfolios for other reasons, a conjec-
ture that we confirm empirically in Section VI. To estimate �̂S in
the full sample, we must measure the rate of active response
among the average individual relative to those who did not
change their pension contributions in 1998. To do so, we develop
a marker for individuals who are almost certainly responding to
the reform: those who exit capital pensions and raise annuity
pension contributions (the closest substitute) at the same time.
Only 1.2% of individuals change pensions in this way in the con-
trol group in 1999 and the treatment group in 1998. In contrast,
in the treatment group after the reform in 1999, 13.5% of indi-
viduals exit capital pensions and raise annuities at the same
time. Hence, this measure of ‘‘extensive margin substitution’’

27. For example, 4% of individuals in the treatment group have an increase of
exactly DKr 900 in 1998 and 1999, which is the change in the nominal cap on capital
pension contribution between 1997 and 1998. These individuals appear to follow a
systematic rule of maximizing capital pension contributions each year.
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identifies active responders with a very low Type I (false positive)
error rate. However, this measure may have a large Type II error
rate because individuals can respond without exiting capital
pensions entirely or raising annuities.

We exploit the low Type I error rate in this marker of active
response to identify the relative rate of response in the full
sample compared with those who do not adjust their pensions
in prior years. Using the same DD specification as in column (5)
of Table V, column (6) shows that the subsidy change increased
the rate of extensive margin (capital to annuity) substitution by
11.6 percentage points on average among treated individuals.
Column (7) replicates this specification for the subset of individ-
uals who did not change their pensions in the previous year

ðPI, C
i, t ¼ PI, C

i, t�1Þ. As predicted, the degree of active response is smal-

ler in this subgroup: 6.8% of those who kept capital pension con-
tributions fixed between 1997 and 1998 exit capital pensions and
raise annuities in 1999. Finally, under the assumption that the
rate of extensive margin substitution response is proportional to
the overall latent rate of active response to the subsidy, we esti-
mate the fraction of individuals who respond actively to the

change in subsidy as �̂S ¼ 11:3� 11:6
6:8 ¼ 19:3%. That is, the aggre-

gate reduction in individual capital pension contributions from
1998 to 1999 shown in Figure V, Panel B is accounted for by just
19.3% of individuals who actively reoptimize in response to the
subsidy reduction.

The vast majority of these 19.3% of individuals respond by
completely exiting capital pensions. Using the DD specification in
equation (7), in column (8) of Table V we estimate that 15.9% of
individuals exit capital pensions because of the reform. Hence,
only a small portion of the response occurs on the intensive
margin: most individuals either recognize the subsidy change
and stop contributing to capital pensions entirely or do nothing
at all. The response to price subsidies may be concentrated on the
extensive margin because gains from reoptimization are second
order (i.e., small) on the intensive margin but first order (large) on
the extensive margin (Chetty 2012).

One natural question is whether the fraction of individuals
who respond to the subsidy ð�̂SÞ rises over time. We study the
dynamics of response at the individual level in Figure VI, Panel
C, which plots the fraction of individuals contributing to capital
pensions by year for those who were contributing in 1998, the
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year before the reform. To construct this figure, we first compute
the difference in the fraction of individuals contributing to capital
pensions in the treatment (above top tax cutoff) and control
(below top tax cutoff) groups to remove secular trends due to
mean reversion when selecting on contribution in 1998. We
then plot 1 plus this difference to show the causal effect of the
reform over time on the fraction of individuals contributing to
capital pensions. As with the response to changes in employer
pensions in Figure III, Panel A, there is very little adjustment
over time: 8.7% of individuals exit immediately in 1999 and an
additional 4.2% exit in 2000, leaving 87.1% still contributing one
year after the reform. Ten years later, the fraction contributing
remains at 81.5%.

V.C. Crowd-out in Retirement and Taxable Savings Accounts

When active savers reduce capital pension contributions fol-
lowing the 1999 reform, what do they do with this money? We
estimate two crowd-out parameters, each of which is relevant for
different policy questions: the degree of shifting between different
types of retirement accounts and the degree of shifting from re-
tirement accounts to taxable accounts. Again, we restrict atten-
tion to the effects of changes in individual pension contributions
rather than employer contributions.28 We follow the same meth-
odology as before, estimating the effects of the subsidy change
in other accounts using two estimators: one based on levels of
contributions and another based on the marginal propensity
to save.

1. Crowd-out within Retirement Accounts. We first estimate
the extent to which individuals shift assets from capital pensions
to annuity pensions when the subsidy for capital pensions was
reduced in 1999. This parameter is relevant for assessing the
effects of changes in the tax treatment of one type of retirement
account—such as increasing 401(k) subsidies—while leaving
the treatment of other retirement accounts (such as IRAs)
unchanged.

28. We are able to ignore employer contributions when estimating crowd-out of
individual pensions because the reduction in employer capital pension contribu-
tions is fully offset by increases in employer annuity pension contributions, leaving
total employer contributions unchanged, as shown in Online Appendix Table II.
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We begin by using the levels estimator to identify the effects
of the 1999 reform on contributions to annuity pension accounts.
Figure VII, Panel A plots the time series of individual annuity
contributions for the treatment (income DKr 25,000–75,000
above the top tax cutoff) and control (DKr 25,000–75,000 below
the cutoff) groups, as in Figure V, Panel B. The pattern is the
mirror image of that in Figure V, Panel B. There is a sharp in-
crease in annuity pension contributions for the treated group in
1999, showing that some of the reduction in capital pension con-
tributions is offset by increased annuity pension contributions.

To quantify the degree of crowd-out, we estimate IV regres-
sions that use the DD levels equation in equation (7) as a first
stage for capital pension contributions. The second stage is spe-
cified as:

Zi, t ¼ �0 þ �1posti, t þ �2treati, t þ �
L
SPI, C

i, t þ �XX þ "i, t,ð10Þ

where Zi,t denotes a measure of individual pension contributions
and PI, C

i, t is individual i’s contribution to the capital pension
in year t. We instrument for PI, C

i, t using the interaction
posti, t � treati, t to isolate changes in capital pension contributions
that are induced by the subsidy change. The coefficient �L

S iden-
tifies the crowd-out parameter of interest under the assumption
that unobserved determinants of the level of annuity pension
contributions do not change differentially on average in the treat-
ment and control groups. This 2SLS coefficient is simply the
treatment effect on annuity contributions (the reduced form)—
which can be estimated using a DD specification analogous to
equation (7)—divided by the treatment effect on capital pensions
�L

S (the first stage). As before, we cluster standard errors at the
DKr 5,000 income bin level.

Table VI presents estimates of equation (10). In column (1),
we use individual annuity pension contributions as the depend-
ent variable and obtain an estimate of �L

S ¼ �0:57. That is, indi-
viduals shift 57 cents of each DKr they would have contributed to
capital pension accounts to annuity pensions instead. In column
(2), we use total pensions as the dependent variable. This
specification confirms that pass-through to total pensions is
100–57 = 43 cents per DKr of capital pension contributions.
Column (3) shows that the inclusion of the standard vector of
controls does not change this estimate significantly.
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FIGURE VII

Crowd-out within Retirement Accounts Induced by Subsidy to Capital Pensions

Panel A replicates Figure V, Panel B, plotting mean individual annuity
(rather than capital) pension contributions in the treatment and control
groups by year. The series in circles in Panel B replicates Figure V, Panel C,
plotting the difference in the MPS in annuity (rather than capital) accounts
between those above versus below the top tax cutoff. The series in triangles in
Panel B replicates the series in Figure V, Panel C exactly as a reference. See
notes to Figure V for further details on the construction of these figures. The
crowd-out coefficients reported in the figures are estimated using the specifica-
tions in columns (1) and (4) of Table VI, with standard errors clustered at the
DKr 5,000 income bin level.
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One can also estimate crowd-out using changes in the MPS in
annuity accounts instead of mean contribution levels. The series
in circles in Figure VII, Panel B plots the difference in the MPS in
annuity accounts for individuals above versus below the top tax
cutoff by year. This series is constructed in exactly the same way
as Figure V, Panel C, using individual annuity pension contribu-
tions instead of capital pension contributions as the dependent
variable in equation (8). The change in the MPS in capital ac-
counts is replicated in this figure (in triangles) as a reference to
interpret magnitudes. The reduction in the capital pension sub-
sidy in 1999 leads to a sharp increase in the marginal propensity
to save in annuity accounts, again consistent with shifting across
accounts.

To quantify the degree of crowd-out using the change in the
MPS, we again estimate IV regressions, this time using the DD in
MPS equation (9) as the first stage for capital pension contribu-
tions. Here, the second stage is specified as:

Zit ¼ �0 þ �1posti, t þ �2treati, t þ �3posti, t � treati, t

þ �s
0Ytax

i, t þ �
s
1posti, t � Y

tax
i, t þ �

s
2treati, t � Y

tax
i, t

þ �MPS
s PI, C

i, t þ �XXi, t þ "i, t:

ð11Þ

We instrument for PI, C
it using the interaction posti, t � treati, t � Ytax

i, t

to isolate changes in the MPS in capital pensions induced by the
subsidy change. This 2SLS coefficient �MPS

S corresponds to the
treatment effect on the MPS in annuity accounts (the reduced
form)—which can be estimated using a DD specification analo-
gous to equation (9)—divided by the treatment effect on the MPS
in capital pensions �MPS

S (the first stage). We cluster standard
errors at the DKr 5,000 income bin level as before.

Columns (4)–(6) of Table VI report 2SLS estimates of
crowd-out for the same dependent variables used in columns
(1)–(3) using the MPS specification in equation (11).
Consistent with the results of the levels specification, we find
that the reduction in capital pension contributions was partially
offset by increased contributions to annuity pensions. The spe-
cification without controls in column (4) yields an estimate of
�MPS

S ¼ �0:47, implying that individuals shift 47 cents of each
DKr they would have contributed to capital pension accounts to
annuity pensions.
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2. Crowd-out of Taxable Saving. Next we analyze whether the
changes in pension contributions already documented are offset
by changes in saving in taxable (nonretirement) accounts, which
has been the focus of the prior literature on crowd-out. The degree
of shifting between retirement accounts and taxable saving is of
interest because it determines how subsidies that apply to all tax-
deferred accounts affect total wealth accumulation. We use the
change in the capital pension subsidy as an instrument for total
pension contributions P I to estimate crowd-out in nonretirement
accounts.

As already discussed, when analyzing shifting between re-
tirement accounts and taxable accounts, one must account for the
difference in the tax treatment of the two forms of saving. The
literature has addressed this issue by measuring crowd-out in
taxable accounts in two ways. One definition, used by Poterba,
Venti, and Wise (1996), is 	1 ¼

dS
dPI, the fraction of retirement

account balances that come from reduced taxable saving. This

TABLE VI

CROWD-OUT WITHIN RETIREMENT ACCOUNTS INDUCED BY CAPITAL PENSION SUBSIDY

(1) (2) (3) (4) (5) (6)
Estimates based on levels Estimates based on MPS

Dep. Var.:
Annuity
contrib.

Total
pension
contrib.

Total
pension
contrib.

Annuity
contrib.

Total
pension
contrib.

Total
pension
contrib.

Individual
capital
pension
contrib.

–0.568
(0.019)

0.432
(0.019)

0.387
(0.019)

–0.471
(0.056)

0.529
(0.056)

0.558
(0.045)

Controls X X
Observations 4,707,788 4,707,788 4,707,788 7,026,187 7,026,187 7,026,187

Notes. This table presents estimates of the degree to which changes in individual capital pension
contributions induced by the 1999 subsidy reduction were offset by increases in individual annuity pen-
sion contributions. All specifications are estimated using data from 1996 to 2001. The independent vari-
able of interest in all specifications is the level of individual capital pension contributions PI,C. The
dependent variables are the level of individual annuity pension contributions (columns (1) and (4)) or
total individual pension contributions (columns (2)–(3) and (5)–(6)). Columns (1)–(3) use the levels esti-
mator in equation (10) to estimate crowd-out using 2SLS. In these specifications, we instrument for capital
pension contributions with the double interaction term shown in equation (7) and restrict the sample to
individuals with DKr 25,000–75,000 either below or above the top tax cutoff. Columns (4)–(6) use the MPS
estimator in equation (11) to estimate crowd-out using 2SLS. In these specifications, we instrument for
capital pension contributions with the triple interaction term shown in equation (9) and include all indi-
viduals within DKr 75,000 of the top tax cutoff. Columns (3) and (6) replicate columns (2) and (5) con-
trolling for age, marital status, gender, college attendance, and two-digit occupation indicators. In all
specifications, we exclude individuals with taxable saving below the 1st and above the 99th percentile
for consistency with Table VII. Standard errors, reported in parentheses, are clustered at the DKr 5,000
income bin level.
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definition includes the subsidy from the government to the indi-
vidual in the denominator and is bounded in magnitude between
0 and 1 – MTR if individuals do not offset $1 of posttax
pension contributions by more than $1 of taxable saving. An al-
ternative definition, used by Engen, Gale, and Scholz (1996), is
	2 ¼

dS
dPI�ð1�MTRÞ

, the fraction of retirement account contributions
net of the government subsidy that come from taxable saving. The
first definition is the relevant concept for determining what frac-
tion of retirement balances are ‘‘new’’ savings from the individ-
ual’s perspective. The latter definition is the relevant concept for
determining the increase in total national savings, as the subsidy
itself is a transfer from the government to individuals that does
not affect consumption or total national savings.29 We report es-
timates of r2 here by measuring taxable saving in pretax dollars� Si, t

1�MTRð Þ

�
, where MTR = 60% denotes the marginal income tax

rate in the top tax bracket. One can calculate 	1 by multiplying
the crowd-out estimates we report by 0.4.

We can estimate crowd-out in taxable saving accounts using
IV regressions paralleling those in equations (10) and (11), repla-
cing the endogenous variable PI, C

i, t with total individual pension
contributions PI

i, t and the dependent variable with taxable saving� Si, t

1�MTRð Þ

�
. The levels specification in equation (10) yields very im-

precise estimates of crowd-out in taxable savings—rejecting nei-
ther full crowd-out nor zero crowd-out—because the MPS in
taxable accounts fluctuates substantially across years (see
Online Appendix B for details). We therefore focus on the MPS
estimator for the remainder of this section.

Figure VIII, Panel A illustrates the estimation of crowd-out
in taxable accounts using changes in the MPS. This figure plots
the difference in the marginal propensity to save in retirement
accounts and taxable accounts for individuals above versus below
the top tax cutoff. We construct these series as in Figure VII,
Panel, using total pension contributions (PI) and taxable saving� Si, t

1�MTRð Þ

�
as the dependent variables in equation (8). When the

subsidy is reduced in 1999, the MPS in retirement accounts falls
sharply for individuals in the top tax bracket (the treatment
group) relative to individuals below the top bracket (the control
group). The MPS in taxable accounts jumps in the treatment

29. The latter definition also corresponds to our definition of total saving Stot: a
1 DKr increase in PI raises Stot by 1þ 	2. If the subsidy does not affect the individ-
ual’s consumption, 	2 ¼ �1 and hence the change in Stot = 0.

QUARTERLY JOURNAL OF ECONOMICS1202

 at U
niversity of C

alifornia, B
erkeley on January 15, 2017

http://qje.oxfordjournals.org/
D

ow
nloaded from

 

http://qje.oxfordjournals.org/lookup/suppl/doi:10.1093/qje/qju013/-/DC1
http://qje.oxfordjournals.org/


FIGURE VIII

Crowd-out of Taxable Saving Induced by Subsidy

Panel A is constructed in the same way as Figure V, Panel C. The series in
circles plots the difference in the marginal propensity to save (MPS) in retire-
ment accounts (capital plus annuity) between individuals above and below the
top tax cutoff in each year. We estimate this difference in MPS in each year
using equation (8). The series in triangles repeats this exercise for saving in
nonretirement (taxable) accounts, showing the difference in the MPS in taxable
accounts for individuals above the top tax cutoff versus those below the top tax
cutoff in each year. Retirement account contributions are total individual con-
tributions PI. Taxable saving is measured in pretax dollars

�
S

1�0:6ð Þ

�
, using the

marginal income tax rate of 60% in the top tax bracket. The crowd-out estimate
reported in Panel A is based on the specification in column (1) of Table VII.
Panel B plots median taxable saving (again measured in pretax dollars) in the
postreform years (1999–2001) minus prereform years (1996–1998) in each DKr
5,000 taxable income bin. The solid lines show the best linear fits to the points
below and above the cutoff, estimated on the underlying microdata. The differ-
ence in the slopes of these lines can be interpreted as an estimate of the change
in the MPS in taxable accounts when the subsidy was reduced for individuals
in the top tax bracket in 1999. The coefficient for the change in slope at the
threshold reported on the figure is estimated in column (3) of Table VII.

(continued)
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group relative to the control group by almost the same amount.
Hence, individuals appear to have simply shifted the money they
were saving in retirement accounts into taxable saving accounts
when the retirement savings subsidy was cut in 1999.

To quantify the degree of crowd-out in taxable saving, we use
the 2SLS specification as in equation (11), using taxable saving as
the dependent variable and total pension contributions PI

i as the
endogenous variable. We obtain an estimate of 	2 ¼ �1:2 using
this specification, as shown in column (1) of Table VII.30 Although
we reject the hypothesis of zero crowd-out with p = 0.05, the 95%
confidence interval for the crowd-out estimate is wide, spanning
(–2.40,0). This imprecision is because the distribution of taxable
saving has large outliers.

We use two approaches to obtain more precise estimates.
First, we trim extreme values. In column (2) of Table VII, we

FIGURE VIII

Continued

30. Crowd-out can in principle exceed 100% in neoclassical models because of
wealth effects (Gale 1998); intuitively, individuals may choose to save less when
offered a pension subsidy if they are targeting a fixed level of wealth in retirement.
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replicate the specification in column (1), recoding taxable saving
values in the top decile to the 90th percentile and values in the
bottom decile to the 10th percentile. We obtain a point estimate of
	2 ¼ �0:98, implying that 98 cents of each DKr 1 withdrawn from
retirement savings accounts is shifted to taxable savings ac-
counts. The standard error of the crowd-out estimate in this spe-
cification is 0.267, less than half that of the untrimmed estimate.

An alternative method of improving precision is to analyze
medians instead of means, as in Engen, Gale, and Scholz (1994)
and Poterba, Venti, and Wise (1995). We first characterize
the reduced-form effect of the subsidy reduction on median tax-
able saving and then translate this to a crowd-out estimate.

TABLE VII

CROWD-OUT OF TAXABLE SAVING INDUCED BY SUBSIDY

(1) (2) (3) (4) (5) (6) (7)

Dep. Var.:
Taxable
saving

Trimmed
taxable
saving

Median
taxable
saving

Median
total

saving

Taxable
saving

threshold

Taxable
saving

threshold

Net
saving

threshold

Individual pension
contributions

�1.200
(0.588)

�0.984
(0.267)

�0.994
(0.241)

�0.940
(0.215)

�1.462
(0.379)

Above cutoff�
post�Ytax

0.0098
(0.0025)

0.0003
(0.0030)

Controls X
Observations 7,026,187 7,026,187 7,026,187 7,026,187 7,026,187 7,026,187 7,026,187

Notes. This table presents estimates of the degree to which the reductions in individual pension
contributions induced by the 1999 subsidy reduction were offset by increases in taxable saving. The
independent variable of interest in columns (1)–(2) and (5)–(7) is the level of individual pension contribu-
tions PI. Column (1) uses the MPS estimator in equation (11) to estimate crowd-out using 2SLS. We
instrument for total individual pension contributions PI with the triple interaction term shown in equation
(9) and include all observations with taxable income within DKr 75,000 of the top tax cutoff. The depend-
ent variable in column (1) is taxable saving, measured in pretax dollars given the marginal tax rate of 60%
in the top income tax bracket

�
Stot ¼ S

1�0:6ð Þ

�
. Column (2) replicates column (1), winsorizing taxable saving

at the 10th and 90th percentile. Column (3) presents estimates from a least squares approximation to a
median regression. We compute medians of taxable saving within DKr 5,000 income bins centered around
the top tax cutoff in each year (as shown in Figure VIII, Panel B). We then estimate a specification
analogous to that in equation (9) using OLS, with the median in each bin as the dependent variable,
weighting by the number of observations in each bin. The resulting coefficient estimate can be interpreted
as the reduced-form impact of the subsidy change on the marginal propensity to save in taxable accounts
at the median. Column (4) replicates column (3), changing the dependent variable to median total saving
(Stot) instead of median taxable saving within each DKr 5,000 bin. Column (5) implements the threshold
approach described in the text to estimate crowd-out. We first replicate the 2SLS specification in column
(1), changing the dependent variable to an indicator for having taxable saving above the median level of
taxable saving for individuals in the top tax bracket. We then divide the coefficient from this regression by
the predicted change if the reduction in pension contributions were entirely offset by increasing taxable
saving, based on the density of the taxable saving distribution around the threshold. The resulting esti-
mate reported in the table can be interpreted as an estimate of crowd-out (see text for details). Column (6)
replicates column (5) controlling for age, marital status, gender, college attendance, and two-digit occu-
pation indicators. Column (7) replicates column (5) using net taxable saving instead of gross taxable
saving to define the dependent variable. All specifications are estimated using data from 1996–2001. In
all specifications, we exclude individuals with taxable saving below the 1st and above the 99th percentile.
Standard errors, reported in parentheses, are clustered at the DKr 5,000 income bin level.

ACTIVE AND PASSIVE DECISIONS AND CROWD-OUT 1205

 at U
niversity of C

alifornia, B
erkeley on January 15, 2017

http://qje.oxfordjournals.org/
D

ow
nloaded from

 

http://qje.oxfordjournals.org/


Figure VIII, Panel B illustrates the impact of the subsidy on
median savings levels in taxable accounts. This figure shows
the difference in the median level of taxable saving within each
DKr 5,000 income bin around the top tax cutoff in the three years
after the reform (1999–2001) relative to the three years before the
reform (1996–1998). The sharp increase in the slope of this series
at the top tax cutoff implies that the MPS in taxable accounts
increased for the treated group relative to the control after the
subsidy was reduced in 1999.

To estimate the magnitude of the change in the MPS in
Figure VIII, Panel B, one would ideally estimate a quantile re-
gression using the reduced-form specification in equation (9).
Unfortunately, estimating a quantile regression with 7 million
observations proved to be infeasible. As a computationally tract-
able alternative, we follow Chamberlain (1994) and use a least-
squares approximation to the conditional quantile function. We
calculate the median level of taxable saving within each DKr
5,000 income bin around the top tax cutoff in each year from
1996 to 2001. Using the binned data set of medians, we then es-
timate equation (9) using OLS with the median level of taxable
saving in each year by income bin as the dependent variable,
weighting by the number of observations in each bin. This ap-
proach is analogous to running an OLS regression using the
binned data in Figure VIII, Panel B rather than on the microdata,
with standard errors clustered by bin.

Column (3) of Table VII shows that the reduced-form coeffi-
cient obtained from this approach is 0.010, that is, the subsidy
reduction increased the MPS in median taxable saving by 1% of
income. The magnitude of this change is similar to the reduction
in the MPS in retirement accounts of �0.012, suggesting that
much of the reduction in retirement saving was offset by
increased saving in taxable accounts. We confirm this finding in
column (4) by replicating column (3) using median total individ-

ual saving SI, tot
i, t ¼

Si, t

ð1�MTRÞ þ PI
i, t as the dependent variable. The

reduced-form change in the MPS in median total saving is 0.0003
(std. err. = 0.0030), showing that the subsidy reduction induced
little or no change in median total savings rates.

To quantify the degree of crowd-out implied by the reduced-
form change in median taxable saving, one would ideally estimate
equation (11) using a quantile instrumental variables specifica-
tion. As a computationally tractable alternative, we use a
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threshold approach that can be implemented using OLS. We
measure crowd-out based on the extent to which individuals
cross the median level of taxable saving relative to the number
who would cross this threshold if they were to fully offset the
mean change in pension contributions. Let �S ¼ DKr 1,062
denote the median level of taxable saving for individuals in the
top tax bracket and �i denote an indicator for having taxable
saving above this cutoff. Based on the density of the taxable
saving distribution around this threshold, the fraction with
above-median savings would increase by 1.84 percentage points
if a DKr 1,000 reduction in pension contributions were entirely
offset by increasing taxable saving. We estimate the actual
impact using the 2SLS specification in equation (11), with �i as
the dependent variable. The resulting estimate implies that a
DKr 1,000 increase in pension contributions reduces the
number of individuals with above-median taxable savings by
1.83 percentage points. The ratio of the actual change to the pre-
dicted change (–0.994) is the threshold-based estimate of crowd-
out 	2 reported in column (5) of Table VII.31 The confidence inter-
val for this estimate is (–1.47,–0.52).

Column (6) of Table VII shows that the threshold-based
crowd-out estimate remains similar when we include the stand-
ard control vector used before. In column (7), we replicate the
specification in column (5) using taxable saving net of changes
in liabilities as the dependent variable. The point estimate is con-
sistent with substantial crowd-out, but the confidence interval is
wider because of the substantial fluctuation in debt holding
across years.32 We assess the robustness of the crowd-out

31. This approach yields a consistent estimate of crowd-out under two assump-
tions: (i) the impact of the subsidy reduction on the MPS in retirement accounts does
not vary across the distribution of taxable saving, and (ii) the degree of crowd-out 	2

does not vary with taxable savings locally around the median. The second assump-
tion is a regularity condition which requires that mean crowd-out rates do not vary
with the distance to the threshold ð �SÞ for individuals who would cross the threshold
if they were to fully offset the change in pension contributions. The first assumption
is a substantive restriction that allows us to use the mean treatment effect on pen-
sion contributions to predict the degree of offset one would expect under 100%
crowd-out around the median level of taxable saving. Although this is a strong
assumption, we note that the estimates of crowd-out in columns (1) and (2),
which are based on comparisons of means, do not rely on this assumption. Hence,
this estimate complements the estimates obtained using other approaches.

32. For the subsidy to have an effect on net saving despite having no effect on
gross saving, active savers would have to shift money from taxable savings accounts
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estimates to additional definitions of taxable saving in Panel C of
Online Appendix Table I. Column (2) replicates the threshold
specification in column (5) for renters. Column (3) defines taxable
saving at the household level and column (4) restricts the sample
to single individuals. Across all specifications, we find estimates
of crowd-out that are significantly different from 0 but not from
the baseline estimates of crowd-out close to 100%.

In summary, once we reduce the influence of outliers, we
obtain point estimates of crowd-out exceeding 90% and a lower
bound on the 95% confidence interval of approximately 50%. As a
robustness check on the precision of these estimates, we conduct
permutation tests in Online Appendix B. We choose placebo
values for the top income tax cutoff and the year of the reform
and reestimate the baseline specifications in columns (2) and (6)
using these placebo values. The p-values obtained from the per-
mutation test (i.e., based on the empirical cumulative distribution
function of the placebo distribution) are closely aligned with
the p-values based on our standard errors clustered by DKr
5,000 income bin. Moreover, the t-statistic for the actual treat-
ment in column (6) is smaller than all 309 placebo t-statistics,
confirming that the subsidy reduction increased taxable saving
significantly.

Note that even after accounting for outliers, our estimates of
the effect of automatic contributions on total saving in Table III
remain an order of magnitude more precise than the estimated
effects of the subsidy. The reason is that automatic contributions
vary differentially across individuals over time, whereas the sub-
sidy varies only at the aggregate level across broad income groups
in a single year. Because fluctuations in taxable saving are cor-
related across individuals due to aggregate shocks, research
designs that exploit individual-level variation yield greater pre-
cision. Using such variation to estimate the effects of subsidies on
total saving (e.g., via firm matches) would be a valuable direction
for future work.

V.D. Impacts of Tax Expenditures on Total Saving

We now use the preceding estimates to calculate the savings
impact of each DKr of government expenditure on subsidies for

to retirement accounts when subsidies rise and then reduce debt holding. There is
no reason to expect such behavior in existing neoclassical or behavioral models,
supporting the view that the subsidy has little impact on net saving.
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retirement savings. This ‘‘bang-for-the-buck’’ measure can be dir-
ectly compared to the marginal cost of public funds or the benefits
of other government expenditures.

First, based on the estimates in column (1) of Table V and
column (5) of Table VI, the 1999 subsidy reduction resulted in a
DKr 2,449� 0.529 = 1,295 reduction in total pension contribu-
tions among treated individuals, raising posttax disposable
income by DKr 1,295� (1 – 0.6) = 518. The estimate in column
(5) of Table VII implies that taxable saving rose by DKr
0.994� 518 = 515 as a result, so that the net reduction in posttax
savings due to the subsidy change was DKr 3.

We estimate that the 1999 subsidy reduction raised the pre-
sent value of government revenue by DKr 883 on average across
individuals in the treatment group, taking into account the ef-
fects of deferred taxation and differential treatment of capital
gains in retirement accounts (see Online Appendix C). The capital
pension subsidy reduction therefore reduced total saving by
3/883, less than 1 cent per DKr reduction in tax expenditure on
the subsidy. At the upper bound of the 95% confidence interval for
the crowd-out estimate in column (2), we obtain an estimate of
28 cents of savings per DKr of tax expenditure on the subsidy. If
we include the fiscal cost of the subsidy for employer pensions,
which as we show in Online Appendix Table II has no effect on
total employer pension contributions, the point estimate remains
below 1 cent per DKr of tax expenditure and the upper bound of
the 95% confidence interval is 10 cents. The subsidy has small
impacts on total saving because (i) it is an inframarginal transfer
that has no effect on the behavior of passive savers and (ii) the
active savers who respond to the subsidy exhibit a low interest
elasticity of saving.

The preceding analysis considers only the direct effects of
subsidies on individual saving. Subsidies could potentially raise
total saving indirectly by increasing the efficacy of automatic con-
tributions by employers or the government. For instance, individ-
uals might be less likely to undo defaults when large subsidies
make the default attractive. To evaluate this possibility, we test
whether pass-through rates of employer pensions to total pen-
sions fall after the 1999 subsidy reduction for individuals in the
top tax bracket. Using the specification in column (1) of Table III,
Panel A for individuals in the top tax bracket, we find a pass-
through rate of 0.826 (std. err. = 0.005) when limiting the
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sample to 1996–1998 versus 0.885 (std. err. = 0.004) when limit-
ing the sample to 1999–2001. Hence, the size of the subsidy ap-
pears to have little effect on the impact of automatic contributions
in practice.

VI. Heterogeneity: Identifying Active and Passive Savers

In this section, we test whether the differences between the
effects of automatic contributions and subsidies are driven by
active versus passive choice by studying the heterogeneity of
responses across individuals. We organize our analysis around
the three testable predictions on heterogeneity described in
Section II.B.

First, we test whether individuals currently making active
choices are more responsive to price subsidies. We proxy for
active choice by focusing on individuals who are starting a new
pension account. Define ‘‘new contributors’’ in year t as those who
contribute to either individual annuity or capital pensions in year
t ðPI

i, t > 0Þ but did not contribute to either account in year
t� 1 ðPI

i, t�1 ¼ 0Þ. Conversely, define prior contributors as individ-
uals who contribute in year t ðPI

i, t > 0Þ and were already contri-
buting to an individual pension account in year t – 1. Are new
contributors more sensitive to the change in the relative subsidy
for capital versus annuity pensions in 1999? To answer this ques-
tion, we regress an indicator for contributing to capital pensions
ðPI, C

i, t > 0Þ on an indicator for the 1999 reform, an indicator for
being a new pension contributor, and the interaction of the two
indicators. We limit the sample to individuals whose taxable in-
comes are between DKr 25,000 and 75,000 above the top tax
cutoff, the treatment group in Figure V, Panel B, and use data
from 1998 and 1999. The estimates are reported in column (1) of
Table VIII. The reduction in the subsidy for capital pensions re-
duces the probability of contributing to the capital pension by 15
percentage points for prior contributors. For new contributors,
the impact is an additional 23 percentage points. These estimates
are not sensitive to the inclusion of controls, as shown in column
(2) of Table VIII.

Second, we test for differences in responsiveness across indi-
viduals by correlating the response to the 1999 subsidy reduction
with the frequency of changes in pension contributions in other
years. We identify individuals who responded to the 1999 subsidy
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change using the sharp indicator of response developed in Section
V.A: exiting capital pensions and increasing annuity contribu-
tions. In column (3) of Table VIII, we regress this indicator for
extensive margin substitution in 1999 on the fraction of other
years in which the individual changes his pension contributions,
restricting the sample to the treatment group in 1999 (see Online
Appendix Figure VIa for the corresponding nonparametric
binned scatter plot). We find a highly significant positive relation-
ship: roughly 20% of individuals who adjust their pensions in
every year respond to the 1999 reform by exiting capital pensions

TABLE VIII

ACTIVE VERSUS PASSIVE CHOICE AND RESPONSES TO SUBSIDIES AND EMPLOYER PENSIONS

(1) (2) (3) (4) (5) (6)

Dep. Var.:
Contributes to
capital pension

Extensive margin
substitution in 1999

� Total pension
contrib. rate

Post-1999 –0.150
(0.0057)

–0.151
(0.0058)

Post-1999�new saver –0.226
(0.0073)

–0.225
(0.0079)

New saver –0.052
(0.0037)

–0.065
(0.0041)

� Employer pension 0.996
(0.0016)

0.996
(0.0015)

Fraction of other years with
change in pension

0.176
(0.0059)

0.159
(0.0054)

–0.005
(0.0001)

–0.005
(0.0002)

� Employer pension� fraction
of other years with change
in pension

–0.096
(0.0044)

–0.096
(0.0044)

Mean of dep. var. pre-1999 0.871 0.871 0.015 0.015 0.091 0.091
Controls X X X
Observations 146,256 146,256 64,783 64,783 864,482 864,482

Notes. Column (1) regresses an indicator for positive individual contributions to capital pensions on a
post-1999 indicator, a new saver indicator, and the interaction of these two variables. The new saver
variable is an indicator for making zero individual annuity and capital pension contributions in the prior
year. We use data from 1998 and 1999 and include only individuals with taxable income between DKr
25,000 and DKr 75,000 above the top tax cutoff who are currently contributing to either capital or annuity
pensions. Column (3) regresses an indicator for extensive margin substitution in response to the 1999
capital pension reform, defined as exiting capital pensions and raising annuity pension contributions, on
the fraction of other years in which an individual changes individual capital or annuity pension contri-
butions relative to the prior year. We use data from 1999 and restrict the sample to individuals with
taxable income between DKr 25,000 and DKr 75,000 above the top tax cutoff who made positive contri-
butions to individual capital pensions in 1998 in this regression. Column (5) replicates column (1) of
Table III, Panel A to measure the pass-through of changes in employer pension contribution rates to
total pension contribution rates, except that we include an interaction of the change in the employer
pension contribution rate �pE with the fraction of other years (excluding the year of the firm switch)
in which an individual adjusted the level of annuity or capital pension contributions. We also include the
interaction between this variable and the change in total compensation �w. Columns (2), (4), and (6)
replicate columns (1), (3), and (5) controlling for age, marital status, gender, college attendance, and two-
digit occupation indicators. Standard errors are reported in parentheses. In columns (1)–(4), we cluster
standard errors at the DKr 5,000 income bin level; in columns (5)–(6), we cluster by the firm to which the
individual switches.
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and raising annuities, compared with less than 5% of individuals
who never adjusted their pensions in other years. Column (4)
shows that this result is robust to controls.

Next, we test if frequent reoptimizers are also more likely to
offset automatic employer contributions PE

i, t by reducing their in-
dividual pension contributions PI

i, t. In column (5) of Table VIII,
we replicate the specification in column (1) of Table III, Panel A,
interacting the change in employer pensions �pE

i and total
compensation �wi with the fraction of other years in which the
individual changes his pension contributions. The coefficient
on the interaction effect of �0.096 implies that the pass-through
rate from employer pensions to total pensions is 9.6 percent-
age points lower for individuals who reoptimize their pension
contributions every year relative to those who never change
their contributions.33 Column (6) verifies that this result is
again robust to the inclusion of controls. Together, the results
in Table VIII support the view that automatic contributions
have larger effects on total wealth than price subsidies because
they change the total savings rates of passive rather than active
savers.

Finally, we study the observable characteristics of active and
passive savers in Table IX. In Panel A, we regress the indicator
for exiting capital pensions and raising annuities in 1999 on vari-
ous observable characteristics. In this panel, we limit the sample
to prior capital pension contributors who were in the treatment
group in 1999. In Panel B, we include all individuals in our firm
switchers sample who were not at a corner prior to the switch (as
in Table III, Panel A) and regress the change in total savings rate
on the change in employer pensions and the change in total com-
pensation at the time of the firm switch, both interacted with the
characteristics analyzed in each column.

33. See Online Appendix Figure VIb for a nonparametric graphical analog to
this regression. There are two explanations for why pass-through rates remain
relatively high even for individuals who reoptimize very frequently. First, the fre-
quency of changes in pension contributions is a noisy proxy for active response.
Even among those who change contributions in every other year, the rate of active
response to the subsidy change is only about 20% (Online Appendix Figure VIa).
This suggests that the degree of crowd-out among active savers could be up to 40
percentage points larger than passive savers. Another explanation is that those
who respond actively to subsidy changes may still be passive with respect to em-
ployer pensions. For instance, tax advisers frequently advertise subsidies for re-
tirement contributions but information about employer pension contributions may
be less salient.
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TABLE IX

OBSERVABLE HETEROGENEITY IN RESPONSES TO SUBSIDIES AND EMPLOYER PENSIONS

(1) (2) (3) (4) (5) (6)
Panel A: capital pension subsidy reduction

Dep. Var.: Exit capital pensions and raise annuity pensions in 1999?

Wealth/inc. ratio 0.078
(0.0043)

0.062
(0.0047)

Age 0.003
(0.0001)

0.002
(0.0002)

0.002
(0.0003)

College 0.055
(0.0042)

0.046
(0.0040)

0.020
(0.0056)

Economics education 0.052
(0.0050)

0.048
(0.0041)

Controls X X
Observations 63,905 63,905 63,905 35,561 35,561 35,561

Panel B: pass-through of employer pensions

Dep. Var.: � Total saving rate

� Employer pension rate 0.864
(0.0229)

0.868
(0.0230)

1.052
(0.0730)

0.740
(0.0321)

0.927
(0.0887)

0.923
(0.0886)

� Emp. pen. rate
� wealth/inc.

–0.435
(0.0048)

–0.446
(0.0049)

� Emp. pen. rate
� age

–0.008
(0.0021)

–0.006
(0.0026)

–0.006
(0.0026)

� Emp. pen. rate
� college

0.074
(0.0540)

0.093
(0.0582)

0.096
(0.0584)

� Emp. pen. rate
� Econ. ed.

0.048
(0.1009)

0.048
(0.1009)

Controls X X
Observations 1,855,357 1,855,357 1,890,220 1,177,561 1,177,561 1,177,561

Notes. This table investigates observable heterogeneity in response to the 1999 capital pension reform
(Panel A) and changes in employer pension contribution rates (Panel B). In Panel A, we regress an
indicator for extensive margin substitution in response to the 1999 capital pension reform, defined as
exiting capital pensions and raising annuity pension contributions, on various individual characteristics.
We use 1999 data for individuals with taxable income between DKr 25,000 and DKr 75,000 above the top
tax cutoff. The lone independent variable in column (1) is the lagged ratio of nonpension assets to labor
income. Column (2) replicates column 1 with controls for age, marital status, gender, college, and two-digit
occupation indicators. In column (3), the lone independent variable is age; in column (4), it is an indicator
for college attendance. Column (5) includes both age and the college attendance indicator, as well as an
indicator for having some training in economics, either in college or at lower levels if the individual did
not attend college. Column (6) replicates column (5) adding controls for marital status and gender and
two-digit indicators for occupation. Columns (4)–(6) additionally restrict to those observations with non-
missing data for college attendance. Panel B replicates the specification in column (2) of Table IIIA, Panel
A, including interactions of the individual characteristics listed in each column with the change in em-
ployer pension contribution rate at the time of the firm switch �pE and the direct effect of the same
characteristics. All regressions include interactions between the change in total compensation �w and the
individual characteristics listed in each column. The additional controls in columns (2) and (6) are not
interacted with the changes in employer pensions or total compensation. All interacted characteristics
except indicators are demeaned, so that the raw effect of the change in the employer pension contribution
rate can be interpreted as the pass-through rate for individuals with mean values of the continuous
variables and all indicator variables equal to 0. In all specifications in Panel B, we exclude individuals
with taxable saving below the 1st and above the 99th percentiles. We topcode the wealth/income ratio at
the 99th percentile in both panels. Standard errors are reported in parentheses. We cluster standard
errors in Panel A at the DKr 5,000 income bin level; we cluster standard errors in Panel B by the firm
to which the individual switches.
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Column (1) of Table IX shows that individuals with higher
wealth/income ratios—total financial assets in nonretirement ac-
counts divided by labor income in the prior year—are more re-
sponsive to the subsidy change and have lower pass-through
rates of employer pensions to total saving. The probability of re-
sponse to the subsidy change is roughly twice as large for those
who have liquid assets equal to or more than their annual income
relative to individuals with little or no wealth (Online Appendix
Figure VIIa). The pass-through of employer pensions to total
saving is close to 0 for those with wealth in the top 5% of the
distribution (Online Appendix Figure VIIb). Column (2) shows
that these results are robust to including the standard vector of
controls.

Column (3) shows that older individuals are more responsive
to the change in the subsidy and are more likely to offset changes
in employer pensions. These patterns are consistent with recent
evidence that older individuals make financial decisions more
actively (Agarwal et al. 2009).

Columns (4) and (5) assess heterogeneity by education.
Column (4) shows that individuals with a college education are
4.6 percentage points more responsive to the change in price sub-
sidies. Column (5) shows that individuals who majored in eco-
nomics, accounting, or finance in their terminal degree are 5.2
percentage points more likely to respond to the subsidy change
than those with other college degrees. Although we cannot deter-
mine whether this effect is caused by learning economics or the
sorting of active savers to such courses, the correlation supports
the view that active response to financial incentives is correlated
with financial sophistication and literacy (Bernheim and Scholz
1993; Gale 1998; Lusardi and Mitchell 2007). However, we find
little systematic relationship between education and pass-
through rates from employer pensions to total savings, suggest-
ing that even well-informed individuals may not be attentive to
automatic changes in pension contributions.

Finally, in column (6), we replicate column (5) and include
gender, marital status, and two-digit occupation indicators. The
heterogeneity of treatment effects remains similar when we in-
clude these additional controls.34 Overall, the results in Table IX
indicate that price subsidies tend to affect individuals who are

34. We do not control for wealth because wealth is endogenous to education
and age.
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already planning for retirement, while automatic contributions
increase saving more among those who are less prepared for
retirement.

VII. Conclusion

Our analysis shows that price subsidies are less effective than
automatic contributions in increasing savings rates for three rea-
sons. First, approximately 85% of individuals are passive individ-
uals who save more when induced to do so by an automatic
contribution but do not respond at all to price subsidies. As a
result, much of the subsidy is an inframarginal transfer to pen-
sion contributors that induces little change in behavior at the
margin. Second, individuals who respond do so primarily by
shifting savings across accounts rather than raising the total
amount they save. Third, the active savers who respond to
price subsidies tend to be those who are planning and saving for
retirement already. Hence, price subsidies are not effective in
increasing savings among those who are least prepared for retire-
ment. In contrast, automatic contribution policies that influence
the behavior of passive savers have lower fiscal costs, generate
relatively little crowd-out, and have the largest effects on individ-
uals who are paying the least attention to saving for retirement.

It is natural to ask whether these conclusions apply to other
economies, such as the United States. Prior research has shown
that individuals in the United States exhibit similar patterns of
active and passive choice within retirement accounts, where
high-quality data are available in both Denmark and the
United States. In particular, studies using U.S. data have also
found that automatic employer contributions raise total pension
balances (Madrian and Shea 2001; Card and Ransom 2011), sub-
sidies induce relatively few individuals to contribute to retire-
ment accounts (Duflo et al. 2006; Engelhardt and Kumar 2007),
and higher socioeconomic status households are more likely to
change pension defaults (Beshears et al. 2012). The similarity
of behavior within retirement accounts between the United
States and Denmark suggests that the qualitative lessons on
crowd-out in taxable savings accounts from the Danish data are
likely to apply to the United States. However, there is no substi-
tute for directly studying the economy of interest empirically, and
further research on crowd-out using administrative data on
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savings in the United States and other countries would be very
valuable.

Our results also raise several other questions for further
research. We have provided a positive analysis of the effects of
retirement savings policies on total saving, but have not com-
pared the welfare consequences of these policies. Such a norma-
tive analysis would be a natural next step in understanding the
optimal design of retirement savings policies. Beyond retirement
savings, a broader implication of our empirical results is that
changing quantities directly through defaults or regulation may
be more effective than providing price incentives to change
behaviors such as the consumption of sin goods or the use of pre-
ventive health care. Because incentives require active reoptimi-
zation, they may be less cost-effective and may end up missing the
least attentive individuals whose behavior one might want to
change most. Comparing price and quantity policies in models
where agents make optimization errors is an interesting direction
for future research.

Although further work is needed to evaluate the generality of
our results and their normative implications, the findings in this
study call into question whether subsidies for retirement ac-
counts and reductions in capital income taxation are the best
way to increase savings rates. Our findings strengthen recent
arguments for using ‘‘nudges,’’ such as automatic payroll deduc-
tions instead of such policies (e.g., Thaler and Sunstein 2008;
Iwry and John 2009; Madrian 2012).
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An Online Appendix for this article can be found at QJE
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