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Abstract

How does labor supply respond to a temporary wage change? To answer this question, I
study an unexpected and salient tax reform in Iceland in 1987 that resulted in a year free of
labor income taxes, but creating only minimal income effects, offering an ideal natural experi-
ment. I first construct a new employer-employee dataset from digitized administrative records
for the population. I then use two complementary research designs to estimate Frisch elas-
ticities. The first design, which is standard, exploits the progressivity of the tax system and
identifies an intensive-margin elasticity of 0.4. The second design, which is new, uses sim-
ilarities in life-patterns of labor supply and identifies an extensive-margin semi-elasticity of
0.07. Guided by a combination of machine learning and causal estimation, I uncover three
key mechanisms behind these responses. First, the young and those close to retirement drive
the extensive-margin response. Second, workers with temporal flexibility and the hourly paid
have substantially higher elasticities than constrained workers. However, constrained workers
take up secondary jobs, which contribute 7% of the overall responses. Third, married women
are more responsive than their husbands. Husbands, but not wives, respond negatively to
their spouses’ tax cuts, inconsistent with unitary household models. My results imply that
voluntary changes in work are key to the transmission of aggregate shocks, but the responses
depend on labor-market and demographic structures.
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1 Introduction

One of the longest-standing questions in economics asks how people adjust their labor supply in
response to temporary changes in pay. This response is summarized by the intertemporal elas-
ticity of substitution of labor supply, or the Frisch elasticity. Knowing this elasticity is crucial to
understanding how aggregate shocks and economic policies affect output and welfare in the econ-
omy. For example, the size of the Frisch elasticity is important for evaluating the consequences of
pension reforms (e.g. Imrohoroğlu and Kitao, 2012), for determining optimal taxes on capital and
labor income (e.g. Conesa, Kitao, and Krueger, 2009; Heathcote, Storesletten, and Violante, 2017;
Stantcheva, 2017), and a crucial parameter in the research on cyclical movements in employment
and wages (Lucas and Rapping, 1969).

Macroeconomic models with labor market clearing require a large Frisch elasticity to rational-
ize large business-cycle movements in employment with only modest movements in wages. But
existing microeconometric estimates are often small and statistically insignificant.1 A wide range
of views arise from the fact that estimating the Frisch elasticity is notoriously difficult. Causal es-
timation requires an exogenous temporary change in take-home pay with limited income effects.
Exogenous wage changes are hard to find, let alone those that are transitory.

To tackle these difficulties, I exploit a tax-reform in Iceland, resulting in a year free of labor
income taxes. In 1986, the Icelandic government announced a tax reform, replacing a system
where this year’s taxes were based on last year’s income by a pay-as-you-earn withholding-based
system. To ensure that during the transition year of 1987, workers would not have to pay taxes
simultaneously on their 1986 and 1987 earnings, no taxes were collected on 1987 labor incomes. As
illustrated in Figure 1, the income earned in 1987 was tax-free. This tax-free year created a strong
incentive for intertemporal substitution of work, but a minimal income effect. First, there was no
windfall gain for taxpayers, as those earning the same in 1987 as in 1986 did not see a change in
their cash-flow. Second, the reform implied only a small change in life-time income. Therefore,
the tax-free year offers a rare natural experiment suitable to estimate the Frisch elasticity.

To exploit this experiment, I build a new population-wide dataset. I constructed new data on
the universe of workers and firms from payslips found at Statistics Iceland, which I converted to a
machine-readable data set. Information on all pay and working time in all jobs makes this an ideal
dataset to study labor supply. Combining this with individual data from tax returns, I obtained
a new employer-employee panel dataset for the entire workforce from 1981 until today. This rich
data enables me to uncover the details of labor-supply adjustment along multiple dimensions.

I use two complementary quasi-experimental research designs to identify labor supply elas-
ticities along the intensive margin (i.e. working hours among those working) and the extensive
margin (i.e. labor force participation and employment arrangement). Figure 2 schematically de-
scribes my empirical approach.

First, the tax-bracket difference-in-differences (DD) design exploits cross-sectional variation in the

1For a recent survey of the microeconometric literature, see, e.g., Keane (2011). Keane and Rogerson (2015) provide
a recent discussion of the micro-macro controversy.
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Figure 1: Income Tax System, Tax Reform and the Tax-Free Year

size of tax-cuts arising from progressivity of the tax schedule, building on the seminal idea in
Feldstein (1995). More precisely, while all workers were given a tax-free year in 1987, workers in
a high tax bracket prior to the reform, receiving a large increase in after-tax wages, are expected
to respond more strongly than those in a lower tax-bracket. I use this difference across groups
in a difference-in-differences design: relating the dose-responses to differences in intensities of
marginal tax-rate changes enables me to identify labor supply elasticities. A key advantage of this
design is to difference out aggregate trends in employment and macro shocks around this time.
My detailed population-wide data and methodological approach distinguishes my study from
the previous work of Bianchi, Gudmundsson, and Zoega (2001), who study a random sample of
workers and compare their outcomes in the tax-free year to that in the year before and after.

Part of the disagreement on the Frisch elasticity reflects differential views on frictions in adjust-
ment. Frictions are less likely to attenuate short-run responses to large changes (Chetty, 2012) and
inattentive individuals are more likely to respond to changes that are salient and simple (Chetty,
Looney, and Kroft, 2009). Hence, large and salient changes in take-home pay – such as a tax-free
year – are likely to deliver responses closer to those in a frictionless labor market. However, fric-
tions are still likely to shape the margins of labor adjustment. In particular, adjustment costs and
indivisibilities may lead to large extensive margin elasticities. A candidate explanation for the
micro-macro divergence is that macro elasticities incorporate responses along all margins (Roger-
son and Wallenius, 2009) while micro elasticities typically reflect restricted samples and specific
sources of identifying variation.2 Studying responses along all relevant margins is necessary to
paint a complete picture.

As the tax-bracket DD design exploits the variation in tax rates among workers that are em-
ployed prior to the reform, it cannot, by construction, identify entry responses. This is an impor-
tant limitation as the tax-free year is likely to cause labor-market entry.

To overcome these issues, I develop a new research design: life-cycle difference-in-differences
(DD). This design builds on two features of my setting. As the tax reform was unanticipated,
the timing of the tax-free year is plausibly exogenous from an individual’s life-cycle perspective.
Moreover, as the labor supply of similar individuals is likely to evolve similarly over their life-
cycle, labor supply elasticities can be identified by comparing two similar individuals at the same

2As I document in Section 6.2, almost all previous work is limited to the analysis of prime-aged men or particular
occupations, such as bicycle messengers or taxi drivers, for identification and data-limitation reasons.
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Figure 2: Overview of Empirical Methodology

point in their life-cycle, one of whom receives an unexpected wage shock but the other does not.
As an example, the labor supply elasticity for an individual who was 40 years old in 1987 can be
estimated by matching him to an individual with similar life-cycle characteristics but who was
40 in 1986. The advantage of this method is to be able to identify labor supply responses for the
whole population, including entry-responses.

Using the tax-bracket DD design, I estimate strong responses in both labor earnings and work-
ing time, with an intensive-margin elasticity at 0.37. Decomposing this estimate into different
margins, I find that 30% of the overall response stem from more weeks of full-time work. This in-
cludes transitions from part-time to full-time employment, exchange of vacation for working time
and weeks worked on secondary-jobs. 70% are accounted for by more earnings within full-time
weeks, such as over-time hours, more shifts and more effort induced on the job. I also demonstrate
that the higher earnings reflect labor supply rather than reporting responses. Using the life-cycle
DD design, I find that extensive margin responses are modest on average, with an employment
semi-elasticity of 0.07.

A reform as extensive as the tax-free year is likely to generate equilibrium effects. In partial
equilibrium, workers receiving large tax cuts may spend less time on leisure but also home pro-
duction, such as home cleaning, cooking and child care. In all likelihood, this generates a demand
for labor input in the sectors providing those goods and services, enabling more work of other
individuals who themselves want to work more during a tax holiday. The life-cycle DD incor-
porates all such equilibrium effects, as well as other aggregate effects in the tax-free year, which
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are ‘differenced out’ in the tax-bracket DD. Comparing elasticity estimates using the two methods
thus allows me to gauge the magnitude of these aggregate effects. I can do this by direct compar-
ison or using a method that combines the two designs in a triple-difference. Both methods give
the same difference, namely 0.1 – i.e., about one-fifth of the intensive-margin response.

My estimates of average Frisch elasticities in the economy are most closely related to two stud-
ies.3 In an important contribution, Bianchi, Gudmundsson, and Zoega (2001) highlight the rare
opportunity offered by the Icelandic tax-free year to study labor supply. Among a random sample
of workers, they find that people work much more in the tax-free year than in the surrounding
years. Indeed, in the meta-analysis of Chetty et al. (2013), the Icelandic tax-free year is one of few
informative data points on intertemporal labor supply. In a study contemporaneous to mine, Mar-
tinez, Saez, and Siegenthaler (2018) study labor supply responses to a tax reform in Switzerland,
leading to a two-year tax holiday. My results contrast theirs, which imply almost no response on
average to this strong work incentive. I discuss this further in Section 6.2 and I argue that the most
plausible explanation for the differences in labor supply elasticities of the average Icelandic and
Swiss worker are differences in labor-market flexibility. The Icelandic labor market is more flexi-
ble and less regulated than labor markets on mainland Europe, closer to what is found in the US.
I find that within Iceland, there are substantial differences in labor supply responses depending
on workers’ flexibility of work arrangements. Similarly, Martinez, Saez, and Siegenthaler (2018)
report a relatively large elasticity for the self-employed subpopulation, a group which likely has
more flexibility in labor adjustment than the average worker. Differences similar to these are likely
to be found across countries as well.

The combination of a rare setting offered by the tax-free year and rich data enables me to go
beyond estimating average labor-supply elasticities and trace out the mechanisms that drive the
strong labor supply responses I find. My analysis is guided by a combination of machine-learning
methods and causal estimation. More precisely, after obtaining estimates of labor supply elas-
ticities at the individual level using the life-cycle DD method, I use the random forest algorithm
Breiman (2001) to highlight the most important features shaping differences in labor supply re-
sponses. This analysis yields three main results that provide information to ongoing debates in
labor economics.

First, I find that young cohorts and workers close to retirement, who both have low labor-
market attachments, are very responsive. In particular, the youngest cohorts – most of whom
are out of the labor force or part-time employed – respond very strongly with elasticities as high
as 2. Moreover, the modest average extensive-margin elasticity of 0.07 masks an important het-
erogeneity. Most of the responses originate among those close to retirement and, in particular,
cohorts younger than 25, who have an employment semi-elasticity of about 0.4. Thus, the size
of estimated Frisch elasticities will depend on the density of individuals at the tails of the work
life-cycle distribution.

Second, I find that flexibility of jobs is key in shaping the labor-supply responses. My results

3In Section 6.2 I provide a summary and a meta-analysis of previous work.
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demonstrate that the responses are strongest among workers in jobs with a more temporal flex-
ibility – i.e. those with a priori high ability to adjust their hours – and those with labor market
contracts that build in compensation for marginal hours worked. These workers are less likely to
be bound by hours constraints and have a greater ability to get compensated for additional hours
in their primary jobs. The largest responses are therefore concentrated among exactly the groups
that theory would predict. However, prior evidence on how frictions influence intertemporal
labor-supply responses is very limited.4

While hours may be rigid within jobs, they may become flexible by workers holding multiple
jobs. I find that workers indeed overcome hours constraints in their primary jobs by working at
a secondary job. In addition, I find a reduced probability of primary-job change in the tax-free
year, consistent with workers being less willing to engage in time-consuming job search. When
I decompose the overall responses, I find that 93% of the labor-supply response are created by
more work on continuing primary jobs and the remaining 7% are from work on secondary jobs.5

While taking a secondary job may be an important avenue for the labor supply adjustment of
many workers, existing evidence on multiple-job holding and the macroeconomic importance of
this margin remains very scarce. These results are important when viewed in the light of resent
changes in the structure of labor markets. As a growing proportion of the workforce holds jobs
in the “gig economy” – working through contracting and temporary arrangements – often along-
side their primary jobs (Katz and Krueger, 2016; Hall and Krueger, 2018), labor supply elasticities
accounting only for primary employment will become inaccurate descriptions of employment re-
sponses.6

Third, I estimate how family structure shapes labor supply responses. Married women have
higher elasticities than married men, reflecting part-time and non-employment of mothers. How-
ever, single men and single women have similar elasticities. An extensive literature has studied
gender differences in labor supply elasticities (see e.g. McClelland and Mok, 2012; Blundell and
MaCurdy, 1999, for review). This result highlights that the gender differences in labor supply
found in previous work may not reflect inherent differences, but rather reflect family ties and
specialization in the household.7 I estimate cross-elasticities for married couples and find neg-
ative cross-elasticities for husbands but no significant cross-responses for wives. This result is
inconsistent with models of unitary household labor supply, which have the strong prediction

4As hours constraints are difficult to measure, previous studies have indirectly inferred that such constraints seem
to be important from the fact that hours are found to be more flexible for job changers than stayers (Altonji and Pax-
son, 1988, 1992; Martinez-Granado, 2005). Studies using survey measures on the ability to adjust hours (Biddle, 1988;
Ball, 1990) and measures of desired hours of work (Kahn and Lang, 1991; Dickens and Lundberg, 1993; Stewart and
Swaffield, 1997; Euwals, 2001) have also found supporting evidence for the existence of hours constraints.

5The fact that primary-job changes carry no weight on average reflects the counteracting effects of fewer job changes
but an increased labor supply among primary-job changers.

6Recent studies have found that workers take up secondary-jobs, such as ride-hailing for Uber, because of the flexi-
bility they provide (Hall and Krueger, 2018) and in order to mitigate frictions and volatility in income on primary jobs
(Farrell and Greig, 2016; Koustas, 2018). In addition, Angrist, Caldwell, and Hall (2017) estimate a large labor supply
elasticity among Uber drivers, indicating that labor supply may be very elastic in secondary-jobs.

7Blau and Kahn (2007) and Heim (2007) document that labor supply elasticities of married women have been on a
decreasing trend in recent decades with rising participation rates.
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that cross-elasticities of spouses should be symmetric (Chiappori and Mazzocco, 2017).8 Taken
together, these results indicate coordinated labor supply responses within the household and sub-
stitutability in non-market time of husbands and wives.

The paper proceeds as follows. Section 2 describes the empirical setting and the reform that
gave rise to the tax-free year and Section 3 describes the dataset I have constructed. Sections 4 and
5 explain the tax-bracket and life-cycle DD designs, respectively, and present estimates of labor
supply elasticities obtained from these two designs. Section 6 discusses my estimates of average
Frisch elasticities and compares them to the findings in previous work. Section 7 studies the mech-
anisms behind the strong labor supply responses, highlighting the importance of heterogeneous
adjustment frictions. Section 8 concludes the paper. Some additional background material and
auxiliary analyses are relegated to an Appendix.

2 The Tax-Free Year and Background

2.1 Income Tax System and Tax Reform

On January 1, 1988, Iceland took up a withholding-based pay-as-you-earn income tax system,
similar to what is now in place in most advanced economies. Prior to the reform, income taxes
were collected with a one year lag. The tax liability and tax payments due every month in year t
were computed based on year t ´ 1 income. This system resembled those in place in most devel-
oped countries prior to adopting a modern pay-as-you-earn tax system.9 When announcing the
tax reform, the authorities also announced that labor income earned in 1987 would not be taxed.
As Figure 1 depicts, this implies that while people were paying taxes every year, including in 1987
when they paid taxes based on their income earned in 1986, they would take home whatever they
earned more in 1987 than in 1986 free of taxes.

The key features of the reform for the purpose of my analysis are that it generated a large,
salient and unanticipated increase in the take-home pay that lasted only a single year. On De-
cember 6, 1986, the Finance Minister announced the tax reform. The Ministry of Finance began
preparing the reform in the early fall of 1986 and later in the fall, the decision was made for it to
take place in January 1988. The reform was therefore unanticipated by the taxpayers. Figure 4
plots the monthly count of the number of newspapers mentioning a withholding-based or pay-as-
you-earn tax system between January 1980 and December 1988. As the figure documents, there
was no discussion of a reform of this kind in the years before its announcement, whereas 30-40%
of the newspapers printed in the weeks following the announcement had coverage of the reform.

The reform was very salient. Newspapers printed headlines such as “A Tax-Free Year” and
“Pay-as-you-earn tax system in 1988 – all income in 1987 tax-free”. In addition, the tax authorities sent
out advertisements and explanatory flyers, as exampled in Appendix Figures A.8 and A.9. These

8This finding complements a large empirical literature testing the restrictions imposed by unitary household models.
For reviews see, e.g., Donni and Chiappori (2011) and Chiappori and Mazzocco (2017).

9France is the last holdout of the Western countries, but currently awaiting a reform, scheduled to take place in 2019.
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also advertised that a prerequisite for tax freedom was that taxes were filed for 1987 as usual.
This was important as other taxes, such as those on capital income and wealth, and benefits were
unchanged in 1987. From the perspective of my study, the quality of administrative data in 1987,
such as tax returns, was not influenced by the reform.

The tax-free year generated a strong incentive for intertemporal substitution. The average
tax rate fell to zero from about 10 percent, increasing the incentive for employment (extensive-
margin). On the margin, changes in incentives were even stronger, as the after-tax wage increased
by about 20 percent on average. While the whole population received an increase in take-home
pay, due to the progressivity of the tax system some workers received a larger cut than others.
It is by harnessing these differences that I identify the intensive-margin labor supply elasticity.
Furthermore, the tax-free year did not create an income effect for individuals that are myopic in
their decision making. There was no windfall gain for taxpayers, as those earning the same in 1987
as they earned in 1986 did not see a change in their cash-flow.10 In addition, taxes were only cut
temporally for a single year, allowing me to study labor supply responses during that year. A one
year change in incentives is the relevant frequency for a business cycle analysis of employment
fluctuations. As a result of all these features, the tax-free year comes close to being the ideal natural
experiment to study intertemporal substitution of labor supply and estimate Frisch elasticities.

The only change to the tax system made in 1987 was that income taxes were temporarily set to
zero. However, the reform was accompanied by a simplification of the tax system. These changes
were being worked out during the first months of 1987 as part of adapting the old tax system to
tax withholding. The simplifications consisted of two main changes. Prior to the reform, there was
a variety of deductions that could be made to taxable income before arriving at the tax base. In
addition, all individuals had a tax allowance that was deducted from the tax liability. The reform
replaced the broad set of deductions with a higher tax allowance. Until 1988, income taxes were
levied according to a progressive tax schedule. In 1988 the progressive tax schedule was replaced
with a flat tax. To summarize, the reform changed both the tax base and the tax rate, where the
aim was to simplify the tax system but leave the average tax burden unchanged.

I argue that these changes are unlikely to influence people’s responses to the tax-free year
and my estimates of Frisch elasticities. The effects on later taxes were not as obvious and clear-
cut as the tax free year. Understanding the effect on tax payments would involve understanding
the interaction of tax deductions, tax allowances and tax rates which influenced the tax burden
in opposing directions. Relatedly, these changes were much less salient than the tax-free year.
Figure 4 shows that a change to a flat tax received limited media attention. Moreover, flyers and
explanatory material from the tax authorities discussed in detail the change in tax payments in
1988 and the fact that income in 1987 was tax-free, but contained no information about changes in
the tax schedule after 1987 (Figure A.9). As discussed in Section 4 and detailed in Appendix E, I
perform a series of tests to evaluate this claim, finding my results to be robust to these concerns.

Details of the tax system pre and post the tax-free year are found in Appendix A and a discus-

10Similarly, the reform did not influence the government’s budget, as the tax revenue flows were uninterrupted.
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sion of the reform and time-line of events in Appendix B.

2.2 Icelandic Labor Market in International Context

The Icelandic labor market is quite flexible, characterized by low unemployment, flexible hours,
and variable participation and wages (OECD, 1991, 2007).11 In this sense, its characteristics are
more similar to the US than to mainland Europe. The flexibility of the labor market has long
played a key role in the rapid adjustment to macroeconomic shocks.12

Labor force participation in Iceland is high, exceeding 80 percent of the working-age popula-
tion. The overall participation grew steadily until the mid 1980s, primarily due to the increased
participation of women, who by the beginning of the 1990s accounted for close to half of the labor
force, although a smaller share of total hours. Relative to the OECD countries, female participa-
tion is among the the highest, as well as participation rates among the young (aged 15-24) and the
elderly (aged 65 and over).

In comparison with other OECD countries, Icelandic firms have a considerable flexibility to
lay off workers. Firms can easily adjust their level of labor input over the business cycle, either by
hiring and firing of workers or by adjusting the number of hours of current employees. A large
fraction of the change in employment over the business cycle results from changes in hours per
worker.

The labor market is highly unionized. Collective bargaining between the umbrella unions at
both sides of the market negotiates general employee rights and minimum wages. However, this
sets the base for wage bargaining at lower levels, such as in sectors and firms, where the flexibility
to account for local conditions is greater. Therefore, in spite of this centralization, real wages are
very flexible in Iceland as compared to other OECD countries (Central Bank of Iceland, 2018).

3 Data

For the purpose of this project, I construct a new administrative dataset on the universe of the
Icelandic working age population back to 1981. The dataset has two main sources: an employer-
employee dataset constructed from newly digitized payslips, and individual tax records. In ad-
dition to these main sources, I draw on additional data, including Statistics Iceland’s Education
Register and the Population Register from the National Registry. Below I describe the two main
datasets in detail.

11For an overview of the Icelandic economy, including characteristics of the labor market, see e.g. various previous
issues of Economy of Iceland.

12As an example of this emphasis, the Director of the European Department of the International Monetary Fund
(IMF), Thomsen (2018) notes in a recent speech that “While I was not familiar with Iceland’s economic history before coming
here, we soon realized that Iceland had a history of quickly adjusting to shocks, not least because of labor market flexibility.”

8

https://www.cb.is/publications/publications/publication/2018/10/05/Economy-of-Iceland-2018/


3.1 Payslips: Employer-Employee Data

At the end of each year, all employers are obligated to compile a payslip for each employee in
their establishment, or for every job if the employee holds more than one job at the establishment.
This applies to all firms and establishments, including self-employed workers. Employers send
copies of payslips both to the respective employee and to the Directorate of Internal Revenue.
Information from payslips is then used as inputs for many purposes, such as for individuals’
income taxation, computation of accident insurance, and computation of firms’ payroll taxes.

Since the early 1990s, an increasing number of employers compile and send payslips to the
Directorate of Internal Revenue in a machine-readable format, and currently almost all payslips
are received electronically. Before that time, in the 1980s and in the early 1990s, all payslips were
compiled in a paper format. The records were then stored in various forms, including on magnetic
tape cartridges and on mainframe tapes. In collaboration with Statistics Iceland, I have converted
all payslips back to 1981 into data in a machine-readable form. The resulting product is a panel
dataset covering the universe of jobs in Iceland, connecting all employers and their employees, for
each year from 1981 to 2015.

Payslips contain information on all labor earnings and related compensation. This includes
wage payments, contractor payments, piecework pay in fishing, pension payments, bonuses and
commission, remuneration to a company’s board members and accountants, travel allowances
and other allowances (car, clothes, food, etc). Each of these components is reported separately
on each payslip for a given job.13 In addition, and importantly for the current project on labor
supply, the payslips also contain information about working time in each job. Time is measured in
weeks worked, with the reference week amounting to 40 working hours. Employers are obligated
to report the number of weeks an employee worked on a given job based on his actual working
time during the year and employment arrangement, such as part-time employment. The same is
true for self-employed workers that must report working time in the same way for themselves as
well as for their spouses and children that may work for them. At most a worker can be recorded
working 52 weeks on a given job during the year. However, workers can have more than one job
and therefore be registered as working more than 52 weeks. For example, a full-time employee
holding a single job and working at least 40 hours per week is recorded as working 52 weeks.
Another worker that holds two part-time jobs on which he works parallel 20 hours per week is
recorded as working 26 weeks on each job (reported separately) and 52 weeks in total.

The reason why employers (and self-employed workers) were required to report the working
time of their employees was twofold. First, the calculation of worker’s accident insurance fees
were based on the number of weeks an employee worked during the year. This insurance covered
accidents, leading to a worker’s injury or death, that occurred on the job or on the way to or
from work. The insurance fee, which was updated every year on January 1 and paid by the
employer, varied from job to job and differed by occupation and the risk of injury and accidents

13Before 1988 the payslips also include information on related to some tax deductions that were abolished by the
1987 reform, such as labor union membership fees.
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in a given job. As an example, in 1987 the insurance payment for a blue collar factory worker
per week worked amounted to about 0.14% of his average monthly earnings which was more
than threefold the weekly fee for office clerks. Second, the payroll tax levied on firms to fund the
public Unemployment Insurance system was based on the total number of weeks worked by all
workers in the given firm in each year. Different from the insurance fee, this tax was independent
of occupation and sector. In 1987, this tax per week worked equalled 0.31% of the average weekly
earnings of blue collar workers. Therefore, the number of weeks registered for each worker in
his payslip are to reflect the number of weeks worked during the year rather than the number
of weeks employed at the firm, the difference being due to vacation, holidays, parental leave,
sickness leave, etc. In addition, these are the only universal data on employment and labor input
by sectors and occupations based on which official statistics are constructed, which put pressure
on correct filing.

Each payslip includes a unique personal identifier of the worker and a unique identifier of
firms. In addition to the detailed information on payments and working time, payslips include
demographic information about workers, including occupation according to a two-digit classi-
fication based on the International Standard Classification of Occupations (ISCO), and the firm,
including the firm’s sector according the International Standard Industrial Classification of All
Economic Activities (ISIC). For details about occupation and sector classification, see Appendix C.

3.2 Individual Tax Returns

The second primary data source I use in this paper is a panel of individual tax returns. Like the
dataset I have constructed from payslips, these data extend back to 1981. The datasets are easily
linked via a unique personal identifier.

Individual tax returns have information on all income, including labor income, financial in-
come, pension, social security and transfers payments as well as other sources of income. These
data also record all tax payments, both at the national and local level, as well as deduction and tax
allowances. Because a wealth tax was levied in Iceland during most of my sample period, and in
periods when a wealth tax has not been levied, the structure of tax returns has not been altered,
the dataset includes detailed information on all assets and liabilities back to 1981. Assets include,
for example, real estate, stocks, bonds, bank deposits, and cash holdings, and liabilities include
real estate loans and other debt such as credit card debt, car loans and student loans. The tax
records also include a range of demographic variables. In addition, the data included identifiers
linking married or cohabiting couples.

3.3 Variable Construction and Summary Statistics

Marginal tax rates are not directly observed in individuals’ tax returns. Marginal tax rates and in
which tax bracket individuals’ next krona of income falls is crucial for my analysis. As there exists
no tax simulation model for Iceland, such as the NBER TAXSIM model that computes marginal
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tax rates in the United States, I have constructed a tax calculator for the Icelandic tax system.
The calculator uses details of the Icelandic tax system in each year, talking into account all tax
deductions as well as family aspects of the tax system, such as transfers of tax allowance and
extension of tax brackets due to low spousal income. Further details are provided in Appendix
C. Empirically, the tax calculator is accurate and in the years prior to the 1987 reform, it predicts
actual liabilities within 10 ISK (« $0.25) for 97.5% of the tax filers. The discrepancy is, to a large
extent, due to inaccurate information related to moving, either within our outside Iceland, since
the accuracy increases to 99.5% when I the restrict attention to national-level taxes only.

Table 1 presents summary statistics in 1986 for the population of 16-70 year olds as a whole, for
all wage earners and for self-employed individuals. The average age in the population is 38 years
and 45% of the population are women. About 36% have a junior-college degree (post compulsory
schooling) and 10% have a university degree. Among those with non-zero labor earnings, the
average weeks worked are 41. The average marginal tax rate was 19% and the average tax rate –
computed as the average tax payments divided by the tax base – was roughly 11%.

4 Tax-Bracket Difference-in-Differences

In this section I estimate labor supply responses using a difference-in-differences research design
which exploits the intensity at which workers’ after-tax wages were influenced by the tax-free year
and the dose-response in labor supply.

4.1 Research Design

In general, to identify the causal effect of the tax-free year on labor supply, a proper counterfactual
is needed for what would have happened in its absence. Alternatively, if the population is treated
with different ‘doses’ of tax cuts, causal effects can be identified from the differential treatment
intensity, provided that they generate differential responses. In the current context, while the
whole Icelandic population was given a tax-free year in 1987, non-linearities in the pre-reform tax
schedule generated substantial differences in changes of after-tax wages. Therefore, this setting
naturally lends itself to a difference-in-differences research design. My strategy follows a strand of
literature dating back to the seminal paper of Feldstein (1995), exploiting cross-sectional variation
generated by the 1986 tax reform in the US.14

The tax schedule prior to the reform was progressive with four brackets, consisting of three
national level brackets and a local-level municipal tax.15 Taxable income, from both labor and
capital, was taxed in the same way at the national and municipal levels. As detailed in Section 2,
all taxes on labor income were set to zero in 1987.

14For a summary and discussion of the empirical literature on labor supply and taxable income elasticities see, e.g.,
Saez, Slemrod, and Giertz (2012).

15In Appendix A I provide a detailed description of the Icelandic tax system prior to and post 1987.
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Figure 5a plots the evolution of tax rates by tax brackets from 1981 to 1990. In 1986, the av-
erage worker in the bottom tax bracket faced a marginal tax rate of 10.2%, corresponding to the
average municipal tax rate, while the average tax payer in the top bracket faced a marginal tax of
roughly 48.7%.16 As documented in the figure, while tax rates had been on a slightly decreasing
trend throughout the 1980s, the difference across brackets had remained stable. Tax rates were fre-
quently reviewed in relation to the government’s budget and tax-bracket thresholds, which were
set in nominal values, were generally reviewed and updated each year to account for changes in
prices and wages. As a result, which I document in Figure 5b, the tax-bracket thresholds corre-
sponded to roughly the same income percentile throughout the 1980s and therefore the income
groups in each bracket were stable and similar over time.

Assigning treatment status. My empirical strategy to estimate elasticities is to relate the differ-
ential labor supply responses of workers in higher vs. lower tax brackets to their differential tax
relief. As the tax rates faced each year are endogenous to labor income, which is my outcome of
interest, I follow Feldstein (1995) and later work by assigning treatment status based on lagged
tax bracket. Lagged tax bracket is unrelated to current income. Since income and other factors
influencing the tax-bracket position are persistent, the tax-bracket position is persistent as well,
as documented in Appendix Figure A.11. As a result, a lagged tax bracket serves as a valid and
strong instrument for the current tax bracket. In my main analysis, the treatment group consists of
workers that faced marginal taxes in the three top brackets, while workers in the bottom bracket
constitute the main control group. In order to get a larger sample size for inference and detailed
later analysis, I pool together the estimates for the three top tax-brackets, under the assumption
that labor supply elasticity is the same across tax brackets, providing a weighted average elasticity.
In addition I will estimate disaggregated responses, by tax bracket, as well.

Sample and restrictions. With the aim of analyzing a sample of comparable workers facing dif-
ferent tax rates, I restrict my sample of the working-age population, age 16-70, in two ways. First,
I use a balanced sample of individuals observed in all years 1981 to 1987. Since everyone 16 years
old and older is required to file taxes, independent of their labor market status, this excludes
workers that die, emigrate from Iceland or young people that are not observed during the pre-
treatment period and for whom trends in labor supply cannot be assessed. Second, for each of
the pre-reform years, I restrict the sample to workers that were employed in the previous year, de-
fined as having labor earnings greater or equal to a base-income threshold, roughly corresponding
to minimum-wage earnings for a low-skilled worker.17 In doing so I obtain a sample of workers
in one of the four brackets that can therefore be assigned a treatment status in the current year.

16In 1986, the municipal tax rate ranged from 5 to 11.5%.
17Similar restrictions are frequently imposed in studies of the core labor force, see e.g. Kindlund and Biterman (2002).

The base income threshold equals 1.5ˆ guaranteed income, where guaranteed income is a reference amount used in
calculations of various income support provided by the government and municipalities, such as for the elderly and
disabled. Using the guaranteed income as a reference point has the advantage, e.g. compared to minimum-wage
earnings which are sector and occupation specific, that it is updated each year to account for inflation. For more details
on guaranteed income (tekjutrygging), see e.g. various versions of Fréttabréf Kjararannsóknanefndar during the 1980s.
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Restricting the sample in this way corresponds to restricting the sample to those with earnings
above the 20th percentile, including zeros. Since the unemployment rate was between 1 and 2%
throughout the 1980s (Appendix Figure A.13), this restriction mainly serves as a means of exclud-
ing those entering and exiting the labor market related to life-cycle patterns, which may generate
differential trends across tax brackets depending on where workers enter and exit. In my analysis
I define employment in the same way when estimating extensive margin responses, i.e. having
labor earnings exceeding this threshold. The research design developed in Section 5 does not
rely on a tax-bracket comparison and can be used to study labor supply responses for the whole
working-age population, both along the intensive and extensive margins.

Before proceeding, some unique features of my empirical setting relative to previous work
estimating labor supply elasticities using tax reforms are worth highlighting. During the tax-free
year, all tax-brackets were collapsed to a single bracket with a zero marginal (and average) tax
rate. Importantly, taxes are zero in 1987 independent of earnings that year. In most settings,
this is not true, requiring the researcher to construct an instrument for the tax rate in the treatment
period. In addition, as most previous work studies long-term responses to permanent tax changes,
income shocks may move workers between brackets, influencing the after-tax wage and therefore
the empirical estimates. In my study, which is focused on short-term responses within the tax-free
year, concerns about such switches are not relevant in the current setting.

Estimating equation. The reduced-form labor supply responses to the tax-free year are estimated
using the following differences-in-differences (DD) specification

yit “ bracketi,t´1 ` δt ` η ¨Bi,t´1 ˆ δt“1987 `X 1
itγ ` µit (1)

where yit is the outcome of interest of individual i in year t, bracketi,t´1 is an indicator function
for tax brackets in year t ´ 1 (treatment status), and δt are time fixed effects included to control
for time effects affecting all individuals. Identification of the labor supply response to the tax-free
year is brought by η, the coefficient on the interaction of Bi,t´1, which is an indicator function for
being in one of the top three tax brackets, interacted with a dummy for the tax-free year of 1987.
The regression controls for individual characteristics, collected in the vector Xit, which includes a
full set of dummies for individual characteristics such as age, marital status, number of children,
education, living in the capital area, and, in some cases, occupation and sector of employment.
Since these variables, apart from age, may themselves be influenced by the reform, they are de-
fined in pre-reform levels. The error term is denoted by µit and captures other determinants of
labor supply. The importance of accounting for serial correlation in outcomes in a DD setting has
been emphasized by Bertrand, Duflo, and Mullainathan (2004). I cluster standard errors at the
individual level to allow for an arbitrary correlation over time in the error term.

In order to obtain an elasticity estimate, I relate differential labor supply responses – i.e. the
dose-response – to the differential increase in the after-tax wage generated by the tax-free year.
Intuitively, in its simplest form, the elasticity estimate corresponds to the Wald estimator, which is
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the ratio of the reduced form and first stage, that can be obtained from estimating equation 1. Fol-
lowing this logic, I employ the following two-stage least squares (2SLS) difference-in-differences
specification

yit “ bracketi,t´1 ` δt ` ε ¨ logp1´ τitq `X 1
itγ ` νit (2)

where τit is individual i’s marginal tax rate in year t. Instrumenting the log net-of-tax rate logp1´

τitqwith the reduced-form interaction Bi,t´1ˆ δt“1987, the coefficient ε identifies the elasticity (e.g.
of labor supply) to a change in the net-of-tax wage.

4.2 Results

Graphical evidence and validity of identifying assumptions. The key identifying assumption
underlying the empirical design is that absent a tax-free year, the labor supply of workers in high
and low tax brackets would have run parallel. As always, the parallel trends assumption cannot
be directly tested, as the counterfactual scenario is never observed. However, the plausibility of
this assumption can be evaluated by assessing if outcomes follow parallel trends prior to the tax
reform.

Figures A.4, A.5 and A.6 in the Appendix illustrate the research design by visually imple-
menting difference-in-differences by plotting the time series of labor earnings, weeks worked and
marginal tax rates for the average individuals in the top tax-brackets relative to those in the bot-
tom bracket. In order to provide a comparison that corresponds to the regression analysis, where
I control for individual characteristics that differ across tax brackets, I non-parametrically weight
the group-by-year distributions of the control group to align with that in the treatment group,
using the frequently applied reweighting method of DiNardo, Fortin, and Lemieux (1996). The
figures provide compelling evidence of differential labor supply responses.

In order to provide a formal test of the parallel trends assumption, I estimate a version of the
DD regression (1), where the treatment status is interacted with all time dummies 1982-1988. The
results for both labor earnings and weeks worked are presented in Figure 6. The set of pre-reform
coefficients test for parallel trends, with each coefficient corresponding to a placebo test for the
given year. The tests indicate no false positives. While there is no significant difference in 1988 in
terms of weeks worked, there is for labor earnings. There can be two reasons for this difference.
First, the tax-free year may generate an effect of labor supply that extends beyond 1987. Second,
labor supply in 1988 and onwards is possibly influenced by changes in the tax system taking place
in 1988. As the focus of this paper is to study the short-term effect of a transitory tax-cut, I limit
my sample to 1981-1987 with 1987 being the single treatment year. While I comment briefly on
responses extending beyond 1987, the analysis of permanent effects is reserved for further research
(in ongoing work).

Regression results. Table 2 presents estimates of elasticity of earned income, defined as the sum of
labor earnings in all jobs including self-employment. Each column-by-row entry in the table cor-
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responds to one regression estimate. In Column (1), the regressions control flexibly for individual
characteristics, including dummies for gender, age, education, marital status, number of children
and location. In the top row, I present estimates of the elasticity of labor income, estimated using
equation (2). The elasticity estimate is 0.374 and is highly statistically significant at the 1% level.
The estimate implies that a 10% increase in the after-tax wage causes labor earnings to increase by
almost 4% on average. Conceptually, the elasticity estimate consists of two components. First, the
reduced form, presented in the middle row, which is a DD estimate of equation (1) on log labor
income, which is estimated at 0.077. Second, presented in the middle row, the first stage which
is a similar DD estimate where the outcome variable is the log net-of-tax rate, estimated at 0.207.
The elasticity is essentially the ratio of the reduced form to the first stage, but here estimated us-
ing 2SLS. In Column (2) I evaluate the sensitivity of this estimate to the inclusion of occupation
and sector fixed effects, which results in a slightly lower estimate. This indicates that there are
cross-sectional differences in elasticities across types of jobs, a heterogeneity which I will explore
in detail in Section 7.

Previous research has highlighted that a DD design can be effectively combined with match-
ing methods to produce a more robust inference (Heckman et al., 1997; Blundell and Dias, 2009).
Matching will generate more comparable treatment and control groups and DD will difference
out unobserved differences. In order to leverage these benefits, I augment my DD estimation with
a non-parametric coarsened exact matching (Iacus, King, and Porro, 2012). More precisely, I first
match individuals coarsely on pre-reform characteristics (age, marital status, number of children
and education) and then estimate DD on the matched sample, using the weights obtained from
matching. Since the set of covariates used in the matching procedure is very general, I am able to
match 99.96% of the sample in this way. The results, reported in Column (3) of Table 2, are very
similar to the main specification, implying an elasticity of 0.401. The robustness of the main spec-
ification to this alternative implies that systematic differences in the characteristics of individuals
across the different brackets have limited effects on the estimates.

I investigate where these responses originate in the earnings growth distribution, asking whether
these responses reflect a uniform increase in earnings or strong responses in particular parts of the
distribution. To investigate this, I estimate equation (2) for the probability of experiencing earn-
ings growth in a certain interval (PDF). Figure 7 plots the coefficient estimates and the confidence
intervals of an earnings growth of a certain interval. The figure documents that the average elas-
ticity reflects both more and higher earnings increases and less earnings decreases. For example,
the graph shows that the tax-free year increased the probability of an earnings increase of 20-30%
by about 5 percent, relative to a base of 20 percent.

Table 3 presents estimates of the effect on weeks worked and is organized in the same way
as Table 2. The variable collects total weeks worked across all jobs held by the individual. The
regression estimates reflect strong responses in weeks worked. The reduced form estimate implies
that workers in the top three tax brackets increased their working time by about 1 week more than
those in the bottom bracket. A treatment effect of 5 additional weeks relative to a pre-reform
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average of 48.43 weeks implies an elasticity of about 0.10 (4.926/48.43).18

It is important to highlight what these results imply and what to expect. As discussed in
Section 3, working time recorded on the payslips is reported in weeks worked. This reflects time
spent working, not duration of employment, with a standard week corresponding to 40 hours. The
caveat is that weeks are capped at 52 per job. In total, workers can work less than 52 weeks per
year, e.g. if not working all weeks in the year or if part-time and not working 40 hours per week.
But they can work more than 52 weeks if they hold more than one job. Therefore, an additional
week reflects the exchange of vacation for working time, more full-time employment and work on
secondary jobs. However, this measure does not capture over-time and other changes in working
time within the week, exceeding 40 hours.

The earnings elasticity of 0.374 incorporates all margins of labor supply leading to increased
earnings, including more weeks worked. My estimates imply that 30% of the overall response are
brought about by more weeks worked (e.g. less vacation, more full-time employment, secondary-
jobs) and 70% by more earnings within those weeks (e.g. over-time hours, more work effort).

Table 4 documents the estimated effect on employment which, as explained above, is defined
as having an income equal to or exceeding an income threshold. I find no significant effect on
employment. When interpreting this result, a few features of the research design are important to
bear in mind. First, recall that labor supply responses are identified from differential responses of
workers in different tax brackets. Hence, by construction, the research design is unable to uncover
labor-market entry responses: the sample is restricted to workers that are employed prior to the
reform. Second, while the design is able to uncover the potential effect on labor market exit, for
reasons such as delayed retirement, the estimates imply that there are no differential responses along
the extensive margin across tax brackets. However, it is still possible that workers reduced their
labor market exit in the tax-free year. I revisit this question in Section 5, where I develop a novel
research design that is able to detect extensive margin responses both through entry and exit.

Real Labor Supply Responses, not a Reporting Phenomenon. A critical reader will ask the im-
portant question: can the estimated earnings elasticity be interpreted as labor supply elasticity?
While it is clear that my finding of an effect on weeks stems from more work, the earnings effect
might reflect – in addition to more jobs, weeks, daytime and overtime hours – some form of re-
porting responses or tax avoidance. I conduct a further analysis along three dimensions to shed
light on this question, demonstrating that my findings reflect, at least to a large extent, real labor
supply responses.

First, I estimate responses separately for employed workers and for self-employed and busi-
ness owners, defined as having at least one job as self-employed. Self-employed individuals are
likely to have more flexibility in adjusting their labor supply and hence, we might expect to find
larger responses for them. However, self-employed workers might also be able increase their in-
come in the tax-free year through tax avoidance, e.g. by misreporting capital income as labor

18As reported in appendix Table A.4, this implied elasticity is similar to one obtained from a specification in loga-
rithms of weeks worked.

16



income or shifting income from other years to the tax-free year. Such avoidance is less likely to
be possible for employed workers, as their employers have no direct incentive to collude. Table
A.5 in the Appendix reports estimates of the elasticity of labor earnings. For wage earners, the
elasticity is almost exactly the same as for the whole sample, 0.373, while the elasticity is larger
for the self-employed (0.484). However, as documented in Appendix Table A.6, there are similar
differences in the elasticity of weeks worked between the two groups. Together, these findings im-
ply that stronger responses of the self-employed are likely to reflect differences in hours flexibility
rather than misreporting. Such flexibility may be tempting for workers in less flexible jobs. In Ta-
ble A.9 in the Appendix, I investigate whether there was an increased take up of self-employment
in the tax-free year, finding a significant entry response.19

Second, I study the effect on different sub-components of pay. During the tax-free year, work-
ers may have negotiated with their employer to adjust their compensation in some way or to
front-load some payments. While such behavior is likely to be more difficult and costly to do
through wages and salaries, e.g. due to payroll taxes, other forms of payments may have been
used. To investigate this possibility, I estimate equation (2) separately for each sub-payment on
the payslip (in real $ values) and report the effect relative to the total. The results are reported in
Appendix Table A.7. Overall, the results do not show an unexpected pattern. Increases in wages
and salaries make up 94% of the increase in payments and most of the remainder are payments
such as fringe benefits, and travel allowances, which are likely linked to more work. Potential
suspects, such as sales commission and bonuses, as well as gifts, make up only 0.8%.20

Third, I estimate the effect on capital income. While labor and capital income were taxed ac-
cording to the same tax schedule both pre and post reform, labor income was tax-free in 1987, and
capital income was taxed as before.21 Although it does not provide a pure placebo test, estimating
the effect on capital income allows for investigating potential misreporting and tax avoidance. Re-
porting behavior would manifest itself in a negative effect on capital income, as taxpayers report
more of their capital income as labor earnings in the tax-free year. A negative effect on capital
income would therefore indicate that at least part of the estimated earnings elasticity is masking
reporting behavior. However, we might not expect a zero effect on capital income. As much of
capital income, such as business income and dividends, is an implicit function of labor supply in
the economy, there may be equilibrium effects on capital income resulting from increased labor
supply. Appendix Table A.8 reports the estimates, documenting a small positive effect on capi-
tal income, which is only 2 percent of the treatment effect on labor income. This contradicts the
hypothesis of misreporting.

Lastly, there is other, more circumstantial, evidence implying that the Icelandic population was
working very hard during the tax-free year. When there is a strong temporary incentive to work,

19The estimated semi-elasticity of self-employment implies that a 10% increase in the after-tax wage increases self-
employment by 1 percentage point, relative to an average of 14.9 percent.

20These results are consistent with evidence from other Nordic countries, indicating limited tax avoidance in labor
earnings because of third-party reporting by firms (Kleven et al., 2011).

21In the 80s and early 90s, some forms of capital income, including interests on bank accounts and dividends, were
deductible from taxes.
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individuals have the incentive to avoid or postpone other activities that take time from working.
While a natural example is leisure activity, workers might also be more reluctant to stay home
when they themselves or their family is ill. Figure A.14 documents that workers in Iceland took
less sick leave in 1987. The average share of hours on sickness leave of total paid hours was 2.4%
both in the years prior to and after 1987, but fell to 1.6% during 1987.22

Robustness. In addition to what is described above, I perform further analyses to assess the
robustness of my results. First, I evaluate the robustness of my strategy of assigning treatment
status based on last year’s bracket. While the position in tax-brackets tends to be persistent (Figure
A.11) and tax brackets correspond to same income quantiles over time (Figure 5b), a potential bias
might arise due temporary income shocks, positive or negative, that move workers temporarily to
a higher or lower tax bracket. I evaluate the validity of this concern in Appendix D, performing an
exercise where I use further lags of tax-bracket position and a richer set of information to predict
the current tax bracket. This ensures more stability in the tax-brackets over time. The results
are similar to my main specifications, slightly larger if anything, indicating a limited bias due to
income shocks and movements between brackets.

Second, I study the differences in responses across tax brackets and evaluate the robustness
of the choice of control group. Appendix Table A.12 presents earnings elasticities separately by
tax brackets, finding the largest elasticity for the lower-middle bracket (0.484) but the smallest for
the top bracket (0.236). While the relative earnings response (reduced form) increases with higher
tax brackets, it does so less than the difference in the tax cuts (first stage), resulting in smaller
elasticities. A natural explanation for smaller elasticities in the higher brackets is more frictional
adjustment of working time, a question to which I will return. Next, I estimate labor supply
elasticities for the top- and upper-middle tax brackets, employing the lower-middle bracket as
a control group. Documented in Appendix Table A.13, the elasticity estimate is between 0.232
and 0.289, similar to the bracket average in Table A.12. Studying elasticity of weeks worked in
Appendix Table A.14 yields a similar conclusion.23

While the tax-free year generated a temporary incentive in 1987, its effect may have been more
persistent, particularly in the light of the strong responses I document. In addition, the tax system
saw several permanent changes in 1988, which themselves may have generated effects on labor
supply. In Appendix E, I discuss and answer the question of how and whether the permanent
reform in 1988 affects my Frisch elasticity estimates. I argue that the 1988 changes were neither
simple nor as salient as the tax-free year. While the progressive tax schedule was replaced with
a flat tax rate, substantial changes in tax deductions influenced the tax base at the same time.
Judging from media coverage (Figure 4) these changes, such as the introduction of the flat tax,

22In Figure A.14 I also document that fewer people were receiving sickness benefits in 1987 than in the years before.
To the extent that this evidence indicates that workers were working themselves very hard in 1987, it rhymes with a
recent study by Ólafsdóttir et al. (2016), which finds an increased likelihood of a heart attack among middle-aged and
old men in 1987 and 1988, in particular in the group of self-employed.

23I have also explored the sensitivity of my main specification that estimates the effect on earnings in natural loga-
rithms. Estimating elasticities using inverse hyperbolic sine transformation instead of logs, or logplabor earnings` 1q,
gives broadly similar results.
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seem to have been much less salient than a tax-free year, which caught much attention. As I discuss
in more detail in Appendix E, I performed a range of robustness tests which all broadly support
the results reported above.

5 Life-Cycle Difference-in-Differences

In this section, I develop a new research design to estimate labor supply responses along both
the intensive and extensive margins. I compare people of a certain age to workers of the same
age before the tax-free year, exploiting the fact that the tax-free year was an unanticipated event.
This design complements the tax-bracket DD design, where elasticities are identified using cross-
sectional variation in the size of tax-cuts. This design has the comparative advantage of being able
to identify labor supply responses of the whole population, both along the extensive and intensive
margins, allowing me to paint a more complete picture than in the previous section.

5.1 Research Design

Intuition and Graphical Illustration. Before drawing up the details of the estimation and pre-
senting results, I use a stylized graphical example to describe the intuition behind the life-cycle
difference-in-difference approach. For this purpose, I borrow the model in MaCurdy (1981) and the
associated graphical representation. More details on the model and the example are provided in
Appendix F.

Following an example given in MaCurdy (1981), first consider comparing two individuals, A
and B, for which Figure 3 draws their life-cycle wage profiles. As the two individuals are similar
in all aspects, they have the same life-cycle wage profile at all ages, except at age t1 when B is
treated with an unanticipated wage increase of ∆ that lasts a single period. This causes B’s labor
supply at age t1 to be higher than that of A by εˆ∆, but lower by a small income effect, where ε is
the Frisch elasticity.24 In this experiment, ε can be estimated by relating the difference in working
hours of A and B at age t1 to the wage difference ∆.

In my empirical setting, there exists no comparison such as between A and B. However, since
individuals experience the tax-free year at different points over their life-time, an alternative com-
parison allows me to estimate the Frisch elasticity. To illustrate that comparison, Figure 3 plots a
wage profile for individual C who is identical to B except that he receives the unanticipated wage
increase when he is one year older, at age t2. As documented by the figure, at age t1 individual
C is the counterfactual for B, as they follow the same wage paths. Therefore, the intertemporal
elasticity ε can be estimated by relating the wage increase ∆ to the difference in labor supply of

24As I discuss in Appendix F, a one-period wage change as depicted in Figure 3 results in a change in B’s life-time
labor supply due to an income effect arising from the fact that the rise in wages increases the income in that year even
if the labor supply is unchanged. This is different from the tax-free year, where the income remains unchanged at the
same labor supply as the year before.
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Figure 3: Life-cycle DD research design illustrated using a MaCurdy (1981) Graph

B and C at age t1, when C has not received the wage increase. My research design builds on this
idea.

Matching Procedure. The research design leverages two features. First, from the perspective of
the individual, at which age she experiences a tax-free year was as good as random. Second,
absent a tax-free year, the labor supply of similar individuals is likely to follow similar paths over
their life-cycle. Therefore, for a given worker experiencing a tax-free year, workers in other birth
cohorts with similar characteristics, when observed at the same age, are likely to constitute a good
counterfactual.

A key challenge is to pair workers being treated with a tax-free year to an appropriate com-
parison group with a parallel life-cycle labor supply trend, which can be pinned down using
difference-in-differences. To this end, I construct a control group by implementing a “Coarsened
Exact Matching” (CEM) procedure (Iacus, King, and Porro, 2012), where each birth cohort is paired
with individuals of the same age and lagged characteristics in other birth cohorts. The general ar-
gument for applying matching in observational studies is to achieve a balance in covariate distri-
butions across treatment and control group, with the aim of replicating a randomized experiment
as closely as possible (Rosenbaum, 2002; Rubin, 2006). As opposed to methods relying on esti-
mating a propensity score, CEM is a nonparametric procedure to achieve a sample balance ex
ante. Therefore, with reference to the design of randomized experiments, the method enables me
to construct “blocks” within which individuals may be expected to follow similar trends in labor
supply, but receiving treatment at a given age is plausibly random.

For each birth cohort, the control group is selected from the adjacent birth cohort, born one year
earlier. That is, workers at a given age in 1987 are matched to workers at the same age in 1986. I
make this restriction in order to achieve three goals. First, this limits the set of workers to be paired
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to those that are most likely to be comparable in their life-cycle patterns of labor supply as well
as other aspects. Second, this allows me to restrict the sample period for both the treatment and
control groups to 1987 and earlier, enabling me to exclude later years where labor supply may be
influenced by the tax-free year itself or changes in the tax code taking place in 1988, thus escaping
possible effects of the reform on the control group. Third, and importantly, the control group
within each birth-cohort pair does not experience a treatment until after the end of the sample
period.25 Within adjacent cohort pairs, I further match on a set of characteristics other than age
that may correlate with trends in labor supply. I limit the set of characteristics to gender, marital
status, number of children, location dummy for living in the capital area, education coarsened
into 3 levels (compulsory, junior college and university), and lagged labor income coarsened into
deciles. Given the general set of characteristics, I have a broad support and am able to match
99.98% of the sample.26 Cases where no match is found are dropped and in cases of multiple
matches, observations are weighted according to the size of the treatment group.27

The matching procedure provides a sample of treatment and control groups that are compa-
rable in factors confounded with trends in labor supply behavior. However, my research design
does not impose the assumption that outcomes measuring the labor supply of the comparison
groups are at an equal level. Rather, it assumes that they follow parallel life-cycle trends in labor
supply. Therefore, causal effects are obtained using difference-in-differences. In this way, I lever-
age the advantages of matching in generating comparable treatment and control groups and DD
to difference out unobserved differences.

Identifying assumptions and graphical example. The primary identifying assumption is that, in
the absence of a tax-free year, labor supply of similar individuals in adjacent cohorts would have
followed parallel life-cycle paths. In addition, the research design rests on the assumption that
labor supply only deviates from these life-cycle trends in 1987 due to the tax-free year.

Figure 8 provides a graphical example illustrating the research design for a sample of three
birth cohorts, born in 1940, 1939 and 1938. Panel (a) plots the marginal tax rates, illustrating the
staggering of when the birth cohorts experience the tax-free year over their life-time. In panel (b) I
plot the average weeks worked, documenting that these cohorts work on average about 51 weeks
in normal years, but increase their working time to about 53 or 54 weeks in the tax-free year. Panel
(c) plots the evolution of real labor earnings, normalizing the averages to 100 in 1986. The figure
documents similar trends among the three cohorts in the years prior to 1987 but a clear temporary
divergence from that trend in the tax-free year. I make that point clearer in panel (d), which
plots the difference in earnings for each cohort relative to the cohort born one year earlier. This
removes the common trend and illustrates the clear differential change in earnings. The figure

25This setup allows me to circumvent the problems discussed in Borusyak and Jaravel (2018) related to event-study
designs where the control group eventually becomes treated within the sample period.

26Due to the “curse of dimensionality”, the nonparametric matching procedure delivers fewer matches the larger the
set of characteristics matched on. As a robustness check, I have also performed matching with more characteristics,
including occupation and sector, arriving at broadly similar results.

27As a robustness check I have performed one-to-one matching, which delivers similar results.
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lends support to the key identifying assumption underlying my research design, illustrating how
adjacent cohorts follow similar life-cycle trends in labor supply.

A potential threat to identification would be if there were shocks contemporaneous to the tax-
free year that influence the outcome of the treatment group relative to the control group. An
example of such threats would be shocks to labor demand leading to an increased labor input in
equilibrium and a reverse causality. A potential scenario would be that some sectors or occupa-
tions were hit by shocks in the tax-free year which would influence their labor market outcomes
and be captured by my estimates. In general, such a shock would be a cause for concern as the
results might be driven by particular subgroups receiving additional treatment. I evaluate the
robustness of my result to these concerns below. Moreover, and importantly, no other reforms co-
incided with the tax-free year, such as changes to social security or taxes on firms. The only change
to individuals’ taxes and benefits in 1987 were that income taxes were zero. Lastly, I emphasize
that while macroeconomic shocks unrelated to the tax-reform would invalidate the life-cycle DD
design, it identifies the market-wide impact of a change in wages, including equilibrium effects
arising from the reform.

Empirical Framework and Estimating Equation. The sample consists of individuals i belonging
to birth cohorts c, where c denotes year of birth. Age is defined as a “ t ´ c, where t is “calendar
time”. I denote the age at which a birth cohort experiences the tax-free year treatment by Ac “
1987 ´ c. As emphasized and illustrated in the examples above, the relevant concept of time in
this empirical framework is life-time, i.e. age. In that context, it is useful to refer to age cohorts as
the group of individuals which are being observed at the same points in their life-time.

As described in detail above, workers at age a from cohort c are matched to workers of the
same age a from the adjacent birth cohort c ´ 1. Matched cohort-pairs tc, c ´ 1u, i.e. age cohorts,
are denoted by g. Within each age cohort g, I define “event time” as k “ a´ Ac, or age relative to
age at the event of treatment. I then define the treatment indicator as Dgk “ 1 if a “ Ac, but zero
otherwise. All age cohorts are observed during and prior to the treatment event. Importantly,
this implies that the treatment indicator Dgk uniquely defines the treatment group (c) and the
treatment period within each age cohort, as the control group (c ´ 1) does not experience the
treatment until after the end of the study period.

Using this notation, the difference-in-differences are estimated by:

yik “ αig ` δk ` η ¨Dgk `X 1
ikγ ` µik (3)

where yik measures the outcome of interest for individual i at event time k, αig are match-group
fixed effects, i.e. fixed effects for each cell (or block) within which individuals are matched, which
absorbs the average differences between the treatment and the control group, and δk are event-
time fixed effects. The vector Xik collects characteristics that we may want to control for, but that
are not used in the matching process, such as occupation and sector fixed effects. The error term,
µik, captures other determinants of labor supply. To address potential concerns regarding serial
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correlation in outcomes within groups across periods (Bertrand, Duflo, and Mullainathan, 2004), I
cluster standard errors µik at the match-group level. Estimating equation (3) for the sample of all
age cohorts, the difference-in-differences coefficient η gives an estimate of the average treatment
effect on labor supply across the population. In order to obtain an estimate of the (semi-) elasticity
of labor supply, I estimate the following equation:

yik “ αig ` δk ` ε ¨ logp1´ τikq `X 1
ikγ ` νik (4)

where the logarithm of the net-of-tax rate logp1 ´ τikq is instrumented by the treatment indicator
Dgk. An estimate of the labor supply elasticity is then brought by the coefficient ε, which, when
equation (3) is estimated for the sample of all age cohorts, is the average across the population.

5.2 Regression Results

In Table 5, I report estimates of the labor earnings elasticity. The table is organized in the same
way as those in Section 4, where the bottom row reports the first-stage estimates, the middle row
reports the reduced form and the top row reports elasticity estimates. The top row of Column
(1) reports an elasticity estimate of 0.654, which is highly significant at the 1% level. In Column
(2) I include both occupation and sector fixed effects with the aim of absorbing e.g. demand-
side shocks contemporaneous to the tax-free year that might affect the estimates. Now estimates
are identified from variation within sectors and occupations. As documented by the table, the
estimates are almost identical to those in Column (1) and estimates are therefore insensitive to
these controls.28 In Column (3) I include individual fixed effects, which also produces a similar
estimated elasticity as in the two prior specifications.

When interpreting these estimates and comparing them those presented earlier, it is important
to bear in mind that they do not only incorporate intensive margin responses, as those reported in
Section 4, but also extensive margin responses. Different from the tax-bracket DD design which,
by construction, excluded workers that were out of the labor force or part-time employed, the
current method is able to identify responses for the entire working-age population, measuring the
average aggregate elasticity.

Table 6 reports the effect on weeks worked. The semi-elasticity of weeks worked, documented
in the top row of Column (1), is 3.014 additional weeks. Based on pre-reform averages, this trans-
lates to an elasticity of about 0.078 (3/38.37). Controlling for occupation and sector fixed effects in
Column (2) and individual fixed effects in Column (3) results in similarly sized estimates.

As emphasized above, an important motivation underlying the development of the life-cycle
DD design is its suitability for studying labor supply responses of workers that are marginally-
attached to the labor market and extensive margin responses. Recall that estimates reported in
Section 4 implied a zero differential employment response across tax brackets. Table 7 reports

28Occupation and sector fixed effects are defined based on the previous year’s employment and job status. Workers
that do not have an occupation and sector, i.e. are not employed, are allocated to a residual group. While not reported,
the results are also robust to including occupationˆperiod and sectorˆperiod fixed effects.
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employment semi-elasticity estimates, where the dependent variable is, as before, an indicator
for labor earnings exceeding the base income level. Since an individual’s decision whether to
enter or exit the labor market is likely based on the total financial incentives of working which,
in turn are, influenced by the dis-incentives generated by the tax burden he expects to bear if
employed, the employment semi-elasticity relates the employment probability to the avergage tax
rate that individuals face if working rather than the tax paid on the marginal dollar earned.29 As
documented in the top row of Column (1), this produces an employment semi-elasticity of 0.068
which is highly statistically significant. That is, the estimate implies that a 10% decrease in the
take-home pay increases the employment rate by about 0.7 percentage points. In Column (2) I
include individual fixed effects, finding a similar effect. This result highlights that the tax-free
year generated a modest but both economically and statistically significant effect on employment.

Robustness. I have conducted further analyses along several dimensions in order to evaluate the
robustness of the results reported above. I document the main findings below.

Iceland being a small open economy, macroeconomic volatility has traditionally been driven
by external shocks, such as in exports, or shocks in its natural resources, e.g. biological shocks in
fish supply. At the time of the tax reform, the Icelandic economy had been in an upswing where
a key driver of the growing economy was a booming fishing sector. Marine exports had been
growing strongly following a positive terms-of-trade shock, mainly due to higher fish prices in
North-America and other close markets. While on a downward trend throughout the 20th century,
fishing and fish processing constituted about 15% of GDP in the 1980s and this sector employed
about the same share of workers. Therefore, one might worry that my results are influenced by
some form of export or fishing-sector shock. To evaluate this claim I perform my analysis on a
sample excluding all workers and firms in the fishing and fish processing sector. Reported in
Appendix Table A.24, I find my results to be very robust to this exclusion. I have also carried out
my analysis separately for workers employed in the tradable and non-tradable sectors separately,
estimating similar but slightly larger estimates for the latter.

Another concern that the reader might have is whether my estimates are picking up some
differential trends or shocks in labor supply (or demand) around the timing of the tax reform,
either in the economy as a whole or for particular cohorts. Naturally, this concern cannot be ruled
out or tested directly. However, as a way of evaluating its plausibility, I conduct placebo tests for
the years leading up to the reform as ‘placebo tax-free years’. More precisely, I first drop 1987 from
my sample and then follow the same procedure as described in Section 5.1, estimating equation (3)
for each cohort. Reassuringly, as documented in Appendix Figure A.15, placebo-year coefficients
are scattered around zero and rarely statistically significant, indicating no systematic patterns
or false positives, while the corresponding estimates for the tax-free year are always orders of
magnitudes larger.

Triple-differences. Although the life-cycle DD design allows for identifying labor supply elastici-

29The average tax rate is the ratio of income-tax payments and income-tax base. Employment semi-elasticity esti-
mates relate the employment rate to the net-of-average-tax rate.
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ties from differences between individuals likely to be on parallel life-cycle trends, I cannot rule out
the possibility of aggregate shocks, other than the tax-free year, affecting my estimates. To further
evaluate the robustness of the results, I develop a research design that marries the life-cycle DD
and the tax-bracket DD in a triple-difference (DDD) design.30 In this empirical strategy, differ-
ences across adjacent birth cohorts are augmented with within-birth-cohort differences across tax
brackets. The benefit of this design is that, in addition to comparing similar individuals expected
to be on similar life-cycle labor supply paths, it differences out all possible common time effects,
reducing the identifying variation only to cross-sectional variation.

Table 8 reports the results for the three main outcomes. The elasticity of earned income is
0.431.31 As expected, this is similar to estimates using the tax-bracket DD but lower than estimates
using life-cycle DD, which also incorporates equilibrium effects. The semi-elasticity on weeks
worked is about 2.5 weeks. The employment semi-elasticity is close to zero and not statistically
significant.

6 Discussion of Frisch Elasticity Estimates

6.1 Summary of Elasticity Estimates

Figure 9 provides a summary of estimates of average Frisch elasticity across the two adjustment
margins using the two research designs. Employing the tax-bracket DD design, I estimate an
elasticity of 0.374. Based on the structure of the estimation method, and the fact that it identified
no effect on employment, I interpret this estimate as an intensive margin elasticity. Using the
life-cycle DD design, I estimated an average elasticity of 0.654, which captures both intensive and
extensive margin responses. The employment elasticity, measuring extensive margin responses,
is 0.068.

Two main factors separate my estimates from the two designs. First, as the tax-bracket DD
identifies elasticities from cross-sectional variation in tax rates, estimates are restricted to the em-
ployed population. Second, as the life-cycle DD exploits both the time-series and cross-sectional
variation, it will incorporate all macroeconomic effects in the tax-free year, including equilibrium
effects. In order to arrive at comparable estimates based on the two methods and to get an esti-
mate of the size of these equilibrium and aggregate effects, I first apply the life-cycle DD method

30For earlier examples of studies employing triple difference designs, see, e.g., Gruber (1994) and Chetty, Looney,
and Kroft (2009).

31The estimating equation, which combines equations (3) and (1), is:

yik “ αig ` δk ` bracketi,k´1 ` αig ˆ bracketi,k´1 ` βDDgk ` βBBi,k´1 ` η ¨Dgk ˆBi,k´1 `X 1
ikγ ` νik (5)

The coefficient of interest is η, which identifies the triple-difference. This captures the variation in labor supply specific
to the treated birth-cohorts (relative to the control birth-cohorts), for the workers in high-tax brackets (relative to those
in low tax brackets), during the tax-free year (relative to the years before). As before, the elasticity of labor supply
is identified by estimating a version of the equation above that includes the logarithm of the net-of-tax rate logp1 ´
τikq, which is then instrumented with the triple-difference interaction term Dgk ˆ Bi,k´1. To enhance the comparison
between the two research designs, Table 8 reports estimates based on the same sample as in Section 4. However,
estimates for the full sample are broadly similar.
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to the same sample as used in the tax-bracket DD estimation. The elasticity estimate of 0.529,
reported in Appendix Table A.23, can be compared to the intensive margin elasticity estimates us-
ing tax-bracket DD. The difference between the two is that the tax-bracket DD differences out all
common effects of 1987. In order to get an estimate of the magnitude of these effects, I apply the
triple-difference method, yielding an estimate of 0.431. The difference between the two estimates
is 0.10. This implies a positive equilibrium effect, or a multiplier, of about one-fifth of the size of
the intensive-margin elasticity.

What does this estimate capture? As an example, an increased demand for child-care services
from parents working longer hours might lead to longer hours of child-care providers in equi-
librium, which themselves face temporarily lower taxes. Another example would be an increase
in restaurant labor as a result of an increased demand for restaurant services combined with an
increased willingness of restaurant workers to work longer hours. Both of these would lead to
more labor input in equilibrium during the tax-free year. However, since this estimate will also
include non-reform macro shocks on work, I am cautious in this interpretation.

6.2 Comparison to Previous Estimates of Frisch Elasticity

Due to its centrality in economic theory and for policy evaluation, most work on labor supply
focuses on obtaining elasticity estimates. Therefore, results can be compared across studies. To
obtain a point of reference, I conduct a meta-analysis of previous estimates in Figure 10.32

While much work exists studying labor supply responses to permanent or long-lasting changes
in pay, much less evidence exists on responses to temporary changes.33 Figure 10a summarizes
estimates of intensive-margin Frisch elasticities. The figure is organized in three sections by the
samples studied, from left to right: the population (either as a whole or representative sample),
prime-aged men and specific occupational groups. For reference, I also plot (circled in orange)
estimates for the corresponding sample in my study. As documented in the figure, there exists
very limited evidence representing the population.

Two close studies. My paper stands closest to two earlier studies. Bianchi, Gudmundsson, and
Zoega (2001) highlight the rare opportunity that the tax-free year offers to study labor supply. Us-
ing a random sample of 9,300 individuals, they compare outcomes in the tax-free year to the year
before and the year after and report strong responses. However, two reasons make it challenging

32I do not attempt to provide an exhaustive survey, but rather to provide an informative comparison. Extensive sur-
veys of the literature on labor supply elasticities include Killingsworth (1983), Pencavel (1986), Blundell and MaCurdy
(1999), Meghir and Phillips (2010) and Keane (2011).

33For estimates of Hicksian and Marshallian elasticities, see e.g. the following studies. US: Feldstein (1995), Auten
and Carroll (1999), Goolsbee (2000), Gruber and Saez (2002), Kopczuk (2005) and Giertz (2007); UK: Brewer et al. (2010);
Canada: Sillamaa and Veall (2001), Saez and Veall (2005); Denmark: Kleven and Schultz (2014), Chetty et al. (2011);
Norway: Aarbu and Thoresen (2001); Sweden: Hansson (2007), Blomquist and Selin (2010), Gelber (2014); Poland:
Kopczuk (2012). While a standard model of labor supply allows for comparing these elasticities to the Frisch elasticity
via the income effect and the intertemporal elasticity of substitution of consumption, there exists a limited consensus
on these effects, making an inference about the size of the Frisch elasticity difficult. I revisit this connection in Section
6.
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to compare their estimates to those of others, including mine. First, as the authors document, em-
ployment and output had been on an upward trend in the years prior to the reform. This makes
it difficult to separate the responses to the tax-free year from pre-trends and the business cycle.
In the current paper I take this concern seriously by using difference-in-difference and matching
methods to generate comparable treatment and control groups on common trends prior to the re-
form and then difference out common trends and unobserved differences. Second, due to limited
available data at the time, the estimates in Bianchi, Gudmundsson, and Zoega (2001) are based on
average tax rates in 1986. In order to enhance the comparability, I compute an elasticity of 0.77 us-
ing average changes in earnings reported in their study and my computation of average marginal
tax rates in the population.34 This difference between this elasticity and mine, which is about half
its size, is that it does not separate labor supply responses during the tax-free year from employ-
ment and business cycle trends, equilibrium effects, as well as the effects of changes to the tax
system taking place in 1988.

Martinez, Saez, and Siegenthaler (2018) estimate a Frisch elasticity using a tax reform in Switzer-
land. Switzerland changed the base for income taxation from the previous two years’ income to
pay-as-you-earn. As a result, the reform led to a two-year long tax holiday. Using staggering of the
reform across cantons, the authors estimate a small elasticity of 0.05 with a small standard error. In
contrast, my intensive margin estimate of 0.374 is almost an order of magnitude larger. This differ-
ence, in particular the small response of Swiss workers, is surprising. Given that the tax holidays
in Iceland and Switzerland both created clear and strong incentives for workers to temporarily in-
crease their labor supply, why do they generate such different responses? There are at least three
candidate explanations. First, it may reflect differences in the degree of adjustment and organiza-
tional frictions between the Icelandic and Swiss labor markets. As I highlighted in Section 2.2, the
Icelandic labor market is more flexible and less regulated than labor markets on mainland Europe,
closer to what is found in the US labor market. As I will document in the coming sections, labor
supply responses vary substantially across workers depending on the flexibility of their work
arrangements. It is not unlikely that the same is true across countries. Indeed, Martinez, Saez,
and Siegenthaler (2018) report a relatively large elasticity of 0.3-0.4 for the subpopulation of self-
employed workers, a group which is likely to have more flexibility in labor adjustment than the
average worker. Second, the methodology in Martinez, Saez, and Siegenthaler (2018) compares
average outcomes in areas experiencing a tax holiday to others undergoing a reform in different
years, identifying reduced-form aggregate responses. This includes the direct effect, where work-
ers faced with larger tax cuts have stronger incentives to shift labor supply to years without taxes,
as well as all indirect equilibrium effects, negative and positive. While negative local-labor market
equilibrium effects cannot be ruled out as one possible explanation, strong negative equilibrium

34More specifically, based on information in Table 6 in Bianchi, Gudmundsson, and Zoega (2001), I compute the
elasticity as the weighted average percent change in earnings for men and women in 1987 relative to the average in
1986 and 1988, divided by the change in net-of-tax rates for the same years. The standard error is computed from the
standard errors reported for the changes in earnings using the Delta method. I interpret this as an intensive-margin
elasticity as the calculations are based on individuals working in 1986. This is the same procedure as that used in Chetty
(2012), whereas their calculations are based on averages across the tax-bracket schedule.
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effects would be inconsistent with my results for Iceland, which indicate that the tax-free year
generated positive equilibrium effects. Third, unlike the reform in Iceland, the reform in Switzer-
land may have been, at least to some extent, anticipated. The federal tax law was passed in 1990,
following which the cantons were free to adopt the new system when they wanted. The earli-
est switching cantons had a tax holiday in 1997 and 1998. If the anticipation effects are strong,
workers may choose to work less in the years before the tax holidays, and thus intertemporally
substitute labor supply towards the tax-free years. Unfortunately, as reported in Martinez, Saez,
and Siegenthaler (2018), the data are missing for the early switching cantons when suitable control
groups for such analysis are available, rendering it infeasible to answer this question empirically.
However, one might also expect that anticipation effects would lead to stronger responses during
the tax holiday. Therefore, of these three, differences in labor-market flexibility seem to be the
most plausible explanation for the differences in labor supply responses.

Other earlier work. Most of the existing evidence on Frisch elasticity is based on regressions of
working hours on wages of prime-age men, predominantly in the Panel Study of Income Dynam-
ics (PSID) in the US. This includes the seminal studies of MaCurdy (1981) and Altonji (1986). As
Figure 10a illustrates, the estimates reported in this literature tend to be small and imprecisely
estimated, often statistically insignificant from zero. There are several reasons why my estimates
might differ from this literature. First, the instrumental variable approach used in much of this
literature is based on individual characteristics, traditionally age and education, as predictors of
changes in wages.35 While this literature brought the insight that these factors can be good pre-
dictors of the level of wages, later work has found them to perform poorly in predicting changes,
leading to weak instruments (Keane, 2011). In addition, these characteristics may also predict in-
dividuals’ taste for leisure, something that would violate the exclusion restriction. Second, there
has been much emphasis on issues of measurement in survey data on wages and hours, the PSID
dataset in particular, which may lead to either a positive or negative bias (see, e.g., Heckman, 1993;
French, 2004a; Barrett and Hamermesh, 2017).36

Small and insignificant earlier estimates may reflect both the empirical challenge of estimat-
ing Frisch elasticity and adjustment frictions and inattention to small changes in pay. This has
motivated several studies that study particular occupations, such as bicycle messengers and taxi
drivers, for whom finding exogenous changes in wage is plausible and who are more free in choos-
ing their daily labor supply. Summarized in Figure 10a, a finding that clearly emerges from this
literature is that these groups are particularly elastic. For reference, the figure also presents my
elasticity estimate for the subsample of taxi and transportation drivers, which is larger than my

35The study by Pistaferri (2003) differs from others in this literature. He uses an unusual approach, exploiting a
question on expected earnings in the Bank of Italy Survey on Households’ Income and Wealth. He estimates a life-
cycle model using people’s subjective beliefs about earnings to isolate unexpected variation in wages from expected
variation.

36In addition to the quasi-experimental literature surveyed here, an extensive literature estimates Frisch elasticity
using structural methods. In appendix Figure A.3 I survey estimates from prominent papers in this literature. A
general pattern that emerges is that my estimates are closer to the parameter values reported in this literature than to
the estimates I have surveyed above.
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population estimate. While these studies provide clear causal estimates of elasticities pertaining
to particular subgroups in an environment with minimum frictions, it is not clear how informative
they are for learning about business cycle variation in employment for the average worker and the
economy as a whole. For example, while Fehr and Goette (2007) find a very elastic behavior of
Swiss bike messengers, the evidence in Martinez, Saez, and Siegenthaler (2018) indicate that their
findings are not representative of the Swiss population.

Figure 10b reports estimates of extensive margin Frisch elasticity.37 Apart from Martinez, Saez,
and Siegenthaler (2018), who estimate a Frisch elasticity of zero during the Swiss tax holidays, and
Carrington (1996), studying employment in Alaska during an oil pipeline boom in the 1970s and
documenting a very large employment response, the existing evidence is concentrated within the
population of workers close to retirement. Consistent with this literature, I document extensive-
margin responses of older workers. However, the strongest employment responses in my sample
are among the youngest cohorts, for which no previous estimates exist.

6.3 How Large is the Elasticity of Intertemporal Substitution in Consumption?

In standard models of life-cycle labor supply, the Frisch elasticity is related to the Hicksian and
Marshallian labor supply elasticities through the income effect and the elasticity of intertemporal
substitution in consumption (EIS). Using this relation, in combination with earlier empirical es-
timates, we can learn about the size of the other labor supply elasticities and the EIS implied by
my estimates. A model with time-separable utility in consumption and leisure gives the following
relationship between the intensive-margin Frisch elasticity and other key parameters of the model
(Ziliak and Kniesner, 1999; Browning, 2005):

εFrisch “ εHicks ` ρ ¨mpe
2 A

wh
(6)

where ρ is the EIS, mpe is the marginal propensity to earn (MPE) out of unearned income, i.e. the
income effect, and A

wh is the ratio of wealth to labor income.38 My estimates can therefore be related
to the existing empirical evidence on these effects. The most prominent estimates of the MPE are
based on estimates of the effect of winning a lottery, e.g. Imbens, Rubin, and Sacerdote (2001) and
Cesarini et al. (2017) and receiving an inheritance (Nekoei and Seim, 2018). In my calculations I
use an MPE of 0.11 implied by the estimates in Imbens, Rubin, and Sacerdote (2001).39. I then use
data from from individual tax returns to calculate a median A

wh ratio of 2.59.

37For a recent meta-analysis of extensive margin elasticities, see Chetty et al. (2013).
38 Similarly, via the Slutsky equation, the model gives a relation between the Frisch and the Marshallian elasticities:

εFrisch “ εMarshallian ´mpe` ρ ¨mpe
2
¨
A

wh
(7)

39While MPE cannot be separately estimated from the marginal propensity to save (MPS), Imbens, Rubin, and Sac-
erdote (2001) study a setting where lottery winnings are paid out as installments over 20 years, enabling them to argue
for MPS close to 1 (they use 0.9). Studies of MPE out of inherited wealth report larger estimates than found for lottery
winners. For a further discussion of this literature and a meta-analysis of the estimates, see Nekoei and Seim (2018)
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Figure 11 maps my Frisch elasticity estimate of 0.374 into Marshallian and Hicksian elasticities
on the y-axis and the IES on the x-axis. In a recent meta-analysis, Chetty (2012) reports an average
Hicksian elasticity of 0.33. In line with existing evidence on the income effect, it is reassuring
to find that the difference to my Frisch elasticity is small. The two vertical lines in Figure 11
mark existing estimates of IES, first an average IES of 0.5 across 169 studies surveyed in Havránek
(2015), and an average IES of 0.9 across 33 studies published in the top 5 general interest journals.
A combination of estimates of Frisch, Hicksian and MPE implies an IES close to or larger than 1.

7 Anatomy of Labor Supply Responses

I have uncovered strong labor supply responses to the temporary work incentive generated by
the tax-free year. If there is significant heterogeneity in behavior at the micro level, estimates of
the average labor supply elasticity do not identify a structural parameter. Aggregation issues and
nonlinearities imply that the aggregate elasticity will depend on the demographic structure of the
economy (Attanasio et al., 2017). This implies that understanding business cycle fluctuations in
employment and improving public policies requires knowing how labor supply responses are in-
fluenced by individuals’ characteristics and constraints, and how those factors shape the margins
of response. However, due to the lack of large-scale natural experiments and detailed microdata,
previous work has been unable to study the macroeconomic relevance of heterogeneity.

One may approach this analysis from two vantage points. Based on theory of labor supply,
where the Frisch elasticity measures the intertemporal exchange of time on and away from market
work, one approach is to study how increased working time comes at the expense of less leisure,
less home production, and less human-capital production. This would be a functional approach. An
alternative is to study how institutions, such as the family and the workplace, shape the ways in
which individuals arrange and adjust their working time. This approach, which I follow, can be
described as an institutional approach.

7.1 What Features Shape Labor Supply Responses?

In studying heterogeneous responses, how can we systematically direct our attention in the most
productive directions? There are multiple margins along which heterogeneity may arise and a
vast literature provides a range of standing theories. My approach is to use machine-learning
methods as a way of drawing up a roadmap, uncovering signposts that give the most important
directions, and then arrange my analysis around those landmarks.

My methodology involves four steps. First, I estimate labor supply elasticity at the individ-
ual level using life-cycle DD, matching each individual to a counterfactual constructed from a
group of individuals with the exact same characteristics. Next, I use the random forest algorithm,
developed by Breiman (2001), to predict labor supply elasticity using a broad set of characteris-
tics.40 Third, I exploit the comparative advantage of the random forest algorithm relative to other

40Athey and Imbens (2016) and Wager and Athey (2017) develop a methodology that uses random forests to estimate
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machine-learning methods, allowing me to rank characteristics by their importance. Fourth, I
proceed by arranging my analysis around the set of most important predictors.

Figure 12 plots the relative importance of characteristics in predicting labor supply elasticity,
measured with the gain achieved by splitting along the dimensions of a given characteristic. The
characteristics used in the random forest prediction can be broadly categorized into two groups:
characteristics of the individual, such as gender and age, and characteristics of his job and employ-
ment arrangement, such as occupation and working time. The figure presents results from three
models. First, presented in the first bar, a model based only on individual characteristics highlights
age to be an important feature, followed by whether and how many children individuals have. In
the second bar, I present a model based only on employment and job characteristics, which are all
defined in pre-reform values. It highlights the importance of weeks, which bundles the importance
of weeks worked in three pre-reform years, as well as labor earnings and net wealth. The third bar
plots results from a full model, incorporating both individual and employment characteristics, as
well as characteristics of spouses of married individuals. It documents that working time in the
years prior to the reform is the single most important feature.41 This is followed by earnings, age,
wealth, measures of spousal labor-market activity, and then characteristics of jobs, such as sector,
occupation and firm size. Following the pattern it reveals, my analysis will evolve around and
illustrate the importance of three themes. First, labor-market attachment, which is highlighted by
the importance of working time, age, earnings, and wealth. Second, the importance of flexibility of
employment arrangement is highlighted by the weight of weeks worked and characteristics of jobs.
Third, family ties and coordination is highlighted by the importance of spouses’ labor market activity
and children. I now study these themes in turn.

7.2 Labor Market Attachment

Figure 13a plots the elasticity of earned income by age. As explained in Section 5, the life-cycle DD
design builds on pairwise cohort-by-cohort differences and therefore naturally produces separate
elasticity estimates by cohort. Figure 13a plots separate estimates for each cohort by age in 1987.

The figure displays a very interesting pattern. For the prime-age population, the elasticity is
stable and between 0.4 and 0.5. Older cohorts display slightly stronger responses, in particular
those at or around the statutory retirement age of 67.42 The young cohorts – between the age of
18 and 30 – display the largest elasticities, as high as 2 among the youngest cohorts. Although
the elasticity is largest only for the few youngest cohorts, this has an important implication for

heterogeneous treatment effects. This methodology relies on random assignment and can therefore be readily applied
to RCTs. Differently, my research design builds on difference-in-differences, implying that their method cannot be
readily applied. Therefore, I use my research design to first obtain causal effects at the individual level and then use
the random forest algorithm to characterize the heterogeneity in the effects. I then proceed to a more thorough analysis
guided by the patterns revealed.

41Appendix Figure A.16 plots a decision tree with the most important splits. It documents that the single most
important split is whether working more or less than 25 weeks in 1985.

42While workers receive pension and are eligible for old-age benefits from age 67, it is common to retire later and
some choose to retire earlier, e.g. at the time when their spouse reaches the statutory retirement age.
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the aggregate elasticity. The population of age 18-30 corresponds to about 22% of the population,
which pull up the average elasticity depicted with a solid horizontal line. In a similar fashion,
Figure 13b explores the heterogeneity in extensive-margin responses, plotting the employment
semi-elasticity by age. This figure highlights that the modest aggregate employment responses
reported in Section 5 mask an important heterogeneity. All of the employment responses are
driven by workers younger than 25 and older than 60, with the former group displaying a very
elastic employment behavior. For the prime-age population, the employment elasticity is zero.

Strong labor supply responses of the youngest and oldest cohorts highlight the importance
of labor-market attachment. In particular, the young cohorts, most of whom are out of the labor
force, part-time employed or at early stages in their careers, are likely to have more of their time
endowment available to be exchanged for more working time at the expense of leisure and other
activities. Indeed, the evidence presented in Figure 12 demonstrates the interplay between age
and working time, highlighting that age is less important on its own when interacted with weeks
worked pre reform.43 In addition, the fact that elasticities are larger for cohorts close to retire-
ment than the prime-age population rhymes with anecdotal evidence of some pensioners having
postponed retirement 1987 to earn tax-free income.44

7.3 Flexibility of Employment Arrangement

The canonical model of labor supply assumes that workers hold a single job on which they can
flexibly choose their hours of work.45 As a result, workers choose to work the number of hours
that maximizes their utility at the given wage. Since hours can be varied freely, workers are always
on their supply supply curve and preferences determine the hours response to wage changes.

A growing literature casts doubt on this assumption, proposing that workers face various ad-
justment frictions. Hours may be constrained by inflexibility in work schedules, e.g. working 9
to 5, worker’ ability to get remunerated for additional hours, or bound by other structural and
organizational frictions. As a result, empirical estimates of short-run labor supply elasticities will
be muted as actual hours cannot be easily adjusted to a new desired level in the event of a wage
change. In what follows, I study how such adjustment frictions influence heterogeneity in labor
supply responses.

Hours Constraints. Although the notion of hours constraints may be clear from a theoretical
standpoint, empirical measures, or even indicators, of the prevalence of such frictions are hard
to come by. Ideally, one would like to observe individuals’ employment contracts and compare
responses of workers who have latitude in deciding how many hours they work to workers locked

43As I document in Appendix Figure A.16, plotting a ‘tree’ with the most important splits in my random forest
prediction, being younger or older than 29 is the second most important split, following the split between working
more or less than 25 weeks in 1985. This age cut-off is well supported by Figure 13a.

44At the statutory retirement age of 67, individuals become eligible to receive old-age benefits, conditional on having
earnings below a certain threshold. According to records of the Social Insurance Administration, benefits were reduced
for a significant share of individuals due to receive benefits in 1988, as their 1987 income exceeded the income threshold.

45An equivalent interpretation is that workers freely choose between employers offering different hours and wage
packages.
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into a wage-hours bundle and working more hours on the given job is not feasible. As such
information is not available, I proxy for hours constraints by whether a certain worker holds a job
with a fixed monthly salary or is paid by the hour.

An institutional feature of the Icelandic labor market is that some workers have a fixed-salary
contract, receiving the same salary irrespective of the number of hours (including overtime) they
work. In most cases, these contracts specify the number of hours the employee is expected to work
each month at the minimum. Although fixed-salary contracts exist throughout the labor market,
they are more prevalent in some sectors and occupations than others.46 To identify groups where
such contacts are more prevalent, I employ an employer-employee dataset with comprehensive
information on wages and working hours.47 As these data only extend back to 1998, they cannot
be directly merged to my main dataset at the level of individuals or firms. Therefore, I measure
the average share of fixed-salary workers by occupation over a ten-year period and assign these
shares to workers in my main data based on their occupation. Since these data exclude the public
sector and some industries in the private sector, this measure cannot be computed for all occu-
pations. I measure “flexibility of remuneration structure”, or “hours flexibility” for short, with
1- fixed-salary share. Occupations with the least hours flexibility according to this measure are
professionals (e.g. engineers) in the construction sector (42%) and managers in the construction
sector (37%), while those with most flexibility are elementary workers in construction (0.05%) and
manufacturing (0.2%).

Figure 14a plots earnings elasticity by occupation against hours flexibility of occupation. Em-
ploying the life-cycle DD design, I estimate the occupation-level elasticity after conducting the
matching procedure described in Section 5.1 within the set of workers employed in each occupa-
tion pre-reform. This enables me to compare elasticities across occupations without the difference
being driven by compositional differences in characteristics such as age, gender and family char-
acteristics, which I establish to be an importance source of heterogeneity. The size of the dots on
the graph is proportional to the number of workers employed in the occupation.

The figure depicts a positive and statistically significant relation, implying that workers in oc-
cupations with more hours flexibility have larger elasticities. Interestingly, however, the figure also
documents a sizable elasticity for workers in many of the occupations for whom hours constraints
are likely to be binding. This difference is further tested in Table 9, which contrasts workers in
high vs. low hours-flexibility occupations. The table documents that while the earnings elasticity
is higher in the flexible occupations, the elasticity of weeks worked is higher in those with less
flexible hours. This contrast highlights a difference in the nature of responses across these groups.
Workers in occupations that are paid by the hour and have more latitude in adjusting their hours
respond along margins which are to a lesser extent captured by my measure of working time (full-

46For discussion, see e.g. Statistics Iceland’s Statistical Series, “Earnings in the private sector by occupational group”,
various issues.

47In the data, I observe e.g. wage rates, regular working hours, overtime etc. Working hours for salaried workers are
contractual hours of workers but actual hours worked for the hourly paid. For details, see Sigurdsson and Sigurdard-
ottir (2016).
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time weeks), such as overtime, whereas those with fixed hours-wage contracts are more likely to
convert vacation to working time and take a secondary job, a topic to which I will return.

As this measure of hours constraints can only be computed for a subset of my sample, I con-
struct another measure based on actual pre-reform working time. I define workers to be hours
constrained in their primary job if they are recorded working exactly 52 weeks in that job in the
prior year. This measure is likely to capture similar features as the measure defined above. In-
deed, the cross-sectional correlation between the two measures is high (0.7). Presented in Table 9,
workers that are constrained according to this measure are less responsive than those with more
room for adjustment.

Temporal Flexibility. Jobs appear to vary greatly in the temporal flexibility they offer. Recently,
Goldin and Katz (2016) exemplify pharmacists as an occupation with high temporal flexibility.
In particular, a characteristic feature of this occupation is that a large share of pharmacists work
part-time at some point in their career.48 In addition, there is high substitutability between work-
ers, which simplifies transitions between part-time and full-time employment. As a result, there
is a substantial dispersion in working time within the occupation of pharmacists. Building on the
idea that underlies this example, I construct a measure of temporal flexibility based on the disper-
sion in working time within occupations. More precisely, I measure temporal flexibility with the
coefficient of variation (CV) in working time within occupations:
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where Wiot is the number of weeks worked by individual i in occupation o in year t, Not are the
number of jobs in occupation o in year t, and µot, σot are, respectively, the average and standard
deviation of weeks worked in occupation o in year t. I calculate CV pWotq for three years prior to
the tax-free year and use the average in my analysis (Appendix Figure A.17 plots its distribution).

How should this metric be interpreted? If there is much dispersion in working time within an
occupation, e.g. many workers have part-time jobs while others work full-time, it is characterized
by high temporal flexibility. However, if dispersion is low, e.g. if the occupation only allows for
full-time employment, the occupation has low temporal flexibility. In other words, occupations
with a higher temporal flexibility are those that offer a broader menu in terms of employment
arrangement. According to this measure, occupations with the most temporal flexibility are ele-
mentary workers in the service sector (e.g. restaurant workers), workers in cleaning and related
activities, and elementary workers in agriculture. The least flexible occupations are managers in
construction and manufacturing, and blue-collar workers employed by the U.S. Navy.49

Figure 14b plots earnings elasticity by occupation against temporal flexibility of the occupa-

48Recent research suggests that workers in greater need of flexibility, such as women with young children, put more
value on flexible jobs and choose them more actively (Mas and Pallais, 2017).

49These are workers employed at the U.S. Naval Air Station Keflavik (NASKEF). The army base was built during
World War II by the United States Army and closed in 2006.
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tion. As in 14a, elasticities are computed at the occupation level and the size of the dots is relative
to the number of workers in each occupation. The figure documents an upward slope: workers
in the most flexible occupations have substantially higher elasticities than those in the most rigid
occupations. Moreover, as in the case of the hours-constraints measure, Table 9 finds that while
the earnings elasticity is larger among workers in more temporally flexible jobs, workers in more
rigid jobs still display sizable labor supply responses.50

Small vs. Large Firms. Figure 14c plots labor supply elasticity by firm size, applying the same
methodology as above for occupation groups. Matching within firm-size groups provides compa-
rable estimates across groups that are not driven by compositional differences in other characteris-
tics. The figure documents a clear downward slope, illustrating larger elasticities among workers
in smaller firms. Table 9, contrasting small and large firms, confirms this finding and in addition
reports a larger semi-elasticity of weeks among workers in small vs. large firms.

Ex ante, it is unclear how firm size influences workers’ ability to adjust labor supply. If jobs
require cooperation between workers, coordination of hours becomes a key constraint. For exam-
ple, if workers are complements (e.g. work on an assembly line), more work may not be feasible
unless complemented by more input from coworkers. Alternatively, if workers are substitutes,
all workers in the firm cannot adjust their hours at the same time.51 There are several reasons
why such coordination costs may relate to firm size. First, the cost of coordinating a group of
complementary workers within a firm is likely to increase with firm size (Becker and Murphy,
1992). Second, research within management science indicates that firm size is negatively related
to operational and structural flexibility (Macdonald, 1995; Van der Weerdt et al., 2006). Third, as
documented in Davis et al. (1998), reallocation rates decline sharply by firm size, which may im-
ply more work reorganization in general and possibly more opportunities for work adjustment.
The pattern depicted in Figure 14c lends support to the hypothesis that reorganization costs and
frictions may be less severe in smaller than large firms, as well as there possibly being a greater
cooperation and coordination of responses.

50I have studied heterogeneity in labor supply responses across sectors and occupations by other factors that may
influence workers’ ability to adjust their work in the tax-free year. First, I estimate responses by sectors and study
differences by capital intensity. One might expect that labor supply adjustment is more difficult for workers employed
in capital intensive sectors and sectors where capital-labor complementarity is high. I find evidence supporting this
hypothesis, although the differences are not very pronounced. Second, I study differences in labor supply responses
across occupation by their “Routine Task Intensity” (RTI), a measure developed by Autor et al. (2003) and Autor et al.
(2006), which I merge to my data using the mapping to International Standard Occupation Classification (ISCO) in
Goos et al. (2014). It is not clear ex ante how job routineness correlates with labor supply responses. Workers in less
routine jobs might have more flexibility choosing their working time, but accumulating more time on work, such as by
working more shifts, might be easier in routine jobs. I find that workers in high RTI jobs have larger elasticities than
those in low RTI jobs, although the differences are much smaller than by measures of flexibility in working time.

51While still in its infancy, recent literature illustrates that within-firm coordination in hours is an important friction
and may attenuate labor supply responses (Labanca and Pozzoli, 2018; Battisti et al., 2016). Relatedly, Chetty et al.
(2011) illustrate that coordinated behavior can be a way to overcome frictions at the individual level.
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7.4 Overcoming Adjustment Frictions: Multiple Jobs and Job Changes

The previous section documented an important heterogeneities in labor supply responses by tem-
poral flexibility and flexibility in remuneration structure. Interestingly, however, I find significant
responses even for those workers most likely to be constrained. How are they able to overcome
frictions?

Secondary jobs and primary-job changes. While hours may be rigid within jobs, they may be
flexible across jobs. As a result, constrained workers may choose to change jobs to adjust their
labor supply to a new desired level. Although job changes may be an operating margin long-term
adjustment, it is likely to be too costly a margin for temporary adjustment. Alternatively, therefore,
workers may choose to take up secondary jobs – i.e. to moonlight – as a way of overcoming hours
constraints.52

I exploit an unusual detail of my data, where I separately observe all jobs that workers hold,
to study multiple-job holding (moonlighting) and primary-job changes as possible margins of ad-
justment. In Figure 15 I report estimates of the effect of the tax-free year on secondary-job holding
and primary-job change. Primary jobs are defined as the job where the worker earns the highest
income. Since my data include unique identifiers of firms, I can track each job over time and define
primary-job change as an event where either the worker leaves his primary job to take up another
job or if a previous secondary-job becomes his primary job. Secondary-job holding is defined as
working at least one week in a job other than the primary job.

Panel 15b reports a semi-elasticity of secondary-job holding of 0.052. This result, when com-
pared to the average propensity of 0.297, implies strong responses along this margin. In Panel
15c I present the effect on primary-job change, reporting a negative semi-elasticity of 0.048. This
result is both interesting and intuitive. As the tax-free year generated only a temporary incentive,
most workers are unlikely to make costly decisions such as changing primary jobs. Moreover, if
searching for and taking up new jobs is costly in terms of forgone working time, workers are likely
to temporarily postpone otherwise planned job changes.

A simple model with hours constraints in a primary job would imply that multiple-job hold-
ing and job changes are more operative margins for constrained workers.53 To test that prediction,
Figure 15 separates the estimates by whether workers are constrained in their primary job, which
as before is measured as working 52 weeks in the primary job in the previous year. As documented
by the figure, I find that the effect on secondary-job holding is driven entirely by constrained work-
ers. Similarly, the figure reports a decreased propensity of primary job change among constrained
workers, whereas, if anything, it increased among those that were unconstrained.54

52For early literature on moonlighting, see, e.g. Perlman (1966); Shishko and Rostker (1976); O’Connell (1979); Krish-
nan (1990); Paxson and Sicherman (1996). Interestingly, and related to my results in Section 7.5, Krishnan (1990) finds
that husbands’ decisions to moonlight are a substitute to wives’ earnings.

53In a recent study Tazhitdinova (2017) exploits a German tax reform to show that the take-up of secondary jobs is
likely to be driven by hours constraints.

54I have also explored the heterogeneous responses along these margins by workers by flexibility of jobs, finding
similar results.
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Decomposition. In order to evaluate the aggregate implications of these margins, I evaluate how
much weight secondary jobs and job changes carry in explaining the overall labor supply re-
sponse. To answer this question, I decompose the total labor supply effect into the contributions
from continuing primary jobs, new primary jobs and secondary jobs. Total labor supply, ET ,
measured either in level of real labor earnings or weeks worked, can be written in terms of its
subcomponents as

ET “ Ep ` Es (9)

ET “ ECont
p ` γ ¨ pENew

p ´ ECont
p q ` Es

where ECont
p is a continuing primary job, γ is the propensity of primary-job change and Es are

secondary jobs. The total effect of the tax reform (dτ ) can then be decomposed as follows

dET “ dEContp
loomoon
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` γ ¨ pdENew
p ´ dECont

p q ` dγ ¨ pENew
p ´ ECont

p q
looooooooooooooooooooooooooooomooooooooooooooooooooooooooooon

Primary job change

` dEs
loomoon

Secondary jobs

(10)

Each of the components of equation (10) can be estimated separately using the DD framework
in equation (2). Figure 15a reports the results from the decomposition. I find that 93% of the
total earnings effect stem from increased earnings on continuing primary jobs and earnings on
secondary jobs amount to 6.8% of the total, arising from both new secondary-jobs and more work
on existing jobs. Of the additional weeks worked, 34% of the responses are created by more time
on secondary jobs while the remainder arises from increased working time in continuing primary
jobs. Primary-job changes account for only 0.2% of the effect on labor earnings and contribute neg-
atively to the change in weeks worked, which is consistent with a search cost in terms of foregone
working time. As equation (10) highlights, the contribution from job changes is a result of two
opposing forces. First, as documented above, I find a decreased propensity of job change during
the tax-free year. Second, those workers that do change jobs, however, increase their labor sup-
ply, possibly being able to overcome hours constraints in the previous job. As the decomposition
highlights, these two effects almost exactly cancel.

7.5 Family Ties and Coordination

Changes in take home pay, whether experienced by one or more members of a family, are likely
to result in coordinated family responses. Interdependencies in spousal labor supply may run
through at least three channels. First, as we expect couples to enjoy spending time together, they
will coordinate their working time. That is, there is a complementarity in their leisure-time allo-
cation, implying that a change in working time of one spouse will induce a same-sign response of
the other. Second, in the spirit of Becker (1965), husbands and wives may engage in a shared effort
of home production. As a result, if spouses are substitutes in home production, an increase in the
take-home pay of one spouse, with a consequent increase in labor supply, will reduce the hours
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worked by the other.55 Third, in addition to these indirect effects, there may also be a direct income
effect if the spouse’s earnings are allocated to consumption which is public in the household.

I present a stylized model of collective labor supply in Appendix G, arriving at two predictions.
First, within couples engaging in home production, individuals’ own-elasticity of labor supply is
stronger the more specialized they are in home production and the more important their labor
input is in process. This is because time allocated to home production is a closer substitute to
time in market work than leisure. Second, cross-elasticities of labor supply are stronger the more
time the individual spends on home production but falling in his input elasticity. In other words,
in households where both spouses take part in home production but wives play the leading role,
their own-wage elasticity will be larger than that of their husbands. As chores are likely to be
influenced by the presence and number of children, with child care being a primary example of
home production, mothers of more children are likely to have larger elasticities than women with
fewer or no children. However, the cross-elasticity may be stronger (more negative) for married
men than women if relatively more time-input is needed from them to substitute for their wives’
time. I study how these mechanisms affected labor supply responses to the tax-free year.

Own-elasticities by family status. Figure 16 plots the elasticity of earned income by marital sta-
tus and number of children. These are obtained using the life-cycle DD research design, which is
important as patterns are likely to be shaped by responses of individuals working part-time or out
of the labor force, such as married women with children. In the left-hand panel, Figure 16 docu-
ments that single men and women are very intertemporally elastic. Moreover, and interestingly, I
find no statistical gender difference between single men and women, neither parents or childless
singles.

In the right-hand panel, Figure 16 plots elasticities for married and cohabiting individuals. By
contrast, this figure shows a clear pattern. First, married men have a consistently lower elasticity
than both their single counterparts and married women. Second, the elasticity among married
women is steeply rising in the number of children, with mothers of four or more children having
the largest elasticity estimate. Both the fact that married women have larger elasticities than their
husbands and that elasticities are larger for mothers of more children are consistent with the pre-
dictions of my stylized model. If wives contribute a larger share of their time to home production,
which is more time consuming in the presence of (more) children, we expect a larger elasticity for
them than for their husbands.

Cross-elasticities of Married Couples How do spouses coordinate their labor supply responses?
In order to answer this question, I estimate cross-elasticities for married men and women. That
is, I estimate how individuals respond to changes in their spouses’ marginal tax rate and, by ex-
tension, their labor supply. As income taxes in Iceland are collected at the individual level, an

55Several studies have argued that home production influences labor supply over the life-cycle (Rupert, Rogerson,
and Wright, 1995, 2000) and over the business cycle (Benhabib, Rogerson, and Wright, 1991), implying that it may be
an important factor in explaining the macro-micro discrepancy on the size of the Frisch elasticity. However, empirical
evidence on spousal interdependencies in intertemporal labor supply remains very scarce.
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individual’s marginal tax rate depends on his own earned income, but not that of his spouse.56

This implies that the tax-free year generated different changes in the tax rates of husbands and
wives. Since these differences vary across households, cross-elasticities can be identified. I esti-
mate cross-elasticities using the following modification of equation (2):

yit “ bracketi,t´1` δt` ε
own ¨ logp1´ τitq` bracket

spouse
i,t´1 ` εcross ¨ logp1´ τ spouseit q`X 1

itγ` νit (11)

where the two endogenous variables, individual’s and spouse’s net-of-tax rate are instrumented
with an interaction between indicators of treatment status and a tax-free year for the individual
and his spouse separately. The coefficient εcross identifies the cross-elasticity.

Figure 16 plots cross-elasticities for married men and women by the number of children. For
men, the cross-elasticity is negative and on average larger (in absolute value) for fathers than for
childless husbands. In clear contrast, women’s cross-elasticities are close to, and not statistically
different from, zero. I study this pattern further in Table 10. In Column (1), the upper panel
reports a cross-elasticity of -0.172 for husbands, while the lower panel reports a small, positive
but insignificant cross-elasticity for wives. The cross-elasticities are identified under the exclusion
restriction that the spouse’s tax rate only affects individuals’ labor supply via their spouses’ la-
bor supply. The estimates may, however, be influenced by income effects resulting from higher
household income due to the spouse’s response. I gauge this in Column (2) by including spouse’s
income as an additional regressor.57 As expected, the coefficient on spouse’s income is negative
for men, indicating a small income effect from spousal labor supply. The cross-elasticity estimate
remains around a similar size and level of statistical significance as before. For women, the co-
efficient on spousal earnings is positive, and the cross-elasticity is still statistically insignificant.
In Columns (3)-(6), I evaluate how the coordination revealed by the cross-elasticities depends on
indicators of home-production activity. First, I find the cross-elasticity for fathers with young chil-
dren (0-6 year olds) to be almost twice as large as the estimate for other men. Second, the cross
elasticity is large and negative for men younger than 60, while not significant for older men.58

The unitary model of household labor supply, which models spouses as a single decision-
making unit, makes strong predictions about cross-elasticities (Becker, 1973, 1976). More precisely,
it predicts that the Slutsky matrix should be symmetric: the cross-elasticities for husbands and
wives should be equal (Chiappori and Mazzocco, 2017). This prediction in rejected in my setting.
Furthermore, my findings indicate that coordinated responses arise from substitution in tasks and
chores within the household. Married women with children respond strongly to a temporary tax-
cut. As non-working time is spent at least partly on home production, increased market work
must be met either by increased market-produced consumption or through an increased input

56This is different from the tax system in place in many countries, including the US, where married couples are taxed
on their joint income and couples therefore face the same marginal tax rate.

57I use the inverse hyperbolic sine function of spouse’s income, instead of the logarithm, in order to account for the
possibility of non-earning spouses.

58These results confirm the results of Aguiar et al. (2013) for the US, finding evidence of a strong substitutability
between market work and home work over the business cycle, and more strongly for married workers than singles.
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from the spouse. My results show that while men work less in responses to their wives’ incentive
to work more, the reverse is not true.59

An extensive literature has studied gender differences in labor supply, and frequently finds
larger elasticities for women than for men (McClelland and Mok, 2012; Blundell and MaCurdy,
1999). The evidence presented in Figures 16 and A.18 and Table 10 sheds an interesting light on
the gender differences in Frisch elasicities and the mechanisms underlying this heterogeneity. The
results indicate that these differences are not inherent to gender differences per se, as displayed by
equal elasticity estimated for single men and women, but rather to the presence of children and
specialization within the household. Since time allocated to home production is a closer substitute
to market work than pure leisure, spouses spending relatively more time on home duties, who
traditionally are women, will respond relatively more strongly to changes in take-home pay.

Implications of adjustment frictions for household coordination. Two features are likely to play
a role in explaining the large responses of mothers. First, there may be equilibrium effects arising
from the tax-free year: mothers and fathers that want to work more are likely to have an easier time
finding child care services, provided by individuals who themselves want to work more. Second,
adjustment frictions make it harder for full-time employed primary earners to adjust their labor
supply relative to secondary earners, who may work less market-hours but more hours at home.

I evaluate the latter in two ways. First, I estimate cross-elasticities by whether workers are
constrained in their primary job, indicated by working 52 weeks in their primary job prior to
the reform. As reported in Columns (7) and (8) of Table 10, the cross-elasticity for constrained
husbands is more than twice as large as for those that are not constrained in their primary job, for
whom it is only marginally significant.

Second, I study labor supply responses for married couples by employment status. I sepa-
rate individuals into four groups, based on the combination of their own and their spouses’ em-
ployment status and estimate both own and cross-elasticities separately for men and women.60 I
present the results in Appendix Figure A.18. The figure documents two informative patters. First,
the figure shows that when both partners are full-time employed, men’s cross-elasticity is nega-
tive and large, counteracting a large own-elasticity. Women’s cross-elasticity is, however, positive.
When both spouses work full-time, there is less room for substitutability. But if full-time employed
men contribute less to home production than their full-time employed wives, who now wish to
work more hours, they must allocate some time to home work. Second, the figure shows that irre-
spective of gender, full-time employed individuals with part-time employed spouses have nega-

59In general, whether the labor supply of husbands and wives are complements or substitutes remains an open ques-
tion. Studies on the ‘added worker’ effect have found evidence of substitutability in spousal labor supply in response
to job loss (Lundberg, 1985; Cullen and Gruber, 2000; Stephens, 2002) and non-recipiency of disability benefits (Autor
et al., 2017). Other studies have found evidence of complementarity in retirement decisions (Blau, 1998; Gustman and
Steinmeier, 2000) and in labor supply responses to permanent tax reforms (Gelber, 2014; Goux et al., 2014). Recent struc-
tural work of Blundell et al. (forthcoming) finds that the presence of children is important in explaining heterogeneity
in labor supply and in shaping cross-responses of spouses.

60I classify workers as being full-time employed in the previous year if they worked 46 weeks or more, but part-time
otherwise. Alternative definitions of full-time, such as working more than 40 weeks, or 50 weeks, yield similar results.
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tive cross-elasticities. This pattern indicates substitutability in home production, where the spouse
specializing in market work allocates more hours to home duties in response to the spouse’s tax
cut and subsequent increase in working hours.61

8 Conclusion

Understanding how labor supply responds to changes in incentives has been a long-standing
research program in micro- and macroeconomics. Exploiting a tax-free year in Iceland as a natural
experiment, I find that people respond strongly to a temporary but large and salient change in pay.
Using detailed microdata, I study the key mechanisms behind these responses, finding that both
labor-market structure and family structure are important determinants of aggregate employment
responses to temporary shocks. My results strongly indicate that labor supply responses cannot
be boiled down to a single number and average elasticities cannot be interpreted as estimates of a
deep structural parameter. But my results also indicate that voluntary changes in work constitute
a key mechanism in the transmission of aggregate shocks. Hence, understanding business cycles
and improving policies requires us to know which individuals are most responsive to changes in
pay and how they respond.

Two important questions have been left out of the paper. First, large temporary shocks may
have permanent effects. For example, decisions to increase working time or enter the labor mar-
ket in response to a temporary incentive may be ‘sticky’ and generate permanent effects. Second,
strong labor supply responses resulted in a predictable and large increase in income. Studying
how increased labor supply affected consumption and savings may provide valuable informa-
tion for understanding business cycles and transmission of policies. I aim at studying both these
questions in the near future.

Recent and ongoing changes in the US and European labor markets put my results into per-
spective. Employment arrangements are changing rapidly through more flexible scheduling,
working from home, and part-time work (Katz and Krueger, 2016), as well as through fragmen-
tation of workplaces and the rise of secondary-jobs held in the “gig" economy. This means that
conventional models and estimates of elasticities within a primary jobs become less and less accu-
rate descriptions of labor supply responses to shocks. Another related and pressing issue, where
the forces of labor supply play an important role, is the labor-displacing effects of automation. In
analyzing these effects and evaluating how advances in robotics technology may reduce employ-
ment and wages, the size of the Frisch elasticity is a key measure (Acemoglu and Restrepo, 2017).
These changes highlight the importance of studying many new aspects of labor supply.

61These finding are consistent with previous evidence finding that as women earn more, they do relatively less
housework whereas their husbands do more (Bittman et al., 2003). However, as document by Bertrand, Kamenica, and
Pan (2015), this pattern is more complex, as women’s relative housework burden begins to increase with their income
when they earn more than their husbands.
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Figure 4: Number of Printed Newspapers Mentioning Withholding-Tax
Notes: The figure plots in blue dots the number of printed newspapers mentioning a withholding-based pay-
as-you-earn tax system per month during the period January 1980 to December 1988. Appendix B provides
a detailed time-line of events. The keywords searched for were “Staðgreiðsla skatta” and “Staðgreiðslukerfi
skatta”. In red squares I plot a similar count of newspapers mentioning a flat tax system, which was adopted
in 1988. The keywords searched for were “eitt skatthlutfall”,“eitt skattþrep” and “flatur skattur”. The count
is based on searches in the Icelandic newspaper database Tímarit.is in the six main newspapers (Alþýðublaðið,
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month is about 145 on average.
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the average across municipalities. Small lump-sum and flat income taxes, such as health insurance contribu-
tion, cemetery charge, church tax and contribution to the construction fund for the elderly, are excluded in the
graph.
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(b) Tax-bracket thresholds in percentiles of income

Notes: The figure shows the evolution of tax-bracket thresholds, set in nominal values and updated regularly
by the Icelandic Parliament to account to changes in prices and wages. The thresholds are presented as the
percentile of the taxable income distribution each year. Calculations assume that workers deduct the statutory
minimum of 10% from their national-level income tax base each year. For more details on the Icelandic tax
system and tax deductions, see Appendix A.

Figure 5: Marginal tax rates and tax-bracket thresholds
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(b) Reduced Form: Total Weeks Worked

Figure 6: Dynamic Difference-in-Difference — Placebo Tests
Notes: The figures present estimates from a dynamic DD version of equation (1), estimated in the following
regression

yit “ bracketi,t´1 ` δt ` ηt ¨Bi,t´1 ˆ δt `X 1
itγ ` µit,

where the outcome variable in panel (a) is log labor earnings and in (b) total weeks worked. They plot the
coefficients ηt, where Bi,t´1 ˆ δt“1986 is normalized to zero. Standard errors are clustered at the individual
level and the vertical bars plot the 95%-confidence intervals. Figures A.4, A.5 and A.6 in the Appendix provide
a graphical presentation of the reduced form evidence and the first stage.
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Figure 7: Earnings effects across the earnings growth distribution
Notes: The figure investigates the effect of the tax-free year on the earnings growth distribution. It plots
the coefficient estimates from equation (1), where the dependent variable is an indicator for a year-on-year
growth of labor earnings being within a certain range, e.g. between 0% and 10%. Coefficients on negative
labor earnings growth are colored in red and positive growth in blue. Standard errors are clustered at the
individual level and the vertical bars plot the 95%-confidence intervals.
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Figure 8: Graphical Evidence: Life-Cycle Difference-in-Difference Research Design
Notes: The figure shows the evolution of marginal tax rates, weeks worked and labor earnings for birth cohorts born in
1940, 1939 and 1938. In (a) I plot the average marginal tax rate, in (b) the average weeks worked, in (c) the average labor
earnings in real terms, normalized to 100 in 1986, and in (d) the average difference in log real labor earnings relative
to the cohort borne one year earlier, which detrends the series plotted in panel (c). Each graph is based on a matched
sample based on the procedure described in the main text in Section 5.1. The vertical bars plot the 95%-confidence
intervals.
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Figure 9: Summary of Frisch Elasticity Estimates
Notes: The figure summarizes estimates of intensive and extensive margin Frisch elasticities using different research de-
signs. The cells reporting estimates of intensive and extensive margin elasticities based on tax-bracket DD are estimates
from Tables 2 and 4, respectively. I interpret the earnings elasticity as an intensive margin as the sample is restricted
to workers in the labor force prior to the reform and I find no extensive margin responses. Estimates of the extensive
margin elasticity based on life-cycle DD are from Table 7. The earnings elasticity using the life-cycle DD, reported in
Table 5, combines both intensive and extensive margin responses. Estimates of the intensive margin elasticity using
the life-cycle DD are based on the same restricted sample as used applying the tax-bracket DD. Results are reported in
Appendix Table A.23. The triple-difference estimate uses the same sample and therefore corresponds to intensive mar-
gin elasticity. The equilibrium effect is the difference between the life-cycle DD and triple-difference intensive-margin
estimates p0.529´ 0.431q.
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Notes: The figure plots estimates of intensive margin Frisch elasticity by subgroup or population studied. Point estimates
refer to authors’ main, representative, or preferred specification. 95% confidence intervals are either based on reported
standard errors or computed using the delta method, and are censored at 1.5 and -0.10 for visual purposes. My estimates
are in orange and circled. Labels are as follows.“MMS 18”: Martinez, Saez, and Siegenthaler (2018), “LS 06”: Looney and
Singhal (2006), “Saez 03”: Saez (2003), , “BGZ 01”: Bianchi, Gudmundsson, and Zoega (2001) “French 04”: French (2004b),
“Pistaferri 03”: Pistaferri (2003), “HR 02”: Ham and Reilly (2002), “Lee 01”: Lee (2001), “Angrist 01”: Angrist (1991), “AM
90”: Altug and Miller (1990), “Altonji 86a” and “Altonji 86b”: Altonji (1986), “BDI 85”: Browning, Deaton, and Irish (1985),
“MaCurdy 81”: MaCurdy (1981), “ACH 17”: Angrist, Caldwell, and Hall (2017), “GMV 17”: Giné, Martinez-Bravo, and
Vidal-Fernández (2017), “Saia 17”: Saia (2017), “Goldberg 16”: Goldberg (2016), “Farber 15”:Farber (2015), “Stafford 15”:
Stafford (2015), “FG 07”: Fehr and Goette (2007), “Oettinger 99”: Oettinger (1999). Estimates in MaCurdy (1981) of 6.25, as
reported in Keane (2011), and negative elasticities in Camerer, Babcock, Loewenstein, and Thaler (1997), are excluded for
visual purposes.
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Notes: The figure plots estimates of extensive margin Frisch elasticity by subgroup or population studied. Point estimates
refer to authors’ main, representative, or preferred specification. 95% confidence intervals are either based on reported stan-
dard errors or computed using the delta method. My estimates are in orange and circled. Labels are as follows.“Carrington
96”: Carrington (1996), “MMS 18”: Martinez, Saez, and Siegenthaler (2018), “MW 16”: Manoli and Weber (2016), “Brown
13”: Brown (2013), “GW 99”: Gruber and Wise (1999).

Figure 10: Summary of Frisch elasticity estimates
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Figure 11: Implied Hicksian-, Marshallian- and Intertemporal Substitution Elasticity (IES)
Notes: The figure reports values of the Hicksian elasticity, Marshallian elasticity and Intertemporal Elasticity of Substi-
tution consistent with my estimate of intensive-margin Frisch elasticity of 0.374, based on equations (6) and (7). The
calculations assume the marginal propensity to earn (MPE) out of wealth, εA, to be 0.11, which is based on estimates
from Cesarini et al. (2017) for lottery winners (see the main text for discussion). The ratio of wealth to labor income,
A
wh

, of 2.59 is the median ratio in 1986, calculated based on individual tax records. The vertical line “Mean” marks
the average estimate of 2,735 estimates of the EIS reported in 169 empirical studies summarized in a meta-analysis in
Havránek (2015). Vertical line “Top 5” marks the average estimate across 33 studies published in the top five general
interest journals.
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Figure 12: Feature Importance in Explaining Variation in Elasticities
Notes: The figure plots the relative contribution of each feature in predicting labor supply elasticity. This is measured by
first estimating labor supply elasticity at the individual level using the life-cycle DD design, matching each individual to
a counterfactual constructed from all individuals with the exact same set of characteristics. Then I predict labor supply
elasticity using the available set of characteristics using the random forest algorithm. The importance of each feature is
then measured with the gain in prediction achieved over all trees through splits using a given feature. The total gain
is normalized to 1, giving the relative importance of each characteristic in each model. R2 is calculated through cross-
validation, where model predictions using the training data are compared to actual values. All employment and job
characteristics are pre-reform values as of 1986, except weeks which bundles the prediction gain using weeks worked in
the three pre-reform years. This measure (weeks) serves as my measure of labor-market attachment.
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(a) Elasticity of labor earnings
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(b) Employment semi-elasticity (extensive margin)

Figure 13: Labor supply elasticity by age
Notes: Panel (a) plots the elasticity of labor earnings for each cohort of age 18-68 in 1987. Each point in the graph is a
separate estimate from equation (4), where the dependent variable is the logarithm of labor earnings and the treatment
group is of the age denoted on the x-axis in 1987. Panel (b) plots employment semi-elasticity for each cohort estimated in
separate regressions according to equation (4), where the dependent variable is an employment indicator. The vertical
bars plot the 95%-confidence intervals. The horizontal line plots the average elasticity, as reported in Tables 5 and 7.
The shaded area (bars) is the population distribution, where each bar corresponds to the fraction of the working-age
population (in %).
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Figure 14: How important are adjustment frictions in shaping labor supply elasticities?

Notes: Each panel plots labor earnings elasticity estimates by groups against a measure of adjustment frictions. In Panel
(a), “flexibility of remuneration structure” is measured as one minus the occupation-share of workers with fixed salary
contracts. In Panel (b), “temporal flexibility” is measured with the coefficient of variation in weeks worked, i.e. the
occupation-level dispersion in working time. Elasticities are estimated using the life-cycle DD design, after conducting
the matching procedure described in Section 5.1 within the set of workers employed in each group pre-reform. This
enables me to compare elasticities across occupations without the difference being driven by compositional differences
in other characteristics. The size of the dots on the graphs is proportional to the number of workers in each group.
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outcome and the numbers presented are the contribution of each component to the total effect.
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Figure 15: Secondary-job holding and primary-job change
Notes: The dependent variable in Panel (a) is an indicator that equals one if holding a secondary job, measured by
working at least one week on a job other than the primary job within the year, but zero otherwise. The pre-reform mean
of this dependent variable is 0.297. The dependent variable in Panel (b) is an indicator that equals one if the primary
job is different from the primary job in the previous year, but zero otherwise. The pre-reform mean of this dependent
variable is 0.232. “Constrained in primary job” is an indicator that equals one if working 52 weeks in the primary job
in the prior year, but zero otherwise. The figure presents results from 2SLS estimation of equation (2), where the
net-of-tax rate is instrumented with an interaction between indicators of treatment status and tax-free year. Separate
semi-elasticities for those constrained and unconstrained in primary jobs are obtained by interacting the net-of-tax rate
and the instrument in equation (2) with the indicator for being constrained. Controls are gender, age, education, marital
status, whether living in the capital area or not, are number of children at age 0-18. The figure shows 95% confidence
intervals based on robust standard errors clustered by individual.
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Figure 16: Elasticity of Labor Earnings by Number of Children and Marital Status
Notes: The figure presents estimates of own-elasticities (in circles) and cross-elasticities (in crosses) for men and women
depending on marital status and number of children. Marital status and number of children are defined as of the
previous year. Own-elasticities are estimated using a 2SLS estimation of equation (4), where the dependent variable
is log labor earnings. Regressions include match-strata fixed effects, which refer to group fixed effects, where each
group is a cell used in coarsened exact matching on age, gender and pre-treatment marital status, number of children,
education, location indicator and percentile of income. Cross-elasticities are estimated using a 2SLS estimation of the
following modification of equation (2):

yit “ bracketi,t´1 ` δt ` ε
own

¨ logp1´ τitq ` bracket
spouse
i,t´1 ` εcross ¨ logp1´ τspouseit q `X 1

itγ ` νit

where the dependent variable is the logarithm of the individual’s labor earnings and the two endogenous variables,
the individual’s log net-of-tax rate and his spouse log net-of-tax rate, are instrumented with an interaction between
indicators of treatment status and tax-free year for the individual and his spouse separately. The coefficient εcross

identifies the cross-elasticity. Estimates by subgroups are obtained by interacting group indicators with the log of the
net-of-tax rate of the individual and his spouse as well as the respective instrumental variables. Regressions control for
gender, age, education, marital status, and whether living in the capital area or not. The figure shows 95% confidence
intervals based on clustered robust standard errors.
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Table 1: Summary Statistics for the Icelandic Working-Age Population and Subsamples in 1986
Population Working population Self employed

(1) (2) (3)
Demographics
Age 37.67 36.97 42.80
Female (%) 46.33 47.31 15.18
Married (%) 57.45 57.51 70.70
Number of Children 0.76 0.78 1.01
Capital Area (%) 56.45 55.50 43.94
Junior College (%) 35.86 36.94 42.23
University degree (%) 9.71 9.79 13.34

Income and Working Time
Wage Earnings ($) 10,807 11,728 13,888
Capital Income ($) 91 86 121
Other Income ($) 477 357 341
Weeks Worked (all jobs) 37.96 41.20 58.43

Tax Rates and Brackets
Marginal Tax Rate (in %) 17.82 19.00 23.34
Average Tax Rate (in %) 10.21 10.89 13.84
Municipal Tax Rate (in %) 10.27 10.27 10.26

Number of individuals 162,804 150,013 18,220

Notes: Table entries are means for the group defined in the column header. Column 1 includes the
population of all tax filers of age 16-70. Column 2 includes individuals with non-zero labor earnings.
Column 3 includes the subpopulation working in self-employment, either as the primary or sec-
ondary job. Number of children are children of age 0-18. Capital area is the share living in Reykjavik
and the surrounding area. Monetary values are in real 1981 US dollars. Capital income is taxable
capital income.

63



Table 2: Tax-Bracket DD: Effect of a Tax-Free Year on Labor Earnings
(1) (2) (3)

2SLS DD estimate ( d log y
d logp1´τq ) 0.374*** 0.330*** 0.401***

(0.024) (0.024) (0.032)

Reduced form estimate pd log yq 0.077*** 0.069*** 0.077***
(0.005) (0.005) (0.006)

First stage estimate pd logp1´ τqq 0.207*** 0.208*** 0.193***
(0.001) (0.001) (0.001)

Controls Yes Yes Yes
Occupation Fixed Effects No Yes No
Sector Fixed Effects No Yes No
Matching No No Yes
Observations 526,955 526,955 526,458

Notes: The table presents results from difference-in-differences (DD) regressions,
where each row and column entry corresponds to one regression estimate. The top
row presents results from a 2SLS estimation of equation (2), where the dependent
variable is the logarithm of labor earnings and the net-of-tax rate is instrumented
with an interaction between indicators of treatment status and tax-free year. The
middle row presents results from a reduced-form DD estimation of equation (1),
where the outcome variable is the logarithm of labor earnings. The bottom row
presents results from a first-stage DD estimation of equation (1), where the outcome
variable is the logarithm of one minus the marginal tax rate. Controls are gender,
age, education, marital status, whether living in the capital area or not, and num-
ber of children at age 0-18. Occupation and sector fixed effects are group dummies
for occupation and sector groups. “Matching" refers to weighted regressions after
coarsened exact matching on age and pre-treatment marital status, number of chil-
dren and education. Robust standard errors clustered by individual in parentheses.
*** pă0.01, ** pă0.05, * pă0.1
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Table 3: Tax-Bracket DD: Effect of a Tax-Free Year on Total Weeks Worked
(1) (2) (3)

2SLS DD estimate ( dy
d logp1´τq ) 4.926*** 4.818*** 6.549***

(0.784) (0.765) (1.074)

Reduced form estimate pdyq 1.023*** 1.006*** 1.267***
(0.162) (0.159) (0.207)

First stage estimate pd logp1´ τqq 0.207*** 0.208*** 0.193***
(0.001) (0.001) (0.001)

Mean of outcome variable 48.43 48.43 48.43
Controls Yes Yes Yes
Occupation Fixed Effects No Yes No
Sector Fixed Effects No Yes No
Matching No No Yes
Observations 520,438 520,438 519,941

Notes: The table presents results from difference-in-differences (DD) regressions,
where each row and column entry corresponds to one regression estimate. The top
row presents results from a 2SLS estimation of equation (2), where the dependent
variable is total number of weeks worked and the net-of-tax rate is instrumented
with an interaction between indicators of treatment status and tax-free year. The
middle row presents results from a reduced-form DD estimation of equation (1),
where the outcome variable is the total number of weeks worked. The bottom row
presents results from a first-stage DD estimation of equation (1), where the outcome
variable is the logarithm of one minus the marginal tax rate. Controls are gender,
age, education, marital status, whether living in the capital area or not, and num-
ber of children at age 0-18. Occupation and sector fixed effects are group dummies
for occupation and sector groups. “Matching" refers to weighted regressions after
coarsened exact matching on age and pre-treatment marital status, number of chil-
dren and education. Robust standard errors clustered by individual in parentheses.
*** pă0.01, ** pă0.05, * pă0.1

65



Table 4: Tax-Bracket DD: Effect of a Tax-Free Year on Employment
(1) (2)

2SLS DD estimate ( dP
d logp1´τaq ) -0.033 0.030

(0.024) (0.030)

Reduced form estimate pdP q -0.004 0.004
(0.003) (0.002)

First stage estimate pd logp1´ τaqq 0.127*** 0.119***
(0.001) (0.001)

Mean of outcome variable 0.914 0.914
Controls Yes Yes
Matching No Yes
Observations 530,900 530,397

Notes: The table presents results from difference-in-differences (DD) regressions, where each row and
column entry corresponds to one regression estimate. Employment is defined as earning more than
a base income threshold, defined in terms of guaranteed income; see the main text of Section 4 for
discussion and details. The top row presents results from a 2SLS estimation of equation (2), where the
dependent variable is total number of weeks worked and the log of net-of-average-tax rate, p1´ τaq, is
instrumented with an interaction between indicators of treatment status and tax-free year. The middle
row presents results from a reduced-form DD estimation of equation (1), where the outcome variable is
the total number of weeks worked. The bottom row presents results from a first-stage DD estimation of
equation (1), where the outcome variable is the logarithm of one minus the marginal tax rate. Controls
are gender, age, education, marital status, whether living in the capital area or not, and number of
children at age 0-18. “Matching" refers to weighted regressions after coarsened exact matching on age
and pre-treatment marital status, number of children and education. Robust standard errors clustered
by individual in parentheses. *** pă0.01, ** pă0.05, * pă0.1
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Table 5: Life-Cycle-DD: Effect of a Tax-Free Year on Labor Earnings
(1) (2) (3)

2SLS DD estimate ( d log y
d logp1´τq ) 0.654*** 0.655*** 0.639***

(0.016) (0.016) (0.016)

Reduced form estimate pd log yq 0.145*** 0.145*** 0.143***
(0.003) (0.003) (0.003)

First stage estimate pd logp1´ τqq 0.209*** 0.209*** 0.209***
(0.002) (0.002) (0.002)

Match-strata fixed effects Yes Yes No
Individual fixed effects No No Yes
Occupation fixed effects No Yes No
Sector fixed effects No Yes No
Number of matched observations 546,434 546,434 542,768

Notes: The table presents results from difference-in-differences (DD) regressions,
where each row and column entry corresponds to one regression estimate. The top
row presents results from a 2SLS estimation of equation (4), where the dependent
variable is the logarithm of labor earnings and the net-of-tax rate is instrumented
with an interaction between indicators of treatment status and tax-free year. The
middle row presents results from a reduced-form DD estimation of equation (3),
where the outcome variable is the logarithm of labor earnings. The bottom row
presents results from a first-stage DD estimation of equation (3), where the outcome
variable is the logarithm of one minus the marginal tax rate. “Match-strata Fixed
Effects" refers to group fixed effects, where each group is a cell used in coarsened ex-
act matching on age, gender and pre-treatment marital status, number of children,
education, location indicator and percentile of income. Occupation and sector fixed
effects are group dummies for occupation and sector groups. Number of matched
observations corresponds to observations for the treatment group. Robust standard
errors clustered at the match-strata level are in parentheses. *** pă0.01, ** pă0.05, *
pă0.1
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Table 6: Life-Cycle-DD: Effect of a Tax-Free Year on Weeks Worked
(1) (2) (3)

2SLS DD estimate ( dy
d logp1´τq ) 3.014*** 2.740*** 2.469***

(0.345) (0.339) (0.325)

Reduced form estimate pdyq 0.670*** 0.609*** 0.555***
(0.077) (0.075) (0.073)

First stage estimate pd logp1´ τqq 0.209*** 0.209*** 0.209***
(0.002) (0.002) (0.002)

Mean dependent variable 38.37 38.37 38.37
Match-strata fixed effects Yes Yes No
Individual fixed effects No No Yes
Occupation fixed effects No Yes No
Sector fixed effects No Yes No
Number of matched observations 537,774 537,774 536,369

Notes: The table presents results from difference-in-differences (DD) regressions,
where each row and column entry corresponds to one regression estimate. The top
row presents results from a 2SLS estimation of equation (4), where the dependent
variable is total weeks worked and the net-of-tax rate is instrumented with an in-
teraction between indicators of treatment status and tax-free year. The middle row
presents results from a reduced-form DD estimation of equation (3), where the out-
come variable is total weeks worked. The bottom row presents results from a first-
stage DD estimation of equation (3), where the outcome variable is the logarithm of
one minus the marginal tax rate. “Match-strata Fixed Effects" refers to group fixed
effects, where each group is a cell used in coarsened exact matching on age, gender
and pre-treatment marital status, number of children, education, location indicator
and percentile of income. Occupation and sector fixed effects are group dummies
for occupation and sector groups. Number of matched observations corresponds to
observations for the treatment group. Robust standard errors clustered at the match-
strata level are in parentheses. *** pă0.01, ** pă0.05, * pă0.1
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Table 7: Life-Cycle-DD: Effect of a Tax-Free Year on Employment
(1) (2)

2SLS DD estimate ( dP
d logp1´τaq ) 0.068*** 0.058***

(0.013) (0.014)

Reduced form estimate pdP q 0.008*** 0.006***
(0.001) (0.001)

First stage estimate pd logp1´ τaqq 0.110*** 0.110***
(0.001) (0.001)

Mean dependent variable 0.672 0.672
Match-strata fixed effects Yes No
Individual fixed effects No Yes
Number of matched observations 587,332 586,321

Notes: The table presents results from difference-in-differences (DD) regressions, where each row
and column entry corresponds to one regression estimate. The top row presents results from a 2SLS
estimation of equation (4), where the dependent variable is total weeks worked and the net-of-tax
rate is instrumented with an interaction between indicators of treatment status and tax-free year.
The middle row presents results from a reduced-form DD estimation of equation (3), where the
outcome variable is total weeks worked. The bottom row presents results from a first-stage DD
estimation of equation (3), where the outcome variable is the logarithm of one minus the marginal
tax rate. “Match-strata Fixed Effects" refers to group fixed effects, where each group is a cell used in
coarsened exact matching on age, gender and pre-treatment marital status, number of children, ed-
ucation, location indicator and percentile of income. Occupation and sector fixed effects are group
dummies for occupation and sector groups. The number of matched observations corresponds to
observations for the treatment group. Robust standard errors clustered at the match-strata level are
in parentheses. *** pă0.01, ** pă0.05, * pă0.1
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Table 8: Triple-Differences Estimation: Earnings, Weeks and Employment
Earnings Weeks Employment

(1) (2) (3)
2SLS DD estimate 0.431*** 2.439*** -0.007

(0.008) (0.291) (0.004)

Reduced form estimate 0.144*** 0.816*** -0.002
(0.003) (0.098) (0.001)

First stage estimate 0.335*** 0.335*** 0.335***
(0.002) ((0.002)) ((0.002))

Mean dependent variable – 48.85 0.917
Match-strata fixed effects Yes Yes Yes
Number of matched observations 398,033 390,959 401,491

Notes: The table presents results from difference-in-differences (DD) regressions, where each
row and column entry corresponds to one regression estimate. The top row presents results
from a 2SLS estimation of equation (4), where the dependent variable is the logarithm of la-
bor earnings and the net-of-tax rate is instrumented with an interaction between indicators
of treatment status and tax-free year. The middle row presents results from a reduced-form
DD estimation of equation (3), where the outcome variable is the logarithm of labor earnings.
The bottom row presents results from a first-stage DD estimation of equation (3), where the
outcome variable is the logarithm of one minus the marginal tax rate. “Match-strata Fixed Ef-
fects" refers to group fixed effects, where each group is a cell used in coarsened exact matching
on age, gender and pre-treatment marital status, number of children, education, location in-
dicator and percentile of income. Occupation and sector fixed effects are group dummies for
occupation and sector groups. Robust standard errors clustered at the match-strata level are
in parentheses. *** pă0.01, ** pă0.05, * pă0.1
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Table 9: Heterogeneous Labor Supply Responses by Firm Size and Occupations

Constrained in
Hours flexibility in primary job Temporal flexibility Firm size
Low High Yes No Low High Large Small
(1) (2) (3) (4) (5) (6) (7) (8)

A. Labor Earnings
2SLS DD estimate 0.642*** 0.946*** 0.451*** 0.641*** 0.556*** 0.842*** 0.686*** 0.854***

(0.019) (0.028) (0.009) (0.016) (0.017) (0.035) (0.026) (0.029)

B. Weeks Worked
2SLS DD estimate 9.936*** 1.087* 4.692*** 3.947*** 6.630*** 5.368*** -2.201*** 9.585***

(0.639) (0.599) (0.319) (0.500) (0.493) (0.873) (0.602) (0.818)

Mean weeks pre reform 53.05 40.73 53.05 42.01 52.79 36.13 40.73 44.95

Notes: The table presents results from a 2SLS estimation of equation (4), where each row and column entry corresponds to one regression
estimate. The dependent variable is indicated above each panel. Estimates by subgroups are obtained by interacting group indicators
with the log of net-of-tax rate and the instrument in regression (4). Hours flexibility splits the sample by occupations based on the share
of workers with fixed-salary contracts, where “Low” share refers to occupations where less than 5% workers have a fixed salary and
“High” share refers to occupations where more than 15% are salaried. “Constrained in primary job” is an indicator that equals one (“Yes”)
if working 52 weeks in the primary job in the prior year, but zero (“No”) for those working between 26 and 51 weeks in the previous
year. Temporal flexibility splits the sample by a measure of relative variability in weeks worked within an occupation; see the main text for
details. “Low” flexibility refers to workers in the bottom quartile of the distribution over the job flexibility measure, but “High” refers
to the top quartile. Firm size refers to the number of workers employed at the firm, where “Small” refers to firms with 2-21 employees
(i.e. not including self-employed workers) and “Large” to firms with 395 or more employees. This corresponds to the bottom and top
quartiles of the sample split by firm size. All regressions include match-strata fixed effects, which are the cells used in coarsened exact
matching on age, gender and pre-treatment marital status, number of children, education, location indicator and percentile of income.
Robust standard errors clustered at the match-strata level are in parentheses. *** pă0.01, ** pă0.05, * pă0.1
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Table 10: Cross-Elasticities of Earned Income: Husbands and Wives

Constrained in
All Children age 0-6 Age primary job

0 ě 1 60 ă ě 60 Yes No
(1) (2) (3) (4) (5) (6) (7) (8)

Husbands
Cross-elasticity -0.172*** -0.150*** -0.121*** -0.206*** -0.193*** -0.044 -0.199*** -0.088*

(0.022) (0.022) (0.037) (0.028) (0.024) (0.051) (0.053) (0.045)

IHS(spouse income) – -0.015*** – – – – – –
– (0.001) – – – – – –

Observations 223,919 223,919 223,919 223,919 223,919

Wives
Cross-elasticity 0.025 0.014 0.042 0.006 0.014 0.082 -0.184 0.208*

(0.054) (0.053) (0.080) (0.065) (0.059) (0.103) (0.112) (0.109)

IHS(spouse income) – 0.032*** – – – – – –
– (0.009) – – – – – –

Observations 102,283 102,283 102,283 102,283 102,283

Notes: The table presents estimates of the earnings elasticity of married and cohabiting individuals to their spouse’s net-of-tax rate.
Cross-elasticities are estimated using the 2SLS estimation of the following modification of equation (2):

yit “ bracketi,t´1 ` δt ` ε
own

¨ logp1´ τitq ` bracket
spouse
i,t´1 ` εcross ¨ logp1´ τspouseit q `X 1

itγ ` νit

where the dependent variable is the logarithm of the individual’s labor earnings and the two endogenous variables, the individual’s
log net-of-tax rate and his spouse’s log net-of-tax rate, are instrumented with an interaction between indicators of treatment status
and the tax-free year for the individual and his spouse separately. The coefficient εcross identifies the cross-elasticity. Estimates by
subgroups are obtained by interacting group indicators with the log of net-of-tax rate of the individual and his spouse as well as
the respective instrumental variables. “Constrained in primary job” is an indicator that equals one (“Yes”) if working 52 weeks in a
primary job pre-reform. All regressions control for age, education, whether living in the capital area or not and number of children
at age 0-18. Column (2) includes the inverse hyperbolic sin (IHS) function of spouse’s income, instead of in logs, to account for the
possibility of the spouse’s income being zero. Robust standard errors clustered by individual in parentheses. *** pă0.01, ** pă0.05,
* pă0.1
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Appendix

A Overview of the Icelandic Income Tax System

Up until and through 1987, income taxes in Iceland were collected with a one year lag. That is, the
tax payments made throughout every year were based on the income earned in the year before.
In practice, early each year an income tax return was filed for the income earned the previous
year, including other components such as deductions to be made, assets and liabilities for the
calculation of wealth taxes etc. The outstanding tax liability was then computed based on this
information. Throughout the year, taxes were then paid in 10 equal payments – at the first day of
each month of the calendar year, except January and July. At the beginning of the year, before taxes
had been computed, taxpayers paid a fixed share (decided by the Directorate of Internal Revenue,
DIR) of their payments in the preceding year. Once the tax returns had been compiled and the
correct tax payment had been computed, the difference between the outstanding tax liability and
tax installment payments already made were divided equally between the remaining months of
the year to find the monthly payment. After the reform, taxes on income earned in year t were
collected during year t through “withholding at source”. That is, employers deducted taxes from
their employers’ paycheck and remitted them to the government.

Although this system had some advantages, such as easing the work of the tax authorities
that had to take into account a range of tax deductions and allowances to arrive at the correct tax
liability, it had obvious drawbacks, both for taxpayers and collectors of tax revenue. Taxpayers
with variable or cyclical income, such as those employed in the fishing sector or in agriculture,
faced a countercyclical variation in their tax burden relative to their current income. From the
perspective of the government and the municipalities, this system could be a handicap, as their
revenues were misaligned with e.g. the price level of their current expenses.

Income taxes in Iceland are levied at two levels: a national tax and a local level municipal tax.
As described in Section 2, during 1987 all taxes on labor income at both levels were set to zero.
The tax schedule prior to the reform consisted of three national level brackets and a municipal
tax. In addition, there were a couple of small and lump-sum income taxes, such as health insur-
ance contribution, cemetery charge, church tax and contribution to the construction fund for the
elderly. All taxable income – both labor and capital income – was taxed equally and in the same
way at the national and municipal levels.62 Before arriving at the tax-base, multiple deductions
could be made. As these deductions differed substantially between the national and municipal
level, the tax base for the two levels was different. The components that were deductible at both
levels included fringe benefits, travel allowances, purchases of tools, machines and instruments,
mandatory savings, child support and education related costs. At the national-level there were
various other deductions such as special fisherman’s deduction, deductions for each day spent
at sea, special deductions for costs for starting a family (‘wedding deduction’), interest expenses,

62A separate taxation of labor and capital income was introduced in 1997.
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pension savings, union membership fees, charitable gifts etc. Moreover, in exchange for a subset
of these options for deduction, the tax law offered tax payers the option to instead deduct a fixed
10% from the national-level tax base – an option which many exploited. Figure A.2 documents the
share of the categories of tax deductions of total deductions in 1986. While including both labor
and capital income as the national-level tax-base, pension and social security benefits were not
part of the municipal tax base but were included in the national-level tax base. To summarize, the
tax-base at the municipal level tended to be higher than at the national level. As a result of those
features, the progressive income tax schedule consisted of four brackets, consisting of three na-
tional level brackets and a municipal tax. In addition, each worker had a personal tax allowance –
both at the municipal and national level, which was deduced from his computed tax payments. At
the national level this amount was fixed and the same for everyone, but the municipal allowance
depended on marital status and number of children. The allowance at both levels was deducted
from outstanding tax liability.

Since 1978, Iceland has had an individual tax system, such that married and cohabiting indi-
viduals have been taxed as single units but not jointly. Therefore, each spouse files his/her own
tax return, has a separate tax allowance and deductions. However, the tax system has some joint
aspects that were incorporated into the tax system with the aim of lowering the tax burden of two-
adult households with a single earner and households with low-income secondary earners. First,
married and cohabiting individuals were allowed to transfer to their spouses both their personal
tax allowance and tax deductions that remained unaccounted for after their own income taxes had
been paid in full.63 Second, married or cohabiting workers whose spouses were out of the labor
force or with a very low income could increase the amount which was taxed in the first bracket by
up to half of what remained after their spouses’ income was fully accounted for.

Tax rates were reviewed frequently in relation to the government’s budget. Although national-
level tax rates had been on a slight decreasing trend throughout the 1980s, as documented in Fig-
ure 5a, the difference across brackets had remained stable. Moreover, the tax-bracket thresholds,
which were set in nominal values and reviewed and updated yearly to account for changes in
prices and wages, represent roughly the same income percentile over time, as shown in Figure
5b in the main text. The figure also documents that the bottom-bracket threshold, below which
individuals do not pay the national-level income tax, corresponds to roughly the 40th percentile of
income throughout the pre-reform period. However, since the tax-base for the municipal tax was
different and generally higher than the national-level tax-base, a share of workers that fall below
the bottom-bracket threshold pay the municipal tax.

Due to the reform, many of the deductions that were an integral part of the old tax system were
abolished. These included a deduction for newly married couples, mandatory pension savings,
union membership fees, interest payments on loans and mortgages, various work-related deduc-
tions and a 10% fixed deduction. Deductions from the municipal tax were abolished, but the tax

63Following the reform, however, the share of the personal tax allowance that was transferable between spouses was
reduced from 100% to 80%.
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rates were lowered such that the municipal tax revenue was almost unaffected. As a result, the tax
base at the national and municipal level became one and the same after the reform. In addition,
other adjustments were made to the tax system, such as replacing the interest payment deduction
with an interest allowance and a housing allowance for first housing purchases, paying out child
benefits directly instead being integrated into the tax system, and incorporating minor fees such
as to the church and cemeteries into the main income tax, all of which simplified the tax system
and made it easier to manage for authorities. In exchange for the deductions in the old system, the
personal tax allowance was increased by half and now served as a single source of tax deduction,
with the aim to keep the tax burden the same in the new and simplified system.64

B The Tax Reform and the Time-line of Events

On January 1, 1988, Iceland took up a withholding-based pay-as-you-earn income tax system.
Prior to the reform, income taxes were collected with a one year lag. That is, as depicted in Figure
1, the tax liability and tax payments due every month in year t were computed based on income
in year t´ 1. This system was similar to that in place in most Western countries prior to adopting
the modern pay-as-you-earn tax systems.65 When the tax reform was announced on December
6, 1986, it was also announced that during the transition year of 1987 labor income would not be
taxed. As Figure 1 depicts, this implies that while people were paying taxes every year, including
in 1987 when they paid taxes based on their income earned the year before, all income earned in
1987 was tax free. Therefore, the reform did not influence the government’s budget, as the tax
revenue flows were uninterrupted, nor did it generate a cash-flow effect on workers.66 However,
since all marginal income earned in 1987 was tax free, the reform generated a strong incentive for
intertemporal substitution: Work more during the tax-free year and less in other years.

On December 6, 1986, the Finance Minister announced a tax reform to take place in January
1988 when a system where taxes were collected with a one year lag would be replaced with a
pay-as-you-earn withholding tax system. An important part in understanding the implications
of the tax-free year is understanding how and when the Icelandic population learned about it.
As evidence on when the population learned about the reform, Figure 4 plots the monthly count
of number of the newspapers mentioning a withholding-based or pay-as-you-earn tax system
between January 1980 and December 1988, i.e. almost seven years before the announcement.

64In 1988, the personal tax allowance equalled 22.6% of average income compared to 12.7% in 1986.
65The US transitioned to a withholding-based PAYE system in 1943, when the Current Tax Payment Act was passed,

and the UK reformed its system in 1944 after trials in 1940-1941. Sweden passed a law establishing a PAYE system
in 1945 that took place two years later. Similarly, Norway passed a law in 1952 but the reform took place in 1957 and
Ireland in 1959 with a reform the following year. More recently, Switzerland transitioned to a PAYE system in 1999-2003.
As depicted in Figure A.7 in the Appendix, France is the last holdout of the Western countries, but currently awaiting a
reform. France had a scheduled reform for 2018, but the reform was postponed. For more information about the French
reform, see e.g. the Global Tax Network.

66The modern income-tax system was established in 1877. The tax laws, specifying progressive taxes collected with
a lag, were passed four years after Iceland got a constitution and was granted home-rule, after having been part of
Denmark until 1874. When giving a tax-free year in 1987, the government was essentially giving up one year’s tax
revenue, which will be evident that it has been lost when examining the Treasury’s position on “Judgment Day”.
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When the reform was announced, and for a long time before, there was a broad political con-
sensus that a tax reform was needed. The first records of a pay-as-you-earn system being dis-
cussed in the Icelandic parliament date back to the mid 1960s (Olgeirsson, 2013). Neighboring
countries, such as Norway, Sweden, the US, the UK and Ireland, had already introduced a such
system in the 40s and 50s. Icelandic politicians, as well as the labor unions, publicly highlighted
the defects of the existing system and the benefits of introducing a withholding-based system.
However, discussions and attempts in 1978 and 1981 were unsuccessful, mainly because adopt-
ing a withholding-based tax system using the existing tax code was technically complicated or
infeasible due to the structure of the tax system, which had a range of deductions and transfers
that would complicate the calculations and likely lead to large differences between the income tax
withheld during the year and the tax payable at the end of the year (Olgeirsson, 2013).

In the fall of 1986, the Ministry of Finance began preparing a tax reform. In November the
finance minister commenced a committee to work on a proposal revising the income tax system.
Around the same time, in late November and early December 1986, national level union bargain-
ing on general employee rights and minimum wages was in progress. Traditionally, the bargaining
often effectively takes a form of tripartite negotiations, with the government often having an input
at later stages to close the contracts.

On December 6, 1986, new collective agreements were signed and the finance minister an-
nounced the tax reform, which was the government’s input to a settlement. The pay-as-you-earn
tax system was scheduled to be implemented on January 1, 1988. The finance minister ordered the
aforementioned tax-reform committee to prioritize proposing simplifying changes to the income
tax system that would be necessary for an implementation of a withholding-based tax system. In
order to avoid a heavy tax burden and “double taxation” during the transition to the new sys-
tem, i.e. that workers would pay taxes on both income earned in 1986 and 1987 using their 1987
income, it was decided that all labor income earned in 1987 would be exempt from taxes.67 Nat-
urally, the reform received much media attention in the following days and weeks. Newspapers
printed headlines such as “A Tax-Free Year” and “Pay-as-you-earn tax system in 1988 – all income in
1987 tax-free”. In an interview, a chairman of one of the largest labor unions was quoted saying
“Now it is time for everyone outside the labor market to enter, and for all workers to earn tax-free income.
There exists work for everyone that wants to work.”68

Based on the proposals set forth by the tax-reform committee, four parliamentary bills were
prepared in the first weeks of 1987. These served the purpose of paving the way and preparing
the transition to a pay-as-you-earn tax system, either directly or indirectly by simplifying parts of
the tax system necessary for the transition. A specific law was passed specifying that labor income

67Although policy makers are likely to want to make some adjustments to tax payments during the transition, a
tax-free year is not the only option. There are two options for such adjustments: forgive outstanding (or some) tax
liabilities in the transition period, or collect no (or lower) taxes on income earned during the transition period. When
the US established a withholding based tax system in 1943, the adjustment took the form of forgiveness of most of the
outstanding tax liabilities. According to the Current Tax Payment Act of 1943, 75 percent of the 1942 tax liability was
cancelled with the remainder being due in two equal payments on March 15, 1944 and March 15, 1945 (Paul, 1954).

68See Morgunblaðið, December 7, 1986.
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earned in 1987 should not be taxed, and a law on the timing of the transition taking place on the
1st of January 1988, as had been scheduled when the reform was first announced. On March 16-18,
1987 all bills necessary for the new tax system were passed by the parliament and signed into law.

In practice, workers and firms were to collect information as usual and file taxes at the begin-
ning of 1988 as in earlier years. The tax authorities sent out advertisements emphasizing that the
requirement for enjoying a tax-free year was to file taxes as usual, and flyers explaining the new
tax system and that income earned in 1987 was tax free (see Appendix Figures A.8 and A.9). For
those that would not file their taxes, their income would be approximated based on their income
in the year before and they would be taxed as in a normal year. Reporting information as usual
was also important because other taxes, such as on capital income and wealth, and benefits were
unchanged in 1987; the only change in that year was that income taxes were set to zero.69

While the general rule was that all labor income in 1987 should be exempt from taxes, some
attempts were made in order to prevent an abuse of the reform. The documents and explana-
tions associated with the law explicitly expressed a very positive view and encouragement of the
legislature towards workers exploiting the opportunity that the reform provided to increase their
disposable income in 1987 by increasing their labor supply by all means. However, a clear aim was
that any abuse of the reform by entrepreneurs or firm owners should be prevented. The law there-
fore specified two exceptions from the general rule. First, increased earnings in 1987 that were
not due to more work or changes in employment arrangements, such as promotion, but rather re-
flecting transfers of income from other years should be taxed as usual. Second, inflation-adjusted
increases in earnings of self-employed workers and business owners exceeding 25% should be
taxed as usual. Studying the records, however, I find that these measures seem to have played a
limited role de facto.70

C Data and Measurement

The following appendices provide further description of the data and measures than provided in
the main text.

C.1 Tax Calculator

The total marginal tax rate is calculated as the sum of the municipal income tax rate (útsvar) and
the national income tax rate. The individual’s marginal tax rate is found as follows. The municipal

69After the tax returns had been processed, the tax office computed how much of the income taxes due should be
waived based on reported labor and capital income. For workers with no taxable capital income, this share would
be 100%. As documented in Appendix Figure A.10, the whole tax liability was written down for more than 90% of
taxpayers.

70Based on administrative tax records, there were only 255 cases where individuals had excess income taxed on these
grounds. One potential implication of these clauses, as well as an interpretation of the fact of so few cases of income
being taxed as transferred income, is that self-employed workers and business owners bunch at their permitted income
growth of 25%. When studying this possibility I find limited evidence of bunching, indicating that these conditions
were in most cases not strictly binding.
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tax is a flat tax rate, which therefore corresponds to a marginal tax rate on the municipal-level
tax base after accounting for deductions. At the national level there are three tax brackets until
1986 and a flat tax rate in 1988 and onwards. In order to compute the marginal tax rate, I first
compute the income tax base by summing over all relevant measures of income and withdrawing
all relevant deductions. All necessary information is reported separately in tax returns (and the
final tax base in 1985 onwards). Then, the income tax in each bracket is calculated based on the
individual’s tax base. Married and cohabiting individuals whose spouses have sufficiently low
income, or are out of the labor force, can increase the amount taxed in the first tax bracket by
up to 50%. The calculation of taxation in each bracket accounts for this. From the total income
tax calculated I withdraw their own tax allowances and, in some cases, transferred allowances
between married and cohabiting individuals. This provides the total income tax payable and –
depending on in which tax bracket the next krona earned would be taxed – the marginal tax rate.

To calculate the average tax rate I divide the national and municipal income tax payable by the
respective tax base (accounting for differences in deductions at the national and municipal level).
The total average tax rate for an individual is then the sum of the two.

C.2 Occupation and Sector Classification

Payslips include information about occupation according to a two-digit classification. There are 74
separate occupation classes recorded. The occupation classification is based on the International
Labor Organization’s (ILO) International Standard Classification of Occupations (ISCO), version
ISCO-88. More details on the classification are provided in documentation on ILO’s website. Table
A.1 documents the structure of the classification and lists the broader occupation groups.

The payslips also record the sector for each firm. In total there are 189 separate sector classes
recorded. The sector classification is based on the United Nations’ International Standard Indus-
trial Classification of All Economic Activities (ISIC). Details about the classification are provided
in documentation on UN’s website. Table A.2 documents the structure of the sector classification.

C.3 Education Classification

In my analysis I use data on educational attainment from the Statistics Iceland’s Education Reg-
ister. This source contains yearly data on the highest level of education completed in that year.
The dataset is categories of education attained according to the Icelandic national standard for the
classification of educational attainment, ÍSMENNT2011, which builds on the international stan-
dard classification of education, ISCED 2011, but taking into account education attained by Ice-
landic students from early the 20th century. This classification, as the ISCED, divides education
attained into nine categories, out of which six are further subdivided leading to a complete set of
31 educational classes.
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D Tax-Bracket DD: Predicting Individuals’ Tax Bracket

There is an extensive literature estimating the elasticity of taxable income (see e.g. Saez et al., 2012,
for a recent survey.). In particular, dating back to the seminal study of Feldstein (1995), much work
has been carried out studying tax reforms in the United States in the 1980s and 1990s. A particular
feature of these reforms is that they generated decreases in tax rates at the top of the income
distribution. The fact that much of the variation exploited is centered at the top of the income
distribution has spurred much discussion on possible consequences on the estimated elasticities
(Saez et al., 2012). Three problems have been highlighted. First, as highlighted in Gruber and Saez
(2002), if the income distribution is continually widening, e.g. due to factors such as skill-biased
technical change and globalization, it may be hard to disentangle long-term effects of tax changes
– in particular at the top of the income distribution – from such trends. Second, since income is
often the main driver of marginal tax rates, and income has both a permanent and a transitory
component, a positive transitory income shock in the pre-reform year will tend to result in lower
income in the years after, therefore biasing elasticity estimates downward. Thirdly, studies using
tax return data, in particular from the US, often have little information about tax payers other than
their income and taxes, which makes it difficult to control for differences in the characteristics of
tax payers at the top vs. at lower levels in the income distribution.

Compared to this literature, the natural experiment provided by the tax-free year has several
advantages that allow me to overcome the biases discussed above. First, the tax-free year affected
taxes across the whole income distribution. Furthermore, most of my analysis is concerned with
short-term responses to a temporary tax cut. This therefore alleviates the concerns related to long-
term trends such as the evolution of inequality. Second, the variation generated by the tax-free
year is not as closely linked to levels of labor earnings as the variation exploited in the aforemen-
tioned studies. Due to multiple tax deductions and tax credits, there was a substantial overlap
in the earnings distributions across tax brackets. Third, my data have very detailed information
about the characteristics of the tax payers, as well as their earnings, deductions and tax payments,
allowing me to control for a rich set of covariates in my regressions.

Even for these advantages, it is possible that a mean reversion of income or other shocks in-
fluencing the tax-bracket status from year to year may influence my results. In order to assess
the robustness of my results to these concerns, I perform a prediction exercise, where I predict
workers’ tax bracket (treatment status) using a rich set of individual characteristics, with the aim
of constructing more stable treatment and control groups. For each year 1982-1987, the prediction
is based on estimation of a multinomial logit model where the outcome variable is a categorical
variable for the tax brackets. I perform an out-of-sample prediction, in the sense that outcomes for
the year being predicted are excluded but information from all other pre-reform years is included.
The set of right-hand-side predictors includes indicator variables for tax brackets in the past two
years, both independently as well as interacted with a full set of dummies for age, gender, mar-
ital status status and number of children, and a dummy for living in the capital area, which also
enter the model separately. The model also includes a full set of dummies for the previous year’s
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percentile in the income distribution. As documented in Figure 5b, tax bracket thresholds corre-
spond to roughly similar quantiles of the income distribution over time. Including dummies for
the previous year’s percentile in the income distribution in the model proxies for, e.g., distance
from tax bracket thresholds, across which temporary shocks might push individual workers. In
every year I assign workers to tax brackets based on the predicted probabilities from this estima-
tion, provided that the bracket position is predicted with at least 50% probability. The pseudo R2

from the multinomial model estimates are in the range of 0.40-0.45, depending on year, compared
to about 0.30-0.35 when only the previous year’s tax bracket is included. Figure A.12 plots the
yearly distributions of the predicted probabilities for the most probable tax bracket, as well as the
50% cut-off level for reference.

Table A.10 presents estimates of the elasticity of labor earnings, where the treatment status is
based on predicted tax-bracket according to the aforementioned procedure. The elasticity esti-
mates, as well as the reduced form estimates, are larger that under my main specification. The
elasticities are between 0.459 and 0.536, compared to 0.374 to 0.401 before. Similarly, estimates of
the elasticity of weeks worked, reported in Table A.11, are also larger than under my main spec-
ification. The treatment effects imply between 7.3 and 7.6 more weeks worked, which translates
into an elasticity of about 0.15 (7.6/49.49).

E Permanent Tax Changes, Expectations and Long-Term Effects.

The tax-free year generated a temporary incentive to exchange leisure time for working time in
1987, possibly at the expense of less work in the years that followed. This large reform which,
as documented in the current paper, induced strong labor supply responses may also have had
some positive effects on labor supply extending beyond 1987, such as through forces of habits and
learning. However, the tax system also saw several permanent changes in 1988, which themselves
may have generated effects on labor supply. During the first months of 1987, when technical and
legal aspects of the new withholding-based tax system were being worked out by the government
and the tax authorities, the aim was to simplify the tax system in order to ease the transition
(Olgeirsson, 2013). As a result, much of the pre-existing tax deductions were abolished and the
progressive tax schedule was replaced with a flat tax rate, corresponding to the rate in the upper-
middle tax bracket. While fewer tax deductions were compensated for by substantially increasing
the personal tax allowance, the reform had permanent effects on average and marginal tax rates.

An important question to ask is whether the permanent reform in 1988 affects my estimates
of the responses to the tax-free year in 1987? If workers were responding to a tax reform in 1987
which they perceived to be permanent rather than temporary, my estimates of the Frisch elasticity
will be attenuated as they incorporate an income effect arising from the permanent change in
taxes, which is likely to be non-negligible. There are two arguments for why there may be limited
effects of the permanent reform spilling over to my estimates. First, while the tax-free year was
announced in December 1986, which resulted from a change in tax collection, no announcement

80



was made on changes to the tax schedule under the new tax-collection system. As described in
Section 2, that process lasted the first months of 1987 and the bill spelling out the new tax law
was passed by the Parliament in late March 1987. By then, workers had been aware of the much
advertised tax-free year for several months. Second, relative to the simple and salient nature of
the tax-free year, many of the implications of the new tax code for marginal tax rates were much
less clear. In particular, an important part of the tax reform was removal of tax deductions which
affected the tax base and therefore marginal tax rates. For most tax payers, assessing how changes
in tax deductions and allowances would affect their marginal tax rates is likely to have been a
complicated task.

In order to statistically evaluate this question, I perform several robustness tests. First, I eval-
uate the sensitivity of my estimates to controlling for the difference in tax rates between 1986 and
1988. If individuals are sophisticated and well informed about how their tax-rates would be in-
fluenced by the permanent reform, those with larger permanent changes are likely to respond less
to the 1987 tax-free year. As Tables A.15 and A.16 document, my estimates of the elasticity of
earnings and weeks worked are very robust to these controls, both if controlling for changes in
marginal and average tax rates. Next, I restrict the focus to the upper-middle and lower-middle
brackets. Since workers in these brackets saw limited changes in their marginal tax rates between
1986 and 1988, with the 1986 upper-middle bracket tax rate corresponding to the flat rate in 1988,
they should be minimally influenced by the permanent reform. As reported in Table A.17, this
yields an earnings elasticity estimate of between 0.325 and 0.386, which is similar to what is re-
ported for the upper-middle bracket in Table A.12, as well as being broadly consistent with my
main estimates. In Section 5 I develop a new research design where, as to be described in more
detail, one of the advantages is that the control group experiences neither the treatment nor the
possible anticipation of a permanent reform. In addition, I can apply this research design only for
the two brackets for which marginal tax rates were similar between 1986 and 1988. The results,
reported in Tables A.18 and A.19, are consistent with my main estimates and the results presented
in Section 5.

In ongoing work I study the long-term effects of the tax-free year and the permanent tax
changes. However, for completeness, I report a small set of informative results in the Appendix.
Permanent effects are obtained by estimating equation (2) for the outcome period 1988-1990, but
excluding 1987 from the sample. The results in Table A.20 indicate large permanent effects, both
in terms of earnings and income. In order to understand these relatively large permanent effects,
studying responses of men and women separately provides an important insight. Tables A.21 and
A.22 report estimates for men and women, respectively. While the earnings elasticity is econom-
ically very small and statistically indistinguishable from zero, it is large for women and highly
significant. A plausible reason for these gender differences is (i) more persistent effects of strong
responses of women in 1987, or (ii) responses to changes in transferability of tax deductions and al-
lowances between spouses in 1988, which may have influenced the marginal tax rates for women
more than for men.
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F Model of Intertemporal Labor Supply

For the purpose of discussing the effect of wage changes, either parametric or evolutionary, over
the life-cycle, this section describes a model following MaCurdy (1981).

F.1 Model

In this model, individual i’s lives for T`1 periods, where in each period he has a time endowment
of L̄, he faces no restriction of borrowing at the rate rt, and his rate of time preference is denoted
by ρ. Then his optimization problem can be stated as follows:

max
tCit,Litu

T
ÿ

t“1

1

p1` ρqt´1
UitpCit, Litq, Nit “ L̄´ Lit (12)

subject to

Ait “ p1` rtqAit´1 ` witNit ´ Cit (13)

where Ait is net wealth in each period. Assume that individual i’s within-period utility can be
described with the following additively separable function:

UitpCit, Litq “ γCitC
αC
it ´ γNitN

αN
it , Nit “ L̄´ Lit (14)

Note that αC and αN are constant and common across all workers, while γCit and γNit are
individual- and age-specific parameters describing tastes for consumption and leisure. It is as-
sumed that (the log of) taste for leisure is

log γNit “ σi ` µit (15)

where µit is a random error term (i.i.d., mean zero). The Frisch labor supply equation can then be
written as

logNit “
1

αN ´ 1
plog λit ´ logαN ` logwit ´ σi ` µitq (16)

The Frisch consumption demand function can be written in a similar fashion. In (16), λit is the
Lagrange multiplier on wealth. From the envelope theorem, we have that

λit “
1` rt`1

1` ρ
λit`1 (17)

Taking logs and using the approximation around zero that logp1` xq « x, we have

log λit « rt`1 ´ ρ` λit`1 (18)

Using the above approximation, the labor supply equation (16) can be written as follows
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logNit “ Fi ` bt´ εRt ` ε logwit ` uit (19)

where

Fi “
1

αN ´ 1
plog λi ´ σi ´ logαN q , ε “

1

αN ´ 1
, b “ σρ, uit “ ´σµit

As in MaCurdy (1981), let us assume a linear approximation of Fi, such that

Fi “ Ziθ `
T
ÿ

t“1

γt logwit `Ai0θ ` αi (20)

where Zi is a vector of individual characteristics and αi is a residual. Moreover, let us assume that
wages follow a quadratic life-time path:

wit “ π0i ` π1it` π2it
2 ` νit (21)

where π0i, π1i, π2i are linear functions of the form

πji “Migj , j “ 0, 1, 2,

withMi being a vector of determinants of wages that are exogenous and constant over the lifetime,
such as education, gj are vectors of parameters, and νit is an error term. Substituting (21) into (22)
yields

Fi “ Ziθ ` π0iγ̄0 ` π1iγ̄1 ` π2iγ̄2 `Ai0θ ` ξi (22)

γ̄j “
T
ÿ

t“1

γtt
j , j “ 0, 1, 2.

F.2 Labor Supply Responses to Wage Changes

I now study labor supply responses to wage changes. In such an analysis, it is important to dis-
tinguish between wage changes that are anticipated – known as evolutionary wage changes – and
those that are unanticipated – so-called parametric wage changes. As we will see, this is a useful
distinction since anticipated changes only generate substitution effects while the latter generate
both substitution and income/wealth effects. This analysis is therefore helpful in understanding
which parameters can be estimated using natural experiments such as tax reforms to generate a
variation in after-tax wages.

Figure A.1 plots wage paths over the life-cycle, according to the process in (21). Consider an
individual whose wage path can be described by Path A. As he gets older, individual A’s wages in-
crease, to which he responds by adjusting his hours. Such evolutionary wage changes are known
to the individual – since he knows his wage path – and therefore generate a substitution effect
and no wealth effect. The parameter governing these responses is ε, which is the intertemporal (λ-
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Figure A.1: Life-Cycle Paths of Wages

constant, or Frisch) elasticity of substitution. While this is an elasticity that determines responses
to an evolutionary change in wages, it can also be interpreted as determining responses to a par-
ticular type of parametric change, i.e. one associated with a wage increase at time t1 but holding
the marginal utility of wealth constant.

First, let us compare two individuals, for whom the evolution of wages can be described by
Paths A and B in Figure A.1, where the latter equals the former at all time periods t except at t1

when they differ by ∆. This is a parametric change in wages, as this is a shift in the (known)
life-cycle path A. This has two effects on his labor supply. First, this generates an intertemporal
substitution effect: labor supply in period t1 will exceed that in all other periods t ‰ t1 by ∆ε.
Second, there is a wealth effect: the individual will set a value of FB which is lower than that of
FA by γt1∆. As a result, the labor supply of an individual facing path B compared to path A will be
lower in all periods t ‰ t1 by a constant. In total, the effect on labor supply at time t1 is pε` γt1q∆,
which is ambiguously signed as the substitution effect and the wealth effect are of opposite signs.

Now let us compare individuals with paths A and C in Figure A.1. Moving from path C
to A equals increasing the intercept π0 of path A by, say, ∆. As before, there are two effects, a
substitution effect of ∆ε for every period, and a wealth effect of

řT
t“1 γt∆ “ γ̄∆.

Note that any temporary variation in wages which is not perfectly predictable does not allow
us to identify the Frisch elasticity; such changes always involve a wealth effect as well. Therefore,
the observed labor supply elasticity is pε`γt1q ď ε, where equality only holds when utility is linear
in consumption, implying no wealth effect. However, comparing the two ‘experiments’ consid-
ered, the temporary one-period increase in wages only has a small wealth effect (e.g. the tax-free
year) compared to that generated by a permanent shift in the wage profile (e.g. a permanent
change in taxes).
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G Collective Labor Supply Model with Home Production

Consider a family consisting of a married couple, wherem indexes the husband and f indexes the
wife, and their children if they have any. Adults allocate their working time between two activities.
First, they can sell their labor on the market and earn a fixed wage, w. Labor income is then used
to buy a market consumption good, c. Second, they allocate time to producing goods and services
at home, such as taking care of their children or making food, which are only consumed by the
family. The latter incorporates the insight from Becker (1965) that a significant proportion of time
spent away from work is home work.

The preferences of each spouse i P tm, fu are described with a quasi-linear utility function in
consumption and working time:

ui “ ci ` yi ´
η

1` η
pni ` hiq

1`η
η (23)

where ci is spouse i’s consumption of the market good, yi is spouse i’s consumption of the home-
produced good, ni is spouse i’s market hours, and hi are hours allocated to home duties. The
parameter η governs the curvature of the disutility of work.

Spouse i’s budget constraint is:

ci ď p1´ τiqwini ` zi ` si (24)

where τi is spouse i’s marginal tax rate, zi is spouse i’s unearned income, and si are the net-
transfers received by spouse i.

The couple engages collectively in home production, where home-produced goods and ser-
vices are assumed to be a public good within the household. The domestic good is produced
according to a Cobb-Douglas production technology

Y phm, hf q “ pκmhmq
αmpκfhf q

αf , αm ` αf ď 1 (25)

where κihi is the effective labor input of each spouse. I assume that the home produced good is a
public good within the household. Therefore:

ym “ yf “ Y phm, hf q (26)

Following the literature on collective labor supply (see, e.g. Chiappori, 1988; Apps and Rees,
1988), I assume that family decisions lead to Pareto optimal allocations. Each spouse has his/her
individual preferences and maximization problem, but the couples agrees to maximize a collective
family utility function, which is the weighted sum of individual utility functions.71 Furthermore,

71This simple framework illustrates only the spousal cross-response arising from substitutability in home production,
but not from complementarities in leisure time. Allowing for such complementarities would generate an opposing
force, and the overall cross-response would be the combination of the two. Since my results imply negative cross-
elasticities in most cases, the results can be interpreted as the force of substitutability in home production dominating
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I assume full commitment, so married couples stay married, and that the weighting parameter
µ in the family welfare function is exogenous and constant. The family’s decision problem is to
maximize the following collective family utility function:

upcm, cf , ym, yf , nm, nf , hm, hf q “ µumpcm, ym, nm, hmq ` p1´ µquf pcf , yf , nf , hf q (27)

subject to (25), (26) and the family’s budget constraint.
The solution to the model provides a labor supply function for husbands and wives:

ni “ pp1´ τiqwiq
η ´

κihi
κj

ˆ

α

µp1´ τiqwi

˙
1

1´α

, i, j P tm, fu, j ‰ i (28)

G.1 Own-wage and Cross-wage labor supply elasticities

Using this simple framework, I ask two questions and get predictions from the model which I
then explore in the data. First, how do husbands and wives respond to changes in their wage
rate or, equivalently, their marginal tax rate? Computing the own-wage elasticity of labor supply,
εni,wi “

Bni
Bwi

wi
ni

, yields

εni,wi “ η `

ˆ

η `
1

1´ αi

˙

hi
ni

(29)

The elasticity consists of two components. First, in an individualistic model without home
production, the labor supply elasticity corresponds to the constant preference parameter η. Sec-
ond, due to home production, labor supply elasticity has a second component. Since an increase
in the market wage – or a decrease in taxes – increases the opportunity cost of home production,
workers will substitute hours from home production to market work. Equation (29) gives the first
prediction of the model: Within couples engaging in home production, individuals’ own-wage
elasticity is stronger the more important is their labor input for home-production and the more
specialized they are in home production. This explains why labor supply elasticities may differ
across couples. If women engage in relatively more home production, e.g. due to a comparative
advantage or bargaining power in the household, they will have a larger labor supply elasticity
due to substitutability between time spent on home work and market work.

The second question I ask is how do husbands and wives respond to changes in their spouse’s
wage, or marginal tax rate. Computing the cross-wage elasticity of labor supply, εni,w´i “

Bni
Bw´i

w´i
ni

,
yields

εni,w´i “ ´
1

αi

hi
ni

(30)

The cross-elasticity is negative and depends on relative hours allocated to home vs. market
work and the output elasticity in home production. From the perspective of the individual, if

complementarity of leisure.
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his spouse’s wage increases, the spouse’s opportunity cost of time allocated to home production,
relative to market work, increases. As the couple are perfect substitutes in home production, a
change in the spouse’s wage induces a change in the couple’s relative opportunity costs of market
work. Therefore, in response to an increase in their spouse’s wage, individuals will allocate more
time to home production and less to market work. Equation (29) gives the second prediction of
the model: Within couples engaging in home production, the cross-wage elasticity is larger (in
absolute value) the more time is spent on home production but the lower is the elasticity of their
input in home production.

Evidence based on time-use surveys indicates that women allocate more time than men to
chores within the household (Aguiar et al., 2013). It is also reasonable to assume, at least in house-
holds with small children, that females’ output elasticity in home production is larger than that
for men.72 Based on that, the model implies that households with more children, where both
spouses take part in home production but women play the leading role, married women will have
a larger own-wage elasticity than their husbands. However, the cross-elasticity may be stronger
(more negative) for married men than women if relatively more time input is needed from them
to substitute for their wives’ time.

72Bredemeier and Juessen (2013) construct a model of family labor supply with a Cobb-Douglas home production
function. When calibrating their model, they set the female output elasticity in home production to 0.7 and the elasticity
for men to 0.3.
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H Appendix Figures
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Figure A.2: Tax Deductions
Notes: The figure plots tax deductions in 1986 by category as shares of total deductions.
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Figure A.3: Summary of Structural Estimates of Intensive Margin Elasticities

Notes: The figure plots parameter estimates of intensive margin Frisch elasticity. As most papers focus on either men
or women, or report separate estimates, elasticities are reported by gender. The labels are as follows.“BW 86”: Blundell
and Walker (1986), “ZK 99”: Ziliak and Kniesner (1999), “IK 04”: Imai and Keane (2004), “ZK 05”: Ziliak and Kniesner
(2005), “BPS 16”: Blundell et al. (2016b), “HM 80”: Heckman and MaCurdy (1980), “BNM 93”: Blundell et al. (1993),
“ALLS 17”: Attanasio et al. (2017), “BCMS 16”: Blundell et al. (2016a).
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(c) First Stage: Marginal Tax Rates

Figure A.4: Graphical Evidence: Top Tax Bracket
Notes: The figure shows the evolution of average (a) labor earnings (b) weeks worked and (c) marginal tax rates by tax
bracket, where the tax-bracket status in year t is defined according to the tax bracket in t ´ 1. Labor earnings are in
real terms, normalized to 100 in 1986. Weeks worked are averages of total weeks worked by individual, i.e. in all jobs,
normalized to the bottom-bracket average in 1986. In each graph, using the method of DiNardo et al. (1996), I non-
parametrically reweigh the distribution of age (partitioned into 10-year bins) and pre-treatment characteristics (marital
status, number of children, 3-level education) of individuals in the bottom tax bracket group to match the distribution
of individuals in the top tax bracket. In each panel, the difference between the slopes of the two series in 1987 gives a
difference-in-differences estimate, while a comparison in other years provides placebo tests of the natural experiment.
The graphs for labor earnings and weeks worked imply the reduced-form effects of the tax-free year on these measures
of labor supply. Correspondingly, the difference in series of marginal tax rates provides an estimate of the first-stage.
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Figure A.5: Graphical Evidence: Upper-Middle Tax Bracket
Notes: The figure shows the evolution of average (a) labor earnings (b) weeks worked and (c) marginal tax rates by tax
bracket, where the tax-bracket status in year t is defined according to the tax bracket in t ´ 1. Labor earnings are in
real terms, normalized to 100 in 1986. Weeks worked are averages of total weeks worked by individual, i.e. in all jobs,
normalized to the bottom-bracket average in 1986. In each graph, using the method of DiNardo et al. (1996), I non-
parametrically reweigh the distribution of age (partitioned into 10-year bins) and pre-treatment characteristics (marital
status, number of children, 3-level education) of individuals in the bottom tax bracket group to match the distribution
of individuals in the upper-middle tax bracket. In each panel, the difference between the slopes of the two series in
1987 gives a difference-in-differences estimate, while a comparison in other years provides placebo tests of the natural
experiment. The graphs for labor earnings and weeks worked imply the reduced-form effects of the tax-free year on
these measures of labor supply. Correspondingly, the difference in series of marginal tax rates provides an estimate of
the first-stage.
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Figure A.6: Graphical Evidence: Lower-Middle Tax Bracket
Notes: The figure shows the evolution of average (a) labor earnings (b) weeks worked and (c) marginal tax rates by tax
bracket, where the tax-bracket status in year t is defined according to the tax bracket in t ´ 1. Labor earnings are in
real terms, normalized to 100 in 1986. Weeks worked are averages of total weeks worked by individual, i.e. in all jobs,
normalized to the bottom-bracket average in 1986. In each graph, using the method of DiNardo et al. (1996), I non-
parametrically reweigh the distribution of age (partitioned into 10-year bins) and pre-treatment characteristics (marital
status, number of children, 3-level education) of individuals in the bottom tax bracket group to match the distribution
of individuals in the lower-middle tax bracket. In each panel, the difference between the slopes of the two series in 1987
gives a difference-in-differences estimate, while the comparison in other years provides placebo tests of the natural
experiment. The graphs for labor earnings and weeks worked imply the reduced-form effects of the tax-free year on
these measures of labor supply. Correspondingly, the difference in series of marginal tax rates provides an estimate of
the first-stage.
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Source: International Survey on Revenue Administration (ISORA)

Figure A.7: Map Income Tax Systems: Current vs. Preceding Year Basis
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Figure A.8: Advertisement: “Road to Tax Freedom”

Tax-free earnings in 1987

Figure A.9: Explanation of the Withholding Tax System and 1987 Being a Tax-free Year
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Figure A.11: Transitions between Tax Brackets, 1982-1986
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Figure A.12: Tax Bracket Prediction Accuracy
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(a) Monthly Unemployment Rate
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(b) Annual Unemployment Rate
Figure A.13: Unemployment Rate
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(a) Sick leave, in hours of work
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(b) Recipients of sickness benefits
Figure A.14: Sick leave from work and recipients of sickness benefits

Notes: Panel (a) plots the number of hours on sickness leave as a share to total paid hours (in %), based on survey data collected
by the Wage Research Committee (Kjararannsóknanefnd). The numbers are sample averages. Panel (b) plots the number of
people (tax filers) who received sickness benefits in the given year. These benefits were reported in tax returns until 1987 and
were deductible from taxes. From 1988 onwards, under the withholding tax system, these were no longer reported.
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Figure A.15: Placebo Tests and Actual Tax-free Year Reduced Form Estimates
Notes: The figure plots estimates of equation (3), i.e. a reduced form estimate using the life-cycle DD, by cohort. The
figure plots estimates for two placebo tax-free years, 1986 and 1985, as well as estimates for the actual tax-free year as a
comparison.
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1985 Weeks ≥ 25

1985 Weeks ≥ 40

# children > 0
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No children
Age ≥ 25

Age < 25

1985 Weeks < 40

1986 Weeks ≥ 42

No children

# children > 0

1986 Weeks < 42

Female

Male
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Age ≥ 29

Female
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1985 Weeks < 17
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1986 Weeks < 9

Figure A.16: Prediction tree from random forest estimation
Notes: The figure plots a decision tree from a random forest prediction of labor supply elasticity. This plots the tree of
best splits, i.e. a single tree that splits along features that contribute most to the prediction. The purpose of the figure is
to document where splits occur within the characteristics of most importance, e.g. weeks worked. Of course, a random
forest prediction cannot be represented by a single tree as random forest prediction is based on the combinations of
trees.
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Figure A.17: Relative Variability in Weeks Worked by Occupations
Notes: The figure plots the histogram of the coefficient of variation of weeks worked by occupation, measured with equation (8).
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Figure A.18: Own-elasticities and Cross-elasticities of Husbands and Wives by Employment Status
Notes: The figure presents estimates of own-elasticities and cross-elasticities for men and women depending on em-
ployment status. Full-time is defined as working 46 or more weeks in the previous year. Part-time is defined as working
less than 46 weeks in the previous year. Elasticities are estimated using a 2SLS estimation of the following modification
of equation (2):

yit “ bracketi,t´1 ` δt ` ε
own

¨ logp1´ τitq ` bracket
spouse
i,t´1 ` εcross ¨ logp1´ τspouseit q `X 1

itγ ` νit

where the dependent variable is the logarithm of the individual’s labor earnings and the two endogenous variables,
the individual’s log net-of-tax rate and his spouse’s log net-of-tax rate, are instrumented with an interaction between
indicators of treatment status and tax-free year for the individual and his spouse separately. The coefficient εown

identifies the own-elasticity and εcross the cross-elasticity. Estimates by subgroups are obtained by interacting group
indicators with the log of net-of-tax rate of the individual and his spouse as well as the respective instrumental variables.
Regressions control for age, education, whether living in the capital area or not and number of children 0-18. The figure
shows 95% confidence intervals based on clustered robust standard errors.
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I Appendix Tables

Table A.1: Occupation Classification
Group Occupation Category Nr. of sub-categories

1 Legislators, senior officials and managers 17
2. Professionals 5
3. Technicians and associate professionals 8
4. Clerks 7
5. Service workers and shop and market sales workers 9
6. Plant and machine operators and assemblers 1
7. Skilled agriculture and fishery workers 7
8. Craft and related trades workers 11
9. Elementary occupations 9
0. Armed Forces 0

74
Notes: The occupation classification is based on the International Labor Organization’s (ILO) International Stan-
dard Classification of Occupations (ISCO), version ISCO-88. For a detailed description of the classification, see
documentation on ILO’s website.

Table A.2: Sector Classification
Group Sector Category Nr. of sub-categories

1 Activities of extraterritorial organizations and bodies 2
2 Agriculture and Forestry 10
3 Fishing 6
4 Manufacturing 64
5 Mining and quarrying 2
6 Construction 16
7 Other service activities 6
8 Electricity, gas, steam, and air conditioning supply 2
9 Water supply; sewage, waste management and remediation activities 2

10 Wholesale and retail trade; repairs of motor vehicles and motorcycles 19
11 Financial and insurance activities 5
12 Real estate activities 2
13 Rental and leasing activities 2
14 Transportation and storage 10
15 Public administration and defense; compulsory social security 6
16 Education 4
17 Human health and social work activities 11
18 Arts, entertainment and recreation 8
19 Professional, scientific and technical activities 9
20 Activities of households as employers 1
21 Accommodation and food service activities 2

189
Notes: The sector classification is based on United Nations’ International Standard Industrial Classification of All Economic
Activities (ISIC). For a detailed description of the classification, see documentation on UN’s website.
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Table A.3: Education Classification According to Statistics Iceland’s Education Register
Level Description Broad Category Nr. of sub-categories

0 Less than primary education uCompulsory education 1
1 Primary education 1
2 Lower secondary education )

Junior college 8
3 Upper secondary education 8
4 Post-secondary non-tertiary education 5
5 Short-cycle tertiary education

+

University education
2

6 Bachelor’s or equivalent level 3
7 Master’s or equivalent level 2
8 Doctoral or equivalent level 1

31

Table A.4: Elasticity of Total Weeks Worked
(1) (2) (3)

2SLS DD estimate ( d log y
d logp1´τq ) 0.093*** 0.090*** 0.168***

(0.026) (0.026) (0.035)

Reduced form estimate pd log yq 0.019*** 0.019*** 0.032***
(0.005) (0.005) (0.007)

First stage estimate pd logp1´ τqq 0.207*** 0.208*** 0.193***
(0.001) (0.001) (0.001)

Controls Yes Yes Yes
Occupation Fixed Effects No Yes No
Sector Fixed Effects No Yes No
Matching No No Yes
Observations 515,232 515,232 514,737

Notes: The table presents results from difference-in-differences (DD) regressions,
where each row and column entry corresponds to one regression estimate. The top
row presents results from a 2SLS estimation of equation (2), where the dependent
variable is the logarithm of total number of weeks worked and the net-of-tax rate is
instrumented with an interaction between indicators of treatment status and tax-free
year. The middle row presents results from a reduced-form DD estimation of equa-
tion (1), where the outcome variable is the the logarithm of total number of weeks
worked. The bottom row presents results from a first-stage DD estimation of equa-
tion (1), where the outcome variable is the logarithm of one minus the marginal tax
rate. Controls are gender, age, education, marital status, whether living in the capital
area or not, and number of children at age 0-18. Occupation and sector fixed effects
are group dummies for occupation and sector groups. “Matching" refers to weighted
regressions after coarsened exact matching on age and pre-treatment marital status,
number of children and education. Robust standard errors clustered by individual
in parentheses. *** pă0.01, ** pă0.05, * pă0.1
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Table A.5: Effect of Tax-Free Year on Labor Earnings: Employees vs. Self-Employed
Wage earners Self-employed

(1) (2) (3) (4) (5) (6)
2SLS DD estimate ( d log y

d logp1´τq ) 0.373*** 0.328*** 0.406*** 0.484*** 0.427*** 0.521***
(0.027) (0.026) (0.036) (0.057) (0.055) (0.074)

Reduced form estimate pd log yq 0.076*** 0.068*** 0.078*** 0.103*** 0.092*** 0.106***
(0.005) (0.005) (0.007) (0.012) (0.011) (0.015)

First stage estimate pd logp1´ τqq 0.205*** 0.206*** 0.191*** 0.213*** 0.214*** 0.204***
(0.001) (0.001) (0.001) (0.003) (0.003) (0.003)

Controls Yes Yes Yes Yes Yes Yes
Occupation Fixed Effects No Yes No No Yes No
Sector Fixed Effects No Yes No No Yes No
Matching No No Yes No No Yes
Observations 448,592 448,592 448,232 78,363 78,363 78,226

Notes: The table presents results from difference-in-differences (DD) regressions, where each row and column entry
corresponds to one regression estimate. Columns (1)-(3) report estimates for wage earners and Columns (4)-(6) report
estimates for the sample of business owners and workers with income from self-employment. The top row presents
results from a 2SLS estimation of equation (2), where the dependent variable is the logarithm of labor earnings and
the net-of-tax rate is instrumented with an interaction between indicators of treatment status and tax-free year. The
middle row presents results from a reduced-form DD estimation of equation (1), where the outcome variable is the
logarithm of labor earnings. The bottom row presents results from a first-stage DD estimation of equation (1), where
the outcome variable is the logarithm of one minus the marginal tax rate. Controls are gender, age, education, marital
status, whether living in the capital area or not, and number of children at age 0-18. Occupation and sector fixed effects
are group dummies for occupation and sector groups. “Matching" refers to a weighted regressions after coarsened
exact matching on age and pre-treatment marital status, number of children and education. Robust standard errors
clustered by individual in parentheses. *** pă0.01, ** pă0.05, * pă0.1
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Table A.6: Effect of Tax-Free Year on Total Weeks Worked: Employees vs. Self-Employed
Wage earners Self-employed

(1) (2) (3) (4) (5) (6)
2SLS DD estimate ( dy

d logp1´τq ) 2.337*** 1.754** 5.563*** 10.127*** 12.190*** 8.700***
(0.787) (0.778) (1.076) (2.180) (2.147) (2.623)

Reduced form estimate pdyq 0.480*** 0.362*** 1.062*** 2.161*** 2.614*** 1.772***
(0.161) (0.160) (0.204) (0.464) (0.458) (0.532)

First stage estimate pd logp1´ τqq 0.205*** 0.206*** 0.191*** 0.213*** 0.214*** 0.204***
(0.001) (0.001) (0.001) (0.003) (0.003) (0.003)

Mean of outcome variable 46.62 46.62 46.62 58.61 58.61 58.61
Controls Yes Yes Yes Yes Yes Yes
Occupation Fixed Effects No Yes No No Yes No
Sector Fixed Effects No Yes No No Yes No
Matching No No Yes No No Yes
Observations 441,961 441,961 441,602 78,477 78,477 78,339

Notes: The table presents results from difference-in-differences (DD) regressions, where each row and column entry
corresponds to one regression estimate. Columns (1)-(3) report estimates for wage earners and Columns (4)-(6) report
estimates for the sample of business owners and workers with income from self-employment. The top row presents
results from a 2SLS estimation of equation (2), where the dependent variable is total number of weeks worked and
the net-of-tax rate is instrumented with an interaction between indicators of treatment status and tax-free year. The
middle row presents results from a reduced-form DD estimation of equation (1), where the outcome variable is total
number of weeks worked. The bottom row presents results from a first-stage DD estimation of equation (1), where
the outcome variable is the logarithm of one minus the marginal tax rate. Controls are gender, age, education, marital
status, whether living in the capital area or not, and number of children at age 0-18. Occupation and sector fixed effects
are group dummies for occupation and sector groups. “Matching" refers to weighted regressions after coarsened exact
matching on age and pre-treatment marital status, number of children and education. Robust standard errors clustered
by individual in parentheses. *** pă0.01, ** pă0.05, * pă0.1

Table A.7: Effect on Earnings and Employment-Related Income
Wages and salaries 93.7%
Fringe benefits, travel allowances etc 2.6%
Drivers payments 0.7%
Gifts from employer 0.1%
Pension payment from employer 0.3%
Bonuses, sales commission etc. 0.7%
Board remuneration 2.0%
Sum 100%

Notes: The table presents results from a 2SLS estimation of equa-
tion (2), where the dependent variable is the one stated in each row,
in 1981$. Estimates are presented in fraction of total employment-
related income. Each regression controls for gender, age, education,
marital status, whether living in the capital area or not, and number
of children at age 0-18.
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Table A.8: Effect of Tax-Free Year on Capital Income
(1) (2) (3)

Elasticity estimate ( dy
d logp1´τq ) 310*** 291*** 272**

(118) (109) (131)

Reduced form estimate pdyq 64*** 61*** 53**
(24) (23) (25)

First stage estimate pd logp1´ τqq 0.207*** 0.208*** 0.193***
(0.001) (0.001) (0.001)

Mean of outcome variable 72.34 72.34 72.34
Share of treatment effect on labor earnings 0.021 0.021 0.018

Controls No Yes Yes
Occupation Fixed Effects No Yes
Sector Fixed Effects No Yes No
Matching No No Yes
Observations 530,900 530,900 530,900

Notes: The table presents results from difference-in-differences (DD) regressions, where each
row and column entry corresponds to one regression estimate. The top row presents results
from a 2SLS estimation of equation (2), where the dependent variable is real taxable capital in-
come in 1981$ and the net-of-tax rate is instrumented with an interaction between indicators
of treatment status and tax-free year. The middle row presents results from a reduced-form
DD estimation of equation (1), where the outcome variable is real taxable capital income in
1981$. The bottom row presents results from a first-stage DD estimation of equation (1), where
the outcome variable is the logarithm of one minus the marginal tax rate. Controls are gen-
der, age, education, marital status, whether living in the capital area or not, and number of
children at age 0-18. Occupation and sector fixed effects are group dummies for occupation
and sector groups. “Matching" refers to weighted regressions after coarsened exact matching
on age and pre-treatment marital status, number of children and education. “Share of treat-
ment effect on labor earnings” refers to the ratio of the top row to a similar estimate of real
labor earnings in in 1981$. Robust standard errors clustered by individual in parentheses. ***
pă0.01, ** pă0.05, * pă0.1
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Table A.9: Effect of Tax-Free Year on Self-Employment
(1) (2) (3)

2SLS DD estimate ( dP
d logp1´τq ) 0.104*** 0.102*** 0.155***

(0.014) (0.013) (0.019)

Reduced form estimate pdP q 0.021*** 0.021*** 0.030***
(0.003) (0.002) (0.003)

First stage estimate pd logp1´ τqq 0.207*** 0.208*** 0.193***
(0.001) (0.001) (0.001)

Mean of outcome variable 0.149 0.149 0.149
Controls Yes Yes Yes
Occupation Fixed Effects No Yes No
Sector Fixed Effects No Yes No
Matching No No Yes
Observations 530,900 530,900 530,397

Notes: The table presents results from difference-in-differences (DD) regressions,
where each row and column entry corresponds to one regression estimate. The top
row presents results from a 2SLS estimation of equation (2), where the dependent
variable is an indicator for having income from self-employment and the net-of-tax
rate is instrumented with an interaction between indicators of treatment status and
tax-free year. The middle row presents results from a reduced-form DD estimation of
equation (1), where the outcome variable is an indicator for having income from self-
employment. The bottom row presents results from a first-stage DD estimation of
equation (1), where the outcome variable is the logarithm of one minus the marginal
tax rate. Controls are gender, age, education, marital status, whether living in the
capital area or not, and number of children at age 0-18. Occupation and sector fixed
effects are group dummies for occupation and sector groups. “Matching" refers to
weighted regressions after coarsened exact matching on age and pre-treatment mar-
ital status, number of children and education. Robust standard errors clustered by
individual in parentheses. *** pă0.01, ** pă0.05, * pă0.1
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Table A.10: Effect of Tax-Free Year on Labor Earnings: Predicted Tax Bracket
(1) (2) (3)

2SLS DD estimate ( d log y
d logp1´τq ) 0.536*** 0.546*** 0.459***

(0.027) (0.027) (0.028)

Reduced form estimate pd log yq 0.108*** 0.110*** 0.093***
(0.005) (0.005) (0.006)

First stage estimate pd logp1´ τqq 0.202*** 0.201*** 0.201***
(0.001) (0.001) (0.001)

Controls Yes Yes Yes
Occupation Fixed Effects No Yes No
Sector Fixed Effects No Yes No
Matching No No Yes
Observations 474,641 474,641 474,525

Notes: The table presents results from a difference-in-differences (DD) regressions,
where each row and column entry corresponds to one regression estimate. Treat-
ment status is assigned based on the predicted tax bracket in a given year; see the
text for details. The top row presents results from a 2SLS estimation of equation (2),
where the dependent variable is the logarithm of labor earnings and the net-of-tax
rate is instrumented with an interaction between indicators of treatment status and
tax-free year. The middle row presents results from a reduced-form DD estimation
of equation (1), where the outcome variable is the logarithm of labor earnings. The
bottom row presents results from a first-stage DD estimation of equation (1), where
the outcome variable is the logarithm of one minus the marginal tax rate. Controls
are gender, age, education, marital status, whether living in the capital area or not,
and number of children at age 0-18. Occupation and sector fixed effects are group
dummies for occupation and sector groups. “Matching" refers to weighted regres-
sions after coarsened exact matching on age and pre-treatment marital status, num-
ber of children and education. Robust standard errors clustered by individual in
parentheses. *** pă0.01, ** pă0.05, * pă0.1
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Table A.11: Effect of Tax-Free Year on Total Weeks Worked: Predicted Tax Bracket
(1) (2) (3)

2SLS DD estimate ( dy
d logp1´τq ) 7.627*** 7.367*** 7.316***

(0.870) (0.818) (0.032)

Reduced form estimate pdyq 1.546*** 1.486*** 1.476***
(0.175) (0.164) (0.202)

First stage estimate pd logp1´ τqq 0.207*** 0.208*** 0.193***
(0.001) (0.001) (0.001)

Mean dependent variable 49.49 49.49 49.49
Controls Yes Yes Yes
Occupation Fixed Effects No Yes No
Sector Fixed Effects No Yes No
Matching No No Yes
Observations 468,611 468,611 468,495

Notes: The table presents results from difference-in-differences (DD) regressions,
where each row and column entry corresponds to one regression estimate. The top
row presents results from a 2SLS estimation of equation (2), where the dependent
variable is total number of weeks worked and the net-of-tax rate is instrumented
with an interaction between indicators of treatment status and tax-free year. The
middle row presents results from a reduced-form DD estimation of equation (1),
where the outcome variable is the total number of weeks worked. The bottom row
presents results from a first-stage DD estimation of equation (1), where the outcome
variable is the logarithm of one minus the marginal tax rate. Controls are gender,
age, education, marital status, whether living in the capital area or not, and num-
ber of children at age 0-18. Occupation and sector fixed effects are group dummies
for occupation and sector groups. “Matching" refers to weighted regressions after
coarsened exact matching on age and pre-treatment marital status, number of chil-
dren and education. Robust standard errors clustered by individual in parentheses.
*** pă0.01, ** pă0.05, * pă0.1

Table A.12: Effect of Tax-Free Year on Labor Earnings by Tax-Brackets
Lower-Middle Upper-Middle Top
(1) (2) (3) (4) (5) (6)

2SLS DD estimate ( d log y
d logp1´τq ) 0.484*** 0.539*** 0.286*** 0.304*** 0.236*** 0.200***

(0.037) (0.042) (0.020) (0.029) (0.016) (0.033)

Reduced form estimate pd log yq 0.069*** 0.072*** 0.083*** 0.084*** 0.111*** 0.087***
(0.005) (0.005) (0.006) (0.008) (0.007) (0.014)

First stage estimate pd logp1´ τqq 0.142*** 0.133*** 0.293*** 0.272*** 0.467*** 0.434***
(0.001) (0.001) (0.001) (0.001) (0.001) (0.002)

Controls Yes Yes Yes Yes Yes Yes
Matching No Yes No Yes No Yes
Observations 368,645 368,402 202,600 202,030 146,702 143,676

Notes: The table presents results from difference-in-differences (DD) regressions, where each row and column entry
corresponds to one regression estimate. The top row presents results from a 2SLS estimation of equation (2), where the
dependent variable is the logarithm of labor earnings and the net-of-tax rate is instrumented with an interaction between
indicators of treatment status and tax-free year. The middle row presents results from a reduced-form DD estimation
of equation (1), where the outcome variable is the logarithm of labor earnings. The bottom row presents results from a
first-stage DD estimation of equation (1), where the outcome variable is the logarithm of one minus the marginal tax rate.
Controls are gender, age, education, marital status, whether living in the capital area or not, and number of children at
age 0-18. Occupation and sector fixed effects are group dummies for occupation and sector groups. “Matching" refers
to weighted regressions after coarsened exact matching on age and pre-treatment marital status, number of children and
education. Robust standard errors clustered by individual in parentheses. *** pă0.01, ** pă0.05, * pă0.1
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Table A.13: Tax-Bracket DD: Labor Earnings – Top and Upper-Middle vs. Lower-Middle Bracket
(1) (2) (3)

2SLS DD estimate ( d log y
d logp1´τq ) 0.232*** 0.289*** 0.233***

(0.029) (0.029) (0.034)

Reduced form estimate pd log yq 0.037*** 0.046*** 0.034***
(0.005) (0.004) (0.005)

First stage estimate pd logp1´ τqq 0.160*** 0.158*** 0.147***
(0.001) (0.001) (0.001)

Controls Yes Yes Yes
Occupation Fixed Effects No Yes No
Sector Fixed Effects No Yes No
Matching No No Yes
Observations 431,459 431,459 430,911

Notes: The table presents results from difference-in-differences (DD) regressions,
where each row and column entry corresponds to one regression estimate. The top
row presents results from a 2SLS estimation of equation (2), where the dependent
variable is the logarithm of labor earnings and the net-of-tax rate is instrumented
with an interaction between indicators of treatment status and tax-free year. The
middle row presents results from a reduced-form DD estimation of equation (1),
where the outcome variable is the logarithm of labor earnings. The bottom row
presents results from a first-stage DD estimation of equation (1), where the outcome
variable is the logarithm of one minus the marginal tax rate. Controls are gender,
age, education, marital status, whether living in the capital area or not, and num-
ber of children at age 0-18. Occupation and sector fixed effects are group dummies
for occupation and sector groups. “Matching" refers to weighted regressions after
coarsened exact matching on age and pre-treatment marital status, number of chil-
dren and education. Robust standard errors clustered by individual in parentheses.
*** pă0.01, ** pă0.05, * pă0.1
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Table A.14: Tax-Bracket DD: Weeks Worked, Top and Upper-Middle vs. Lower-Middle Bracket
(1) (2) (3)

2SLS DD estimate ( dy
d logp1´τq ) 3.100*** 4.246*** 3.268***

(1.137) (1.133) (1.410)

Reduced form estimate pdyq 0.497*** 0.675*** 0.482***
(0.182) (0.180) (0.208)

First stage estimate pd logp1´ τqq 0.160*** 0.158*** 0.147***
(0.001) (0.001) (0.001)

Mean of outcome variable 49.79 49.79 49.79
Controls Yes Yes Yes
Occupation Fixed Effects No Yes No
Sector Fixed Effects No Yes No
Matching No No Yes
Observations 520,438 520,438 425,579

Notes: The table presents results from difference-in-differences (DD) regressions,
where each row and column entry corresponds to one regression estimate. The top
row presents results from a 2SLS estimation of equation (2), where the dependent
variable is total number of weeks worked and the net-of-tax rate is instrumented
with an interaction between indicators of treatment status and tax-free year. The
middle row presents results from a reduced-form DD estimation of equation (1),
where the outcome variable is the total number of weeks worked. The bottom row
presents results from a first-stage DD estimation of equation (1), where the outcome
variable is the logarithm of one minus the marginal tax rate. Controls are gender,
age, education, marital status, whether living in the capital area or not, and num-
ber of children at age 0-18. Occupation and sector fixed effects are group dummies
for occupation and sector groups. “Matching" refers to weighted regressions after
coarsened exact matching on age and pre-treatment marital status, number of chil-
dren and education. Robust standard errors clustered by individual in parentheses.
*** pă0.01, ** pă0.05, * pă0.1

Table A.15: Tax-Bracket DD: Labor Earnings, Controls for 1988 Tax Rates
(1) (2) (3) (4)

2SLS DD estimate ( d log y
d logp1´τq ) 0.374*** 0.373*** 0.307*** 0.378***

(0.024) (0.022) (0.023) (0.022)

τ1986 ´ τ1988 No Yes No Yes
τaverage1986 ´ τaverage1988 No No Yes Yes
Controls Yes Yes Yes Yes
Observations 526,955 526,955 526,955 526,955

Notes: The table presents results from a 2SLS estimation of equation (2), where the de-
pendent variable is the logarithm of labor earnings and the net-of-tax rate is instru-
mented with an interaction between indicators of treatment status and tax-free year. The
difference between marginal tax rates in 1986 and 1988 is denoted with τ1986´τ1988. The
difference between average tax rates in 1986 and 1988 is denoted with τaverage1986 ´τaverage1988 .
Controls are gender, age, education, marital status, whether living in the capital area or
not, and number of children at age 0-18. Occupation and sector fixed effects are group
dummies for occupation and sector groups. Robust standard errors clustered by indi-
vidual in parentheses. *** pă0.01, ** pă0.05, * pă0.1
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Table A.16: Tax-Bracket DD: Weeks Worked, Controls for 1988 Tax Rates
(1) (2) (3) (4)

2SLS DD estimate ( dy
d logp1´τq ) 4.926*** 7.088*** 4.470*** 7.171***

(0.784) (0.719) (0.749) (0.719)

τ1986 ´ τ1988 No Yes No Yes
τaverage1986 ´ τaverage1988 No No Yes Yes
Controls Yes Yes Yes Yes
Mean of outcome variable 48.43 48.43 48.43 48.43
Observations 520,438 520,438 520,438 520,438

Notes: The table presents results from a 2SLS estimation of equation (2), where the
dependent variable is total number of weeks worked and the net-of-tax rate is instru-
mented with an interaction between indicators of treatment status and tax-free year. The
difference between marginal tax rates in 1986 and 1988 is denoted with τ1986´τ1988. The
difference between average tax rates in 1986 and 1988 is denoted with τaverage1986 ´τaverage1988 .
Controls are gender, age, education, marital status, whether living in the capital area or
not, and number of children at age 0-18. Occupation and sector fixed effects are group
dummies for occupation and sector groups. Robust standard errors clustered by indi-
vidual in parentheses. *** pă0.01, ** pă0.05, * pă0.1

Table A.17: Tax-Bracket DD: Labor Earnings – Upper-Middle vs. Lower-Middle Bracket
(1) (2) (3)

2SLS DD estimate ( d log y
d logp1´τq ) 0.325*** 0.386*** 0.337***

(0.048) (0.048) (0.058)

Reduced form estimate pd log yq 0.036*** 0.042*** 0.033***
(0.005) (0.005) (0.006)

First stage estimate pd logp1´ τqq 0.111*** 0.110*** 0.099***
(0.001) (0.001) (0.001)

Controls Yes Yes Yes
Occupation Fixed Effects No Yes No
Sector Fixed Effects No Yes No
Matching No No Yes
Observations 380,253 380,253 379,783

Notes: The table presents results from difference-in-differences (DD) regressions,
where each row and column entry corresponds to one regression estimate. The top
row presents results from a 2SLS estimation of equation (2), where the dependent
variable is the logarithm of labor earnings and the net-of-tax rate is instrumented
with an interaction between indicators of treatment status and tax-free year. The
middle row presents results from a reduced-form DD estimation of equation (1),
where the outcome variable is the logarithm of labor earnings. The bottom row
presents results from a first-stage DD estimation of equation (1), where the outcome
variable is the logarithm of one minus the marginal tax rate. Controls are gender,
age, education, marital status, whether living in the capital area or not, and num-
ber of children at age 0-18. Occupation and sector fixed effects are group dummies
for occupation and sector groups. “Matching" refers to weighted regressions after
coarsened exact matching on age and pre-treatment marital status, number of chil-
dren and education. Robust standard errors clustered by individual in parentheses.
*** pă0.01, ** pă0.05, * pă0.1
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Table A.18: Life-Cycle-DD: Labor Earnings, Upper-Middle and Lower-Middle Brackets
(1) (2) (3)

2SLS DD estimate ( d log y
d logp1´τq ) 0.493*** 0.490*** 0.426***

(0.001) (0.001) (0.001)

Reduced form estimate pd log yq 0.150*** 0.149*** 0.136***
(0.003) (0.003) (0.003)

First stage estimate pd logp1´ τqq 0.303*** 0.303*** 0.317***
(0.001) (0.001) (0.001)

Match-strata Fixed Effects Yes Yes No
Individual Fixed Effects No No Yes
Occupation Fixed Effects No Yes No
Sector Fixed Effects No Yes No
Number of observations 250,762 250,762 232,264

Notes: The table presents results from difference-in-differences (DD) regressions,
where each row and column entry corresponds to one regression estimate. The top
row presents results from a 2SLS estimation of equation (4), where the dependent
variable is the logarithm of labor earnings and the net-of-tax rate is instrumented
with an interaction between indicators of treatment status and tax-free year. The
middle row presents results from a reduced-form DD estimation of equation (3),
where the outcome variable is the logarithm of labor earnings. The bottom row
presents results from a first-stage DD estimation of equation (3), where the outcome
variable is the logarithm of one minus the marginal tax rate. “Match-strata Fixed
Effects" refers to group fixed effects, where each group is a cell used in coarsened ex-
act matching on age, gender and pre-treatment marital status, number of children,
education, location indicator and percentile of income. Occupation and sector fixed
effects are group dummies for occupation and sector groups. Number of observa-
tions corresponds to observations for the treatment group. Robust standard errors
clustered at the match-strata level are in parentheses. *** pă0.01, ** pă0.05, * pă0.1
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Table A.19: Life-Cycle-DD: Weeks Worked, Upper-Middle and Lower-Middle Brackets
(1) (2) (3)

2SLS DD estimate ( dy
d logp1´τq ) 2.210*** 2.259*** 1.024***

(0.353) (0.344) (0.334)

Reduced form estimate pdyq 0.673*** 0.689*** 0.326***
(0.107) (0.105) (0.106)

First stage estimate pd logp1´ τqq 0.303*** 0.303*** 0.317***
(0.001) (0.001) (0.001)

Mean dependent variable 48.15 48.15 48.15
Match-strata Fixed Effects Yes Yes No
Individual Fixed Effects No No Yes
Occupation Fixed Effects No Yes No
Sector Fixed Effects No Yes No
Number of observations 248,850 248,850 229,894

Notes: The table presents results from difference-in-differences (DD) regressions,
where each row and column entry corresponds to one regression estimate. The top
row presents results from a 2SLS estimation of equation (4), where the dependent
variable is total weeks worked and the net-of-tax rate is instrumented with an in-
teraction between indicators of treatment status and tax-free year. The middle row
presents results from a reduced-form DD estimation of equation (3), where the out-
come variable is total weeks worked. The bottom row presents results from a first-
stage DD estimation of equation (3), where the outcome variable is the logarithm of
one minus the marginal tax rate. “Match-strata Fixed Effects" refers to group fixed
effects, where each group is a cell used in coarsened exact matching on age, gender
and pre-treatment marital status, number of children, education, location indicator
and percentile of income. Occupation and sector fixed effects are group dummies for
occupation and sector groups. Number of observations corresponds to observations
for the treatment group. Robust standard errors clustered at the match-strata level
are in parentheses. *** pă0.01, ** pă0.05, * pă0.1
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Table A.20: Effect of Permanent Reform
Earnings Weeks Employment

(1) (2) (3)
2SLS DD estimate 0.424*** 4.681*** 0.529***

(0.050) (1.349) (0.114)

Reduced form estimate 0.046*** 0.487*** 0.015***
(0.005) (0.137) (0.003)

First stage estimate 0.103*** 0.103*** 0.028***
(0.001) (0.001) (0.001)

Mean dependent variable — 45.62 0.858
Controls Yes Yes Yes
Observations 675,673 676,253 716,851

Notes: The table presents results from difference-in-differences (DD) regressions,
where each row and column entry corresponds to one regression estimate. The
post-reform period is 1988-1990 and the year 1987 is dropped from the sample.
The top row presents results from a 2SLS estimation of equation (2), where the de-
pendent variable is defined in the top panel above each column and the net-of-tax
rate is instrumented with an interaction between indicators of treatment status and
tax-free year. The middle row presents results from a reduced-form DD estimation
of equation (1), where the outcome variable is the total number of weeks worked.
The bottom row presents results from a first-stage DD estimation of equation (1),
where the outcome variable is the logarithm of one minus the marginal tax rate,
except in the case of employment where it is one minus the average tax rate. Con-
trols are gender, age, education, marital status, whether living in the capital area
or not, and number of children at age 0-18. Robust standard errors clustered by
individual in parentheses. *** pă0.01, ** pă0.05, * pă0.1
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Table A.21: Effect of Permanent Reform: Men
Earnings Weeks Employment

(1) (2) (3)
2SLS DD estimate 0.038 -2.371* -0.116

(0.045) (1.349) (0.025)

Reduced form estimate 0.006 -0.345* -0.005
(0.007) (0.137) (0.004)

First stage estimate 0.145*** 0.145*** 0.040***
(0.002) (0.002) (0.001)

Mean dependent variable — 48.17 0.913
Controls Yes Yes Yes
Observations 437,486 436,232 463,817

Notes: The table presents results from difference-in-differences (DD) regressions,
where each row and column entry corresponds to one regression estimate. The
post-reform period is 1988-1990 and the year 1987 is dropped from the sample.
The top row presents results from a 2SLS estimation of equation (2), where the de-
pendent variable is defined in the top panel above each column and the net-of-tax
rate is instrumented with an interaction between indicators of treatment status and
tax-free year. The middle row presents results from a reduced-form DD estimation
of equation (1), where the outcome variable is the total number of weeks worked.
The bottom row presents results from a first-stage DD estimation of equation (1),
where the outcome variable is the logarithm of one minus the marginal tax rate,
except in the case of employment where it is one minus the average tax rate. Con-
trols are gender, age, education, marital status, whether living in the capital area
or not, and number of children at age 0-18. Robust standard errors clustered by
individual in parentheses. *** pă0.01, ** pă0.05, * pă0.1
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Table A.22: Effect of Permanent Reform: Women
Earnings Weeks Employment

(1) (2) (3)
2SLS DD estimate 0.606*** 4.624 0.375

(0.158) (4.082) (0.250)

Reduced form estimate 0.032*** 0.233 0.008
(0.007) (0.201) (0.005)

First stage estimate 0.050*** 0.050*** 0.020***
(0.002) (0.002) (0.001)

Mean dependent variable — 41.34 0.765
Controls Yes Yes Yes
Observations 238,187 240,021 253,034

Notes: The table presents results from difference-in-differences (DD) regressions,
where each row and column entry corresponds to one regression estimate. The
post-reform period is 1988-1990 and the year 1987 is dropped from the sample.
The top row presents results from a 2SLS estimation of equation (2), where the de-
pendent variable is defined in the top panel above each column and the net-of-tax
rate is instrumented with an interaction between indicators of treatment status and
tax-free year. The middle row presents results from a reduced-form DD estimation
of equation (1), where the outcome variable is the total number of weeks worked.
The bottom row presents results from a first-stage DD estimation of equation (1),
where the outcome variable is the logarithm of one minus the marginal tax rate,
except in the case of employment where it is one minus the average tax rate. Con-
trols are gender, age, education, marital status, whether living in the capital area
or not, and number of children at age 0-18. Robust standard errors clustered by
individual in parentheses. *** pă0.01, ** pă0.05, * pă0.1

Table A.23: Life-Cycle DD: Robustness – Sample Restricted to Taxpayers

Earnings Weeks Employment
(1) (2) (3)

2SLS DD estimate 0.529*** 3.157*** 0.040***
(0.010) (0.337) (0.011)

Reduced form estimate 0.150*** 0.896*** 0.006***
(0.003) (0.095) (0.002)

First stage estimate 0.282*** 0.282*** 0.153***
(0.002) (0.002) (0.001)

Mean dependent variable – 48.97 0.920
Match-strata Fixed Effects Yes Yes Yes
Number of observations 94,146 91,607 95,371
Number of Individuals 356,968 350,681 359,943

Notes: The table presents results from difference-in-differences (DD) regressions,
where each row and column entry corresponds to one regression estimate. The top
row presents results from a 2SLS estimation of equation (4), where the dependent
variable is noted in the top panel and the net-of-tax rate is instrumented with an in-
teraction between indicators of treatment status and tax-free year. The middle row
presents results from a reduced-form DD estimation of equation (3). The bottom row
presents results from a first-stage DD estimation of equation (3), where the outcome
variable is the logarithm of one minus the tax rate. “Match-strata Fixed Effects" refers
to group fixed effects, where each group is a cell used in coarsened exact matching
on age, gender and pre-treatment marital status, number of children, education, lo-
cation indicator and percentile of income. Robust standard errors clustered at the
match-strata level are in parentheses. *** pă0.01, ** pă0.05, * pă0.1
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Table A.24: Life-Cycle DD: Robustness – Drop Fishing Sector

Earnings Weeks Employment
(1) (2) (3)

2SLS DD estimate 0.687*** 3.037*** 0.071***
(0.017) (0.365) (0.015)

Reduced form estimate 0.147*** 0.655*** 0.007***
(0.003) (0.079) (0.002)

First stage estimate 0.202*** 0.202*** 0.105***
(0.002) (0.002) (0.001)

Mean dependent variable – 39,34 0.659
Match-strata Fixed Effects Yes Yes Yes
Number of observations 572,213 572,213 572,213
Number of Individuals 144,205 144,205 144,205

Notes: The table presents results from difference-in-differences (DD) regressions,
where each row and column entry corresponds to one regression estimate. The top
row presents results from a 2SLS estimation of equation (4), where the dependent
variable is noted in the top panel and the net-of-tax rate is instrumented with an in-
teraction between indicators of treatment status and tax-free year. The middle row
presents results from a reduced-form DD estimation of equation (3). The bottom row
presents results from a first-stage DD estimation of equation (3), where the outcome
variable is the logarithm of one minus the tax rate. “Match-strata Fixed Effects" refers
to group fixed effects, where each group is a cell used in coarsened exact matching
on age, gender and pre-treatment marital status, number of children, education, lo-
cation indicator and percentile of income. Robust standard errors clustered at the
match-strata level are in parentheses. *** pă0.01, ** pă0.05, * pă0.1
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