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Abstract

In many countries, saving in a private pension is tax-advantaged to encourage
saving for retirement; however, there is mixed evidence on the extent to which this
increases saving. This paper estimates the responsiveness of private pension saving
to tax incentives for employees in England and Wales using employer-reported panel
data on pension contributions between 2005 and 2019. For identification, I exploit
a kink in the income tax schedule where there is a large, discontinuous change in
the marginal price of pension saving. In the earlier part of the sample period, 2005
to 2012, I estimate an intensive-margin elasticity of around -0.1 and an extensive-
margin elasticity of -0.05, suggesting that employees do not respond strongly to
this tax incentive to save. In 2013 to 2019, after the introduction of automatic
enrolment into workplace pension plans, I find a lower average elasticity, consistent

with those being brought into pension saving by this policy being passive savers.
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1 Introduction

In common with many countries around the world, saving in a private pension in the UK
is relatively tax favoured to encourage saving for retirement. The government revenue
foregone from this tax advantage is sizeable, and the benefits often accrue disproportion-
ately to relatively higher earners. Given this, it is unsurprising that the tax treatment of
pension saving is a common topic of public and policy debate. Key to understanding the
merits of the current system, and the possible effects of any reforms, is knowledge of how
saving would respond to changes in tax incentives. However, despite extensive research
on the determinants of private pension saving in recent years (Choi, 2015), there is still
uncertainty about the extent to which these tax subsidies raise total wealth accumula-
tion (Bernheim, 2002; Gelber, 2011) and how they interact with other retirement saving
policies.

In this paper, I estimate how responsive private-sector employees are to upfront tax
incentives to save in a pension, focusing on a policy-relevant part of the tax system in the
UK, and show how this responsiveness has changed since the introduction of automatic
enrolment into workplace pensions. To produce these estimates, I use employer-reported
panel data on private-sector employees for the period 2005 to 2019. I exploit a jump
in the marginal income tax rate from 20% to 40% at around the 90th percentile of the
income distribution that creates a sharp discontinuity in the upfront tax price of pension
contributions to examine how pension saving responds to this price on both the intensive
and extensive margin. To assess the extent to which automatic enrolment affected the
responsiveness of pension saving to tax incentives, I repeat all the analysis for two time
periods: 2005 to 2012, before the implementation of automatic enrolment, and 2013 to
2019, during which time many private-sector employees had to be automatically enrolled
into workplace pensions.

I start by providing graphical evidence that both the intensive- and extensive-margin
elasticities are small in both the time periods I analyse. On the extensive margin, I
show that there is no discontinuous increase in the share of private-sector employees with
strictly positive employee pension contributions at the point where the upfront tax price
of pension saving increases discontinuously. On the intensive margin, I show that those
employees who are saving in a pension are not manipulating their pension contributions
in such a way as to bunch their taxable income at the kink in the tax schedule. These
results implies little to no extensive- or intensive-margin responsiveness of pension saving
to tax incentives.

I confirm the lack of responsiveness suggested by the graphical analysis using a panel
regression approach. Estimation poses two main identification challenges. First, the tax
price of pension savings is endogenous, since employees can reduce their taxable income,

and marginal tax rate, by increasing their pension saving. I address this by employing the



standard first-pound price instrument (Feldstein and Taylor, 1976). The second challenge
is the possible simultaneous choice of earnings and pension saving; I address this by using
individual-employer fixed effects to restrict identification to changes in the tax price for
individuals working for an unchanged employer. In other words, identification comes
from employees who move from one tax bracket to another while working for the same
employer.

For the period 2005 to 2012, before automatic enrolment into workplace pensions, the
estimate of the intensive-margin price elasticity is -0.1, while the estimated extensive-
margin elasticity is -0.05, and statistically insignificantly different from zero. The total
elasticity estimated for this time period is therefore -0.15, which is economically small.
For the period 2013 to 2019, during which time automatic enrolment was being rolled
out or was in place, estimates of both elasticities fall to essentially 0.

These results suggest that individuals around the kink in the income tax schedule
that I examine — which is just above the 90th percentile of the income distribution — do
not on the whole respond strongly to this tax incentive to save. The reduction in the
intensive-margin elasticity since the introduction of automatic enrolment is consistent
with those being brought into pension saving by the introduction of automatic enrolment
being (even) more passive savers than those saving in a pension prior to the introduction
of that policy. These new savers are potentially precisely the group that policymakers
might worry are undersaving for retirement, but the results in this paper suggest that
using tax incentives to increase their saving may be particularly ineffective.

This paper builds on a growing literature that has studied how private pension saving
responds to tax incentives. Early contributions in the U.S. focused on whether tax-
advantaged savings plans, such as IRAs and 401(K) accounts, encouraged greater saving,
or whether the balances accumulated in these accounts were simply shifted from other
assets. Early results were mixed (Poterba et al., 1995; Engen et al., 1996; Hubbard and
Skinner, 1996), but Gelber (2011) finds becoming eligible for a 401(K) account does cause
a significant increase in 401(K) saving, but finds little evidence of an increase in total
saving, perhaps due to a lack of precision.

In general, more recent research suggests that tax incentives for retirement saving
do lead to an increase in saving in subsidised accounts, but in many cases this is partly
offset by a reduction in saving in other accounts or an increase in debt. For example,
Chetty et al. (2014) show that a decrease in a subsidy for contributing to capital pension
accounts for individuals in the top income tax bracket in Denmark did lead to a sharp
decrease in capital pension contributions; however this decrease was driven entirely by
just 19% of contributors, and nearly all the reduction in capital pension contributions
can be accounted for by higher saving in other accounts. Andersen (2018) shows that
an introduction of a cap on tax-favoured retirement contributions in Denmark also led

to a significant reduction in retirement contributions, with this being fully offset by both



an increase in other types of savings and a decrease in gross debt. Similarly, Lavecchia
(2019) finds that the introduction of a tax-advantaged saving account in Canada leads to
an increase in saving in these accounts, but little to no new total saving due to substantial
crowding-out.

However, other studies find rather larger effects of tax incentives on total saving. For
example, Goodman (2020) exploits a discontinuity in retirement contribution limits based
on date of birth in the U.S. He finds that constrained individuals’ retirement saving does
increase in response to a higher contribution limit, and can rule out crowd-out greater
than approximately 0.38 to 0.57 at the 95% confidence level. Chan et al. (2022), Chris-
tensen and Ellegaard (2022) and Messacar (2018) similarly find substantial increases in
retirement saving with only partial crowd-out among older workers making large con-
tributions in Australia, middle-income workers in Denmark and unionised workers in
Canada, respectively.

This paper contributes to this literature in two ways. First, in contrast to much of
the recent literature, the tax incentive to pension saving that I analyse only has a very
small to null effect on pension contributions. In other words, the tax incentive does not
lead to a large increase in saving even in the “subsidised” account. This suggests that
the institutional setting and the salience of the tax incentive can have a large effect on
estimated elasticities, as pointed out in Chetty et al. (2013). Second, I highlight how
tax incentives for retirement saving interact with another major retirement saving policy:
automatic enrolment. Automatic enrolment has been shown to have a large impact
on pension participation in a variety of settings (Madrian and Shea, 2001; Cribb and
Emmerson, 2020), leading some to conclude that savings policies focusing on behavioural
“nudges” are perhaps more effective than tax subsidies (Friedman, 2017). However, to
date no paper has analysed how these two policies interact. I provide evidence that
tax price elasticity of saving is lower after the introduction of automatic enrolment into
workplace pensions in the UK, and in fact insignificantly different from zero, suggesting
it is important to consider the two policies in tandem to assess their effectiveness.

The remainder of the paper is organised as follows. Section 2 describes the institu-
tional context, while Section 3 describes the data sources. Section 4 contains graphical
evidence of how pension saving responds to tax incentives, with the empirical methodol-
ogy and main results outlined in Section 5. Section 6 concludes with a discussion of the

implications of the empirical results.



2 Institutional background

2.1 Private pension saving in the UK

The current UK public pension system provides almost all older individuals with a flat-
rate benefit, irrespective of earnings, that amounts to just under 30% of median earnings.
Most individuals must therefore save additionally in private pensions if they want to
smooth their living standards in retirement.

While pensions can be arranged by individuals, the vast majority of pension saving
for employees is facilitated by employers. For public-sector employees these pensions
are typically ‘defined benefit’ (DB) in nature, while for private-sector employees, work-
place pensions are now predominantly ‘defined contribution’ (DC) plans. Employees in
DC plans can typically choose their level of contributions (which may be influenced by
matching arrangements provided by some employers). Some DC pension plans are run
by the employer directly, while others are run by external pension providers, with the
employer facilitating membership; I refer to these two types of pension as ‘Occupational’
and ‘Other’ DC pensions, respectively. In 2005, the start of the period I examine, 44%
of private-sector employees were in a private pension: 24% in a DB plan, 9% in an
occupational DC plan, and 12% in other DC plans.

Between 2012 and 2018 the UK government rolled out a policy of automatic enrolment
into workplace pensions. This means employees are automatically enrolled into a pension
and have to choose to opt out, and if they remain in the pension making minimum contri-
butions then they are also eligible for some minimum contributions from their employer.
This reform substantially increased pension participation (Cribb and Emmerson, 2020,
2021): in 2019, the end of the period I examine, 79% of private-sector employees were in
a private pension (12% in a DB plan, 24% in an occupational DC plan, and 44% in other
DC plans).

2.2 Tax treatment of pensions

The UK income tax system treats pensions as deferred earnings. This means that contri-
butions are not subject to income tax and returns are not taxed, but income tax must be
paid on pension income when it is drawn in retirement. Pensions are also relatively tax
favoured compared to other forms of income because employer contributions to pensions
are not subject to the payroll tax (national insurance), 25% of all pension saving can be
withdrawn free of income tax in retirement, and pensions are taxed relatively lightly on

death.!

IThere are some restrictions on the amount that can be saved into a pension free of income tax,
namely the annual and lifetime allowances. However, these are set at high enough levels to be essentially
irrelevant for the employees in the analysis sample. Since 2014, for employees in the income range
I analyse, the annual allowance limits tax-free contributions to £40,000 per year. Prior to 2014, the



The non-linearity of the income tax schedule mean that there are sharp discontinuities
in the upfront income tax relief on pension contributions. Figure 2.1 shows the income
tax schedule in 2019-20 in England and Wales for incomes up to £100,000 - the schedule
for earlier years I analyse is very similar (Scotland is not included in the analysis as it has
a different income tax schedule). Income tax is based on individual income. Individuals
have a personal allowance, on which no income tax is due. On earnings above that but
less than the ‘higher rate threshold’, individuals pay the basic rate of income tax, which
was 22% until 2007-08 and 20% since then. For earnings above the higher rate threshold
a higher rate of income tax of 40% is due. Since 2010-11 there have also been even
higher effective marginal income tax rates on those earning £100,000 or more; however,

throughout the analysis I focus on individuals earning below this level.

Figure 2.1: Income tax schedule 2019-20 in England and Wales (up to £100,000)
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Source: https://www.gov.uk/income-tax-rates

Figure 2.2 shows that the real level of the higher rate threshold varied during the
analysis period, fluctuating between £45,000 and £55,000. this figure also shows that the
higher rate threshold lies towards the top of the income distribution, with about 6 to 9%
of adults earning more than the higher rate threshold in the UK, depending on the year.
Given that I estimate a local treatment effect of the responsiveness of pension saving
around the higher rate threshold, the estimate is relevant to well-off, but not super-rich,
individuals by UK standards.

annual allowance was even higher. The lifetime allowance, set at £1,073,100 in 2021-22, determines the
maximum total value of an individual’s private pensions before attracting high tax rates.



Figure 2.2: The level of the higher rate threshold, and the proportion of adults in the
UK with income greater than it, over time
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2.3 Framework

In this paper I examine the decision about how much to save in a pension as a static
decision about how much of earnings to contribute to pension saving and how much to
take for current consumption. In other words, in keeping with much of the literature
in this area, I abstract from the intertemporal dimension of how much to save for the
future.?

As mentioned, income tax on pension contributions is deferred, rather than relieved
outright. This paper relies on a large discontinuity in the upfront income tax relief on
pension contributions for identification. This will also reflect a large discontinuity in
the overall long-run price of pension saving as long as the discontinuity in the upfront
tax relief on pension contributions does not correspond exactly to a discontinuity in the
marginal tax rate paid on pension income in retirement. This will almost certainly be
the case; in fact, given the current income tax system, the majority of individuals saving
in a DC pension in the UK will be at most basic-rate taxpayers in retirement (with a
20% marginal tax rate) (Adam et al., 2023).

2Little of the existing literature attempts to model responses to the price of saving in a lifecycle
framework. One exception is Engelhardt and Kumar (2007).



3 Data

The data comes from the Annual Survey of Hours and Earnings (ASHE) for the years
2005 to 2019 (Office for National Statistics, 2022). The ASHE is an annual survey,
filled out by employers, that contains accurate information on employees’ individual and
job characteristics, including earnings and workplace pension saving information. The
sample frame for the ASHE is always the same 1% random sample of employees in the
UK, meaning that it has a large sample size of around 180,000 individuals per year, and
can be used for longitudinal analysis.?

The outcome of interest is whether an employee is enrolled in a workplace pension and,
if they are, the monetary value of their pension contributions. In the ASHE, employers
report the monetary value of employer and employee contributions to the employees’
workplace pension made during the pay period. The ASHE does not collect information
on contributions to personal pensions that are made independently by individuals, but
this is uncommon among employees.

I also require a measure of individual income, both for calculating the tax price of
pension contributions, and because income itself affects pension saving decisions. The
ASHE contains good information on individual total earnings (including basic earnings,
overtime earnings and bonus earnings - from multiple employers where relevant), but no
information on unearned income from other sources such as rental income from property,
or income from saving and investments. As a result, I use annual earnings to proxy annual
income throughout this paper. I analysed data from the Survey of Personal Incomes and
found that around the higher rate threshold earnings makes up over 95% of income for
over 80% of employees. This implies that this proxy will be accurate for the vast majority
of employees.

Throughout, the main analysis sample consists of 22- to 59-year-old private-sector em-
ployees with annual gross earnings between £30,000 and £70,000 in real terms (through-
out I express real terms in 2019 £5). I focus on private-sector employees because most
public-sector employees in the UK save in defined benefit pensions, where the employee
has little autonomy over how much to contribute to the pension each year. I restrict the
earnings range of the sample to around £15,000 to £25,000 above and below the higher
rate threshold (depending on the year) to control more accurately for the effect of earn-
ings on pension savings; robustness tables in the appendix show this has limited effect
on the empirical results.

Table 3.1 presents the summary statistics for the two samples. Most, but not all,
employees in the sample who are members of a workplace pension have strictly posi-

tive employee contributions.* Conditional on making positive contributions, employees

3There is, however, attrition caused by employer non-response, with 20-30% of employees in one year
of the data not in the following year.
41 classify employees with zero employer and employee contributions as not being a member of a



contribute on average just under 5% of gross pay to their pension. Average conditional
employer contributions reduced from just under 11% of gross pay in the 2005-12 period
to less than 8% of pay by the later period.

Table 3.1: Sample Summary Statistics

Characteristic 2005-12  2013-19
% member of workplace pension 60.2 80.2
% with employee contributions > 0 51.2 74.6
% with employer contributions > 0 58.2 78.8
% member of Occ. DB pension 27.6 20.4
% member of Occ. DC pension 12.1 21.1
% member of Other DC pension 19.1 37.3
Average employee contribution among members (% pay) 4.9 4.4
Average employer contribution among members (% pay) 10.7 7.8
% women 28.0 30.6
% aged 22-34 30.4 29.9
% aged 35—49 48.1 45.0
% aged 50-59 21.4 25.1
Observations 230,585 208,538
People-jobs 89,651 85,021
People 72,386 70,810
People with >1 job 14,444 12,220

Notes: The samples contain 22-59 year-old private-sector employees with annual gross earnings between
£30,000 and £70,000 in real (2019) terms. Average (conditional) employee and employer contributions
means average contributions conditional on strictly positive contributions. Data come from the Annual

Survey of Hours and Earnings.

3.1 Calculating the tax price of pension saving

In the empirical analysis the main independent variable of interest will be the upfront
tax price of pension saving. This is how much contemporaneous disposable income the
employee forgoes by contributing one more pound to their pension plan. Since employee
contributions to pension plans are exempt from income taxes, one pound contributed to
a pension will save someone £7; of income tax, where 77 is the marginal income tax rate.

I calculate employee i’s upfront tax price of pension saving in year ¢ using the standard
method of the literature (Kleven and Schultz, 2014; Almunia et al., 2020): I add a fixed
amount As to their employee pension contributions, and compare their resulting tax
liability with their originally calculated tax liability. Throughout, I choose As = £10.
More specifically, denoting by T'(y) the total income tax paid by an individual with annual

taxable earnings y, I calculate the upfront tax price of pension saving as:

T(zit — Sit) - T<zit — Sit — AS))
As

pie =1 — (3-1)

workplace pension.



In the UK, the tax price of pension saving can also be affected by how employee
contributions are made, that is, whether they are made through ‘salary sacrifice’ or not.”
The ASHE asks whether employee contributions were made through a salary sacrifice
arrangement from 2013 onwards, so for these years I adjust the tax price measure ac-
cordingly.® For earlier years, I assume for simplicity that no one has a salary sacrifice
arrangement; however, I calculate how sensitive the conclusions are to this assumption.

Figure 3.1 plots the average of the calculated tax price of pension saving by bins of
real ‘taxable earnings’ (gross earnings after subtracting employee pension contributions).
Panel (a) shows the price for the period 2005-12, while panel (b) shows the price over the
period 2013-2019, separately for employees with and without salary sacrifice agreements.
The estimated prices for those without a salary sacrifice arrangement are consistent with
the tax rate schedule outlined in Section 2.2 and clearly show the discontinuity in the tax
price around the higher rate threshold.” For those with a salary sacrifice arrangement,
their tax price is affected by the employee NICs rate of 12% between around £10,000 and
£50,000, which then falls to 2% for those with higher incomes. Clearly, there is still a
large discontinuity in the tax price for those with a salary sacrifice arrangement at the
higher rate threshold.

5Under a salary sacrifice arrangement, employees agree with their employer to reduce their earnings
by an amount equal to their desired employee pension contributions, and for these contributions to be
made as employer contributions instead. This is advantageous as, unlike employee pension contributions,
employer contributions are not subject to another payroll tax (National Insurance contributions (NICs)).
Therefore, for employees with salary sacrifice arrangements, one pound contributed to their pension saves
them not only £7; of income tax, but also £7); of National Insurance, where 7y is their marginal
employee National Insurance rate.

SFor the 2013-19 period, I can calculate the tax price accounting for salary sacrifice using Equation
3.1, where T'(y) denotes the total income tax and national insurance paid by someone with earnings y.

"Given that the higher rate threshold moves slightly between years, there are multiple bins in panel
(a) with a tax price of pension saving between 0.8 or 0.78 and 0.6. Within year, the tax price changes
discontinuously at the higher rate threshold. The same is true for panel (b).

10



Figure 3.1: Upfront income tax price of pension saving
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will not equal one of the possible tax prices for any single individual: 1, 0.8, 0.78, 0.68, 0.6, and 0.58.

4 Graphical evidence

I start by describing graphically how pension participation and contributions vary around
the higher rate tax threshold. I analyse the periods 2005 to 2012 and 2012 to 2019
separately to explore whether the introduction of automatic enrolment (rolled out from
late 2012 onwards) had any discernable effect on pension saving behaviour.

Figure 4.1 plots the proportion of employees with strictly positive employee pension
contributions by bins of gross annual earnings around the higher rate threshold, separately
for the two time periods.® The incentive to contribute one pound to a pension increases
discontinuously above the higher rate threshold: for example, it costs the employee £0.78
or £0.80 of disposable income if their gross income is less than the higher rate threshold,
but only £0.60 if their gross income is above the threshold, assuming they do not have
a salary sacrifice arrangement. Despite this discontinuity in incentives, Figure 4.1 shows
no evidence of an increase in the proportion of employees making a positive contribution
to their pension above the higher rate threshold in either period. This suggests a low

extensive-margin responsiveness to changes in the tax price of pension saving.”

81 use quantile-spaced bins selected to minimise integrated mean-squared error, as outlined in Cattaneo
et al. (2020).

9See Crawford et al. (2012) for similar results using survey data showing that the pension participation
rate does not increase above the higher rate threshold in the UK.
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Figure 4.1: Pension participation around the tax threshold, 2005-12 vs. 2013-19
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Notes: Shows the proportion of employees that are members of a workplace pension plan, by bins of
gross earnings (normalised relative to the HRT). There is also a fourth-order polynomial fit to the data
separately either side of the HRT. Distance of gross earnings to HRT is in real (2019) terms. Data come

from the Annual Survey of Hours and Earnings.

To analyse whether pension contributions change at the higher rate threshold, I ex-
amine the degree of bunching of taxable earnings at this point. To see why, consider
an employee with gross earnings above the higher rate threshold, who doesn’t save via
salary sacrifice. To start with, each pound contributed to their pension costs them £0.60
of contemporaneous disposable income. This is true until the point where their contribu-
tions are high enough that their taxable income equals the higher rate threshold: from
this point on, each pound contributed costs them £0.78 or £0.80 of contemporaneous dis-
posable income. Therefore, there is a convex kink in their budget set at this point, and
we would expect bunching in response to this. Saez (2010) demonstrates that, with well-
behaved preferences, the degree of bunching is positively related to the responsiveness of
taxpayers to the tax incentive.

In Figure 4.2, I therefore investigate the degree to which employees are making pension
contributions in such a way as to bunch their taxable income around the kink created by
the higher rate threshold, starting with the 2005 to 2012 period. Specifically, I plot the
distribution of gross earnings minus employee pension contributions around the higher
rate threshold. Of course, there could also be bunching in this variable at the threshold
for reasons unrelated to pension saving; for example, employees could adjust their hours
to bunch their earnings at the kink. To account for this, I also plot the distribution
of gross earnings around the tax threshold. If employees’ pension saving in particular

were responding to the change in the tax price at the higher rate threshold, we would

12



expect a larger degree of bunching in gross earnings minus employee contributions than
in gross earnings at the higher rate threshold. However, Figure 4.2 shows no evidence of
bunching in either variable, suggesting a low intensive-margin responsiveness of pension
saving (and gross earnings) to the tax price. The equivalent figure for the 2013-19 period,
Figure 4.3, also shows no evidence of bunching, again indicating a low intensive-margin
elasticity. This is consistent with the evidence in Adam et al. (2021), who find little
evidence of bunching in taxable income by employees in the UK around the higher rate
threshold.

Figure 4.2: Bunching of income around the tax threshold, 2005-12
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Notes: Shows the frequency density of gross income and taxable earnings around the higher rate thresh-

old. Data come from the Annual Survey of Hours and Earnings.
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Figure 4.3: Bunching of income around the tax threshold, 2013-19
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5 Empirical results

5.1 Empirical specification

The empirical methodology is similar to that of Almunia et al. (2020), who estimate the
effect of tax incentives on charitable donations in the UK. I assume the pension saving
of individual ¢ working for employer j in year ¢t depends both on the upfront tax price of
pension saving, p;;, and post-tax earnings, ;.

To estimate the intensive-margin responsiveness of employee pension contributions
to the (upfront) tax price of pension saving, I estimate the following equation when

contributions are strictly positive:

Ins;j = erveInpi + ninve Iy + 0X0 + auj + ap + wije (5.1)

where s;;; is the employee pension contribution of ¢ working for employer j in year
t, o; and oy are employee-employer and year fixed effects, respectively, and u;;; is an
idiosyncratic error term. I control for the square of age in X;;. Then, e;yr is the
intensive-margin elasticity of pension saving to the upfront tax price, and n;yr is the
intensive-margin income elasticity of pension saving. Note that y;, is post-tax earnings
for employee ¢ if they made zero pension contributions.

To estimate extensive-margin elasticities, I estimate a similar regression including all

employees in the sample, where now the outcome variable is an indicator for whether
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their employee contribution is strictly positive or not (D;;; = 1(s;5; > 0)):

Dijy = Blnpy + vInyy + 0 X5 + auj + ap 4wy (5.2)

Then, to calculate the extensive-margin price and income elasticities, I divide the
estimates of S and ~+ by the proportion of employees in the sample whose employee
contributions are strictly positive.

The results in this section focus on how employee pension contributions respond to
the change in the tax price at the higher rate threshold. Appendix Section B repeats this

analysis for the responsiveness of employer pension contributions.

5.2 Identification

Estimating equations 5.1 and 5.2 by OLS is likely to yield upwardly-biased estimates
of the relevant elasticities. This is because In p;; is endogenous: an increase in pension
contributions s;; reduces the employee’s taxable income, and may therefore increase their
tax price p;. This problem has been widely discussed, and the standard solution is to
instrument the “last-pound” price of pension saving, p; with the “first-pound” price of
pension-saving, pf; (Feldstein and Taylor, 1976). In this setting, this means the instrument
is the tax price of pension saving that the employee would have faced had he or she made

no employee pension contribution:
pf -1 T'(yir) — Ty — As)
it AS

This instrument is highly correlated with the “last-pound” price of pension saving,

(5.3)

since most employees do not contribute so much to their pension as to change their
marginal tax band. Furthermore, Equation 5.3 shows that the instrument is not mechan-
ically affected by s;; in the same way as p;; in Equation 3.1.

The identification of the relevant elasticities further relies on the assumption that
changes in income are exogenous to changes in an employee’s desire to save in a pension
(note that including employee-employer fixed effects controls for time-invariant individ-
ual characteristics that may affect saving desires, such as their discount factor). That
is, I rule out by assumption employees suddenly being motivated to earn more because
they decide they want to increase the amount they save into their pension. In addition, I
include employee-employer fixed effects in my preferred specification. I therefore exclude
variation from employees moving to higher paying employers, who might offer a higher
share of remuneration in employer pension contributions, thereby affecting employee pen-
sion contributions. In other words, I leverage only within-job variation in the tax price,
and assume that employees receive an income y;; and then decide how much of this to

save into their workplace pension, given their disposable income and the relative tax price
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of pension saving, controlling for fixed individual and employer characteristics.

5.3 Responses to tax incentives before Automatic Enrolment
(2005-12)

In this subsection, I estimate formally the elasticity of employee pension contributions
with respect to the upfront tax price of pension saving during the 2005-12 period. I first
estimate Equation 5.1 (the intensive margin equation) on all employees in the sample
with strictly positive employee pension contributions for the years 2005 to 2012, either
by OLS or IV, and including either employee or employee-employer fixed effects. I also
control for year fixed effects and the square of age. The estimates are shown in Table 5.1,
with the coefficient on the log price of pension saving being the estimate of the intensive-
margin price elasticity, the main outcome of interest. Column (1) estimates Equation 5.1
using OLS with employee fixed effects, and I find a positive estimated elasticity of around
0.3. As explained in Section 5.2, we would expect the estimated elasticity to be upward
biased when using OLS because of the reverse causation between pension contributions
and the price of pension saving.

In column (2) I instrument the log of the “last-pound” price of pension saving using
the log of the “first-pound” price of pension saving, as defined in Equation 5.3. The
estimated elasticity becomes negative at around -0.11. Including employee-employer fixed
effects, rather than employee fixed effects, as in column (3), reduces the magnitude of
the estimate slightly to around -0.10. In column (4), I interact the log price of pension
saving with an indicator variable for the type of pension the employee has—either an
occupational defined benefit (DB) plan, an occupational defined contribution (DC) plan,
or another type of workplace DC plan. We can see that the estimated elasticity is not
significantly different from zero for those with DB plans, while I estimate an elasticity
of slightly under -0.2 for those in DC plans. This is consistent with employees having a

greater degree of control over their contributions in DC plans than in DB plans.
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Table 5.1: The intensive-margin responsiveness of pension saving to tax incentives, 2005-
12

(1) (2) (3) (4)
OLS v v v
Log price of pension saving 0.312%**  -0.114%**  -0.101%**
(0.020)  (0.033)  (0.033)
Log post-tax earnings 0.669%**  0.511***  0.471%FF  Q.471%F*
(0.015)  (0.017)  (0.017)  (0.017)
Log price of pension saving * Occ DB -0.000
(0.036)
Log price of pension saving * Occ DC -0.207***
(0.050)
Log price of pension saving * Oth DC -0.199***
(0.045)
Observations 107,507 107,507 102,872 102,872
R? 0.821 0.820 0.846 0.847
Employee FE Yes Yes No No
Employee-employer FE No No Yes Yes

Notes: All columns contain year fixed effects and control for the square of age. Columns (1) and (2)
include employee fixed effects, while columns (3) and (4) include employee-employer fixed effects. Column
(1) is estimated using OLS, while columns (2) to (4) instrument log(p/,) with log(p;¢) (or the interaction).
Robust standard errors clustered at the employee level. Occ DB, Occ DC and Oth DC are dummy
variables indicating wheether the employee is paricipating in an occupational DB, an occupational DC,
or other DC pension plan. Data come from the Annual Survey of Hours and Earnings. *, ** and ***

denote significance at 0.10, 0.05 and 0.01 levels, respectively.

Table 5.2 reports estimates of Equation 5.2 to evaluate the extensive-margin elasticity.
The reported coefficients on the log price of pension saving and the log of disposable
income correspond to the estimates of 5 and n in Equation 5.2, and I also report the
implied price and income elasticities obtained by dividing these estimates by the share
of individuals with strictly positive contributions.

The estimate obtained by OLS estimation in column (1) is again positive; however,
columns (2) and (3) demonstrate that using the “first-pound” instrument gives us a
negative elasticity. In the preferred specification, which includes employee-employer fixed
effects, the estimated coefficient is only -0.024 and statistically insignificant at the 10%
level. This implies an extensive-margin price elasticity of only -0.045.

Columns (4) to (6) show how the extensive-margin responsiveness differs by the type
of pension. These results are obtained by changing the dependent variable in Equation
5.2 to be an indicator variable for positive employee contributions in the given type of
pension plan. All the estimated coefficients on the log pension saving price are small and

not statistically significant at the 10% level.
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Table 5.2: The extensive-margin responsiveness of pension saving to tax incentives, 2005-
12

(1) (2) (3) (4) (5) (6)
OLS v v IV: DB IV: Occ DC 1V: Oth DC
Log price of pension saving  0.269***  -0.025 -0.017 0.010 -0.018 -0.010
(0.013) (0.017) (0.016) (0.015) (0.014) (0.014)
Log post-tax earnings 0.204%F*  0.094***  0.052*%*F*F  (0.030*** -0.006 0.025%**
(0.009) (0.010) (0.009) (0.008) (0.007) (0.008)
Observations 208,694 208,694 192,541 192,541 192,541 192,541
R? 0.781 0.780 0.836 0.828 0.701 0.758
Employee FE Yes Yes No No No No
Employee-employer FE No No Yes Yes Yes Yes
Price elasticity 0.526 -0.048 -0.032 0.042 -0.185 -0.063
Income elasticity 0.399 0.183 0.102 0.121 -0.065 0.164

Notes: All columns contain year fixed effects and control for the square of age. Columns (1) and (2)
include employee fixed effects, while columns (3) to (6) include employee-employer fixed effects. Column
(1) is estimated using OLS, while columuns (2) to (6) instrument log(pft) with log(p;:). Robust standard
errors clustered at the employee level. In columns (1) to (3), the outcome variable is a dummy for
whether the employee is participating in a workplace pension. In columns (4), (5) and (6), the outcome
is a dummy variable for whether the employee is participating in an occupational DB, an occupational
DC or other DC workplace pension, respectively. Data come from the Annual Survey of Hours and

Earnings. *, ** and *** denote significance at 0.10, 0.05 and 0.01 levels, respectively.

To summarise, in the preferred specifications (column (3) in both Tables 5.1 and 5.2),
I have estimated an intensive-margin elasticity of pension contributions to the upfront
tax price of pension saving of approximately -0.10, and a corresponding extensive-margin
elasticity of -0.05 for the time period 2005 to 2012. Aggregating, I estimate a total
elasticity of around -0.15. These elasticities are small. At the higher rate threshold, where
the tax price of pension saving falls by 25% after 2008 (from 0.8 to 0.6), these estimated
elasticities imply an increase in pension participation by 1% and an increase in pension
contributions by 2.5%. Taking an employee earning £60,000 a year and contributing
£3,000 into their pension (i.e. assuming a 5% contribution rate, the average rate for
employees at this point of the income distribution), this implies they contribute only
about £75 more into their pension each year due to the change in the tax price at the
higher rate threshold.

Robustness

As described in Section 3, I cannot observe whether employees were saving for their
pension using a salary sacrifice arrangement for data years 2005 to 2012. The estimates
in section 5.3 were obtained assuming that no employee had a salary sacrifice agreement.

In 2013, approximately 50% of private-sector employees were saving in a pension via
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salary sacrifice. These employees would have approximately faced only a 15% drop in
the tax price of pension saving at the higher rate threshold, as opposed to the 25% I had
assumed.'® If I assume 50% of employees used salary sacrifice in the 2005-12 period, this
would therefore increase the estimated average elasticity by one third, implying a total
elasticity of around -0.2.

In Tables C.1 and C.2, I test how sensitive the results are to the restriction that
employees in the sample have real annual gross earnings between £30,000 and £70,000.
Specifically, I rerun the specifications from columns (3) of Tables 5.1 and 5.2 for different
samples of earnings. Restricting the sample to employees with annual earnings between
£35,000 and £65,000 has little effect on either the intensive or extensive margin price elas-
ticity. Constricting the range to employees with earnings between £40,000 and £60,000
does lead to a slightly higher intensive margin price elasticity of -0.19, but the extensive
margin price elasticity is little changed. Finally, including all employees with gross an-
nual earnings between £20,000 and £90,000 reduces the magnitude of both elasticities

substantially and also makes them insignificantly different from zero.

5.4 Responses to tax incentives under Automatic Enrolment
(2013-19)

I now move on to estimating the responsiveness of employees’ pension saving to tax in-
centives between 2013 and 2019. This coincides with the roll-out of automatic enrolment
into workplace pensions between October 2012 and February 2018. This caused a large
increase in pension participation (Cribb and Emmerson, 2020) among private-sector em-
ployees, with many contributing the default rates under automatic enrolment. In this
subsection, I explore whether these changes, in particular the large increase in the num-
ber of passive savers enrolled in workplace pensions, have an effect on the responsiveness
to tax incentives.

Table 5.3 presents the results from estimating Equation 5.1 for the 2013-19 sample
period, with the same table structure as Table 5.1. The sample again includes private-
sector employees with real annual earnings between £30,000 and £70,000 and strictly
positive employee pension contributions. The preferred estimate of the intensive-margin
price elasticity for 2013-19 is only -0.045, less than half the estimated elasticity for 2005-
12, and it is also not significantly different from zero. Indeed, if I compare the 2013-19
estimate with the 2005-12 estimate that is corrected for salary sacrifice then the difference
becomes even starker. Column (4) shows that the point estimates of the price elasticity

are slightly larger for DC plans than for DB plans, but they are also insignificant and

0From 2008/9 on, employees with a salary sacrifice agreement have a tax price of 0.68 before they
reach the higher rate tax threshold, and a tax price of 0.58 after the upper earnings limit, similar to
panel (b) in Figure 3.1 These two thresholds are similar in most years, meaning that the pension price

drops by 100 4 ~ 15% at this point.
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much smaller than in Table 5.1.

Table 5.3: The intensive-margin responsiveness of pension saving to tax incentives, 2013-
19

(1) (2) (3) (4)

OLS v v v
Log price of pension saving 0.052%* 0.030 0.004
(0.024) (0.054) (0.053)
Log post-tax earnings 0.783*¥*  .775%**  0.672%FF  0.662***
(0.019) (0.026) (0.026) (0.025)
Log price of pension saving * Occ DB 0.023
(0.069)
Log price of pension saving * Occ DC -0.036
(0.064)
Log price of pension saving * Oth DB -0.030
(0.055)
Observations 135,333 135,333 126,626 126,626
R? 0.846 0.846 0.876 0.876
Employee FE Yes Yes No No
Employee-employer FE No No Yes Yes

Notes: All columns contain year fixed effects and control for the square of age. Columns (1) and (2)
include employee fixed effects, while columns (3) and (4) include employee-employer fixed effects. Column
(1) is estimated using OLS, while columns (2) to (4) instrument log(p/,) with log(p;;) (or the interaction).
Robust standard errors clustered at the employee level. Occ DB, Occ DC and Oth DC are dummy
variables indicating wheether the employee is paricipating in an occupational DB, an occupational DC,
or other DC pension plan. Data come from the Annual Survey of Hours and Earnings. *, ** and ***

denote significance at 0.10, 0.05 and 0.01 levels, respectively.

Table 5.4 presents the estimate of Equation 5.2 for the 2013-19 sample, where I include
all private-sector employees within the £30,000-£70,000 annual earnings range. Column
(3), the preferred specification, shows an estimated price elasticity that is approximately
zero, even smaller than in the period 2005 to 2012. Columns (4) to (6) show that I again

do not estimate a significant negative elasticity for any pension type.
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Table 5.4: The extensive-margin responsiveness of pension saving to tax incentives, 2013-
19

(1) (2) (3) (4) () (6)
OLS v v IV: DB IV: Occ DC 1V: Oth DC
Log price of pension saving -0.626*** 0.000 -0.001 0.043** -0.035 -0.010
(0.014) (0.025) (0.026) (0.020) (0.024) (0.028)
Log post-tax earnings -0.188%FF*  0.066***  0.046***  (0.044%** -0.016 0.018
(0.011) (0.014) (0.015) (0.010) (0.013) (0.015)
Observations 185,623 185,623 171,637 171,637 171,637 171,637
Employee FE Yes Yes No No No No
Employee-employer FE No No Yes Yes Yes Yes
R? 0.643 0.636 0.689 0.823 0.716 0.717
Price elasticity -0.840 0.000 -0.001 0.223 -0.179 -0.028
Income elasticity -0.253 0.089 0.062 0.229 -0.081 0.053

Notes: All columns contain year fixed effects and control for the square of age. Columns (1) and (2)
include employee fixed effects, while columns (3) to (6) include employee-employer fixed effects. Column
(1) is estimated using OLS, while columuns (2) to (6) instrument log(pft) with log(p;:). Robust standard
errors clustered at the employee level. In columns (1) to (3), the outcome variable is a dummy for
whether the employee is participating in a workplace pension. In columns (4), (5) and (6), the outcome
is a dummy variable for whether the employee is participating in an occupational DB, an occupational
DC or other DC workplace pension, respectively. Data come from the Annual Survey of Hours and

Earnings. *, ** and *** denote significance at 0.10, 0.05 and 0.01 levels, respectively.

Overall, the results in this section point to an even smaller elasticity of pension contri-
butions to the tax price of pension saving in the 2013-19 time period than in the 2005-12
time period, despite correcting for the attenuation in the earlier period caused by mis-
measurement of the tax price for those saving using a salary sacrifice agreement. This
suggests that the existence of nudges towards default levels of pension saving (through
automatic enrolment) can affect the response to tax incentives. Indeed, previous research
has demonstrated that the difference in pension participation between workers in the UK
now depends much less on earnings than was previously the case (Cribb and Emmerson,
2020). Further, many of the people brought into saving in a pension by automatic enrol-
ment are presumably more passive savers who are less likely to respond on the intensive

margin to crossing the higher rate tax threshold.

6 Conclusion

Many governments provide tax incentives for pension saving to encourage saving for
retirement. Existing evidence suggests that these incentives do often lead to an increase
in saving in tax-advantaged accounts; however, in many cases this extra saving is partially

or fully offset by a reduction in other forms of saving (Chetty et al., 2014; Goodman, 2020).
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In contrast, this paper provides evidence of a setting where an increase in the tax
incentive to save in a pension leads to only a very small increase in pension saving itself.
In particular, I find only a very small responsiveness of UK employees’ pension saving to
crossing the higher rate threshold, which is a kink in the income tax schedule where there
is a large, discontinuous fall in the marginal price of pension saving. I precisely estimate
an intensive margin tax price elasticity of -0.1 and an extensive margin elasticity of -0.05
for the period 2005 to 2012. To put these elasticities into context, if employees earning
£60,000 per year received 20% upfront income tax relief on their pension saving (rather
than 40%), then pension participation would only fall by 1 percentage point, from 60%
to 59%, and contributions (conditional on participation) would only fall by £75, from
£3,000 to £2,925.

Repeating this analysis for the period 2013 to 2019, when automatic enrolment into
workplace pensions was being rolled out across the UK, leads both estimated elasticities
to fall to essentially 0. This paper is therefore the first to provide evidence on how these
two important retirement savings policies interact, which is important for determining the
relative merits of each. Studying the mechanisms behind this interaction is an interesting
avenue for future research. On the one hand, it is almost certainly the case that automatic
enrolment brought more passive savers into pension saving. But, in addition, it is possible
that automatic enrolment led active savers to become passive savers, potentially because
they view the default contribution rate as a “recommended” saving rate, or because the
default contribution rate is close enough to their “optimal” saving rate that it is not

worth the cost to change it (whether that be a cognitive or a time cost).
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A Data Appendix

The data used for the empirical analysis in this paper comes from the Annual Survey
of Hours and Earnings. I create annual-level panel datasets containing 22 to 59-year-old

private-sector employees, one for the years 2005 to 2012, and another for the years 2013
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to 2019. The datasets contain information employees’ post-tax earnings, their employee
and employer pension contributions, the type of pension they are saving into, the (first-
and last-) pound price of pension saving, their employer and the square of the employee’s
age. The main sample is restricted to those employees with annual earnings between
£30,000 and £70,000 in real (2019) terms. This data appendix contains some extra detail

on the construction of this dataset.

A.1 Aggregating monthly variables to the annual level

The ASHE is filled out by employers with information relating to the employee’s pay
period that encompasses a particular reference date in April. As the UK tax year starts
on 6th April and runs to 5th April the following year, the information in the ASHE
relates to effectively the first month of the tax year. I aggregate pension contributions
and earnings to the annual level, assuming they are unchanged throughout the year.

I test whether this is a reasonable assumption for earnings using data in the ASHE
about the employee’s annual gross pay in their current job for the tax year ending on 5
April for the survey year. This may be a better measure of annual earnings for employees
whose earnings are volatile. On the other hand, it will underestimate annual earnings
for employees who worked in their current job for less than a year. Despite this, the
correlation between the two variables is over 0.9, suggesting that aggregated monthly
earnings approximates annual earnings well. The reason why I do not use the annual

earnings data is that there is no data on pension contributions for the same time frame.

A.2 Net pay vs. relief-at-source pension arrangements

In the UK there are two arrangements through which tax relief on pension contributions
can be administered, which will have an effect on the measurement of pension contribu-
tions. In ‘net pay’ plans, pension contributions are deducted before tax is calculated on
the employee’s pay. Conversely, in ‘relief at source’ plans, the pension contribution is de-
ducted after tax is calculated, and HMRC then sends an additional 25% contribution to
the pension plan to make up for the tax paid - higher rate taxpayers can, however, solicit
an extra refund to make up for the extra tax they paid. This extra refund for higher-
rate taxpayers is paid into their bank accounts, and so does not affect their employee
pension contributions. I cannot observe whether a plan is ‘net pay’ or ‘relief at source’.
For ‘relief at source’ plans, I observe pension contributions before the additional top-up
from HMRC, and so underestimate the total amount entering the employee’s pension
plan by 25%. However, this underestimation will be captured in the employer-employee
fixed effects I include in the main specification (since the intensive margin outcome is
log employee pension contributions). I will also mismeasure the taxable income of relief-

at-source employees, and therefore potentially their pension saving price, p;;. However,
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this mismeasurement of p;; will be alleviated by the instrument introduced in Section
5.2, which is calculated based on the “first pound” price of pension saving i.e. before

deducting any pension contributions.

A.3 The effect of the benefit system on the tax price

Parts of the benefit system can also affect the upfront price of pension saving. Eligibility
for most means tested benefits is assessed against a measure of income that excludes
pension contributions. This means that the full tax price of pension contributions is
also affected by whether or not individuals would gain extra entitlement to benefits as
a result of their contribution. Since I am exploiting on a non-linearity in the income
tax schedule that occurs around the 90th percentile of the earnings distribution, most
means-tested benefits will not be relevant for any of the individuals in the sample. The
exception is child benefit which, since January 2013, is gradually withdrawn from those
earning £50,000 or more, such that those earning £60,000 or more receive no benefit.!*
For someone with two children under 16, who would be entitled to £1,752 per year of
child benefit in 2013, this amounts to an effective tax rate of 17.5% on earnings between
£50,000 and £60,000. Since the measure of income used for this assessment excludes
pension contributions, the tax price of pension saving is substantially reduced for those
receiving child benefit whose income would otherwise be in this range. I cannot observe
in the ASHE whether or not someone receives child benefit and so assume for simplicity
that no one in the sample does. This would cause the magnitude of the (very small)
estimated elasticities in the 2013-19 period to be an overestimate, since the fall in the tax

price around £50,000 (near the HRT') is much greater for those receiving child benefit.

B The responsiveness of employer contributions

The analysis in the main part of this paper focuses solely on how employee pension
contributions respond to the change in the tax price at the higher rate threshold. In this
section, I show how employer pension contributions change in response to this tax price
incentive.

There are two main reasons why employer contributions might respond to the change
in the tax price. First, if many employees are in pension plans where the employer
‘matches’ the employee’s contribution, then any increase in employee contributions in
response to tax incentives might mechanically lead employers to raise their contribu-
tion too. However, given I find a low elasticity for employee pension contributions, this

matching mechanism is unlikely to lead to a large elasticity for employer contributions. A

Tn other words, there is an effective tax rate of 1% of child benefit entitlement on each £100 earned
over £50,000.
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second reason is that employers might change their compensation package in response to
a change in the employee’s marginal tax rate. Specifically, it is conceivable that employ-
ers agree to reduce the employee’s pay and increase their employer pension contributions
after they cross the higher rate threshold.'? Note that since the preferred specification
includes employee-employer fixed effects, throughout I rule out variation arising from
employees who cross the higher rate threshold moving to employers whose compensation
package offers higher employer pension contributions in return for lower pay.

Table B.1 shows the estimated elasticity of employer contributions to the upfront tax
price of pension saving. Throughout, I instrument the log price of pension saving using
the first-pound price, and include year and employee-employer fixed effects, as well as
a control for the square of age. I estimate very small intensive- and extensive-margin
elasticities that are not statistically significantly different from zero. This suggests that
employers do not change the amount they are contributing to an employee’s pension in
response to the employee crossing the higher rate threshold. This is perhaps not surprising

given the small elasticity I find for employees, who have a larger incentive to respond.

Table B.1: The responsiveness of employer contributions to tax incentives

2005-2012 2013-2019
(1) (2) (3) (4)
Intensive Extensive Intensive FExtensive

Log price of pension saving -0.046 -0.013 0.034 0.005

(0.031) (0.015) (0.048) (0.025)
Log post-tax earnings 0.553***  0.059*%**  0.675***  0.035**

(0.018) (0.008) (0.023) (0.014)
Observations 117,017 192,541 134,506 171,637
R? 0.878 0.848 0.920 0.661
Employee-employer FE Yes Yes Yes Yes
Price elasticity -0.046 -0.023 0.034 0.006
Income elasticity 0.553 0.102 0.675 0.044

Notes: All columns contain year fixed effects, employee-employer fixed effects, and control for the square

of age. All columns instrument log(p{t) with log(p;:) (or the interaction). Robust standard errors

clustered at the employee level. Data come from the Annual Survey of Hours and Earnings. *, ** and

*** denote significance at 0.10, 0.05 and 0.01 levels, respectively.

12Note that here I am referring to employer contributions decided by the employer. In the analysis,
employer contributions do not include employee contributions made through a salary sacrifice agreement
(which are treated as employer contributions for tax purposes, but are recorded as employee contributions
in the data.)
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C Appendix tables

Table C.1: Testing the sensitivity of 2005-12 intensive margin estimates to the sample
income range

(1) (2) (3) (4)
30-70K  35-65K  40-60K  20K-80K

Log price of pension saving -0.101***  -0.120***  -0.178***  _-0.038
(0.033)  (0.042)  (0.068)  (0.028)

Log post-tax earnings 0.471FFF  0.451%FFF  (0.382%FFF  (.547H**
(0.017) (0.027) (0.055) (0.011)
Observations 102,872 73,706 45,919 158,272
R? 0.846 0.833 0.833 0.876
Employee-employer FE Yes Yes Yes Yes

Notes: All columns contain year fixed effects, employee-employer fixed effects, and control for the square
of age. All columns instrument log(pift) with log(pi:) (or the interaction). Robust standard errors
clustered at the employee level. The sample is restricted to observations with real earnings in the range
specified in the column title. Data come from the Annual Survey of Hours and Earnings. *, ** and ***

denote significance at 0.10, 0.05 and 0.01 levels, respectively.

Table C.2: Testing the sensitivity of 2005-12 extensive margin estimates to the sample
income range

(1) (2) (3) (4)
30-70K  35-65K  40-60K  20K-80K

Log price of pension saving -0.017 -0.034* -0.033 0.001
(0.016) (0.020) (0.027) (0.014)

Log post-tax earnings 0.052*%**  (0.048%F*  0.070***  0.056%**
(0.009) (0.014) (0.027) (0.005)
Observations 192,541 130,206 78,566 352,019
R? 0.836 0.833 0.831 0.849
Employee-employer FE Yes Yes Yes Yes
Price elasticity -0.032 -0.065 -0.064 0.002
Income elasticity 0.102 0.093 0.136 0.110

Notes: All columns contain year fixed effects, employee-employer fixed effects, and control for the square
of age. All columns instrument log(p},) with log(p;¢) (or the interaction). Robust standard errors
clustered at the employee level. The sample is restricted to observations with real earnings in the range
specified in the column title. Data come from the Annual Survey of Hours and Earnings. *, ** and ***

denote significance at 0.10, 0.05 and 0.01 levels, respectively.
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