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studies. Human capital for sure does depreciate (and fast).
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S UMMARY

This dissertation consists of three self-contained chapters all written within the field
of labor economics. As the name suggests, labor economics tries to understand
the labor market. A market in which workers trade labor in return for a salary paid
by a firm. Two main aspects of the labor market are unemployment and earnings,
namely why are some people unemployed and why are people paid what they are?
Phenomena which are important for decision makers to understand when designing
policies targeting e.g. unemployment during a recession, unequal pay between men
and women, etc.
The chapters of the dissertation all further our understanding of the labor market
career of the individual in terms of unemployment and earnings. The first chapter
aims to understand the role of taxation in shaping unemployment and earnings
throughout the life of the individual worker, whereas chapter two and three think
carefully about the spacial labor market and especially the effect of living in a big city
on employment and wages.
In my dissertation, I employ two standard methods of labor economics, namely
structural estimation and causal inference. The methods aim at the same thing: We
want to know the consequence of a given policy, e.g., what happens to unemployment
if we increase taxation? Or, what happens to individual learning if we put an extra
teacher in the classroom? Even though the aims of the methods are the same, the
methods are quite different.
Structural estimation is used to study the consequence of a policy whenever we do not
observe how individuals respond to an intervention. In this case, we create a model
of the world in which we can implement the new policy and study how individuals
respond. On the other hand, causal inference is used when we have data on all aspects
of the policy as well as how individuals respond. In this case, we can estimate the
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effect of the policy by comparing individuals who got treated to individuals who did
not. However, the obvious caveat is that we have to deal with potential non-random
assignment of treatment.
The first chapter studies the effect of income taxation on individuals’ earnings and
employment as well as firms’ hiring and wage policies. My co-authors and I create a
structural model of the Danish labor market in which workers and firms cannot meet
instantaneously but instead have to search to find each other. In this way, we add
to the literature on the effect of taxation on earnings, as those models tend to only
feature a choice between working or not. We find that taxation distorts the decision to
climb the job-ladder which is important to keep in mind when designing tax policies.
The second and third chapter both deal with what is arguably the core question in
urban economics: What is the effect of living in a big city for the individual in terms
of earnings both in the short and long run? The main challenge in answering this
question is to deal with self-selection, a classic problem within the causal inference
framework. Is it the big city itself that causes individuals who live there to enjoy higher
earnings, e.g. by making them more productive? Alternatively, is it the case that high
earning individuals have simply selected to live in the big city?
In these two final chapters, I deal with the self-selection issue in different ways. The
second chapter exploits a dispersion policy throughout 1986-1998 which randomized
the receiving municipality of incoming refugees. If we believe in the randomization,
estimating the effect of living in the big city is straightforward to do by comparing
those who got assigned to the big city to those who did not.
The third chapter instead compares individuals who were born in either the rural or
the urban area. In this way, I estimate the effect of being born in a big city on lifetime
labor market outcomes. The extent to which the place you were born determines
the place you work allows me to study the above mentioned core question in urban
economics, the effect of living in the big city on labor market outcomes.
The finding of the last two chapters is that the big city does create increased wage
growth for the individual. Further, I find that a large part of the wedge between rural
and urban wages is due to individuals born in the rural area moving to a big city,
possibly to undertake longer educations, never returning again. This finding suggests
that, if you want to minimize differences between rural and urban labor markets, it is
important to improve access to higher education in rural areas and to make sure that
rural areas supply jobs that require a complex set of skills.

D ANISH S UMMARY

Denne afhandling består af tre selvstændige kapitler, som alle er skrevet inden for
arbejdsmarkedsøkonomi. Som navnet antyder, så beskæftiger arbejdsmarkedsøkonomi sig med at forstå arbejdsmarkedet – et marked hvor arbejdere sælger deres
arbejdskraft for til gengæld at blive betalt en løn af et firma. To primære aspekter
af arbejdsmarkedet er arbejdsløshed og indkomst, altså hvorfor er nogen individer
arbejdsløse, og hvorfor bliver man betalt som man gør? Fænomener, som er vigtige
for politikere at forstå, når de designer politik mod eksempelvis arbejdsløshed under
en recession, ulige løn mellem mænd og kvinder, osv.
Kapitlerne i denne afhandling øger alle vores forståelse for individets karriere på
arbejdsmarkedet med hensyn til arbejdsløshed og indkomst. Det første kapitel sigter
mod at forstå indkomstbeskatningens rolle for individets karriere på arbejdsmarkedet,
hvorimod kapitel to og tre går i dybden med det rummelige arbejdsmarked og specielt
effekten af at leve i en storby for beskæftigelse og løn.
I min afhandling bruger jeg to standardmetoder inden for arbejdsmarkedsøkonomi,
nemlig strukturel estimation og kausal inferens. Målet for de to metoder er det samme: Vi ønsker at kende konsekvensen af en given politik, f.eks., hvad der sker med
arbejdsløsheden, hvis vi hæver skattetrykket? Eller, hvad der sker med indlæringen
for den enkelte elev, hvis vi øger antallet af lærere i klasselokalet? Selvom målet for
metoderne er det samme, så er de meget forskellige.
Strukturel estimation bruges til at studere konsekvensen af en politik, når man ikke
kan observere den enkeltes respons til interventionen. I dette tilfælde bygger man
en model af verden, hvori man kan implementere en politik og studere individernes
respons. På den anden side bruges kausal inferens, når man har data på alle aspekter
af en given politik samt hvordan individerne responderer. Her kan man estimere
effekten af politikken ved at sammenligne individer, som blev ramt af politikken, med
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dem som ikke gjorde. Den store udfordring er til gengæld, at man bliver nødt til at
tage højde for ikke-tilfældig tildeling af politikken til den enkelte.
Det første kapitel studerer rollen for indkomstbeskatning for individets indkomst og
beskæftigelse samt firmaets hyrings- og lønpolitik. Mine medforfattere og Jeg bygger
en strukturel model af det danske arbejdsmarked, hvori arbejdere og firmaer ikke kan
mødes med det samme, men i stedet må lede efter hinanden. På den måde udbygger
vi litteraturen om effekten af beskatning på indkomst, da disse modeller normalt
kun omhandler valget mellem at arbejde eller ej. Vi finder, at indkomstbeskatning
skævvrider individets valg omkring at klatre op ad arbejdsmarkedsstigen, hvilket er
vigtigt at tage i betragtning, når politikere skal designe skattepolitik.
Det andet og tredje kapitel beskæftiger sig begge med velsagtens det helt centrale
spørgsmål inden for byøkonomi: Hvad er effekten af at bo i en storby for individets
indkomst både på kort og lang sigt? Den primære udfordring med at besvare dette
spørgsmål er at håndtere selvudvælgelse, et klassisk problem med kausal inferens
metoden. Er det storbyen, der får individer, som bor der, til at få højere indkomst ved
f.eks. at gøre dem mere produktive? Eller er det individer med høj indkomst, som blot
vælger at bosætte sig i storbyen?
I de sidste to kapitler tackler jeg selvudvælgelsesproblemet på forskellige måder. Det
andet kapitel udnytter en spredningspolitik i årene 1986 til 1998, som randomiserede
modtagelseskommunen for nytilkomne flygtninge. Hvis vi tror på randomiseringen,
så er det ligetil at estimere effekten af at bo i storbyen ved at sammenligne dem, som
blev allokeret til storbyen, med dem, som ikke blev.
Det tredje kapitel sammenligner i stedet individer, som blev født i henholdsvis landog byområder. På den måde estimeres effekten af at være født i en storby for livstidsarbejdsmarkedsudfald. Hvis fødselssted bestemmer stedet man ender med at
arbejde, kan jeg samtidig studere det førnævnte centrale spørgsmål i byøkonomi,
nemlig effekten af hvor man bor på arbejdsmarkedsudfald.
I de sidste to kapitler finder jeg, at storbyen skaber øget lønvækst for individet. Endvidere finder jeg, at en stor del af skellet mellem land- og bylønninger skyldes individer
født i landområdet, som flytter til byområdet uden at komme tilbage igen, højst
sandsynligt for at tage en længerevarende uddannelse. Dette resultat tilsiger, at det er
vigtigt at lette adgangen til længerevarende uddannelser i landområderne samt at
sikre, at landområderne tilbyder jobs, der kræver komplekse færdigheder, hvis man
ønsker at formindske forskellene mellem land og by på arbejdsmarkedet.
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Abstract
We study how income taxation affect workers’ job search behavior, and thereby the
allocation of labor across firms, in a complete markets equilibrium search model with
worker and firm heterogeneity. Using comprehensive matched employer-employee
data from Denmark, we find strong behavioral responses to income taxation among
core labor market participants. The mobility-based long run elasticity of taxable
income with respect to the marginal net-of-tax rate is estimated to be 0.24. The
elasticity-estimate is to a large extent driven by equilibrium responses resulting in a
reduction in firms’ monopsony power. When evaluating a series of Danish income
tax reforms implemented in the 1990s and 2000s, we find that the reforms reduced
long run unemployment by 10% and increased long run aggregate productivity by
4.8% with larger effects at the bottom of the skill distribution.
1
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C HAPTER 1. I NCOME TAXATION AND THE E QUILIBRIUM A LLOCATION OF L ABOR

1.1 Introduction
Labor income taxation is a key vehicle by which governments redistribute income,
alleviate risk and finance public goods and services. At the same time, income taxation
distort incentives of workers and firms to exploit gains from trade, and the design of
income tax schedules that achieve policy goals with minimum distortionary effects
requires detailed knowledge of how workers and firms respond to taxation. This
paper assesses how income taxation distort workers’ job search effort—and thus
the equilibrium allocation of workers across firms—by providing new estimates
of the mobility-based elasticity of taxable labor income, and evaluating the long
run effects of a series of Danish income tax reforms during 1990-2005 on aggregate
unemployment and productivity.
In this paper, we use a rich equilibrium on-the-job search model with two-sided
heterogeneity, non-linear utility of consumption, endogenous job search effort on
the worker-side, endogenous hiring intensity on the firm-side, wage posting, and firm
entry and exit. We use the model to investigate different aspects of distortions coming
from income taxation. The model is estimated on matched employer-employee data
from Denmark using indirect inference. We contribute to the literature in several
ways by using the estimated model to illustrate and quantify the impact of labor
income taxation on the equilibrium allocation of labor.
We use the estimated model to provide an estimate of a mobility-based elasticity of
taxable labor income. We find the full equilibrium elasticity to be 0.24. The corresponding compensated elasticity of taxable labor income, where any income effects
have been eliminated, is estimated to be higher, at 0.34. The model allows us to
decompose the estimated elasticity along different channels and across worker types.
Moreover, we find that workers of lower ability have higher taxable labor income
elasticities. A structural decomposition reveal that 32 percent of the measured elasticity of taxable income come from extensive margin allocative adjustments (i.e.
changes in the steady state unemployment rate), 29 percent come from intensive
margin allocative adjustments (reflecting changes in the steady state distribution
of employed workers across firms), and 39 percent come from firms’ wage policy
adjustments. When we apply the decomposition across the ability distribution, we
see that extensive margin adjustments drives the bulk of the measured taxable labor
income elasticity at the bottom of the ability distribution, whereas intensive margin
adjustments and adjustment to wage policies drive the taxable labor income elasticity
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estimates at the top of the ability distribution. We can also estimate the partial equilibrium elasticity holding job offer arrival rates and wage distributions constant. The
partial equilibrium effects are significantly smaller than the full equilibrium effects.
This highlights the danger of estimating these types of elasticities using only short
run data.1
We also contribute by evaluating how three Danish income tax reforms during 19902005 affected the steady state unemployment rate, taxable labor income, and the
governments budget. All the reforms decreased the marginal tax rates, but in some
cases the average tax rate was increased. This matters in our model, since we allow
to income effects. We find that the tax reforms improved the equilibrium allocation
of labor, reducing the steady state unemployment rate by about 10 percent, and
increasing steady state labor income by about 4.8 percent, with workers of low ability
gaining the most in terms of lower unemployment rates and higher labor incomes.
Accounting for equilibrium adjustments is quantitatively important when evaluating
the three income tax reforms. Overall, the tax reforms during 1990-2005, lead to a 1
percent gain in government revenue.
Our analysis is based on a rich equilibrium on-the-job search model with two-sided
heterogeneity. Workers have non-linear utility of consumption and exert endogenous
job search effort as in Burdett (1978), Christensen, Lentz, Mortensen, Neumann, and
Werwatz (2005), and Bagger and Lentz (2018). Curvature in the utility of consumption
implies that workers’ optimal search effort choices feature both substitution and
income effects, and introduces a desire for consumption smoothing in the face of
labor income risk stemming from job finding and job destruction events. We assume
the presence of a complete system of insurance markets in which workers may trade
securities to alleviate this consumption risk, and solve for the complete markets
equilibrium using a large household formulation of the model in the mold of Merz
(1995). In a nutshell, the model stipulates that income taxation reduces the return
to job search effort, thus distorting workers’ job search effort, and therefore the
equilibrium allocation of heterogeneous workers across heterogeneous firms. Firms
choose endogenous hiring intensity and post ability-specific wages as in Burdett and
Mortensen (1998) and Bontemps, Robin, and van den Berg (2000). Firms can enter
and exit the economy as in Melitz (2003).

1 Using reduced-form methods, Johnston and Mas, 2018 finds large differences between partial equilibrium and full equilibrium effects of unemployment insurance.
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Our paper suggests a new margin for distortions of income taxation, namely reallocation of workers across firms. There is empirical evidence that this margin is
important and is affected by taxation. Gentry and Hubbard (2004) presents a reduced
form regression analysis of the impact of income taxation on workers’ labor market
mobility. Using time- and state-variation in income taxation in the US as a source of
identification, Gentry and Hubbard (2004) find that a 5 percentage point reduction in
the marginal tax rate increases the probability that a worker (in their study, a head
of household) is in better job within a year by 0.79 percentage points, and that a
reduction in income tax progressivity increases the probability that a worker moves
to better job. Mancino and Mullins (2020) provides evidence that single mothers
respond to the Earned Income Tax Credit along several dimensions: They transition
faster into jobs, make more job-to-job transitions, and they accept second jobs more
often. Sumiya (2020) uses a large tax reform in Denmark in 1987 to investigate several
outcomes of changing the tax system. In the spirit of Gruber and Saez (2002), Sumiya
(2020) uses exogenous variation in mechanical tax rates to show that a 6 percentage
point increase in the marginal tax rate reduces the probability of a job-to-job transition with a wage gain by 1.5 percentage point within a year. Thus, there is amble
evidence that the reallocation patterns of workers is endogenous to the tax system.
Since distortions from taxation is an important topic, a large and diverse empirical
literature studying behavioral responses to income taxation has emerged.2 We contribute to this literature by studying the impact of labor income taxation on workers’
job search behavior and the implications it has for the equilibrium allocation of
heterogeneous workers across heterogeneous firms. A large part of this literature is
devoted to measuring labor supply effects via participation (extensive margin) and
hours choices (intensive margin), see Meghir and Phillips (2011) for an overview.
The general conclusion of this literature is that taxation only effects the intensive
and extensive margin of labor supply for men to a limited degree.3 It is however,
somewhat higher for women in general, but it is mostly driven by women with young
children and in particular lone mothers.4
This is in stark contrast to the literature that has tried to measure the elasticity of tax2 See e.g. the Mirrlees Review (Adam, Besley, Blundell, Bond, Chote, Johnson, Myles, and Poterba,
2011; Mirrlees, Adam, Besley, Blundell, Bond, Chote, Johnson, Myles, and Poterba, 2011) for a recent and
comprehensive collection of studies of issues related to taxation, including labor income taxation.
3 See Tables 3C.4 and 3C.5 in Meghir and Phillips (2011), where the reported average intensive margin
elasticity is around 0.04 and extensive margin is 0.05.
4 Meghir and Phillips (2011), page 252: "‘Hours of work and labor force participation for women with
young children and particularly for lone mothers are also quite sensitive to tax and benefit incentives."
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able income. This literature is reviewed in detail by Saez, Slemrod, and Giertz (2012).
They conclude that the elasticity of taxable income with respect to the marginal tax
rate range from 0.12 to 0.40. These are not as large as the early part of this literature
suggests, but they are larger than the hours responses estimated by the labor supply
literature.
Thus, workers seem to react to changes in the tax system, since their income goes
(modestly) up when taxes decrease. The increase in income is not driven by only
hours responses.5 The gap between the low elasticity of labor supply and the modest
elasticity of taxable income leads Meghir and Phillips (2011) to conclude that workers
adjust on other margins than participation and hours choices. We suggest one margin
in this paper, namely that workers might search less hard for high paying jobs if
income taxation is high. Our estimated model shows that a mobility driven elasticity
of taxable income with respect of the net-of-tax rate could help close this gap and
thus credibly be one of the margins of adjustment.
In a paper closely related to ours, Kreiner, Munch, and Whitta-Jacobsen (2015) estimates a partial equilibrium on-the-job search model on Danish data in order to
compute a mobility-based elasticity of taxable labor income. Kreiner et al. (2015)
finds a taxable labor income elasticity of 0.30, but their analysis does not account for
income effects in job search behavior, does not explicitly account for both worker
and firm heterogeneity, and does not allow equilibrium adjustments to changes in
the income tax system. Shephard (2017) develops an equilibrium search model where
firm’s differ in productivity, and workers differ in the value of non-market time. The
model, which also features both part- and full-time jobs, is estimated using UK data,
including a detailed accounting for income taxation, and is then used to conduct
an equilibrium evaluation of the labor supply responses to a reform of the Working
Families Tax Credit, a UK in-work benefit scheme. Shephard (2017) does not have endogenous search on the worker side and focus instead on the labor supply responses
at the part-time and full-time margin, and does not use matched employer-employee
data in the estimation. Breda, Haywood, and Wang (2017) develops an equilibrium
search model to analyze labor market effects of taxation and minimum wage policies
in France, but do not endogenize on-the-job search intensity, and thus primarily
focus on workers’ incentive to leave unemployment. More recently, Mancino and
Mullins (2020) looks at the same question that we do. They include hours constraints
5 This is particularly true for our sample, where the majority are privately employed men, which have
close to zero hours and participation responses to taxation.
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into their model model, but do not allow for equilibrium effects on wages or arrival
rates. Their main focus is on single women, whereas our focus is on the general
population. As us, they find that the long run elasticities are higher than the short
run.
The paper proceeds as follows. Section 1.2 presents the model and characterizes the
equilibrium, section 1.3 describes the data we use, section 1.4 provides a detailed
description of the Danish income tax system during the relevant 1990-2005 period
and also describes how we estimate the tax function used in the estimation. Section
1.5 details the estimation procedure, including a discussion of the estimated model’s
fit to data, and a presentation of the estimated structural parameters, section 1.6
contains our results. Finally, section 1.7 concludes, and a number of appendices
contain technical details and supplementary results.

1.2 The Model
1.2.1 The Environment
The model is set in continuous time and the future is discounted at rate ρ. We assume
throughout that the labor market is in steady state.
Two-sided heterogeneity.

One side of the labor market is populated by a unit mea-

sure of infinitely lived individuals of heterogeneous scalar ability a ∈ [0, 1]. Let H (·) be
the CDF of ability in the worker population. We take H (·) to be continuously differentiable with PDF h(·). On the other side of the market, there is a measure M 0 firms of
heterogeneous productivity p ∈ [p 0 , 1]. Productivity p is distributed with CDF Γ0 (·)
across firms. M 0 , p 0 and Γ0 (·) are endogenous objects.
Match output.

A match between an ability-a worker and a productivity-p firm

yields output y(a, p). The match production function y(a, p) is assumed twice continuously differentiable with y a0 (a, p) > 0 and y p0 (a, p) > 0 for all (a, p)-combinations. All
other derivatives of the match output function are left unrestricted. The total output
of a firm is the sum of the output from the matches it participates in. That is, the
production function at the firm-level exhibits constant returns to scale in matches.
Match formation and dissolution.

We assume labor markets are segregated by

worker-ability a. Search frictions require workers and firms to exert effort to form
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productive matches, and workers may search both off- and on-the-job. A type-a
worker who exerts job search effort s receives job offers from hiring firms at rate
λ(a)s, where λ(a) is the job finding rate per unit of search effort for type-a workers,
which is an equilibrium object that depends on the tightness of the market for type-a
labor.
A job offer is a draw of a gross wage w from the ability-conditional wage offer distribution F (w|a) with support [w(a), w(a)]. When a worker accepts a job offer, a
match is formed, and the worker starts working for the new employer immediately.
Matches are dissolved in one of three ways. First, workers are laid off at rate δ(a) upon
which they transition into unemployment. Second, workers quit for higher paying
jobs found through on-the-job search. This event occurs at rate λ(a)sF (w|a), where
s is the worker’s endogenous search effort, and where F (w|a) ≡ 1 − F (w|a). Third,
workers are exogenously reallocated to new matches at rate λ(a)µ, with a wage drawn
from F (w|a). The worker can reject a reallocation and instead transition to unemployment. Descriptively, the reallocation shocks generates transitions from high to low
paying jobs, events that are empirically prevalent, which the model would otherwise
be unable to generate.6 To simplify the model solution, unemployed workers are also
subject to reallocation shocks.
Taxation and the government’s budget.

A worker’s net wage resulting from a gross

wage of w is w − T (w), where T (·) is the income tax function. Taxes are paid continuously, and we assume that T (w) < w, that T (·) is twice differentiable, and that
0 ≤ T 0 (w) < 1. Firm profit is taxed at rate τ. An unmatched worker receives gross unemployment benefit b, and the net flow income of an unemployed worker is b − T (b).
If the government’s steady state revenue from levying income and profit taxes is R,
the government budget is the identity
B = R − n 0 b − b ≡ 0,

(1.1)

where, anticipating some notation to be introduced below, n 0 is the aggregate steady
state unemployment rate, and b is a per-capita lump-sum transfer that balance the
government budget.7
6 In terms of interpretation, transitions from high to low paying jobs may reflect advanced layoff
notices, strong duration dependence in the unemployment-to-job hazard, or simply considerations that
fall outside the scope of the model, e.g. amenities.
7 As will become clear as we present the model, imposing a balanced budget is not a trivial exercise
and it involves some numerical complications that we have yet to solve in a satisfactory way. For this
reason, our current estimation procedure and analysis is done with b = 0.
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Worker preferences.

Workers have preferences over consumption of a composite

private good c and job search effort s, an economic bad that yields disutility. The
preferences are represented by the additively separable felicity function ψ : [0, ∞) ×
[s, ∞) 7→ R, with
ψ(c, s) = u(c) − ζ(s − s),

(1.2)

where u : [0, ∞) 7→ R is a continuously differentiable function with u 0 (·) > 0 and
u 00 (·) ≤ 0, and ζ : [0, ∞) 7→ [0, ∞) is a continuously differentiable function with ζ0 (·) >
0 and ζ00 (·) > 0. This parametrization bounds search effort from below by s > 0,
reflecting that low levels of search effort, up until s = s, is assumed to involve no
disutility. We refer to s as “free search”. Free search turns out not to be quantitatively
important, but rules out degenerate equilibrium wage offer distributions (Diamond,
1971). As we shall see, the convexity of ζ(·) determines the substitution effect in the
job search response to income tax reforms. The income effect is pinned down by the
concavity of u(·). Insofar as the job search literature has endogenized search effort, it
typically imposes quasi-linear preferences that rules out income effects in job search
behavior.8 With quasi-linear preferences, a reduction in the marginal income tax
rate invariably result in increased worker search effort. In the more general case
of equation (1.2), search effort may be reduced if the income effect dominates the
substitution effect.

Large households and the complete markets allocation.

Curvature in the utility

of consumption, u(·), also introduces a desire for consumption smoothing in the
face of labor income risk stemming from job finding and job destruction events.
We deal with this issue within the complete markets paradigm, and follow Merz
(1995) in characterizing the resulting allocation (of consumption and search effort)
by introducing a set of large households in the economy. Specifically, each worker in
the economy belong to large household that is able to dictate job search effort of its
members. Members of a household pool their income to provide perfect consumption
insurance against labor income fluctuations. A household consists of a unit measure
of workers of identical ability. We refer to a household of ability-a workers as a typea household. There are h(a) type-a households, coinciding with the measure of
8 Indeed, existing empirical work on the effect of income taxation on job search and job mobility either
takes no account of income effects (see Kreiner et al., 2015), or does not separate income and substitution
effects (Gentry and Hubbard, 2004). This is in sharp contrast to the empirical labor supply literature, see
e.g. Heckman (1993) and Blundell and MaCurdy (1999).
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ability-a workers, and the economy thus contains a unit measure of households,
R1
0 h(a)d a = 1.
Even though our analysis is strictly positive—measuring and analyzing the consequences of the actual tax schedule in place and side-stepping any normative consideration regarding the shape of this tax schedule—we note here that the complete
markets assumption eliminates the need for government-provided social insurance
through progressive taxation. However, as our model features ex-ante heterogeneous
workers, a progressive income tax schedule may nonetheless be warranted out of
concerns for redistribution. Heathcote, Storesletten, and Violante (2017) provide a
thorough analysis of the factors that shape the optimal degree of income tax progressivity. Michau (2019) analyze optimal provision of social insurance in an on-the-job
search model of ex-ante homogeneous workers. Bagger, Moen, and Vejlin (2017)
studies optimal taxation in a similar environment as this paper, within a model better
suited for normative analysis.
Wage determination.

The ability-conditional wage offer distribution F (w|a) is de-

termined in a wage posting equilibrium as in Burdett and Mortensen (1998) and
Bontemps et al. (2000). The wage setting game restricts admissible wage policies in
three dimensions. First, firms make take-it-or-leave-it offers and credibly commit
to future wage payments. Second, the wage must remain constant throughout the
duration of the match. Third, contracts are anonymous, implying that a firm must
offer the same contract to all workers of the same ability. A firm’s wage policy maximizes its steady state profit by trading off profit per worker and worker turnover,
and is a best response to all other firms’ wage and recruitment policies and workers’
optimal search effort choices. The equilibrium outcome is a set of non-degenerate
ability-specific wage offer distributions, where more productive firms offer higher
wages.
Alternative wage setting arrangements are available. Coles (2001) characterizes a
wage posting equilibrium where firms may renege on promised wage payments.
Stevens (2004), and Burdett and Coles (2003) and Burdett and Coles (2010) relax the
assumption that the offered wage remain constant throughout the match and characterize the set of (privately) optimal wage-tenure contracts. The contracts derived in
Stevens (2004) has little empirical content. Burdett and Coles (2003) and Burdett and
Coles (2010) consider risk-averse workers who inhabit an incomplete markets economy where there is value to firms smoothing workers consumption paths through
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the wage contract. While the resulting wage contracts are empirically plausible, with
complete markets, there is no need for firms to provide such insurance. Postel-Vinay
and Robin (2002) and Cahuc, Postel-Vinay, and Robin (2006) relax the assumption
of take-it-or-leave-it offers through the introduction of sequential auctions and bargaining in the presence of on-the-job search.9 Lentz (2010) and Bagger and Lentz
(2018) extend the Cahuc et al. (2006) framework to allow for endogenous job search
effort. However, with income and profit taxation, wages are no longer pure transfers
in the bargaining game, rendering the Cahuc et al. (2006) framework unattractive
for our purposes.10 Finally, Lentz (2015) studies equilibrium wage formation in an
incomplete markets economy where on-the-job search effort is subject to moral
hazard.

1.2.2 Household Behavior
Consider a type-a household. Let n t0 (a) be the measure of unemployed household
members at time t , and let n t1 (w|a) be the measure of household members employed
with a gross wage w at time t . Define
N t (a) ≡ n t0 (a) +

Z

w(a)
φ(a)

n t1 (w|a)d w

(1.3)

as the time-t measure of the household population.
The distribution of workers across unemployment and employment, and within
employment, across wage levels depend on household members’ labor market behavior. The household is able to dictate, and enforce, the search effort and acceptance
decisions of its members. Let s t0 (a) be the dictated time-t search intensity for an
unemployed type-a worker, and let s t1 (w|a) be the dictated time-t search intensity
for a type-a worker with gross wage w. In regard to the dictated acceptance decision
of job offers, we confirm below that the household will employ a reservation wage
strategy. Let φ(a) be the reservation wage dictated to unemployed workers in a type-a
9 From a theoretical point of view, Postel-Vinay and Robin (2004) considers whether firms should
match outside offers and reach the (tentative) conclusion that more productive firms may benefit from
an offer-matching strategy, whereas firms with lower productivity may be better off committing not to
match outside offers. From an empirical point of view, using survey data, Hall and Krueger (2012) finds
that about 1/3 of the workers in their survey have wages set through take-it-or-leave-it offers, whereas
another 1/3 were able to bargain.
10 Breda et al. (2017) uses a sequential bargaining model in the mold of Cahuc et al. (2006) to analyze
the effect of payroll taxes on labor allocation, but does not provide a solution to the wage bargaining game,
instead imposing a reduced form sharing rule.
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household. The reservation wage of members employed with wage w is, obviously,
w.
Members of the household pool their net-of-tax labor income and perfectly insure
each other against consumption fluctuations due to individual job finding and job
destruction shocks. Hence, time-t consumption of a type-a household member is
independent of current individual labor market status and labor income, and is given
by
c t (a) =

µ
¶
Z w(a)
1
[w − T (w)]n t1 (w|a)d w + b,
[b − T (b)]n t0 (a) +
N t (a)
φ(a)

(1.4)

the average type-a household net-of-tax income at time t . Recall that b is a government lump-sum transfer that balances the government budget.
Turning to the labor market behavior, a type-a household set unemployed search effort profile s t0 (a), an employed search effort profile s t1 (w|a) for every w ∈ [φ(a), w(a)],
as well as a reservation wage φ(a), in order to maximize the present value household
lifetime utility, Ψ(a), given as
Ψ(a) =

∞

Z

e
0

−ρt

·
Z
0
0
ψ(c t (a), s t (a))n t (a) +

w(a)
φ(a)

ψ(c t (a), s t1 (w|a))n t1 (w|a)d w

¸
dt,
(1.5)

where ψ(c, s) is the felicity function given by equation (1.2), and c t (a) is the household
consumption level given by equation (1.4). The optimization is subject to the law of
motions for n t0 (a) and n t1 (w|a). The law of motion for n t0 (a) is given by
ṅ t0 (a) = δ(a)N t (a) − [δ(a) + λ(a)µ + λ(a)s t0 (a)]n t0 (a),

(1.6)

The “dot”-notation indicates derivatives with respect to time t . The law of motion for
n t1 (w|a) is slightly more involved and is given by
ṅ t1 (w|a) =

·
Z
λ(a)µN t (a) + λ(a)s t0 (a)n t0 (a) +

w
φ(a)

λ(a)s t1 (x|a)n t1 (x|a)d x

¸
f (w|a)

¸
·
1
− δ(a) + λ(a)µ + λ(a)s t (w|a)F (w|a) n t1 (w|a),

(1.7)

for every w ∈ [φ(a), w(a)]. The derivation of equations (1.6) and (1.7) are based on
gross worker flow accounting and are detailed in appendix A.1.1.
Conditional on φ(a) < w(a), the household problem is an optimal control problem
with the controls s t0 (a) and s t1 (w|a) for every w ∈ [φ(a), w(a)], and states n t0 (a) and
n t1 (w|a) for every w ∈ [φ(a), w(a)]. Define ξ0t (a) as the multiplier on the law of motion
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for n t0 (a) in the household’s problem, and let ξ1t (w|a) be the multiplier on the law of
motion for n t1 (w|a). ξ0t (a) and ξ1t (w|a) are referred to as the costate variables, and
we denominate them in present (t = 0) values. The costates can be interpreted as
shadow values, and are central to the analysis to come. Indeed, ξ0t (a) is the increase
in the present value household lifetime utility Ψ(a), see equation (1.5), from adding
an additional unemployed worker to the household at time t . Likewise, ξ1t (w|a) is the
increase in Ψ(a) from adding an extra worker with wage w to the household at time
t.
Our analysis focuses on an economy in steady state, where controls, states and the
current value costates, given by e ρt ξ0t (a) and e ρt ξ1t (w|a), are time-invariant, and the
present value costates, ξ0t (a) and ξ1t (w|a), varies with t only because of discounting.
That is, steady state behavior is captured by ξ00 (a) and ξ10 (w|a) with the following
set of steady state identities applying: ξ00 (a) = e ρt ξ0t (a) and ξ10 (w|a) = e ρt ξ1t (w|a) for
every w ∈ [φ(a), w(a)].11 Steady state values of s t0 (a) and s t1 (w|a) are denoted by s 0 (a)
and s 1 (w|a), respectively.
Suppose an unemployed household member has received an offer of a job paying a
wage w. In order to maximize Ψ(a), the household dictates a rejection if the value
of the worker remaining unemployed, ξ00 (a), exceeds the value of having the worker
employed in a job paying w, ξ10 (w|a). The household dictates acceptance if the
opposite inequality between ξ00 (a) and ξ10 (w|a) holds. We confirm below that ξ10 (w|a)
is strictly increasing in w. Hence, the household employs a reservation wage strategy,
and the current reservation wage φ(a) solves
ξ10 (φ(a)|a) = ξ00 (a).

(1.8)

The household’s optimal control problem can be solved by constructing the associated Hamiltonian and applying a version of the Maximum Principle (Acemoglu, 2009,
section 7.5, p. 253). We state just the main results here, with details on the derivations
relegated to appendix A.1.3. Optimal steady state search effort for employed workers
earning a wage w ∈ [φ(a), w(a)] satisfies
ζ0 (s 1 (w|a) − s) = λ(a)
= λ(a)

Z

w(a)

w
Z w(a)
w

[ξ10 (x|a) − ξ10 (w|a)]d F (x|a)
∂ 1
ξ (x|a)F (x|a)d x,
∂x 0

(1.9)

11 ξ0 (a) and ξ1 (w|a) are the added value to Ψ(a) from immediately admitting an additional unemployed
0
0
worker, respectively employed worker with wage w, to the household when the economy is in steady state.
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where the last equality follows from integrating by parts. The interpretation of equation (1.9) is straightforward. Suppose the household perturb its steady state search
policy by dictating marginally higher search intensity at wage-rung w, specifically
from s 1 (w|a) to s 1 (w|a) + ∆. This perturbation involves an additional disutility-flow
ζ0 (s 1 (w|a) − s)∆ per rung-w worker, see equation (1.2). However, it also increases the
rate at which rung-w workers obtain job offers by λ(a)∆. The additional offers are
distributed according to F (·|a), but only a share F (w|a) are acceptable. Reallocating a
worker from rung w to rung x > w yields a household utility gain of ξ10 (x|a) − ξ10 (w|a).
Hence, the expected per-worker marginal value gain of the search policy perturbaR w(a)
tion is λ(a)∆ w [ξ10 (x|a) − ξ10 (w|a)]d F (x|a). Condition (1.9) therefore balances the
added marginal disutility from search with the expected marginal gains from search.
An analogous condition characterizes optimal unemployed search.12
A recursive expression for the steady state value to the household of a worker employed at wage w, ξ10 (w|a), can be derived as
ρξ10 (w|a) = ψ(c(a), s 1 (w|a)) + u 0 (c(a))[w − T (w) − c(a)]
Z w(a)
∂ 1
+ δ(a)[ξ00 (a) − ξ10 (w|a)] + λ(a)µ
ξ0 (x|a)F (x|a)d x
φ(a) ∂x
Z w(a)
∂ 1
ξ (x|a)F (x|a)d x,
+ λ(a)s 1 (w|a)
∂x 0
w

(1.10)

where ψ(·, ·) is the felicity function given by equation (1.2), and where c(a) is the
steady state version of household consumption, see equation (1.4). A worker employed with wage w is an asset to the household. The left-hand side of equation
(1.10) is the permanent utility flow from this asset. This flow comprises the household
payoff flow, and the expected returns to job destruction, job reallocation, and job
finding. The marginal wage-rung w worker increases the household utility flow by
worker-felicity ψ(c(a), s 1 (w|a)), which leaves net-of-tax revenue in the amount of
w − T (w) − c(a) to be distributed within the household. The household values this
additional revenue at the marginal utility of consumption, u 0 (c(a)). Job destruction,
job reallocation, and job finding events are associated with capital gains from the
worker transitioning into unemployment, being reallocated to a randomly drawn
new job, or being matched with a new potential employer through on-the-job search.
R
12 Optimal steady state unemployed search effort s 0 (a) solves ζ0 (s 0 (a) − s) = λ(a) w(a) [ξ1 (x|a) −
0
φ(a)

ξ00 (a)]d F (x|a).
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In appendix A.1.3 we derive a similar expression for the steady state value of an
unemployed worker, ξ00 (a), which reads
ρξ00 (a) = u(c(a)) − ζ(s 0 (a)) + u 0 (c(a))[b − T (b) − c(a)]
Z w(a)
∂ 1
+ λ(a)[µ + s 0 (a)]
ξ0 (x|a)F (x|a)d x.
∂x
φ(a)

(1.11)

Substituting equations (1.10) and (1.11) into the reservation wage definition equation
(1.8) shows that
φ(a) = b.

(1.12)

This result stems from the assumption that unemployed and employed job search is
equally efficient, and involves equal disutility. In this case, there are no opportunity
cost of taking up a job. We impose φ(a) = b in the remainder of the paper. Given
equation (1.12), it is evident that optimal off-the-job search equals optimal on-thejob search in a firm offering w = b, that is, s 0 (a) = s 1 (b|a).13 This result allow us to
simplify notation by dropping the superscript “0” and “1” that has distinguished
unemployed and employed search up until now. In the remainder of the paper we let
s(w|a) denote optimal search effort at wage w, with s(b|a) being optimal unemployed
search.
Taking the derivative of equation (1.10) with respect to w, applying the Envelope
Theorem, and substituting the resulting expression for ∂ξ10 (w|a)/∂w into equation
(1.9) yields the following expression for the complete markets optimal job search
effort as a function of the current wage w,
ζ0 (s(w|a) − s) = λ(a)

Z

w(a)
w

u 0 (c(a))[1 − T 0 (x)]F (x|a)
ρ + δ(a) + λ(a)µ + λ(a)s(x|a)F (x|a)

d x.

(1.13)

The optimal search effort balances the marginal cost with the marginal gains from
on-the-job search. In general, workers of different ability differ in their choice of job
search effort, due to differences in the return to job search stemming from differences
in the distribution of job offers F (x|a) across workers of different abilities. Lemma 1
summarizes some useful properties of the optimal search effort.
Lemma 1. Optimal search effort s(w|a) has the following properties (i) s(w|a) ≥ s, (ii)
s(w(a)|a) = s, and (iii) ∂s(w|a)/∂w < 0 for every w ∈ [b, w(a)).
Proof. See appendix A.1.4.
13 For details, consult appendix A.1.3.
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Lemma 1 states that job search effort is bounded from below by s > 0. This is a useful
feature of the model as it rules out degenerate equilibrium wage offer distributions,
see Diamond (1971), Burdett and Judd (1983), and Burdett and Mortensen (1998). The
return to job search effort diminishes at higher wages because there are only limited
possibilities to climb further up the wage ladder. Indeed, at the highest paying job,
the returns to on-the-job search is zero, and no job search effort is forthcoming. The
model implies that unemployed workers exert more job search effort than employed
workers, despite facing the same disutility of effort and the same search efficiency.
The impact of income taxation on job search is discussed further below when we
consider partial equilibrium substitution and income effects in the provision of job
search effort. We note, however, that equation (1.13) implies that search effort is
distorted by income taxation, and it is the average tax (i.e. the integrated marginal tax
rate) that matters for distortions.14 Furthermore, income taxation may have different
quantitative implications for the job search behavior of workers of different abilities.
These effects of income taxation will all be born out in the empirical analysis to come.

1.2.2.1 The Complete Markets Steady State Labor Allocation
Normalizing the steady state household population N t (a) ≡ 1 allows us to interpret
n 0 (a) as the steady state unemployment rate among type-a workers, and to define
the steady state PDF of employed workers across wage rates as g (w|a) ≡ n 1 (w|a)/[1−
Rw
n 0 (a)], with associated CDF G(w|a) = b g (w|a)d w. Together, n 0 (a) and G(w|a)
characterize the steady state allocation of type-a labor.
Using the steady state version of equation (1.6) with N t (a) ≡ 1 implies that
n 0 (a) =

δ(a)
,
δ(a) + λ(a)µ + λ(a)s(b|a)

(1.14)

where s(b|a) is given by equation (1.13). Furthermore, the steady state version of
equation (1.6) with φ(a) = b and N t (a) ≡ 1 yields the following balanced flow equation
defining G(w|a),
n 0 (a)
+ λ(a)µF (w|a)G(w|a)
1 − n 0 (a)
Z w
= δ(a)G(w|a) + F (w|a)
λ(a)s(x|a)g (x|a)d x.

[λ(a)µ + λ(a)s 0 (a)]F (w|a)

(1.15)

b

14 Integration by parts of equation (1.13) results in a differential equation for s(w|a) that does not
depend on the marginal tax function T 0 (·), but only the average tax function T (·).
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The left-hand side of the equation is the inflow into the stock of workers earning a
wage w or less, and the right-hand side reflects the outflow. In steady state, in- and
outflow balance. We show in appendix A.1.2 that equation (1.15) implies the following
closed-form expression for the allocation of labor,
¿ Z w·
¸
À
δ(a) + λ(a)µ
f (x|a)
G(w|a) = 1 − exp −
dx .
b
δ(a) + λ(a)µ + λ(a)s(x|a)F (x|a) F (x|a)

(1.16)

Since all type-a households are identical, G(w|a) represents both the allocation of
labor within a type-a household, as well as the economy-wide allocation of type-a
workers.
1.2.2.2 Tax Reforms and Partial Equilibrium Substitution and Income Effects
The analysis to follow is based on a comparative statics analysis of steady state partial
equilibrium predictions of the impact of income taxation on job search effort. That is,
we compare the steady state job search policies under two different tax regimes, with
no account of the out-of-steady state adjustment process.
Consider a tax reform that changes the income tax function from T (·) to T̂ (·). Let
s(w|a) be the pre-reform job search effort of a type-a worker employed with wage w
given by equation (1.13), and let ŝ(w|a) be the post-reform search effort defined by
the post-reform version of equation (1.13),
Z w(a)
u 0 (ĉ(a))[1 − T̂ 0 (x)]F (x|a)
ζ0 (ŝ(w|a)) = λ(a)
d x,
w
ρ + δ(a) + λ(a)µ + λ(a)ŝ(x|a)F (x|a)

(1.17)

where ĉ(a) is post-reform consumption, computed according to the steady state
version of equation (1.4) imposing the post-reform tax system and the post-reform
labor allocation. Finally, let s̃(w|a) be the job search intensity of a type-a worker
employed with wage w under the new tax regime T̂ (·), but holding the marginal utility
of consumption constant at the pre-reform level, i.e. at u(c(a)). This counterfactual
object is defined by the functional
Z w(a)
u 0 (c(a))[1 − T̂ 0 (x)]F (x|a)
ζ0 (s̃(w|a)) = λ(a)
d x.
w
ρ + δ(a) + λ(a)µ + λ(a)s̃(x|a)F (x|a)

(1.18)

The full partial equilibrium on-the-job search effort response of a type-a worker
employed with wage w, ŝ(w|a)− s(w|a) can be decomposed into a substitution effect
and an income effect according to
ŝ(w|a) − s(w|a) = s̃(w|a) − s(w|a) + ŝ(w|a) − s̃(w|a).
|
{z
} |
{z
}
Substitution effect

Income effect

(1.19)
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To fix ideas, suppose the tax reform increases the net-of-tax rate for wages in the
interval [ŵ, ŵ +∆] ∈ [b, w(a)] for some ∆ > 0, while leaving the rest of the tax function
unchanged. Suppose w < ŵ. Then, inspection of equations (1.13) and (1.18) reveals
that, in response to the higher net-of-tax rates in [ŵ, ŵ + ∆], on-the-job search effort at wage w < ŵ increases, i.e. the substitution effect s̃(w|a) − s(w|a) is positive.
The magnitude of the substitution effect is inversely related to the convexity of the
disutility from search effort, i.e. ζ00 (·). The intuition is straightforward. An increase in
the net-of-tax rate at some interval [ŵ, ŵ + ∆] ∈ (w, w(a)] increases the gains from
reallocating to this wage interval, mandating an increase in search effort at wage
w to rebalance marginal costs and benefits. If the disutility from search is highly
convex, only small adjustments in search effort are needed to equalize marginal
costs and benefits. If w > ŵ + ∆, the reform affect only wages below the worker’s
current position, leaving job search incentives unchanged, and the substitution effect
is zero.15
The increased net-of-tax wages in the interval [ŵ, ŵ + ∆] also increases workers’
permanent income, and thus consumption. That is, c(a) < ĉ(a), and by the convexity
of the utility of consumption, u 0 (c(a)) ≥ u 0 (ĉ(a)). Inspection of equations (1.17) and
(1.18) reveals that the magnitude of the income effect is driven by the curvature of
the utility of consumption, u(·). Again, the intuition is straightforward. An increase
in the net-of-tax rate at some interval [ŵ, ŵ + ∆] increases the worker’s permanent
net-of-tax income, reducing the marginal utility of consumption and thus mandating
a decrease in search effort at all wage levels. Since the income effect operates through
the workers’ permanent income, it is present even when [ŵ, ŵ + ∆] ∈ [b, w].

1.2.3 Firm Behavior
Firm behavior is modeled in a one-shot game. Conditional on entry, a firm sets a
wage policy and a hiring intensity policy in order to maximize its expected flow of
net-of-tax profit in steady state. In doing so, each firm takes the income and profit
tax regimes, workers’ search strategies, and the hiring and wage policies of other
firms as given. Each firm conditions its policies on worker ability.16 Specifically, a
wage policy for a generic type-p ∈ [p 0 , 1] firm is w(a|p) : [0, 1] 7→ R+ , and a hiring
15 In the case where w ∈ [ŵ, ŵ + ∆] a positive substitution effect arises from the incentives to reallocate
to wages in the interval (w, ŵ + ∆].
16 This setup involves a degree of directedness in firms’ search processes, eliminating cross-ability
congestion externalities in wage policies.
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intensity policy is v(a|p) : [0, 1] 7→ R+ . Recall that the productivity distribution among
the entering firms is Γ0 (·). There is an underlying exogenous distribution of potential
productivities Γ(p) with p ∈ [0, 1]. There is free entry of firms with entry decisions
based on expected steady state net-of-tax profit flow. The entry game pins down the
measure of entering firms, M 0 , the minimum productivity p 0 , as well as Γ0 (·).17
1.2.3.1 Profit Maximization
Following Burdett and Mortensen (1998) and Bontemps, Robin, and van den Berg
(1999); Bontemps et al. (2000), firms that have entered the labor market seek to
maximize the expected steady state flow profit.18 Let `(a|w, v) be the the steady
state measure of type-a workers that a generic (type-p) firm can expect to employ
when it offers this type of workers a wage w while searching for them at intensity v.
The notation makes it clear that firm productivity p plays no direct role in shaping
`(a|w, v), but, of course, the optimal wage and hiring policies will depend on p,
because output per worker depends on p. Indeed, profit per type-a worker in a typep firm, paying a wage w is y(a, p) − w. Let π(p) be the steady state net-of-tax profit
flow resulting from a type-p firms’ optimal wage and hiring intensity policy. Recall
that profit flows are taxed at a flat rate τ. It follows that
π(p) =

max

(1 − τ)

w(·|p),v(·|p)

À
Z 1¿
[y(a, p) − w(a|p)]`(a|w(a|p), v(a|p)) − d (v(a|p)) d a,
0

(1.20)
where d : [0, ∞) 7→ [0, ∞) is the twice continuously differentiable hiring intensity cost
function. We impose d 0 (·) > 0 and d 00 (·) > 0. Equation (1.20) embeds a number of
assumptions stated above. First, firm-level output exhibits constant returns to scale
in matches. Second, hiring cost is fully deductible in relation to profit taxation, and we
think of it as foregone production. Finally, a third assumption embedded in equation
(1.20) is that hiring intensity can be directed towards workers of a particular ability,
with a firms’ total hiring cost being the integrated worker-type specific hiring costs.
In order for a firm to be able to hire any type-a workers at all, its wage offer must
exceed the type-a worker reservation wage and the firm must exert strictly positive
hiring effort. That is, `(a|w, v) = 0 if and only if w < b or v = 0. Consider a generic
17 When estimating the model, we impose the condition that y(a, 0) ≥ b for any a, i.e. production at the
firm with lowest productivity is at least equal to the unemployment benefit, b, which implies that in the
estimation p 0 = 0.
18 Burdett and Mortensen (1998) and Mortensen (2005) point out that steady-state profit is the appropriate criterion only if firms do not discount the future, namely ρ = 0.
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type-p firm with type-a worker wage and hiring policies represented by w(a|p) > b
and v(a|p) > 0. Then, `(a|w(a|p), v(a|p)) is pinned down by the following balanced
flow equation,
·
¸
`(a|w(a|p), v(a|p)) δ(a) + λ(a)µ + λ(a)s(w(a|p)|a)F (w(a|p)|a)
¿
v(a|p)
h(a)n 0 (a)[λ(a)µ + λ(a)s(b|a)]
=
V (a)
·
¸À
Z w(a|p)
0
+ h(a)[1 − n (a)] λµ + λ(a)
s(x|a)dG(x|a) ,

(1.21)

b

where s(w|a) is given by equation (1.13), n 0 (a) is the steady state type-a worker
unemployment rate given by equation (1.14), G(w|a) is given by equation (1.16), and
R1
where V (a) = M 0 p 0 v(a|p)d Γ0 (p) is the integrated type-a worker hiring intensity.
The left-hand side of equation (1.21) is the measure of type-a workers that leaves a
type-p firm with type-a worker wage and hiring policies w(a|p) and v(a|p). These
workers leave either because they are laid off, reallocated or because they find a higher
paying job. The right-hand side of equation (1.21) is the measure of type-a workers
that are hired into the type-p firm. The expression in angle brackets is the number
of meetings between firms and type-a workers willing to accept a job offer w(a|p).
These workers are either coming from unemployment, reallocated from other firms,
or are currently working in firms paying a wage less than w(a|p). The pool of willing
workers are distributed across hiring firms in proportion to the firms’ hiring intensity,
i.e. according to the density v(a|p)/V (a).
Since equation (1.21) implies that `(a|w(a|p), v(a|p)) =

v(a|p)
V (a)

˜
`(a|w(a|p))h(a),
where

˜
`(a|w(a|p))
=
h
i
£
¤
R w(a|p)
n 0 (a) λ(a)µ + λ(a)s(b|a) + [1 − n 0 (a)] λ(a)µ + λ(a) b
s(x|a)dG(x|a)
δ(a) + λ(a)µ + λ(a)s(w(a|p)|a)F (w(a|p)|a)

,

(1.22)
we can analyze a firm’s wage policy w(a|p) independently of its hiring intensity policy
v(a|p). Lemma 2 states a useful and intuitive property shared by `(a|w(a|p)) and
˜
`(a|w(a|p)).
˜
Lemma 2. `(a|w) and `(a|w)
are strictly increasing in w for w ∈ [b, w(a)].
Proof. See appendix A.1.5.
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The intuition behind Lemma 2 is straightforward. By offering a higher wage, a firm
simultaneously increases its ability to poach workers from other (lower paying) firms,
and reduces the likelihood of its own workers being poached by other (higher paying) firms. Both effects tend to increase the steady state measure of type-a workers
employed in the firm.
Using equations (1.21) and (1.22) allows us to restate the firms profit maximization
problem equation (1.20) as a two-step problem. Indeed,
À
Z 1¿
v(a|p)
π(p) = max(1 − τ)
π̃(a|p)h(a) − d (v(a|p)) d a,
v(·|p)
V (a)
0
where

¿
À
˜
π̃(a|p) = max [y(a, p) − w]`(a|w)
,
w

(1.23)

(1.24)

˜
with `(a|w)
given by equation (1.22). Equation (1.24) pins down the optimal wage
policy w(·|p), independently of the hiring policy v(·|p). Equation (1.23) then pins
down the optimal hiring policy v(·|p), given the optimal wage policy.
The fact that hiring costs are fully deductible ensures that profit taxation has no direct
distortionary effects on hiring intensity, nor on wage policies. In equilibrium, profit
taxation will, however, have distortionary effects through its impact on firm entry and
exit, and the derived effects of this on firms’ wage policies. As established above, see
equation (1.13), income taxation has distortionary effects on workers’ search effort
and thus on the allocation of labor, see equations (1.14) and (1.16). It is evident from
equations (1.22), (1.23), and (1.24) that income taxation therefore induce further
equilibrium distortions of firms’ wage and hiring policies.
1.2.3.2 Optimal Wage and Hiring Policies
We restrict attention to a pure strategy equilibrium in which the solution to equations
(1.23) and (1.24) is two functions w : [0, 1] × [p 0 , 1] 7→ R and v : [0, 1] × [p 0 , 1] 7→ R mapping worker-types and firm-types into wage offers and hiring intensities. In a similar
but simpler model where search effort and hiring intensity are exogenously fixed
at constant levels, Bontemps et al. (2000) shows that, provided that the underlying
productivity distribution Γ0 (·) is continuous, the pure strategy equilibrium is in fact
the only equilibrium. We conjecture that this result carries over to our slightly more
complicated setup.
The optimal wage and hiring intensity policies, w(a|p) and v(a|p), have a couple of
useful and intuitive properties that are formally stated below.
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Proposition 1. w(a|p) is strictly increasing in p for all a ∈ [0, 1].
Proof. See appendix A.1.6.
Proposition 2. v(a|p) is unique and is strictly increasing in p for all a ∈ [0, 1].
Proof. See appendix A.1.7.
Proposition 3. π(p) is strictly increasing in p.
Proof. See appendix A.1.8.
1.2.3.3 Firm Entry and Exit
We model firm entry and exit as in Melitz (2003). Firms enter the market by paying a
sunk entry cost C . Our current model formulation assumes the presence of a third
class of economic agents in the economy besides workers and firms, namely entrepreneurs. An entrepreneur is a risk neutral agent who therefore do not participate
in the risk sharing arrangement in the large households. An entering firm is an entrepreneur who pays the sunk cost to develop a business idea. One might for example
think of C as a money-metric disutility cost of an entrepreneurs foregone leisure.
Indeed, we treat C as non-deductible in relation to profit taxation. Immediately upon
entry, the firm observes its productivity p, and decides whether to hire workers and
start producing, or exit. A firm’s productivity p is drawn from the exogenous productivity distribution Γ(·) with support [0, 1]. A firm with productivity p exits if the steady
profit at that productivity is negative, i.e. if π(p) < 0. Proposition 3 established that
π(p) is strictly increasing in p. Hence, there is a threshold productivity p 0 such that
firms with p < p 0 exit the market. The threshold productivity p 0 solves π(p 0 ) = 0 and
the endogenous distribution of productivities across operating firms, Γ0 (·), is given
by
Γ0 (p) =

Γ(p) − Γ(p 0 )
Γ(p 0 )

,

p ∈ [p 0 , 1].

(1.25)

Free entry ensures that, in equilibrium, the measure of active firms in the economy,
M 0 , adjust such that the expected steady state profit flow from entry is offset by the
opportunity (flow) cost of entry, given by the annuitized entry cost ρC . That is,
Z

1
p0

π(p)d Γ(p) = ρC .

(1.26)
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Substituting equation (1.23) for π(p) into equation (1.26), and using that V (a) =
Rp
M 0 p 0 v(a|x)d Γ0 (x), implies that
·
M0 =

ρC
+
1−τ

Z

1Z 1
p0 0

d (v(a|p))d ad Γ(p)

¸−1 · Z

1Z 1
p0 0

¸
v(a|p)π̃(a|p)h(a)
d ad Γ(p) .
R1
p 0 v(a|x)d Γ0 (x)
(1.27)

Equation (1.27) shows that profit taxation distorts firms’ entry and exit decisions, and
thus impact the measure of active firms. These distortion arise because entry costs
are sunk, and therefore not deductible. Profit taxation effectively increases the cost of
entry, or reduces the value of entry, thereby depressing the number of firms in the
economy.

Ownership structure of firms.

Firms are owned by the risk neutral entrepreneurs

who simply consume the net-of-tax profit flow, on average ρC . As mentioned above,
the entrepreneurs do not participate in the risk sharing arrangement of the risk averse
workers. Indeed, the household budget constraint, given by equation (1.4), does not
include any net-of-tax profits. We stress that the entrepreneurs are within the jurisdiction of the tax authorities as the revenue from profit tax enters the government’s
budget given by equation (1.1).
An alternative model formulation assumes that the households are the ultimate
owners of the firms, perhaps through a mutual fund. In such a formulation, net-oftax profit flows accrue to households and enters the household budget constraint,
given by equation (1.4), and will have implications for workers’ search behavior via
income effects. While such a model formulation is perhaps more conventional in the
macro literature, we note that the vast majority of individuals in our data in fact have
negative capital income, see Figure 1.1.19 Hence, from a purely empirical standpoint,
it is not clear that capital income generates significant income effects in workers
search behavior.

1.2.3.4 Aggregation
Since firms optimal worker-type a conditional wage offers w(a|p) are strictly increasing in firm-type p, see Proposition 1, and firms meet potential employees at a rate
proportional to hiring intensity v(a|p), the wage offer distribution faced by workers
19 This result arise because the measured capital income include interest on mortgage debt. Taking out
mortgage interest, we believe most individuals in our data have little or no capital income.
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is simply the hiring intensity weighted productivity distribution given by
Rp
p 0 v(a|x)d Γ0 (x)
F (w|a) ≡ F (w(a|p)|a) = R 1
.
p 0 v(a|x)d Γ0 (x)

(1.28)

Let θ(a) be the worker-type a specific labor market tightness, measured as the ratio
R1
of aggregate hiring intensity V (a) = M 0 p 0 v(p)d Γ0 (p) to aggregate search effort S(a)
in the worker-type a labor market. Aggregate worker-type a search effort S(a) is given
by
S(a) = n 0 (a)[µ + s(b|a)] + [1 − n 0 (a)]

w(a)

Z
b

[µ + s(w|a)]dG(w|a),

(1.29)

where s(w|a) is given by equation (1.13), n 0 (a) is given by equation (1.14), and G(w|a)
is given by equation (1.16), and where, by Proposition 1, w(a) = w(a|1), the optimal
wage offer in the most productive firm with p = 1.
The model structure implies that the flow of contacts between type-a workers and
firms in the economy is λS(a). With a constant returns to scale Cobb-Douglas matching function with elasticity of matches with respect to unemployed search being η,
we have that λ(a) = θ(a)1−η . This closes the model, and we can state the equilibrium
conditions in the next subsection.

1.2.4 Equilibrium
Our equilibrium definition follows Mortensen (2005).
Definition 1. A steady-state labor market equilibrium is composed of the following
components:
• The optimal reservation strategy: An employed worker accepts any job offer
that offers a wage strictly greater than the current wage. An unemployed type-a
worker accepts any job offer greater than or equal to φ(a) = b, see equation
(1.12).
• Workers’ optimal search effort solves equation (1.13).
• Firms’ worker-type specific optimal wage and hiring intensity policies w(a|p)
and v(a|p) solve equations (1.23) and (1.24).
• The worker-type specific unemployment rate n 0 (a) satisfies equation (1.14) and
the distribution of wages across employed workers G(w|a) satisfies equation
(1.16).
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• The conditional gross wage offer distribution F (w|a) satisfies equation (1.28).
• The threshold productivity for entry p 0 solves π(p 0 ) = 0 with π(p) given by
equation (1.20).
• The measure of firms operating in the market M 0 given by equation (1.27).
• The worker-type specific matching efficiency parameters λ(a) are given by λ(a) =
R1
θ(a)1−η where θ(a) = S(a)/V (a), V (a) = M 0 p 0 v(p)d Γ0 (p) and S(a) given by
equation (1.29).
Given the rich structure of the model, we have not been able to prove existence of
the equilibrium. However, our solution algorithm finds a numerical solution under
reasonable parameter values.

1.3 Data
Our empirical analysis uses a matched employer-employee panel covering the entire
Danish population during 1990-2005. The data is constructed from administrative
records. Estimation of the structural parameters of the model is carried out using a
subset of this data pertaining to the period 1999-2003. Evaluation of a series of tax
reforms implemented in 1994, 1998, and 2004 requires the use of the entire 1990-2005
data period.

1.3.1 Data Sources
We build our matched employer-employee panel from three sources, (i) labor market
spell data, including hourly wage information, (ii) information from IDA (Integreret
Database for Arbejdsmarkedsforskning), a Danish register-based matched employeremployee database maintained by Statistics Denmark containing socioeconomic
information on workers and some background information on firms, and (iii) information on firms’ sales and purchases from firm-level value added tax (VAT) accounts
administered by the Danish tax authorities.

Labor market spell data.

The labor market spell data contains individual job and

non-employment spells. Information on job spells is available for the period 19852013 for all legal Danish residents aged 15-74, and is obtained by combining a number
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of administrative registers.20 We restrict attention to the period 1990-2005. A job spell
is defined as a continuous period of primary employment at a given firm, with duration measured in days.21 Job spells, and therefore labor market transitions, are
recorded at the firm-level. A firm may consist of multiple workplaces, but the labor
market spell data is constructed such that continuous employment at different workplaces within a firm is considered as a single job spell. Nonemployment spells are
periods where no job spells are recorded. We are not able to distinguish between
nonemployed who actively search for a job and nonparticipants.
The unit of observation in the labor market spell data is a person-spell-year. Hence, a
spell that starts on Jan. 5th, 2000 and ends on March 12th, 2002 is represented by three
observations relating to the years 2000, 2001 and 2002. The job spell data includes
worker and firm identifiers, start- and end-dates of the job, the annual earnings
pertaining to the job, as well as an estimate of the annual number of hours worked
in the job.22 Hence, we can compute (an estimate of) the average annual wage rate
in each job. In cases where a worker transitions from one firm to another with up to
14 days of nonemployment between the two employment spells, we overwrite the
the nonemployment spell and thus record a job-to-job transition. In cases where a
worker ends an employment spell at a firm, but transitions back to the same firm
with at most 12 weeks of non-employment between the two employment spells, we
overwrite the nonemployment spell and instead record a single employment spell.
IDA data.

IDA consists of several sub-panels. We use the sub-panels IDA-P and IDA-

S from the period 1990-2005. IDA-P contains annual background information from
public registers on all individuals aged 15-74 residing legally in Denmark on the 31st
of December. IDA-P information includes highest completed education including
date of completion, and information on any ongoing education subsequent to the
highest completed education. We use date of completion of the highest completed
education is used to define labor market entry. The unit of observation in IDA-P
is a person-year. IDA-S contains background information from public records on
20 Henning Bunzel at Aarhus University has been instrumental in developing the job spell data described

here.
21 Primary attachment is evaluated calendar month by calendar month. For each individual in each

month, the primary employer is defined as the firm at which the individual works the highest number of
hours in the current and next two calendar months.
22 Annual hours are estimated using information on mandatory pension contributions. Lund and Vejlin
(2015) develops and implements a procedure for computing annual hours in a job in the IDA data for
the period 1980-2007, primarily using information on mandatory pension contributions. We adapt this
procedure for the spell data with some minor simplifications.
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all physical workplaces in Denmark. We retain a public sector indicator from IDAS, defining a firm’s public sector status to be the public sector status of its largest
workplace. The unit of observation in the (aggregated) IDA-S panel is a firm-year.

VAT data.

Data on firms’ (not workplaces) sales and purchases are obtains from the

panels MOMS and MOMM, constructed from firm’s value added tax (VAT) accounts
maintained by the Danish tax authorities. Danish firms settle VAT accounts monthly,
quarterly or annually depending on the size of their revenue. MOMS covers the period
1995-2000 and contains annual sales and purchases. MOMM is a monthly panel
starting in January, 2001. We use MOMM data up until December, 2005, aggregating
the monthly information to an annual frequency.23 Putting MOMS and MOMM
together, we obtain an annual panel of firms’ sales and purchases for the period
1995-2005. We compute annual firm-level value added as annual sale less annual
purchases. The unit of observation in the VAT panel data is a firm-year.

Merging the data sources.

Merging the data sources is relatively straightforward

using the available person and firm identifiers, and appendix A.2 provide a detailed
description of the merging procedure. Here we simply note that the resulting 19902005 matched employer-employee panel contains 84,474,045 spell observations
on 4,447,401 individuals, 428,448 firms, 57,568,393 job spells and 26,905,652 nonemployment spells prior to selection of the analysis data.

1.3.2 Selecting the Analysis Data
We start by discarding all observations on individuals never observed with either age
or education information.24 We also discard individuals with implausible education
information, defined as age minus years of schooling being less than 5. We then
define labor market entry to occur at the observed date of graduation from highest
completed education (as observed in the window of observation, 1990-2005), or at
January, 1st of the year an individual turns 19, whichever occur at the latest date. All
pre-entry observations are discarded. We define labor market exit to occur at the last
year an individual is observed residing legally in Denmark (i.e. present in IDA-P) or at
23 For firms that settle VAT accounts on quarterly or annual frequencies, the monthly information in
MOMM are imputed by Statistics Denmark. As all firms settle VAT accounts at least annually, the annual
aggregate data is not affected by the imputation.
24 The primary cause of missing education data is foreign educational credentials. Hence, we are likely
to discard predominantly immigrants and refugees in this step.
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Table 1.1: November 28th Cross-Sections in the 1999-2003 Estimation Panel

Nonemployment rate

Year

# Persons

# Firms

1999

974,372

75,969

28.2%

2000

935,249

72,391

28.2%

2001

899,609

72,561

28.0%

2002

868,445

71,078

28.1%

2003

848,233

71,276

29.7%

Notes: # Persons is the unique number of persons in a given cross-section of the estimation panel. # Firms
is the unique number of firms in a given cross-section. The Non-employment-rate is the non-employment
in a given cross-section measured at November 28th.

December, 31st of the year an individual turns 55, whichever occur first. All post-exit
observations are discarded. We right censor observations at age 55 to avoid labor
market behavior driven by retirement considerations.
A series of tax reforms were implemented in Denmark on January 1st in 1990, 1994,
1999 and 2004. As we document further below, between these reform dates, the tax
system is relatively stable, and we therefore extract four short matched employeremployee panels pertaining to the periods 1990-1993, 1994-1998, 1999-2003, and
2004-2005. We employ a rudimentary, but consistent, set of selection criteria to each
of the four panels. These criteria are imposed independently for each panel. Hence,
an individual or firm discarded from, say, the 1999-2003 panel due to violation of the
selection criteria to be outlined below, will be included in the other three analysis data
sets if the same selection criteria are not violated during in the 1990-1993, 1994-1998
or 2004-2005 panels.
Effectively, we select individuals who primarily work full time in the private sector
(when they work). Specifically, for each of the four panels covering 1990-1993, 19941998, 1999-2003, and 2004-2005, we discard workers who, (i) in any year worked less
than 25 hours a week on average, when working, (ii) at any point in time work in the
public sector, or (iii) leave the panel prematurely (likely caused by periods of living
abroad, or death). Finally, for the estimation period 1999-2003, we trend value added
and wages to 2003 prices using the internal wage deflator.
The selection process leaves us with four short matched employer-employee panels
for the periods 1990-1993, 1994-1998, 1999-2003, and 2004-2005. Table 1.1 provides
basic summary statistics for the estimation period 1999-2003. We note that the num-
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Table 1.2: Summery Statistics for the 1999-2003 Estimation Panel

Mean/Percent

Std. Dev.

# Years in sample

4.34

1.27

# Workers per firm

8.92

93.11

1.51

0.74

42.08

8.45

# Firms per worker
Age
Highest completed education
Primary
High school
Vocational education

37.8%
5.7%
43.1%

Short tertiary education

3.2%

Medium tertiary education

6.4%

Bachelor

0.5%

Master degree or longer

3.3%

Notes: Numbers of years in the sample is computed as the number of years (maximum five) a given worker
is observed in the sample. Number of workers per firm is the number of workers a given firm employs
at a given November cross section. Number of firms per worker is the number of firms a given worker is
observed with during the panel.

ber of workers and firms, as well as the non-employment rates is relatively stable.
Table 1.2 report some further basic descriptive statistics on the estimation data set.
On average, a worker is observed for slightly more than 4 years, during which she
works at 1.51 firms. The descriptive statistics on age and education is in line with
aggregate statistics for the Danish labor force.

1.4 The Empirical Tax Function
The income tax function is a key component in our analysis. This section provides a
brief overview of the Danish income tax system, discusses the 1994, 1999, and 2004
tax reforms, and describes how we estimate marginal and average tax functions using
the micro-level analysis panels described above.

1.4.1 The Danish Income Tax System 1990-2005
An overview.

Income taxes in Denmark are divided into regional and national

taxes. Regional taxes include municipality tax, county tax, and a minuscule church
tax paid only by members of the Church of Denmark. Regional tax rates differ by
municipality and county, although the variation in tax rates is small. National taxes
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Table 1.3: Income Concepts in the Danish Income Tax System

Income concept

Main items included

Labor income (LI )

Salary, wages, honoraria, fees, bonuses, fringe benefits,
business earnings

Personal income (P I )

LI + transfers, grants, awards, gifts, received alimony,
labor market contribution, certain pension contributions

Capital income (C I )

Interest income, rental income, business capital income,
interest on debt (mortgages, bank loans, credit card debt,
student loans)

Deductions (D)

Commuting, union fees, UI contributions, other work
expenditures, charity, paid alimony

Notes: Reproduction of Table 1 in Kleven and Schultz (2014).

have a progressive structure with three brackets (bottom, middle and top) with tax
rates cumulated across brackets. Regional and national taxes differ not only in tax
rates, but also in terms of the base on which they are levied. Furthermore, during
the period we consider, various social security and labor market contributions (SSC
and LMC), as well as earned income tax credits (EITCs) have been introduced (and in
some cases abolished again).25 Finally, a marginal tax ceiling is in place. If the sum of
all tax rates, excluding the church tax, and any social and labor market contributions,
exceeds this ceiling, the top tax rate is adjusted to equal the ceiling. The Danish
tax code is based on individual filing for married couples, but some components
of deductions or allowances can be transferred across spouses. We take the spousal
income into account when we simulate marginal tax rates.
The tax base of regional and national income taxes consists of a combination of
income concepts, including personal income, capital income, and deductions. Table
1.3 details the main items in each of the taxable income components relevant for
the taxation of labor income during 1990-2005, and Table 1.4 provides descriptive
statistics on the distribution of each of these components in the 1999-2003 estimation
data.26 We note that, on average, labor income dwarfs the other income types, as well
25 Social security contributions are compulsory payments that confer entitlement to future social

benefit, including unemployment benefits. For example, a labor market contribution introduced in 1994,
was at the onset effectively a social security contribution. Earmarking of the labor market contributions
ceased in 2008, after which it is best described as a regular (flat) income tax.
26 Since 1987, the taxation of wealth including income from stock holdings is completely separate from
the taxation of labor income. Consistent with the theoretical model our empirical analysis ignores the
role of wealth in shaping labor market behavior. See Jakobsen, Jakobsen, Kleven, and Zucman (2019) for a
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Table 1.4: Summary Statistics of 1999-2003 Taxable Income Components

Average
Labor income
Personal income
Capital income
Deductions

Std. dev.

P25

P50

P75

314,029

173,299

230,848

284,392

4,448

558,478

−3,600

1

1,929

−23,805

92,728

−39,385

−20,881

−3,896

17,550

17,076

9,143

13,015

19,589

359,299

Notes: All amounts denominated in 2003 Danish Kroner. P25, P50 and P75 refers to the 25th, 50th and
75th percentiles in the distribution of each of the variables (pooled across the years 1999-2003). Personal
income is not of labor income.

as the deductions, but also that there are considerable variation in each of the taxable
income components, highlighting the benefit of having comprehensive micro data at
our disposal. Finally, capital income is negative for the majority of Danish taxpayers
as a result of interest payments on mortgages and loans.
To get a sense of the correlation structure between the different income concepts,
Figure 1.1 plots the average personal income net of labor income, capital income
and deductions against the percentiles in the distribution of labor income for the
1999-2003 panel used in our estimation. From panel A, we see that, naturally, personal
income net of labor income is, on average, higher for individual with low labor income,
reflecting primarily transfers and benefits related to periods of nonemployment.
However, once labor income reaches about 250,000 Danish Kroner—around the
25th percentile in the labor income distribution—the personal income net of labor
income component is, on average, close to zero, and remains small as we move
through the labor income distribution. In fact, personal income net of labor income
becomes, on average, negative for high labor incomes, most likely reflecting certain
pension contributions. Panel B in Figure 1.1 confirms that capital income is, on
average, negative for all labor incomes, and that capital income is negatively related
to the labor income component. This relationship reflects that, for most individuals,
capital income consists almost exclusively of interest on mortgage debts, and that
individuals with higher labor income tend to have larger mortgages. Still, the ratio of
capital income to labor income remains small throughout the distribution of labor
incomes. Finally, Panel C in 1.1 shows that deductions are a hump-shaped function
of labor income, and that the amounts deducted are small relative to labor income
throughout the distribution of labor incomes.
comprehensive analysis of wealth taxation in Denmark.

1.4. T HE E MPIRICAL TAX F UNCTION

31

Overall, the descriptive evidence in Table 1.4 and in Figure 1.1 clearly indicate that
labor income is the primary source of income for almost all individuals in our data,
and that, for most individuals, capital income and deductions will not greatly affect
their available permanent income. We will account for the presence of non-labor
income components in the estimation of the tax function detailed below, but our
model ignores any consumption enjoyed out of non-labor income. The evidence in
Table 1.4 and in Figure 1.1 suggest that the bias induced by this omission is likely to
be small.
Income tax reforms.

There were three major reforms of the income tax system in

Denmark during 1990-2005, namely in 1994, 1999, and 2004.27 Although some of the
reforms were part of a larger fiscal reform packages, all three reforms were intended
to increase the return to work. The reforms implemented changes to the tax bases
of regional and national taxes, as well as the tax rates, and as we shall see, induced
significant shifts in the marginal income tax function faced by individuals. Table
1.5 describes the tax bases and rates in place during the periods 1990-1993, 19941998, 1999-2003, and 2004-2005. We note that the three reforms were characterized
by (i) changes in tax bases in all national tax brackets, (ii) differential changes in
progressive tax rates across brackets, (iii) abolition of social security contributions
and introduction of labor market contributions and EITCs, and (iv) rising regional
tax rates and declining marginal tax ceilings. We show further below that the income
levels defining bottom, middle and top tax brackets also change during the period
(over and above indexation to inflation).
The 1994 tax reform.

The 1994 reform was legislated in 1993 with implementation

starting January 1st, 1994, but not completed until 1998. Following recommendation
from a commission of appointed experts published in 1992, the purpose of the 1994
tax reform was to improve incentives to work, and to reduce opportunities for tax
avoidance. While the 1994 reform largely followed the 1992 expert recommendations, it was considered a key element in the newly formed center-left government
attempts to stimulate the Danish economy. Besides the changes to the income tax
bases and rates described in Table 1.5, the reform made social pensions and cash
benefits tax liable to facilitate comparison to earned income. Finally, the 1994 reform
27 The description of the reforms to come is based on material available on the
website of the Danish Ministry of Taxation, see http://www.skm.dk/aktuelt/temaer/
skattereformer-og-skatteomlaegninger-siden-1987 (in Danish).
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Figure 1.1: Average Personal Income, Capital Income, and Deductions by Labor Income Percentiles
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14

105

PI

68.0

12.0

6.0

22.0

30.2(avg)

Rate (%)

LI

PI + [CI > 21k]

PI + CI

PI + CI – D

PI + CI – D

Base

1998

58.0

8.0

15.0

6.0

8.0

32.4(avg)

Rate (%)

LI

PI + [CI > 0]

PI + [CI > 0]

PI + [CI > 0] – D

PI + CI – D

Base

2001

59.0

8.0

15.0

6.0

6.25

33.2(avg)

Rate (%)

LI

LI

PI + [CI > 0]

PI + [CI > 0]

PI + [CI > 0]

PI + CI – D

Base

2005

59.0

2.5

8.0

15.0

6.0

5.5

33.3(avg)

Rate (%)

Notes: Tax rates are cumulative. For example, an individual in the middle bracket in 1992 faces a marginal tax rate on labor income of 33.20% + 6.25% + 6.00% = 45.45%.
The 1994 tax reform was gradually implemented over the period 1994-1998. The tax bases and rates reported for 1994-1998 are those in place in 1998 when the reform was
fully implemented. LMC is an acronym for Labor market contributions. EITC is an acronym for Earned income tax credits. For the tax base acronyms, see Table 1.3.

Marginal tax ceiling

EITC

LMC

Top bracket

PI + CI – D

PI + [CI > 0]

Middle bracket

PI + CI – D

Base

Bottom bracket

National taxes

Regional taxes

Tax type

1993

Table 1.5: Danish Income Tax Bases and Rates 1990-2005
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involved a reduction in property taxes, and an increase in the use of levies and fees in
environmental regulation.
The 1999 tax reform.

The 1999 income tax reform was an integral part of a wider

set of economic reforms known as the “Pentecost reforms” (in Danish: “Pinsepakken”)
due to the date it was proposed. The reform was legislated in June 1998, with the
income tax reforms implemented January 1st, 1999. The reformation of the tax system
was motivated by a political desire within the center-left government to lower tax
rates on low incomes, and to increase the marginal tax ceiling. Besides the changes
to the income tax bases and rates described in Table 1.5, the “Pentecost reforms”
made changes to property taxation, and further promoted the use of levies and fees
in environmental regulation as a source of public revenue.
The 2004 tax reform.

The 2004 income tax reform was designed by a center-right

government that had come to power in November 2001. The reform was motivated
by desire to incentivize labor market participation and work by lowering the tax on
labor income. Compared to the 1994 and 1999 reforms, the changes to the marginal
tax rates on labor income was not offset by increases in other fees or levies due to the
center-right government having committed to not increase any taxes, levies or fees
upon taking office. Besides the changes to the income tax bases and rates described
in Table 1.5, the 2004 tax reform made small changes to vehicle excise duties, and
committed public funds to social care and health care, particularly focused on the
elderly.

1.4.2 Estimating the Marginal Tax Functions
Simulating individual marginal labor income tax rates.

Table 1.5 describes how

an individual’s marginal tax rate depend on several factors, including the distribution
of income across the income concepts listed in Table 1.3, region of residence, marital
status, and, if cohabiting or married, partner income. Fortunately, our data contains
all the information necessary to simulate the marginal tax rates faced by individuals
in our data. The simulations are carried out using a simulator of the Danish tax system
constructed by le Maire and Schjerring (2013) and Kleven and Schultz (2014).28
28 We are grateful to Henrik Kleven and Esben Schultz for making the tax simulator available. The
tax simulator consists of a set of SAS-programs which we downloaded from the website of the American
Economic Journal: Applied Economics. We collected data on regional taxes in Denmark for the period
1985-2005 to use as an input in the tax simulations. This data is available in online supplementary material
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The tax simulator allow us to compute the total tax liability for each individual, for
each year that we consider (i.e. 1990-2005). For the purpose of this paper, where we
focus on labor income taxation, it is useful to represent individual i ’s tax liability
in year t as T t (LI i t , zi t ), where T t (·) is the tax function in year t according to the
tax simulator, LI i t is individual labor income, and zi t is a vector of other income
concepts relevant for the tax liabilities in year t , see Table 1.3. Following Kleven and
Schultz (2014) we compute individual marginal tax rates as
T t0 (LI i t , zi t ) =

T t (LI i t + 100, zi t ) − T t (LI i t , zi t )
.
100

That is, we add 100 Danish Kroner (approximately 15 US Dollars in 2003) to annual
labor income LI , and record the share of this marginal increase that is appropriated
by taxes. We stress that marginal tax rates are computed individual by individual, year
by year, and reflects individual circumstances such as the composition of income
across the income concepts Table 1.3, region of residence, and relevant household
characteristics. Hence, the simulated marginal tax rates represent the actual marginal
tax rate faced by each individual in our data.
Estimating the marginal labor income tax function.

We use the annual individual

marginal tax rates as data points for estimation of a marginal labor income tax function for each tax regime, i.e. for each of the periods 1990-1993, 1994-1998, 1999-2003,
and 2004-2005. As mentioned above, the 1994 tax reform was implemented gradually
over the period 1994-1998. For that particular tax regime, we therefore estimate a
marginal labor income tax function for each year. For the remaining three tax regimes,
including our estimation period 1999-2003, we pool the annual marginal tax rates
and estimate a single marginal labor income tax function. To facilitate pooling the
data, we deflate labor income to 2003 levels using the internal deflator from spell
data wages described above.
Our structural model of worker search requires a marginal taxes as a function of
hourly wages, not annual labor income. We transform the observed labor income
into hourly wages by dividing by a measure of annual full-time working hours, as
constructed by Lund and Vejlin (2015).29
As individual tax liabilities T t (LI i t , zi t ) are not solely functions of labor income LI ,
but also depend on other income components, e.g. capital income and household
to this paper.
29 According to this measure, annual hours range between 1,665 and 1,695 for the estimation period
1999-2003.
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Figure 1.2: Marginal Tax Function and Tax Function for Denmark 1999-2003
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gray circles in Panel A represent the annual within-wage-percentile median tax rates as described in the
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characteristics, the mapping from hourly wages to marginal tax rates is not one-toone. To proceed with estimation of the marginal labor income tax functions, we split
hourly wages into 100 bins representing the percentiles in the empirical distribution
of hourly wages for a given year in a given tax regime. We next compute the median
marginal tax rates for each hourly wage bin in each year, pool the annual median
marginal tax rates and fit a flexible parametric function (of hourly wages) to these
median median marginal tax rates.30 Figure 1.2 shows the resulting marginal tax
function (Panel A) and tax function (Panel B) for the estimation period 1999-2003.
The marginal tax function in Panel A is superimposed on the annual within-wagepercentile median tax rate, and the average tax function in Panel B is obtained by
integrating the marginal tax function. Similar plots of the marginal tax functions and
tax functions for the periods 1990-1993, 1994-1998, and 2004-2005 are presented and
discussed further below in relation to our tax reform evaluation exercise.

1.5 Model Estimation
Using the estimated empirical tax function from the previous section, we proceed to
estimate the structural parameters of the model by way of Indirect Inference following
Gourieroux, Monfort, and Renault (1993). The estimation procedure finds the set
of structural parameters which best fit a set of chosen auxiliary statistics given a
weighting matrix. The model is identified if there is one and only one set of structural
parameters which generates the auxiliary statistics of the estimation. This section
describes how we parametrize the model, discusses issues related to identification of
the model parameters, reports and discusses the estimated parameters as well as the
model’s ability to fit the chosen auxiliary statistics.

1.5.1 Parameterization
The presentation of the model in section 1.2 left some key objects, such as the exogenous heterogeneity distributions, match output and workers’ felicity function, not
fully parameterically specified. For the purpose of estimation, specific parametric
forms are required.
Match output y(a, p) is specified as a flexible second order polynomial of the form,
y(a, p) = %0 + %1 a + %2 p + %3 a 2 + %4 p 2 + %5 ap.
30 Appendix A.3 provides further details on this procedure.

(1.30)

38

C HAPTER 1. I NCOME TAXATION AND THE E QUILIBRIUM A LLOCATION OF L ABOR

where % = (%0 , ..., %5 ) are unknown parameters. Consistent with the theoretical model,
estimation is carried out under the restrictions y a (a, p) > 0 and y p (a, p) > 0.31 The
exogenous worker and firm heterogeneity distributions are assumed to follow beta
distributions, i.e. H (·) = B[β0 , β1 ] and Γ(·) = B[Γ0 , Γ1 ].
The worker felicity equation (1.2) has two components, namely utility from consumption, represented by u(·), and disutility from job search effort, represented by ζ(·).
The utility function u(·) is taken to be logarithmic, i.e.
u(c) = log(c),

(1.31)

which corresponds to a moderate elasticity of intertemporal substitution. A brief
comment on the restrictive logarithmic specification of the utility function is warranted here. As evident from section 1.2, the curvature of the utility function is a key
driver of workers’ responses to changes in the tax regimes. We do, however, currently
not attempt to estimate this curvature. We plan to do robustness checks using different degrees of risk-aversion, but for now, the utility function is restricted to be
logarithmic, as per equation (1.31).
The search effort disutility component is specified as an isoelastic function ζ(s),
ζ(s − s) =

ζ0 (s − s)1+1/ζ1
1 + 1/ζ1

(1.32)

which accounts for free search s, and where ζ0 > 0 and ζ1 > 0 are parameters to be
estimated. Recall that the curvature of ζ(·), here determined by the parameter ζ1 , is a
key determinant of the substitution effect in job search effort. The hiring intensity
cost function χ(·) is specified in an analogous fashion, i.e.
χ(v) =

χ0 v 1+1/χ1
,
1 + 1/χ1

(1.33)

where χ0 > 0 and χ1 > 0 are parameters to be estimated. The isoelastic search effort
disutility and hiring cost functions are standard in the literature, see e.g. Christensen
et al. (2005), Kreiner et al. (2015), and Bagger and Lentz (2018).
For empirical realism we enrich the model to incorporate ability-dependent job
destruction rates. Specifically, we let
δ(a) = exp(δ0 + δ1 a),

(1.34)

31 In addition, we are currently imposing the restriction y(0, 0) = % = b in the estimation. Since job
0
search off- and on-the-job are equally efficient, the latter restriction ensures that a match between the
least able worker (a = 0) and the least productive firm (p = 0) is viable, and that all workers accept all jobs.
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and estimate the parameters δ0 and δ1 . This completes the parametrization of the
model.

1.5.2 Fixed Parameters
The fully parameterized model features the following structural parameters (ρ, b, %, β0 ,
β1 , Γ0 , Γ1 , ζ0 , ζ1 , s, χ0 , χ1 , δ0 , δ1 , µ,C , η). We remind the reader that ρ is the discount
rate, b is the unemployment flow income, µ is the reallocation rate, C is the entry cost,
and η is the elasticity of the aggregate matching function with respect to job search
effort. We fix a few of the structural parameters prior to estimation. Specifically, we set
ρ = 0.05 per year, and we also fix the unemployment flow income b = %0 = 102 Danish
Kroner (DKK) per hour, which corresponds to the hourly income of an individual on
unemployment insurance benefits. In addition, ζ0 and χ0 are not separately identified
as they both scale the baseline job finding rate λ. We therefore impose the normalization χ0 = 1.32 Further, we impose χ1 = 1 for now.33 We set free search, s = 0.25.34
Lastly, we normalize β0 = β1 = 1 in which case worker ability is assumed uniformly
distributed on the interval of [0, 1], which leaves fourteen structural parameters to be
estimated, ω = (%1 , ..., %5 , Γ0 , Γ1 , ζ0 , ζ1 , δ0 , δ1 , µ,C , η).

1.5.3 Estimation
The indirect inference estimator is given by,
h
i0 h
i
ω̂ = arg min a(ω0 ) − aS (ω) Ω a(ω0 ) − aS (ω) ,
ω

(1.35)

where Ω is a symmetric and positive definite weighting matrix, and a(ω0 ) is a vector
of auxiliary statistics computed using the data described in section 1.3, i.e. at the
unknown true value of the structural parameter vector which we denote ω0 . The
P
vector aS (ω) = S −1 Ss=1 as (ω) contains the same auxiliary statistics, but computed
using N s labor market histories simulated from the structural model for some value
ω of the structural parameter value. Effectively, the Indirect Inference estimator finds
the structural parameter vector that minimizes the distance between the real data
32 The same argument applies to any multiplicative constants in the aggregate matching function,
which is also implicitly normalized to unity.
33 We plan to identify curvature of the hiring cost function by variation in hiring rates across firms of
different productivity.
34 Estimated values of λ(α) ranges from 0.37 to 0.48 implying that a worker on average gets a "free" job
offer every eight year.
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and data simulated from the structural model, as measured by the included auxiliary
statistics and the weight matrix Ω.35
Implementation of equation (1.35) requires first of all a set of auxiliary statistics,
and we discuss the ones we include below. In addition, however, implementation
requires us to set S, the number of simulation repetitions, N s , the number workers
(i.e. the number of simulated labor market histories per simulation repetition s),
as well as the weight-matrix Ω for computing the distance between empirical and
simulated auxiliary statistics, see equation (1.35). In our implementation, we take
S = 1, N s = 100, 000, and take Ω to be a diagonal matrix. With a single exception
reported further below, the diagonal entries in Ω are set to 1.36

1.5.4 Auxiliary Statistics
For each of the structural parameters, we pick one auxiliary statistics to guide identification of each of the structural parameters.37 The estimation panel primarily contains
information on wages and labor market transitions, and both these features of the
data are needed to identify the model. In addition, the data has information on value
added, which we also make use of. We do not attempt to formally prove identification
in the parameterized model. Instead the description of the auxiliary statistics focuses
on the intuition underlying the identification arguments for each of the structural
parameters. As mentioned above, we do not currently attempt to identify the utility
function of equation (1.31).
Given our focus on a labor market with two-sided heterogeneity, it is useful to represent wages in a way that captures this feature of the data.38 For this reason, let i
index individuals, j index firms, and let n index annual November 28th cross sections.
In addition, let J(i , n) = j if worker i in cross section n is employed by firm j , and
p
d
35 Under mild regularity conditions, see Gourieroux et al. (1993), we have N (ω̂S − ω ) →
N(0, (1 +
0
−1
−1
0
−1
0
0
S )V0 ), where V0 = [J0 Σ0 J0 ] J0 Σ0 Ω0 Σ0 J0 [J0 Σ0 J0 ] , J0 = ∂a(ω)/∂ω at ω = ω0 , Σ0 is the variancecovariance matrix of a(ω0 ). We report standard errors based on the asymptotic variance-covariance matrix
N −1 (1+S −1 )V̂, where V̂ is V0 with true values replaces by estimates. Σ0 is estimated by block-bootstrapping

a(ω̂), with workers’ labor market histories constituting the blocks. We take N to be the number of workers
in our estimation data.
36 Asymptotic efficiency of the Indirect Inference estimator requires Ω = Σ̂−1 , i.e. using the inverse
variance-covariance matrix of the vector of auxiliary statistics as weight-matrix. Altonji and Segal (1996)
illustrates how an asymptotically efficient GMM estimator may be marred by small sample biases in
applications.
37 Of course, the model is estimated jointly, however the auxiliary statistics are chosen such that they
primarily help identify one parameter each.
38 Unlike wages, value added is available only at the firm-level, not at the match-level. Given the focus
on two-sided heterogeneity, this limits the identifying power from value added data.
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consider the following auxiliary two-way fixed effect log-wage regression based on
Abowd, Kramarz, and Margolis (1999),
ln w i n = φi + ψJ(i ,n) + εi n ,

(1.36)

where, here, φi is a person effect, ψ j is a firm effect, and εi n represent residual logwage variation. As indicated by the notation, we estimate this auxiliary model of
wages using repeated annual November 28th cross sections. Estimation of the worker
and firm fixed effects is done by ordinary least squares imposing the assumption
E[εi n |i , J(i , n)] = 0, and we ensure that the design matrix of regressors, containing
only worker and firm dummies, has full rank by estimating equation (1.36) only on
the largest set of connected workers and firms, see Abowd, Creecy, and Kramarz
(2002) for details.39
The auxiliary wage regression, equation (1.36), allows a decomposition of log wages
into a worker-component φ̂i , a firm-component ψ̂ j , and a residual component
ε̂i n ≡ ln w i n − φ̂i − ψ̂J(i ,n) . Indeed, ln w i n = φ̂i + ψ̂J(i ,n) + ε̂i n . These components form
the basis of many of the auxiliary wage statistics we include in the estimation. We
stress that, even though equation (1.36) is not derived from the structural model
and therefore likely is misspecified, the resulting decomposition of wages is useful
because it yields measurements related to the underlying heterogeneity of workerand firm types, a and p.40 We allow for mean zero measurement errors in simulated
wages with standard deviation σw to be estimated. σw is identified by the mean
within spell standard deviation in wages of 0.1016. We normalize the grand mean of
the estimated firm effects to zero.
1.5.4.1 Identification of the Match-level Output Function y(a, p) and Γ(·)
The model-predicted wage offers w(a|p) are complicated equilibrium objects that
depends on all parameters of the model, including the match-level output function
y(a, p) and the distribution of firm heterogeneity, Γ(·). However, holding search effort
and hiring intensity fixed—and we argue below that search and hiring behavior is
identified from data sources unrelated to wages—the distribution of wage offers is
largely determined by the characteristics of the output function y(a, p). Hence, statis39 In our data, as well as in our model simulations, almost all workers and firms are connected.
40 Indeed, our structural model implies that wages are increasing in firm-types (see Lemma 1), and
simulations confirm that the model delivers wages that are also increasing in worker-types. Simulation
studies in Bagger and Lentz (2018) indicate that the estimated “wage-types” from regressions like equation
(1.36) captures “productivity-types” well provided wages are monotone in productivity-types.
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tics describing the distribution of wages contains identifying information regarding
the parameters % in the polynomial specification for y(a, p), see equation (1.30). In
addition to wage data, we make (at the moment, limited) use of information on value
added per worker for the firms in our data to help identify y(a, p) and Γ(·).
Specifically, we include the average cross sectional wage, the 20th, 50th, and 80th
percentiles in the distribution of estimated worker effects from equation (1.36), and
the 20th and 80th percentiles in the distribution of estimated firm effects. The average
log wage in our data is 5.2131, and the 20th and 80th percentiles from the distribution
of worker and firm fixed effects are −0.2715 and 0.2357 for the worker effects, and
−0.0963 and 0.1230 for the firm effects. Hence, the wage data exhibits economically
meaningful heterogeneity in both the worker and the firm dimension. Recall that
the grand mean of the firm effects are normalized to zero, and that the reported
percentiles therefore suggests the distribution of firm fixed effects has a rather long
right tail.
Regarding value added data, we the employment-weighted correlation between value
added per worker-hour and the average wage paid by the firm. As detailed in the
description of our in section 1.3, we observe total annual value added from a firm’s
VAT account with the Danish tax authorities, and the number of hours per year per
firm is then computed using the hours information in the spell data before the sample
selection described in section 1.3 takes place. The correlation between observed firm
productivity, i.e. value added per hour, and the average wage paid is 0.1871.

1.5.4.2 Identification of the Disutility of Job Search Effort Function ζ0 and ζ1
The disutility from job search effort function ζ(·) is central to our analysis and has
two parameters, ζ0 and ζ1 . ζ0 determines the level of disutility, whereas ζ1 governs
the curvature, and therefore the substitution effect. If job search effort yields higher
disutility at all effort-levels, job search effort will fall, both off- and on-the-job. Hence,
higher disutility from job search, i.e. higher ζ0 , reduces the outflow from nonemployment. For a given job destruction rate, this increases the steady state nonemployment
rate, see equation (1.14). Hence, we take identification of ζ0 from the inclusion of the
average nonemployment rate in our five-year panel, which is 0.1195.41
41 The nonemployment rate is computed among workers who, at some point during our estimation
period, are observed working. Our data contains individuals who are never working, so the unconditional
nonemployment rate exceeds 0.1195. Our model interprets workers who are never, or rarely, working as
being of types with very little return to job search.
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Since ζ1 governs the curvature of ζ(·), it impacts differences in search effort between
workers with different circumstances. Suppose the disutility function ζ(·) is extremely
convex. In that case, workers with very different returns to search will choose, essentially, the same job search effort—because the the disutility function is effectively
“kinked”. Hence, all else equal, an extremely convex disutility of search effort function,
minimizes the variance of job durations, with all variation driven by variation in
acceptance probabilities arising from wage dispersion. With less convex disutility,
workers with different returns to search due to differences in ability and wages will
make different choices regarding the search effort they provide. This increases the
variance of job search effort, and therefore, all else equal, the variance of observed job
durations. Based on that logic, we include the coefficient of variation of the duration
of the first job spell after non-employment in the vector of auxiliary statistics in order
to identify ζ1 .42 In our estimation panel, where job durations are necessarily censored
after five years of duration at the latest, we measure this coefficient of variation to be
0.9747, including both censored and non-censored jobs durations.43
1.5.4.3 Identification of the Sunk Entry Cost C
A high entry cost deters firm entry, which implies that the firms that do enter grow
large. Hence, there is a positive relationship between the sunk entry cost parameter C
and the average firm size in the economy. We consequently include the average firm
size as an auxiliary statistic that we require our structural model to fit. A firm’s size in
year t is measured as the number of employees observed in the estimation data on
November 28th in year t . The average firm size refers to the average taken across all
firms and all five cross sections in our estimation panel (t = 1999, 2000, ..., 2003). We
find an average firm size of 9.2429.
1.5.4.4 Identification of the Job Destruction Process δ(a)
Recall from equation (1.34) that we allow the job destruction process to be a function of worker ability. High-ability workers are over-represented among high-wage
workers, and we therefore use the empirical job destruction hazard conditional on
workers’ wages being below or above the median wage in the cross section. Specifically, consider all ongoing jobs at each annual cross section dates (November 28th),
42 The coefficient of variation is computed as the ratio of the standard deviation of the duration of the
first job to the mean of the duration of the first job.
43 It is important to keep in mind that we replicate the data structure, and therefore this sampling of job
durations, in the simulated data.
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and compute the median wage in these jobs. Next, split the cross section sampled job
spells according to whether the individual wage is above or below the median wage
just computed. Finally, record the share of these jobs that end within a year because
the worker transits to unemployment, for both below- and above median wage jobs.
We find that the job destruction rate among jobs where workers are paid below the
median wage is 0.2137 per year, whereas it drops to 0.0938 for jobs where workers are
paid above the median wage. The model interprets the difference in job destruction
rates as stemming from differences in the job destruction rate by worker ability.
1.5.4.5 Identification of the Job Reallocation Rate µ
It is straightforward to show that, in a “standard” model of on-the-job search where
job offers arrive at exogenous rates to nonemployed and employed workers, such
as e.g. Burdett and Mortensen (1998), the share of jobs in a cross section of workers
that end with the worker making a transition to nonemployment, cannot be lower
than 1/2. The limiting case happens when the ratio of the job destruction rate to the
job finding rate goes to zero. Thus, it requires quite unrealistic transition parameters
to get close to 1/2. With reallocation shocks this share may go below 1/2 because
reallocations increases the prevalence of job-to-job transitions without increasing
the steady state mass of workers high up on the job ladder. Hence, we use the share of
cross section jobs that end in a nonemployment transition to identify the reallocation
rate which in our data is 0.5049.

1.5.5 Model Fit
Having established identification of the model’s structural parameters, we turn to
estimation. Before reporting the structural parameter values, we describe the estimated model’s fit to the auxiliary statistics. Table 1.6 reports the empirical and the
simulated values of the auxiliary statistics used for estimation. In addition, Table 1.6
reports the diagonal elements in the Indirect Inference estimator’s weight-matrix
Ω. All off-diagonal elements in Ω are set to zero. We put relatively high weight on
average firm size as the biases in the AKM worker- and firm fixed effects are sensible
to firm size.
Overall, the fit reported in Table 1.6 is good. The fit of average log wages is important
as we apply the empirical tax function T (·) to the simulated wages. The fit to the 20th
and 80th percentile in the distribution of firm fixed effects is spot on. However, while
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Table 1.6: Model Fit

Auxiliary Statistic
Average log wage

Simulated

Data

Weight

5.2981

5.2131

1.00

20th percentile, worker fixed effects

-0.2849

-0.2715

1.00

50th percentile, worker fixed effects

-0.0537

-0.0589

1.00

80th percentile, worker fixed effects

0.2607

0.2357

1.00

20th percentile, firm fixed effects

-0.0963

-0.0946

1.00

80th percentile, firm fixed effects

0.1214

0.1230

1.00

Corr(average firm wage, hourly value added)

0.1911

0.1871

1.00

Average within spell wage standard error

0.0996

0.1016

1.00

Nonemployment rate

0.1170

0.1195

1.00

Coefficient of variation first job

0.8807

0.9747

1.00

Average firm size

9.2521

9.2429

10.00

Job destruction hazard if wage < median wage

0.2100

0.2112

1.00

Job destruction hazard if wage ≥ median wage

0.0994

0.0940

1.00

Share of jobs ending in job-to-nonemployment transition

0.4818

0.5049

1.00

Notes: The column labeled “weight” reports the diagonal elements in the weight-matrix Ω, see equation
(1.35). Off-diagonal entries in Ω are set to zero.

the model reproduces the 20th percentile in the distribution of worker fixed effects, it
generates a longer right tail in simulated worker fixed effects than estimated using
the real data. The estimated structural model therefore overestimates the variability
in log wages that can be attributed to worker fixed effects.
With respect to the fit of the auxiliary statistics that are particularly informative
about the disutility of job search effort function ζ(·), namely the nonemployment
rate and the variance of durations of jobs initiated by a nonemployment-to-job
transition, we see that the estimated model does an excellent job in reproducing the
nonemployment rate. However, the fit of the coefficient of variation of the first job is
about 10% lower than in the estimation panel.
The average firm size carries relatively high weight in the estimation, and as a consequence, the fit is excellent, as is the fit to the wage conditional job destruction
hazards, even though these latter two moments carries normal weight in the estimation. Finally, the share of jobs ending in job-to-nonemployment transition, an
auxiliary statistic included to identify the reallocation rate µ, is fitted reasonably
well, although the estimated model’s prediction is 0.4818, while the data has a share
slightly higher rate at 0.5049.
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Table 1.7: Structural Parameter Estimates

Parameter

Estimate

ζ0
Disutility of job search effort ζ(s − s) = 1+1/ζ
s 1+1/ζ1
1

Level, ζ0

0.117
(0.002)

Curvature, ζ1

2.000
(0.008)

Reallocation rate (annual), µ

0.184
(0.003)

Sunk entry cost, C

7.465
(0.414)

Notes: Asymptotic standard errors are reported in parentheses.

1.5.6 Structural Parameter Estimates
A subset of the structural parameter estimates are reported in Table 1.7, along with
their asymptotic standard errors (see footnote 35). We do not report the parameter
estimates of δ0 and δ1 that shape the job destruction process δ(a), nor %, the parameters of the match output function y(a, p), as both are easier to interpret graphically
which we do in Figure 1.3.
Turning attention first on the estimates reported in Table 1.7, we note that, with an
estimate of ζ1 of 2.0, the elasticity of job search effort disutility with respect to job
search effort is 1.5, i.e. with slightly less curvature than a quadratic disutility function.
This is consistent with the empirical results in Christensen et al. (2005), Kreiner et al.
(2015), and Bagger and Lentz (2018), who all utilizes Danish data, and who all report
approximately quadratic job search cost functions. We also note that ζ0 is precisely
estimated at 0.117, and that the job reallocation rates µ is estimated to be 0.184. The
latter two parameters, however, can be interpreted only in proportion to the baseline
job offer arrival rate λ(a), an equilibrium object that we return to below. The final
parameter estimate reported in Table 1.7 refers to the firm-side of the model. The
sunk entry cost for firms is estimated to be 7, 465 Danish Kroner.
Panel A in Figure 1.3 plots the estimated annual job destruction process as a function
of worker ability a. The job destruction rate exhibits a strong negative relationship
with worker ability a. Indeed, a worker at the 25th percentile in the ability distribution
has her job destroyed, on average, every fifth year, whereas a worker at the 75th
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Figure 1.3: Job Destructions and Match Output
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percentile waits, on average, 10 years between job destruction events.
Panel B in Figure 1.3 is a contour plot of the estimated match output function y(a, p).
By assumption, y(a, p) is increasing in both arguments, but it is evident that the
estimated match output function is supermodular: The increase in output from
reallocating a high-ability worker from a low- to a high-productive employer is greater
than the increase realized by the same reallocation of a low-ability worker. Likewise,
the increase in output from replacing a low-ability worker with a high-ability worker
is greater for firms with higher productivity. This completes the description of the
model’s exogenous components.
The estimated model favors high-type workers in two important ways. First, hightype workers face lower job destruction rates than low-type workers. All else equal,
this ensures that, on average, high-type workers are matched with better firm-types
than low-type workers. It also increases the return to job search for high-type workers
vis-a-vis low-type workers. Second, the match output function is increasing in a
by construction, and in addition, is estimated to be supermodular. Insofar as the
supermodularity is carried over to the equilibrium wage function, and provided
income effects, and any countervailing equilibrium effects running through firms
hiring intensity choices v(a|p) or the equilibrium baseline job offer arrival rate λ(a)
are relatively small, this will tend to further widen the gap in returns to job search
effort between high- and low-type workers.
Figure 1.4 depicts a set of key equilibrium objects relevant for understanding the

48

C HAPTER 1. I NCOME TAXATION AND THE E QUILIBRIUM A LLOCATION OF L ABOR

Figure 1.4: Key Equilibrium Objects
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implications of the estimated model for the equilibrium allocation of labor. Panel A
plot the contours of the estimated equilibrium wage function w(a|p). Of course, as
established in Lemma 1, wages are strictly increasing in p, but, in addition, higher
type workers almost always reap greater wage gains by moving from a low- to a highproductive firm than do workers of lower ability. Unlike the estimated match output
function, the wage function is, however, not globally supermodular.44 Panel B plots a
contour plot of firms’ equilibrium hiring intensity as a function of worker- and firm
types. Consistent with Lemma 2, hiring intensity v(a|p) is always increasing in p for
a given a, but we see that hiring intensity v(a|p) need not be increasing in a for a
given p, although there is a very strong tendency for this to be the case.
44 We are not entirely sure what causes this feature of the equilibrium wage function, and cannot at
the time of writing rule out that it is caused by numerical problem in computing the equilibrium wage
function.
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Turning to the key decision margin of workers—job search effort—Panel C in Figure 1.4 contains a contour plot of workers’ optimal job search effort as a function
of worker- and firm-types. As stipulated by Lemma 1, job search effort is strictly
decreasing in p for each a with optimal search effort in the most productive firm
being s for all a. Note that, at any firm-type p, it is not necessarily the case that
higher-type workers exert more job search effort than lower-type workers. This may
seem add odds with the estimated supermodularity of the wages and decreasing job
destruction probability for higher ability workers, however the income effect for high
ability workers is strong enough that they exert less effort than low ability workers at
the some rungs of the ladder.
As noted previously, the magnitude of job search effort, free search, reallocation
shocks must be interpreted in proportion to the relevant baseline job offer arrival rate
λ(a). Panel D in Figure 1.4 plots λ(a) as a function of a. We see that λ(a) is strictly
increasing and (almost everywhere) concave function in a. The labor market for the
least able workers receive job offers at an annual rate of 0.375 per unit of search,
whereas, at the other end of the ability spectrum, high-ability workers receive offers
at annual rate 0.481 per unit of search, emphasizing again the estimated equilibrium
is such that return to job search effort is higher for high ability workers in terms of
offers received.
Finally, Figure 1.5 puts Panels C and D from Figure 1.4 together and plots the annual
job offer arrival rates resulting from on-the-job search effort implied by the estimated
model. Panel A plots the job offer arrival rate as a function of firm-type, λ(a)s(p|a) by
way of a contour plot. As λ(a) is an increasing functions of a, the difference in number
of job offer received at a given firm type p is smaller than the difference in search
effort at the same rung for different worker types. Panel B in Figure 1.5 plot the job
offer arrival rate for workers of type a = 0.25, a = 0.50 and a = 0.75, respectively, as a
function of the wage, i.e. λ(a)s(w|a) where w = w(a|p). We see that, at any wage rate,
more able workers receive more job offers. Indeed, at the lowest wage, equilibrium
behavior implies that a type a = 0.75 worker is twice as likely to receive a job offer
than a type a = 0.25 worker. We stress that these differences arise endogenously, and
that they have implications for the equilibrium allocation of labor, a subject we turn
to next.
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Figure 1.5: Estimated Annual Job Offer Arrival Rates by Worker- and Firm Type
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Notes: Panel A plots the estimated job offer arrival rates as a function of firm-type p ∈ [p 0 , 1] and the Panel
B plots the estimated job offer arrival rates as a function of wage w = w(a|p) ∈ [b, w(a)].

1.5.7 The Equilibrium Allocation of Labor
The allocation of labor is represented by the worker-ability specific nonemployment
rates, n 0 (a) given by equation (1.14), and the worker-ability specific distributions
of workers across wage rates w, G(w|p) given by equation (1.16). Note that, since
w = w(a|p) is a one-to-one function of p, the distribution of worker-types across
firm types is simply given as G(p|a) = G(w(a|p)|a).
We have already seen from Table 1.6 that the estimated model implies an empirically
R1
reasonable aggregate nonemployment rate n 0 = 0 n 0 (a)d H (a) around 0.13 among
those workers ever observed in employment over the 5 years of simulated data. However, the aggregate nonemployment rate masks heterogeneity across worker-types.
Panel A in Figure 1.6 plots the estimated steady state nonemployment rates as a function of worker ability a. We note that the estimated model implies that the workers in
the lowest quintile of the ability distribution face very high nonemployment rates, in
excess of 30 percent, while workers in the top quintile of the ability distribution has
nonemployment rates around 4 percent.
Panel B in Figure 1.6 illustrates the densities g (a, p). We see that middle-type workers
tend to cluster in high-type firms to a higher extent than low-type workers and hightype workers. This again reflects the fact that the income effect deters high-type
workers from searching hard at higher rungs of the ladder, whereas the middletype workers do continue to look hard for better firms as they climb the ladder. The
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Figure 1.6: The Equilibrium Allocation of Labor
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remainder of the paper analyses and quantifies the impact of the income tax schedule
on the equilibrium allocation of labor.

1.6 Results
In this section we present our results. First, we investigate the implied long run
elasticity of taxable income (ETLI) and channels through which it operates. Secondly,
we use the estimated model to evaluate a series of actual Danish tax reforms that took
place during the 80’s and 90’s.

1.6.1 The Long Run Elasticity of Taxable Labor Income
Following Feldstein (1995, 1999), the broader public economics literature typically
summarizes economic responses to taxation by the elasticity of taxable income, or
more recently the elasticity of taxable labor income. The shift in focus towards taxable labor income reflects that labor income is less prone to evasion and avoidance,
which means that behavioral responses can be understood within standard models
of the labor market, see e.g. Chetty, Friedman, Olsen, and Pistaferri (2011). From a
theoretical point of view, the elasticity of taxable labor income comprises all behavioral responses to changes in the tax system of relevance for labor income, including
hours responses, and effort exerted in various dimensions including effort to find a
job. Empirically, Kleven and Schultz (2014) reports taxable labor income elasticity
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estimates ranging between 0.05 and 0.12 for Denmark, while for the US, the elasticity
of taxable income is typically estimated to be around 0.25, see Saez et al. (2012).
Estimates of the taxable labor income elasticity, such as the ones reported in Kleven
and Schultz (2014), are often obtained using variation in marginal tax rates induced
by tax reforms as a sources of exogenous variation in incentives across individuals. As
discussed in Kreiner et al. (2015), such an approach is, however, unlikely to capture
the search induced labor allocation effects. It is therefore of interest to revisit the
elasticity of taxable labor income within the context of our richer model.
To proceed, recall that, within our model, taxable labor income is give by LI =
R1
0 L(a)d H (a), where LI (a) is given by
LI (a) = [1 − n 0 (a)]

1

Z

w(a|p)dG(w(a|p)|a),

(1.37)

0

and G(w|a) is given by equation (1.16). LI (a) depends on the equilibrium allocation
of labor across wage levels, G(w|a), see equation (1.16). The labor allocation, in
turn, depends on workers’ search effort which may be distorted by income taxation.
Following Kreiner et al. (2015), we compute the elasticity of taxable labor income
for type-a workers, by recording the percentage change in their labor income LI (a)
following a uniform 1 percent increase in the marginal net-of-tax rate 1 − T 0 (w),
keeping b − T (b) constant.45 Let ²(a) denote the computed elasticity of taxable labor
income for type-a workers. The aggregate elasticity of taxable labor income is then
R1
² = 0 ²(a)d H (a).
Table 1.8 distinguishes between partial and full equilibrium elasticities implied by the
estimated structural model, as well as an aggregate elasticity across worker types, and
elasticities for workers at the 25th, 50th and 75th percentile in the ability distribution.
The partial equilibrium elasticities are obtained by allowing only workers to change
search effort keeping all other model components fixed, such as wage policies, firm
hiring, market tightness etc. Further, Table 1.8 reports both the total effect, comprising
both a substitution- and an income effect, as well as elasticity estimates based purely
on the substitution effect. Recall that within our model the substitution effect is
obtained by holding the marginal utility of consumption constant.
The results in Table 1.8 echoes a common theme running through this paper, namely
that the distinctions between partial and full equilibrium, income and substitution
effects, as well as worker heterogeneity are quantitatively important. We estimate
45 That is, we change the net-of-tax rate faced by workers from 1 − T 0 (·) to 1.01 · [1 − T 0 (·)].
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Table 1.8: Long Run Taxable Labor Income Elasticities

Total
Ability

PE

Subst
FE

PE

FE

All

0.12

0.24

0.18

0.34

0.25

0.23

0.44

0.31

0.50

0.50

0.10

0.22

0.15

0.44

0.75

0.06

0.14

0.10

0.32

Notes: The second and third column reports the elasticity of table income comprised of both a substitutionand an income effect. The forth and fifth column shows the substitution effect estimated by keeping
marginal utility of consumption constant. PE and FE allows for partial or full equilibrium responses in the
model, respectively.

the full equilibrium mobility-based elasticity of taxable labor income, comprising
both substitution and income effects, to be 0.24, in line with the elasticity estimate
reported by Kreiner et al. (2015). When we shut down equilibrium adjustments, we
obtain an elasticity of 0.12. In full equilibrium, the compensated elasticity of taxable
labor income is a higher, at 0.34, indicating a sizable negative income effect. Finally,
from Table 1.8, we note a clear pattern, whereby workers of lower ability have higher
taxable labor income elasticities. Indeed, workers at the 25th percentile in the ability
distribution have taxable labor elasticities close to 0.44, whereas workers at the 75th
percentile have three times lower elasticities, at 0.14.

1.6.1.1 Decomposing the Long Run Elasticity of Taxable Labor Income
Our rich structural model allow us to further decompose the elasticity of taxable
income to gain insights into the behavioral (mobility) responses to income taxation.
ˆ (a) be expected taxable income of a type-a worker
For this purpose, let LI (a) and LI
under two different income tax regimes, T (·) and T̂ (·). Also, let n 0 (a) and n̂ 0 (a), G(p|a)
and Ĝ(p|a), and w(a|p) and ŵ(a|p) be the nonemployment rates, wage distribution,
and wage policies under the T (·) and T̂ (·) regimes, respectively. Given the expression
for the expected taxable income of a type-a worker, equation (1.37), the following
decomposition of the change in taxable labor income between the two tax regimes
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T (·) and T̂ (·) is of interest,
ˆ (a)
LI (a) − LI

=

Z 1
[n 0 (a) − n̂ 0 (a)]
ŵ(a|p) d Ĝ(p|a)
0
|
{z
}
Extensive margin allocation

+

[1 − n 0 (a)]
|

Z

[1 − n 0 (a)]
|

Z

1

ŵ(a|p) [ĝ (p|a) − g (p|a)]d p
{z
}

0

Intensive margin allocation

+

1
0

[ŵ(a|p) − w(a|p)] dG(p|a).
{z
}

(1.38)

Wage policy margin

Equation (1.38) states that the change in taxable labor income between the two
tax regimes T (·) and T̂ (·) can be decomposed into responses along three different
margins. First, a change in income taxation brings about a change in the equilibrium
nonemployment rate, an extensive margin allocation effect. Second, a change in
income taxation also shifts the equilibrium distribution of workers across firms,
denoted the intensive margin allocation effect. Third, a change in income taxation
induces changes in the equilibrium wages offered by firms, an effect we denote the
wage policy margin.46
With equation (1.38) in hand, we can decompose the elasticity of taxable labor income
estimates provided in Table 1.8. We focus here exclusively on the decomposition of
the uncompensated elasticity accounting for equilibrium adjustments, which was
found to be 0.24 at the aggregate in Table 1.8. The decomposition is reported in Table
1.9, where we see that 32 percent of the aggregate taxable labor income elasticity
can be ascribed to reallocations on the extensive margin, whereas 29 percent can be
ascribed to reallocations on the intensive margin. Adjustments on the wage policy
margin account for the remaining 39 percent of the estimated elasticity of taxable
labor income.
When we apply the decomposition of equation (1.38) to taxable labor income elasticities across the ability distribution an interesting pattern emerge. Adjustments
along the extensive margin are responsible for the bulk of the measured taxable labor
income elasticity at the bottom of the ability distribution. In Table 1.9, extensive
46 The labor income decomposition, equation (1.38), is carried out such that the extensive margin
allocation is evaluated at the intensive allocation and the wage policy under T̂ (·), and the intensive
allocation margin is evaluated at the extensive margin allocation under T (·), and the wage policy under
T̂ (·). The wage policy margin is evaluated at the allocation under T (·). The decomposition is robust to the
order in which we evaluate the three terms.
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Table 1.9: Decomposing the Full Equilibrium Elasticity of Taxable Labor Income

All

a = 0.25

a = 0.50

a = 0.75

Elasticity of taxable labor income

0.24

0.45

0.21

0.14

Extensive margin allocation

32%

38%

22%

12%

Intensive margin allocation

29%

24%

34%

41%

Wage policy margin

39%

38%

44%

47%

Notes: The second row reports the uncompensated elasticity of taxable income. The extensive margin
allocation effect is the share of the elasticity of taxable income which can be attributed to extensive margin
labor responses. The intensive margin allocation effect is the share of the elasticity which is due to changes
in the allocation of workers to firms. The wage policy margin shows the share of the elasticity which can be
attributed to changes in firms’ wage policies.

margin adjustments account for 38 percent of measured elasticity among workers
at the 25th percentile of the ability distribution. This share declines monotonically
to 12 percent once we consider workers at the 75th percentile of the ability distribution. By implication, the opposite pattern emerges when we consider adjustments
along the intensive margin, i.e. changes in G(p|a) and adjustments in wage policies,
w(a|p). The relative importance of both of these two margins of adjustment increases
monotonically in the ability of workers.

1.6.2 Equilibrium Tax Reform Evaluations
We initiate our analysis of the impact of labor income taxation on the allocation of
labor by employing the estimated structural model to conduct equilibrium evaluations of a series of Danish income tax reforms during 1990-2005. The reforms under
consideration took place in 1990, 1994, and 2004 and the context in which they were
devised and implemented is described in section 1.4.1. Figure 1.7 shows the marginal
tax functions (Panel A) and the average tax functions (Panel B) for the four tax regimes
we consider, including the 1999-2003 regime used for estimation. Inspection of Figure
1.7 reveals that each of the implemented changes in the income tax system during
1990-2005 (almost) uniformly flattened the tax function, i.e. lowered the marginal
rate at all wage rates. At the same time, the average tax rate was increased at the
bottom of the wage distribution, and lowered everywhere else.
The equilibrium evaluations are conducted as comparative statics between the steady
state equilibria associated with each of the income tax regimes. The structural parameters are held fixed throughout. Our interest centers on aggregate and worker-type
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Figure 1.7: Danish Tax Regimes 1990-2005: Marginal and Average Tax Functions
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Notes: Panel A plots the marginal tax function T 0 (w) and Panel B plots the average tax function T (w) for
the four different tax regimes in place in Denmark between 1990-2005.

specific steady state, i.e. long run, nonemployment rates and expected labor income.
The worker-type specific nonemployment rate n 0 (a) is given by equation (1.14),
R1
with the aggregate nonemployment rate given by 0 n 0 (a)d H (a). Recall, that the
worker-type a specific expected labor income is given by
LI (a) = [1 − n 0 (a)]

1

Z

w(a|p)dG(w(a|p)|a),

(1.39)

0

where G(w|a) is given by equation (1.16), and aggregate labor income is
R1
LI = 0 LI (a)d H (a).
The tax reforms also impact the government budget. Our current equilibrium computation algorithm does not feature lump-sum transfers to balance the government
budget. Instead, to at least provide context for the reported effects on the equilibrium
labor allocation, we also report the change in government budget associated with
each of the tax regime comparisons.
Table 1.10 reports the percentage change in nonemployment n 0 , labor income LI , and
the government budget B moving from the tax regime in 1990-1993 to the tax regime
in 2004-2005. We consider the aggregate response (rows labeled “All” in Table 1.10), as
well as the responses at the 25th, 50th, and 75th percentile of the ability distribution
(rows labeled 0.25, 0.50, and 0.75, respectively). For each variable, we consider the
total effect, comprising both the substitution effect and the income effect, as well as
the substitution effect in isolation. Hence, the difference between pairs of columns
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Table 1.10: Evaluating the 1994, 1999, and 2004 Danish Income Tax Reforms for
Nonemployment, Labor Income and the Government Budget

∆n 0
× 100%
n0

Total
Ability

PE

FE

Subst
PE

∆B
B × 100%

∆LI
LI × 100%

Total

FE

PE

FE

Subst
PE

Total

FE

PE

Subst

FE

PE

FE

All

-11.5 -10.3

-15.0 -14.7

2.1

4.8

2.6

7.2

-2.5

1.2

-1.8

4.3

0.25

-13.7 -15.1

-15.3 -20.0

4.3

10.2

4.8

13.6

6.7

15.7

7.6

21.4

0.50

-12.2

-8.9

-16.0 -13.4

2.1

4.6

2.8

6.9

-2.3

0.8

-1.5

3.8

0.75

-10.0

-5.7

-15.2 -10.4

1.0

2.3

1.6

4.4

-5.8

-4.3

-5.1

-1.6

Notes: The percentage changes are relative to the 1990-1993 income tax regime. Hence, positive (negative)
numbers indicates that the variable increased (decreased) going from the 1990-1993 regime to the 20042005 tax regime.

labeled “Total” and “Subst” in Table 1.10 is the income effect.47 Finally, we consider
both the partial equilibrium effect (labeled “PE”) and full equilibrium effect (labeled
“FE”). The partial equilibrium effect holds firm behavior and equilibrium variables
constant, allowing only workers to respond to changes in the income tax code.

Long run nonemployment.

Relative to the 1990-1993 tax regime, the 2004-2005

tax regime involves a 10.3 percent lower steady state nonemployment rate when
accounting for equilibrium effects. The corresponding partial equilibrium effect is
a bit lower at 11.5 percent. Income effects are modest, but by no means zero, at the
aggregate level. In partial equilibrium, nonemployment decreases 15.0 percent due
to the substitution effect. Lower marginal tax rates induce workers to search more.
This causes an decrease in the marginal value of consumption, and the resulting
income effect in workers’ job search effort reduces the total effect effect slightly to
11.5 percent. The full equilibrium adjustment is such that the income effect in the
aggregate, albeit small, works in the opposite direction of the substitution effect. If
we look at the effect within the ability distribution, we see that workers at the bottom
of the ability distribution experience the largest decrease in nonemployment. The
differences across ability levels is especially pronounced in full equilibrium and at
the top of the ability distribution.
47 The substitution effect holds the marginal utility of consumption constant, see section 1.2.2.2.
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Long run labor income.

Labor income naturally increases, since more workers are

employed because of the tax reforms, but also since workers climb the job ladder
faster finding higher wage jobs. Table 1.10 shows that the overall effect of the series of
reforms amounts to a 4.8 percent increase in labor income, accounting for equilibrium adjustments. The partial equilibrium response is a 2.1 percent increase, again
highlighting the importance of modeling the equilibrium response to tax reforms. On
the aggregate, the income effects are modest. Holding constant the marginal utility
of consumption the full equilibrium response would have been a 7.2 increase instead
of 4.8. Again, we find heterogeneous effects across the ability distribution with low
ability workers experiencing a much larger rise in their labor income than workers of
higher ability.

Long run government budget.

The third column in Table 1.10 present the percent-

age change in the government budget comparing the 1990-1993 and 2004-2005 tax
regimes. The reported figures imply that, in full equilibrium and accounting for income effects, the government budget increased by 1.2 percent when going from the
1990-1993 regime to the 2004-2005 regime. The partial equilibrium effect actually
indicates a decrease in the budget. This is only natural since, even though nonemployment increases a little from partial to full equilibrium, the increase in labor income
almost doubles from 2.1 percent to 4.8 percent. As shown in the previous section,
this is primarily caused by a strong increase in wage offers in equilibrium due to an
increase in wage competition among firms.
Keeping in mind that the average tax rate was reduced everywhere, except at quite low
wage levels, it is interesting to note that government budget nonetheless increased
as a result, perhaps suggesting the Danish labor market operated to the right of the
peak of the Laffer-curve prior to 1999.48
If we consider the ability-specific contributions to the government budget, we see
a large increase in tax revenue at the bottom of the ability distribution, with the
effect tapering off as we move up through the distribution and eventually becoming
negative a the top.

48 In our model, the “Laffer effect” operates through labor allocation adjustments. By lowering taxes,
the government sustains a mechanical loss in revenue, but the behavioral effects on workers’ job search
behavior improves the allocation of labor, leading to increases in government revenue. The behavioral
gain may dominate the mechanical loss.

1.7. C ONCLUSION

Summing up.
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A series of income tax reforms in Denmark implemented in 1994,

1999, and 2004 improved the equilibrium allocation of labor, reducing unemployment by about 10 percent, while increasing labor income by about 5 percent, with
workers of low ability gaining the most. Our analysis does not balance the government
budget, and overall, the tax reforms during 1990-2005, lead to a 1 percent gain in
government revenue. Our analysis has shown that the key ingredients in our model—
two-sided heterogeneity, taking account of possible income effects, and equilibrium
adjustments—are quantitatively important for understanding the long run labor
market adjustments to the implemented income tax reforms.

1.7 Conclusion
Income taxation reduces the return to job search effort, thus distorting workers’ job
search effort, and therefore the equilibrium allocation of heterogeneous workers
across heterogeneous firms. Using a rich equilibrium frictional labor market model of
search on-the-job, we have documented economically significant effects of income
taxation on the allocation of labor. Specifically, we found that 1994, 1999, and 2004
Danish income tax reforms, which all lowered the marginal tax rates, improved the
equilibrium allocation of labor, reducing the steady state unemployment rate by
about 10 percent, and increasing steady state labor income by about 5 percent, with
workers of low ability gaining the most in terms of lower unemployment rates and
higher labor incomes.
We also computed a mobility-based long run elasticity of taxable labor income of
0.24, with the labor income of lower ability workers being more responsive to income
taxation than that of high ability workers. A decomposition of the elasticity reveals
that the larger response of low ability workers is mostly along the extensive margin,
whereas the smaller adjustments towards the top of the ability distribution are along
the intensive margin and the wage policy margin.
Throughout the paper we have emphasized that the distinctions between partial and
full equilibrium, income and substitution effects, as well as worker heterogeneity are
quantitatively important.
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Appendix
A.1 Proofs and Derivations
A.1.1 Law of Motions for n t0 (a) and n t1 (w|a)
Recall from the main text that n t0 (a) is the time-t measure of unemployed workers
in the household, while n t1 (w|a) is the measure of workers employed with wage w.
Define,

N t (a) ≡ n t0 (a) +

Z

w(a)
φ(a)

n t1 (w|a)d w

(A.1)

as the time-t measure of the household population.
Now, consider a small interval of time of length d t from t to t + d t . The change in
the type-a household-specific unemployment rate from t to t + d t is given by the
difference in gross worker flows in and out of unemployment. Indeed,

n t0+d t (a) − n t0 (a) = δ(a)d t [N t (a) − n t0 (a)] − λd t [µ + s t0 (a)]F (φ(a)|a)n t0 (a).

(A.2)

There are N t (a) − n t0 (a) employed workers at time t , and within a small interval
of time of length d t , a share δ(a)d t of them have their job destroyed, generating a gross flow δ(a)d t [N t (a) − n t0 (a)] into unemployment. There are n t0 (a) unemployed workers in the type-a household at time t , and between t and t + d t , a share
λd t [µ + s t0 (a)]F (φ(a)|a) of them obtain an acceptable job offer, generating a gross
flow λd t [µ + s t0 (a)]F (φ(a)|a)n t0 (a) out of unemployment.
In equilibrium, F (φ(a)|a) = 1 as no firm would optimally set the offered type-a worker
wage below the type-a household’s reservation wage. Imposing F (φ(a)|a) = 1 and
dividing through by d t > 0 and taking the limit as d t → 0 yields the law of motion
equation (1.6) stated in the main text.
The law of motion for n t1 (w|a) derives from a similar logic. Consider the change in the
measure of workers employed at a job paying w or less during a small interval of time
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of length d from t to t + d t . That is, let N t1 (w|a) =

Rw

1
φ(a) n t (w|a)d w, and consider

N t1+d t (w|a) − N t1 (w|a) = λd t [µ + s t0 (a)][F (w|a) − F (φ(a)|a)]n t0 (a)
+ λd t µ[F (w|a) − F (φ(a)|a)][N t (a) − n t0 (a) − N t1 (w|a)]
− [δ(a) + λµF (φ(a)|a)]d t N t1 (w|a)
Z
− λd t µF (w|a)N t1 (w|a) − F (w|a)

w
φ(a)

λd t s t1 (x|a)n t1 (x|a)d x.
(A.3)

The first term stems from the gross inflow of unemployed workers who find an
acceptable job paying w or less. The second term stems from the inflow of workers
currently employed at a wage greater than w (there are N t (a) − n t0 (a) − N t1 (w|a) such
workers in a type-a household), but who are reallocated to an acceptable job paying
w or less. The sum of the first two terms constitutes total inflow into the group of
employed type-a household members earning a wage w or below. The third term
reflects the gross worker outflow made up of employed workers earning a wage w or
below who move into unemployment. They may do so due to a job destruction shock,
or a reallocation shock involving an unacceptable job offer, an event that occurs with
probability λµF (φ(a)|a)d t in a short interval of length d t . The fourth term comprises
gross worker outflow from workers earning a wage w or less who are reallocated to
jobs paying in excess of w. Finally, the fifth term reflects gross outflow of workers
through on-the-job search, located a job paying in excess of w. The sum of the last
three terms constitutes total outflow from the group of employed type-a household
members earning a wage w or below.
Rearranging and collecting terms in equation (A.3), imposing the equilibrium restriction F (φ(a)|a) = 0, dividing through by d t > 0 and taking the limit as d t → 0
yields

Ṅ t1 (w|a) = [λµ + λs t0 (a)]F (w|a)n t0 (a) + λµF (w|a)[N t (a) − n t0 (a) − N t1 (w|a)]
Z w
− δ(a)N t1 (w|a) − λµF (w|a)N t1 (w|a) − F (w|a)
λs t1 (x|a)n t1 (x|a)d x. (A.4)
φ(a)

Finally, taking the derivative with respect to w and a bit of algebra yields the law of
motion equation (1.7) stated in the main text.
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A.1.2 Steady State Labor Allocation
The size of a household is N t (a) = n t0 (a) +

Rw

1
ψ(a) n t (w|a).

Hence, n t0 (a)/N t (a) is the

type-a household time-t unemployment rate. The PDF of employed workers across
wage rates is g t (w|a) = n t1 (w|a)/[1 − n t0 (a)], with associated CDF
Rw
G t (w|a) = φ(a) g t (w|a)d w = N t1 (w|a)/[1 − n t0 (a)]. The law of motions for n t0 (a) and
n t1 (w|a) are discussed above. G t (w|a) is the steady state employment-weighted wage
distribution, which reflects the allocation of labor across firms. The law of motion for
G t (w|a) is straightforward to obtain from equation (A.4). Indeed,
Ġ t (w|a) = [λµ + λs t0 (a)]F (w|a)

n t0 (a)
1 − n t0 (a)

+ λµF (w|a)G t (w|a)

− δ(a)G t (w|a) − λµF (w|a)G t (w|a) − F (w|a)

w

Z

φ(a)

λs t1 (x|a)g t (x|a)d x.

(A.5)

In steady state ṅ t0 (a) = 0, and s t0 (a) = s 0 (a), and ṅ t1 (w|a) = 0 and s t1 (w|a) = s 1 (w|a)
for all w ∈ [ψ(a), w(a)], in which case equation (A.2) implies that the worker-type
conditional steady state unemployment rate, n 0 (a), is
n 0 (a) =

δ(a)
.
δ(a) + λµ + λs 0 (a)

(A.6)

Furthermore, in steady state, Ġ t (w|a) = 0, in which case equation (A.5) simplifies as
Z w
F (w|a) −G(w|a)
λs 1 (x|a)g (x|a)d x = [δ(a) + λµ]
,
(A.7)
φ(a)
F (w|a)
where we have used that, according to equation (A.6), n 0 (a)/[1 − n 0 (a)] = δ(a)/[λµ +
λs 0 (a)]. Next, take the derivative of equation (A.7) with respect to w to obtain
λs 1 (w|a)g (w|a) = [δ(a) + λµ]

f (w|a)G(w|a) − g (w|a)F (w|a)
F (w|a)2

,

(A.8)

.

(A.9)

which, upon multiplying through by F (w|a)/G(w|a), yields
λs 1 (w|a)F (w|a)

g (w|a)
G(w|a)

= [δ(a) + λµ]

f (w|a)
F (w|a)

− [δ(a) + λµ]

g (w|a)
G(w|a)

Rearrange to get an expression for the hazard function of G(w|a),
·
¸
g (w|a)
δ(a) + λµ
f (w|a)
=
.
1
G(w|a)
δ(a) + λµ + λs (w|a)F (w|a) F (w|a)
It follows that the steady state labor allocation, G(w|a), is given by
¿ Z w ·
¸
À
δ(a) + λµ
f (x|a)
G(w|a) = 1 − exp −
dx .
φ(a) δ(a) + λµ + λs 1 (x|a)F (x|a) F (x|a)

(A.10)

(A.11)
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As mentioned in the main text, this expression is useful for the numerical solution of
the model because it allows us to compute the allocation of labor from any search
effort function s 1 (w|a) and wage offer distribution F (x|a) without having to (numerically) solve a system of balanced flow equations.

The special case of wage-independent search effort, s 1 (w|a) = s 1 .

While useful,

the derivation of, and the resulting expression for, the employment-weighted wage
distribution G(w|a) is somewhat unconventional. Consider the special case where
on-the-job search effort is independent of the wage. This exogenous search effort
specification is common in the job search literature. Under the restriction that
s 1 (w|a) = s 1 (a), the integrated hazard function of the employment-weighted wage
distribution is given by
Z

w

g (x|a)

φ(a)

G(x|a)

Z
dx

=
=
=
=

where κ1 (a) ≡
Z

w

φ(a)
Z w
φ(a)
Z 1

δ(a) + λµ

·

¸

δ(a) + λµ + λs 1 (a)F (x|a)
[1 + κ1 (a)F (x|a)]−1

f (x|a)
F (x|a)

f (x|a)
F (x|a)

dx

dx

1
[1 + κ1 (a)z]−1 d z
z
F (w|a)
·
¸−1
Z 1
1
κ1 (a)
d z.
−
1 + κ1 (a)z
F (w|a) z

(A.12)

λs 1 (a)
δ(a)+λµ . Integrating equation (A.12) yields
w

φ(a)

g (x|a)
G(x|a)

dx

=
=
=

¯1
¯
¯
¯

¶
z
1 + κ1 (a)z
F (w|a)
µ
¶
µ
¶
1
F (w|a)
ln
−
ln
1 + κ1 (a)
1 + κ1 (a)F (w|a)
¶
µ
1 + κ1 (a)F (w|a)
,
ln
[1 + κ1 (a)]F (w|a)
µ

ln

(A.13)

Hence, using equation (A.11) on equation (A.13), we obtain
¿
µ
¶À
1 + κ1 (a)F (w|a)
[1 + κ1 (a)]F (w|a)
F (w|a)
G(w|a) = 1−exp −ln
= 1−
=
.
1
1
[1 + κ (a)]F (w|a)
1 + κ (a)F (w|a)
1 + κ1 (a)F (w|a)
(A.14)
We note that equation (A.14) is the “standard” expression for the employmentweighted distribution of wages that appears in e.g. Burdett and Mortensen (1998) and
Bontemps et al. (2000).
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A.1.3 Applying the Maximum Principle
The current value Hamiltonian associated with the household problem is given as

Ht (a) = ψ(c t (a), s t0 (a))n t0 (a) +

w(a)

Z

φ(a)

ψ(c t (a), s t1 (w|a))n t1 (w|a)d w

¿
À
+ e ρt ξ0t (a) δ(a)N t (a) − [δ(a) + λµ + λs t0 (a)]n t0 (a)
Z
+

w(a)
φ(a)

e ρt ξ1t (x|a)

¿·

λµN t (a) + λs t0 (a)n t0 (a) +

Z

x
φ(a)

¸
λs t1 (z|a)n t1 (z|a)d z f (x|a)

·
¸
À
− δ(a) + λµ + λs t1 (x|a)F (x|a) n t1 (x|a) d x,

(A.15)

with c t (a) given by equation (1.4), restated here for later reference,
c t (a) =

¶
µ
Z w(a)
1
[w − T (w)]n t1 (w|a)d w + b
[b − T (b)]n t0 (a) +
N t (a)
φ(a)

(A.16)

and N t (a) given by equation (A.1).
By the Maximum Principle (Acemoglu, 2009, Theorem 7.13, p. 254), the optimal
controls satisfy the following necessary conditions. First, with respect to employed
job search effort s t1 (w|a) at any wage level w ∈ [φ(a), w(a)], optimality requires
∂Ht (a)
∂s t1 (w|a)
∂Ht (a)

∂n t1 (w|a)

=

0 for all t ∈ [0, ∞) and for all w ∈ [φ(a), w(a)],

=

−e ρt ξ̇1t (w|a) for all t ∈ [0, ∞) and for all w ∈ [φ(a), w(a)](A.18)

(A.17)

where Ht (a) is given by equation (A.15) and ξ̇1t (w|a) ≡ ∂ξ1t (w|a)/∂t . Of course, there
is set of analogous necessary optimality conditions pertaining to unemployed search
effort s t0 (a). Indeed,
∂Ht (a)
∂s t0 (a)

∂Ht (a)
∂n t0 (a)

=

0 for all t ∈ [0, ∞),

(A.19)

=

−e ρt ξ̇0t (a) for all t ∈ [0, ∞).

(A.20)

We next solve the system of equations made up by (A.17), (A.18), (A.19), and (A.20),
with Ht (a) given by equation (A.15).
Optimal steady state job search effort, s t1 (w|a) and s t0 (a).

Consider first employed

job search effort, s t1 (w|a). Using equation (A.15), equating the derivative of Ht (a)
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with respect to s t1 (w|a), for some w ∈ [φ(a), w(a)], to zero, and rearranging, yields
e −ρt ζ0 (s t1 (w|a)) = λ

w(a)

Z

w

[ξ1t (x|a) − ξ1t (w|a)] f (x|a)d x,

(A.21)

for any w ∈ [φ(a), w(a)], and where ζ0 (·) represents the marginal disutility of job
search effort, see equation (1.2). The necessary optimality conditions, equation (A.21),
has a straightforward interpretation that is spelled out in the main text. For future
reference, notice that integrating equation (A.21) by parts implies
e −ρt ζ0 (s t1 (w|a)) = λ

w(a)

Z

w

∂ 1
ξ (x|a)F (x|a)d x.
∂x t

(A.22)

Next, consider unemployed job search effort s t0 (a). Derivations analogous to those
that lead to equation (A.21) implies that
e −ρt ζ0 (s t0 (a)) = λ

w(a)

Z

φ(a)

[ξ1t (x|a) − ξ0t (a)] f (x|a)d x,

(A.23)

∂ 1
ξ (x|a)F (x|a)d x.
∂x t

(A.24)

and integration by parts yields
e −ρt ζ0 (s t0 (a)) = λ
The steady state costate ξ1t (x|a).

w(a)

Z

φ(a)

Consider first the costate variable ξ1t (x|a), the

multiplier on the law of motion for the control n t1 (w|a), the time-t measure of workers
employed at wage w in the type-a household. Utilizing equation (A.18) and equating
the derivative of Ht (a) with respect to the control n t1 (w|a) to −e ρt ξ̇1t (w|a) yields
− ξ̇1t (w|a) = e −ρt

·

u(c t (a)) − ζ(s t1 (w|a)) + u 0 (c t (a))[w

+ δ(a)[ξ0t (a) − ξ1t (w|a)] + λµ

w(a)

Z

φ(a)

+ λs t1 (w|a)

Z

− T (w) − c t (a)]

[ξ1t (x|a) − ξ1t (w|a)] f (x|a)d x

w(a)
w

¸

[ξ1t (x|a) − ξ1t (w|a)] f (x|a)d x,

(A.25)

for any w ∈ [φ(a), w(a)]. In deriving equation (A.25) we have used that
∂N t (a)/∂n t1 (w|a) = 1, and that, by equation (A.16),
∂c t (a)
∂n t1 (w|a)

=

w − T (w) − c t (a)
.
N t (a)

(A.26)

The first term on the right-hand side of equation (A.25) is the change in the household’s flow-payoff if a worker earning a wage w is added to the household at time
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t . Such an additional worker increases the time-t utility flow in the household by
u(c t (a)) − ζ(s t1 (w|a)) and, in addition, contributes net-of-tax revenue in the amount
of w − T (w) − c t (a) to be distributed within the household. The household values
this additional revenue at the marginal utility of consumption, u 0 (c t (a)). The two last
terms on the right-hand side of equation (A.25) represent the change in the value of
the stock of workers earning a wage w, denominated in present values, stemming
from the additional worker. This change is given by the expected capital gains from
job destruction, reallocation and job search at the dictated search effort, λs t1 (w|a)
that the additional worker is subject to. At the optimal search policy, the change in the
current flow-payoff plus the change to the value of the household’s stock of workers
employed at wage w, n t1 (w|a), balance the depreciation of the stock, i.e. −ξ̇1t (w|a).
Substituting equation (A.21) into equation (A.25) and rearranging allows us to write
− ξ̇1t (w|a) = e −ρt Φ1t (w|a) − [δ(a) + λµ]ξ1t (w|a),

(A.27)

where Φ1t (w|a) is defined as
Φ1t (w|a) ≡ u(c t (a)) − ζ(s t1 (w|a)) + u 0 (c t (a))[w − T (w) − c t (a)]
Z w(a)
e ρt ξ1t (x|a) f (x|a)d x + ζ0 (s t1 (w|a))s t1 (w|a).
+ δ(a)e ρt ξ0t (a) + λµ
φ(a)

(A.28)

Solving the non-homogeneous first-order linear ordinary differential equation (ODE)
(A.27) for ξ1t (w|a) yields
ξ1t (w|a) = e [δ(a)+λµ]t ξ10 (w|a) − e [δ(a)+λµ]t

t

Z
0

e −[ρ+δ(a)+λµ]x Φ1x (w|a)d x.

(A.29)

Consider now an economy in steady state, i.e. consider the situation where ṅ t1 (w|a) =
0 for all w ∈ [φ(a), w(a)], as well as ṅ t0 (a) = 0, such that n t1 (w|a) = n t10 (w|a) = n 1 (w|a)
for all w ∈ [φ(a), w(a)], n t0 (a) = n t00 (a) = n 0 (a), and where s t1 (w|a) = s t10 (w|a) =
s 1 (w|a) and s t0 (a) = s t00 (a) = s 0 (a) for any two dates t and t 0 . The steady state version
of equation (A.28) implies that Φ1t (w|a) = Φ1t 0 (w|a) = Φ1 (w|a) for any two dates t and
t 0 . Moreover, in steady state, the current value costate variables are equalized, i.e.
ξ10 (w|a) = e ρt ξ1t (w|a) for all w ∈ [φ(a), w(a)]. Put differently, the present value costate
variables differ only across time due to discounting.49 The steady state version of
49 Recall from the main text that ξ1 (w|a) is the present value shadow value of adding an additional
t
employed worker earning a wage w to the household at time t . In steady state, this differs from the present
value shadow value of adding an additional employed worker at wage rate w to the household at time 0,
ξ10 (w|a), only by discounting. Hence, ξ10 (w|a) = e ρt ξ1t (w|a).
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equation (A.29) therefore implies that
·
¸
e [δ(a)+λµ)]t
Φ1 (w|a)
0
−[ρ+δ(a)+λµ]t
ξt (w|a) =
1
−
e
.
ρ + δ(a) + λµ
1 − e [ρ+δ(a)+λµ)]t

(A.30)

The transversality condition for the costate ξ1t (w|a) holds. Indeed, since
lim

e [δ(a)+λµ]t

t →∞ 1 − e [ρ+δ(a)+λµ]t

=−

δ(a) + λµ
lim e −ρt = 0,
ρ + δ(a) + λµ t →∞

(A.31)

we have
lim ξ1 (w|a) = 0.
t →∞ t

(A.32)

We note that the steady state identity ξ10 (w|a) = e ρt ξ1t (w|a) and equation (A.30) implies that the household’s steady state shadow valuation of an additional worker
employed with wage rate w is
[ρ + δ(a) + λµ]ξ10 (w|a) = Φ1 (w|a),

(A.33)

which, upon substituting the steady state version of equation (A.28) into equation
(A.33), implies that
ρξ10 (w|a) = u(c(a)) − ζ(s 1 (w|a)) + u 0 (c(a))[w − T (w) − c(a)]
Z w(a)
[ξ10 (x|a)−ξ10 (w|a)] f (x|a)d x+ζ0 (s 1 (w|a))s 1 (w|a),
+δ(a)[ξ00 (a)−ξ10 (w|a)]+λµ
φ(a)

(A.34)
where c(a) is steady state household consumption, see equation (A.16). Substituting equation (A.22) back into equation (A.34), using again the steady state identity
ξ10 (w|a) = e ρt ξ1t (w|a), and integrating the remaining integral by parts yield
ρξ10 (w|a) = u(c(a)) − ζ(s 1 (w|a)) + u 0 (c(a))[w − T (w) − c(a)]
+ δ(a)[ξ00 (a) − ξ10 (w|a)]
(A.35)
Z w(a)
Z w(a)
∂ 1
∂ 1
ξ0 (x|a)F (x|a)d x + λs 1 (w|a)
ξ (x|a)F (x|a)d x.
+ λµ
∂x 0
φ(a) ∂x
w
By the Envelope Theorem, the derivative of equation (A.35) with respect to w implies
that

∂ 1
u 0 (c(a))[1 − T 0 (w)]
ξ0 (w|a) =
.
∂w
ρ + δ(a) + λµ + λs 1 (w|a)F (w|a)

From equation (A.36), we note that

(A.36)

∂ 1
1
∂w ξ0 (w|a) > 0, and hence, that ξ0 (w|a) is strictly

increasing in w. This implies that the household dictates that employed workers
accept an alternative job offer if and only if it pays a higher wage than the current job.
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Substituting equation (A.36) back into equation (A.35), allow us to express the steady
state costate ξ10 (w|a) as
ρξ10 (w|a) = u(c(a)) − ζ(s 1 (w|a)) + u 0 (c(a))[w − T (w) − c(a)]
Z w(a)
u 0 (c(a))[1 − T 0 (x)]F (x|a)
dx
+ δ(a)[ξ00 (a) − ξ10 (w|a)] + λµ
φ(a) ρ + δ(a) + λµ + λs 1 (x|a)F (x|a)
Z w(a)
u 0 (c(a))[1 − T 0 (x)]F (x|a)
1
+ λs (w|a)
d x. (A.37)
w
ρ + δ(a) + λµ + λs 1 (x|a)F (x|a)
The interpretation of equation (A.37) is described in the main text.
Finally, substituting equation (A.36) into equation (A.22) yields a useful characterization of the optimal steady state search effort among employed workers,
ζ0 (s 1 (w|a)) = λ

u 0 (c(a))[1 − T 0 (x)]F (x|a)

w(a)

Z

w

The steady state costate ξ0t (a).

ρ + δ(a) + λµ + λs 1 (x|a)F (x|a)

d x.

(A.38)

The characterization of the costate ξ0t (a) is analo-

gous to that of ξ1t (w|a) detailed above, but is nonetheless included here for completeness. First, equate the derivative of Ht (a) with respect to n t0 (a) to −e ρt ξ̇0t (a), to
obtain
·
¸
− ξ̇0t (a) = e −ρt u(c t (a)) − ζ(s t0 (a)) + u 0 (c t (a))[b − T (b) − c t (a)]
+ [λµ + λs t0 (a)]

Z

w(a)

φ(a)

[ξ1t (x|a) − ξ0t (a)] f (x|a)d x.

(A.39)

Equation (A.39) has the same interpretation as equation (A.25).
Substituting equation (A.23) into equation (A.39) and rearranging yields
− ξ̇0t (a) = e −ρt Φ0t (a) − λµξ0t (a),

(A.40)

where Φ0t (a) is defined as
Φ0t (a) ≡ u(c t (a)) − ζ(s t0 (a)) + u 0 (c t (a))[b − T (b) − c t (a)]
Z w(a)
+
e ρt ξ1t (x|a) f (x|a)d x + ζ0 (s t0 (a))s t0 (a).
φ(a)

(A.41)

The solution to the non-homogeneous first-order linear ODE (A.40) can be expressed
as
ξ0t (a) = e λµt ξ00 (a) − e λµt

t

Z
0

e −[ρ+λµ]x Φ0x (a)d x.

(A.42)
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Imposing steady state, where Φ0t (a) = Φ0 (a) and ξ00 (a) = e ρt ξ0t (a), on equation (A.42)
implies
ξ0t (a) =

e λµt

·
¸ 0
−[ρ+λµ]t Φ (a)
1−e
.
ρ + λµ
1 − e [ρ+λµ]t

(A.43)

It is straightforward to verify that the transversality condition limt →∞ ξ0t (a) = 0 holds,
and that the household’s steady state shadow valuation of an additional unemployed
worker, ξ0t (a) is
[ρ + λµ]ξ00 (a) = Φ0 (a).

(A.44)

Substituting the steady state version of equation (A.41) into equation (A.44) yields
ρξ00 (a) = u(c(a)) − ζ(s 0 (a)) + u 0 (c(a))[b − T (b) − c(a)]
Z w(a)
+ λµ
[ξ10 (x|a) − ξ00 (a)] f (x|a)d x + ζ0 (s 0 (a))s 0 (a),
φ(a)

(A.45)

where c(a) is steady state household consumption, see equation (A.16). Substitute
equation (A.24) into equation (A.45) and integrate the integral by parts to obtain
ρξ00 (a) = u(c(a)) − ζ(s 0 (a)) + u 0 (c(a))[b − T (b) − c(a)]
Z w(a)
∂ 1
+ λ[µ + s 0 (a)]
ξ0 (x|a)F (x|a)d x.
φ(a) ∂x
The derivative

(A.46)

∂ 1
∂x ξ0 (x|a) is given by equation (A.36), and hence, we may write

ρξ00 (a) = u(c(a)) − ζ(s 0 (a)) + u 0 (c(a))[b − T (b) − c(a)]
Z w(a)
u 0 (c(a))[1 − T 0 (x)]F (x|a)
+ λ[µ + s 0 (a)]
d x.
φ(a) ρ + δ(a) + λµ + λs 1 (x|a)F (x|a)
Finally, substituting equation (A.36) into equation (A.24) yields,
Z w(a)
u 0 (c(a))[1 − T 0 (x)]F (x|a)
ζ0 (s 0 (a)) = λ
d x.
φ(a) ρ + δ(a) + λµ + λs 1 (x|a)F (x|a)
The steady state reservation wage, φ(a).

(A.47)

(A.48)

The steady state reservation wage φ(a)

solves
ξ10 (φ(a)|a) = ξ00 (a).

(A.49)

In other words, it is the wage rate φ(a) at which the household’s shadow valuation of
employment coincides with the shadow valuation of unemployment. From equations
(A.37), (A.47), (A.38), and (A.48) it is evident that
φ(a) = b.

(A.50)
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and that unemployed steady state search effort is identical to employed steady state
search effort in the lowest paying firm with w = b,
s 0 (a) = s 1 (b|a).

(A.51)

A.1.4 Proof of Lemma 1
Proof. Consider property (i) in Lemma 1. From equation (1.13),
0 −1

s(w|a) = [ζ ]

µ Z
λ

w(a)
w

u 0 (c(a))[1 − T 0 (x)]F (x|a)
ρ + δ(a) + λµ + λs(x|a)F (x|a)

¶
d x + s.

Since ζ0 : [0, ∞) 7→ [0, ∞) we have [ζ0 ]−1 : [0, ∞) 7→ [0, ∞). Hence, [ζ0 ]−1 (·) ≥ 0, and
therefore, s(w|a) ≥ s. Consider now property (ii) in Lemma 1. The derivative of
[ζ0 ]−1 (·) is 1/ζ00 ([ζ0 ]−1 (·)). Since ζ00 (·) > 0, [ζ0 ]−1 : [0, ∞) 7→ [0, ∞) is a strictly increasing
function. It follows that [ζ0 ]−1 (0) = 0, and hence, s(w(a)|a) = 0. Finally, consider
property (iii) in Lemma 1. [ζ0 ]−1 (·) is a strictly increasing function. Take w 0 < w 00 .
R w(a) u 0 (c(a))[1−T 0 (x)]F (x|a)
R w(a) u 0 (c(a))[1−T 0 (x)]F (x|a)
d x > w 00
d x. It follows that
Then, w 0
ρ+δ(a)+λµ+λs(x|a)F (x|a)

s(w 0 |a) > s(w 00 |a).50

ρ+δ(a)+λµ+λs(x|a)F (x|a)

A.1.5 Proof of Lemma 2
Proof. Take w 0 < w 00 both in [b, w(a)]. Lemma 1 established that s(w 0 |a) > s(w 00 |a),
from which it follows that s(w 0 |a)F (w 0 |a) > s(w 00 |a)F (w 00 |a). Finally,
R w0
R w 00
b s(x|a)dG(x|a) < b s(x|a)dG(x|a). Lemma 2 now follows from equations (1.21)
and (1.22).

A.1.6 Proof of Proposition 1
Proof. Let p 0 < p 00 such that y(a, p 0 ) < y(a, p 00 ), and let w 0 = w(a|p 0 ) and w 00 =
00
0
˜
˜
w(a|p 00 ). Then, π̃(p 00 |w 00 , a) = [y(a, p 00 )−w 00 ]`(a|w
) > [y(a, p 00 )−w 0 ]`(a|w
) > [y(a, p 0 )−
0
00
˜
˜
w 0 ]`(a|w
) = π̃(p 0 |w 0 , a) > [y(a, p 0 ) − w 00 ]`(a|w
). This implies that
00
0 ˜
00
00
0 ˜
00
˜
[y(a, p ) − y(a, p )]`(a|w ) > [y(a, p ) − y(a, p )]`(a|w 0 ), which implies `(a|w
)>
0
˜
˜
`(a|w
). Lemma 2 established that `(a|w)
is strictly increasing in w, which implies

that w 0 < w 00 .
50 Alternatively, since F (w|a) is differentiable, direct differentiation of equation (1.13) yields the desired
result.
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A.1.7 Proof of Proposition 2
Proof. Fix a ∈ [0, 1]. The first order condition (FOC) for a type-p firm’s hiring intensity
problem, equation (1.23), is π̃(a|p)h(a)/V (a) = d 0 (v). The left-hand side of the FOC
is independent of v. Strict convexity of d (·) implies that the right-hand side of the
FOC is strictly increasing in v. Hence, the FOC has a unique solution v = v(a|p). Strict
convexity of d (·) also ensures the second order condition is satisfied. The proof of
Proposition 1 established that π̃(p|a) is strictly increasing in p. Strict convexity of d (·)
implies that v(a|p) is strictly increasing in p.

A.1.8 Proof of Proposition 3
Proof. Taking the derivative of equation (1.23), applying the Envelope Theorem,
yields
∂π(p)
= (1 − τ)
∂p

Z 1·
0

¸
v(a|p) ∂π̃(p|a)
d H (a).
V (a)
∂p

The proof of Proposition 1 established that π̃(p|a) is strictly increasing in p for every
a ∈ [0, 1]. Proposition 2 established that v(a|p) is strictly increasing in p for every
a ∈ [0, 1]. The product of strictly increasing strictly positive functions yields a strictly
increasing function. Integrating a set of strictly increasing functions yields a strictly
increasing function. Proposition 3 follows.

A.2 Details on the Data
A.2.1 The Merging Procedure
Merging data sources by person ID is straightforward. However, a few complications
arise when merging data sources by firm IDs because different public registers using
different firm identifiers. Data clean-up, manipulation, merging and selection is
carried out in a series of SAS-programs. Before we move on to describing the merging
procedure, we provide a brief description of the person and firm IDs that enters the
procedure.
Person and firm IDs.

Persons are identified by their CPR-number. All individuals

residing legally in Denmark are registered in the CPR register (Centrale Person Register) with a unique CPR number. The CPR-number is the sole identifier of an individual
in relation to the state. Person data is recorded under a anonymized CPR-number
labeled pnr.
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There are two main ways of identifying business entities. The Central Business Register (CVR), established in October 1999, contains primary data on all businesses with
economic activity in Denmark, regardless of economic and organizational structure.
CVR covers both public and private businesses. The SE-number identifies a business
in Stamregistret for Erhvervsdrivende (the SE-register), a register established in 1985.
The main function of SE-register is to identify businesses vis-a-vis the tax authorities
when settling value added tax (VAT), income tax payments, or tax payments for selfemployed persons, and pension contributions. CVR- and SE-numbers are recorded
under the variable names cvrnr and senr, respectively. Although the relationship
between CVR-numbers and SE-numbers is somewhat complicated by the fact that
a business entity may split up into multiple legal business entities, a SE-number is
associated with one and only one CVR-number at a given point in time. We are able
to map CVR-numbers and SE-numbers using a correspondence table provided by
Statistics Denmark.
As it turns out, employing firms in the labor market spell data are identified by the
firm ID spell_firm_id, a hybrid firm identifier specific to the labor market spell data,
which corresponds very closely to the CVR-number. As we describe below, we are
able to map spell_firm_id to cvrnr using IDA-N data.

The labor market spell data.

The unit of observation in the labor market spell data

is a person-spell-year, where a spell is a job with a particular employer, and the
employing firm is identified by spell_firm_id as described above. That is, a labor
market spell that stretches across three calendar years (i.e. stretches across three
January 1st) is represented by three observations in the labor market spell data.

Merging IDA-P onto the labor market spell data.

We first merge the employment

spell data and IDA-P. IDA-P contains annual background information from public
registers on all individuals aged 15-74 residing legally in Denmark on the 31st of
December. The unit of observation in IDA-P is a person-year. We merge on person
identifier (variable pnr) and year (variable aar). We retain only person-years that are
found in both data sources.

Merging IDA-S onto the labor market spell data.

IDA-S contains background in-

formation from public records on all physical workplaces in Denmark, excluding
the so-called fictitious workplaces briefly described in the main text. The unit of
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observation in the raw IDA-S panel is a workplace-year. Our analysis is conducted at
the firm-level, and a firm may consist of several workplaces. Because IDA-S contains
both workplace and firm identifiers, we can aggregate IDA-S to firm-years, letting a
firm inherit industry affiliation and public sector status from its largest workplace.51
We start by mapping the firm identifier of employment spell data (variable spell_firm_id)
into the firm identifier of the IDA database (cvrnr). The mapping between spell_firm_id
and cvrnr is established using IDA-N, yet another IDA data set. IDA-N contains data
on all primary employment relationships ongoing on November 28th in a given year.
The unit of observation in IDA-N is a person-workplace-year, but it also contains
information on both the IDA-S firm identifier cvrnr and the spell data firm identifier
(spell_firm_id), allowing us to construct a correspondence table with spell_firm_id,
cvrnr, and aar. We use this table to map spell_firm_id into cvrnr in the labor market

data, and then we subsequently merge IDA-S onto the employment spells on firm
identifier cvrnr and year aar.52 We retain all employment spell data, whether matched
to IDA-S or not.

Merging VAT data onto the labor market spell data.

As described in the main text,

value added data comes from two data sources, MOMS and MOMM. MOMS covers
1995-1999 and contains annual data on firms’ sales and purchases, whereas MOMM
starts in January, 2000, and provides the same information, but recorded on a monthly
frequency.53
The MOMS data is recorded under the senr-firm ID, whereas the labor market spell
data (and MOMM) is recorded under the firm ID cvrnr. As a first step in the merging
of VAT data to the labor market spell data, we map senr in MOMS to cvrnr. This
is done using a correspondence table provided by Statistics Denmark. Then, using
MOMM data up until December, 2005, we aggregate the monthly data to annual
frequencies. Stacking the MOMS and MOMM data now yields a value added panel
covering the period 1995-2005, containing essentially all firms with economic activity
in Denmark over the period. The unit of observation in this combined MOMS and
51 The size of the workplace is the number of workers with primary employment at the workplace on
the 28th of November, as measured in IDA-S
52 There is a few occurrences where the mapping between spell_firm_id and cvrnr is 1-to-many, in
which case we arbitrarily pick cvrnr as max(cvrnr).
53 The VAT declaration frequency depends on the firm’s annual turnover. Firms register VAT information
at the tax authorities monthly if their turnover exceeds DKK 15 mill., quarterly if their turnover is between
DKK 1 mill. and DKK 15 mill., and every six months if turnover is below DKK 1 mill. The reporting frequency
for a given firm is also provided in the MOMM data.
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MOMM data is a firm-year, with the firm ID given by cvrnr.
Merging the annual value added panel onto the labor market spell data, we retain all
employment spell data, whether matched to the VAT-data or not. This completes the
merging procedure.

A.3 Estimating T 0 (·) and T (·)
Consider the 1999-2003 regime. Given that this regime has a progressive structure
with three brackets (see Table 1.5), we impose the following flexible parametric
function for marginal tax rates T 0 (·),
T 0 (w) =

α1
α4
+
+ α7 .
1 + exp(−α2 (w − α3 )) 1 + exp(−α5 (w − α6 ))

(A.52)

The marginal tax function T 0 (·) is composed of two logistic functions “splined” together.
The data points we use to compute the parameters α1 , α2 , ..., α7 consist of 100 hourly
wage distribution percentiles and 100 median marginal tax rates for each of the 5
years. Let (w t(50)
, [T 0 ](50)
) for t = 1999, 2000, ..., 2003 and k = 1, 2, ..., 100 denote these
k
tk
data points. The parameters α1 , α2 , ..., α7 are estimated by fitting T 0 (w i ) to t i , where
T 0 (·) is given by equation (A.52). That is,
¸2
·
2003
X 100
X
a4
α1
0 (50)
+
+α7 −[T ]t k
.
min
(50)
(50)
α1 ,α2 ,...,α7
t =1999 k=1 1 + exp(−α2 (w t k − α3 )) 1 + exp(−α5 (w t k − α6 ))
(A.53)
Let α̂1 , α̂2 , ..., α̂7 be the solution to the minimization problem of equation (A.53).
Integrating equation (A.52) produces the following expression for the average tax
function T (·),
T (w) =

α1
α4
log(e α2 α3 + e α2 w ) +
log(e α5 α6 + e α5 w ) + α7 w + α0 ,
α2
α5

(A.54)

where α0 is the constant of integration. Parameter estimates for α1 , α2 , ..., α7 are
available, and we estimate α0 in the same way we estimated α1 , α2 , ..., α7 . That is,
we calculate median tax liability T t(50)
, measured in the same unit as w t k , for each
k
of the 100 wage percentiles and for each of the years 1999-2003, and fit equation
(A.54) with α1 = α̂1 , α2 = α̂2 , ..., α7 = α̂7 to (w t k , T t(50)
) with t = 1999, 2000, ..., 2003
k
and k = 1, 2, ..., 100:
·
¸2
2003
X 100
X α̂1
α̂4
min
log(e α̂2 α̂3 + e α̂2 w t k ) +
log(e α̂5 α̂6 + e α̂5 w t k ) + α̂7 w t k + α0 − T t(50)
.
k
α0
α̂5
t =1999 k=1 α̂2
(A.55)
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The marginal and average tax functions pertaining to the other tax regimes under
consideration in this paper, i.e. the 1990-1993, the 1994-1998, and the 2004-2005 tax
regimes, are estimated by analogous procedures, sometimes adapted to account for
specific features of a tax regime. For example, for the 1990-1993 tax regime, and for
the years 1994 and 1995, we build the marginal tax functions from three, rather than
two, logistic functions.
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Abstract
We offer causal evidence of higher returns to experience in big cities. Exploiting a
natural experiment that settled refugees across labor markets in Denmark between
1986 and 1998, we find that refugees initially earn similar wages across locations.
However, those placed in Copenhagen exhibit 35% faster wage growth with each
additional year of experience. Faster sorting of workers towards the type of establishments, occupations, and industries typically found in cities accounts for the vast
majority of this urban wage growth premium.
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2.1 Introduction
Across countries, average wages are higher in big cities compared to more rural areas,
even after controlling for worker level observables. The resulting question of whether
bigger cities make workers more productive or whether more productive workers
choose to live in bigger cities has occupied economists for a long time.1
Leading empirical research on this topic uses worker fixed effects to control for
sorting on unobserved ability across locations (Glaeser and Mare (2001); Combes,
Duranton, and Gobillon (2008); D’Costa and Overman (2014); De La Roca and Puga
(2017)). An important limitation of this approach is that identification relies on
individuals who migrate across locations. Selection into moving hence induces a
potential source of bias in the resulting estimates, which would also confound any
subsequent investigation into the determinants of the city wage premium.
In contrast, this paper uses a natural experiment in Denmark to isolate the causal
effect of placement into a big city on workers’ lifetime wages and earnings for a particular population and investigates the underlying mechanisms. Between 1986 and 1998,
the Danish government assigned 80,000 newly arriving refugees to municipalities
across Denmark without regard to a refugee’s labor market-relevant characteristics.2
Since refugees did not choose their location, this natural experiment provides a
unique setting to understand the effect of working in big cities on labor market outcomes. For our baseline analysis, we divide Denmark’s economy into Copenhagen,
the country’s capital and only big city, and the union of all remaining small cities
and towns. We exploit the quasi-random assignment of refugees across these two
zones and examine how labor market outcomes differed between the two groups,
both initially and over time.
We first document the treatment effects of assignment to Copenhagen on lifetime
wage and earnings paths. In contrast with previous studies, we find that refugees
1 While spatial equilibrium requires higher wages in big cities to compensate for higher local prices
(c.f. Rosen (1979); Roback (1982); Allen and Arkolakis (2014); Redding (2016)), there must be productive
advantages in big cities that allow local firms to pay higher wages in the first place (see Glaeser and
Mare (2001)). If not, firms producing tradable goods or services would relocate to save on wages. These
advantages can stem either from a more talented pool of labor or features of big cities beyond the worker
types they attract. See Ahlfeldt and Pietrostefani (2019) for a recent survey of the empirical literature on the
economics of density, and Rosenthal and Strange (2004) and Duranton and Puga (2004) for earlier reviews.
2 Other papers in economics have used the exogenous variation associated with the Nordic refugee
dispersal policies. Edin, Fredriksson, and Åslund (2003) exploits a similar policy in Sweden, while Damm
and Dustmann (2014) and Dustmann, Vasiljeva, and Damm (2019) use the same natural experiment as we
do; they all investigate research questions unrelated to ours.
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initially earn similar hourly wages across areas. However, individuals settled in Copenhagen see their wages and earnings grow around 35% faster with every additional
year of experience relative to those settled outside Copenhagen. This treatment effect
is substantial and comparable in magnitude to the return to an additional two years
of education over a working life.
We then discuss the extent to which this treatment effect reflects true differences in
the return to experience between Copenhagen and elsewhere. We derive tight bounds
on the return to big city experience by comparing refugees who never migrate to
those who do. Our estimates imply a difference in the urban wage premium of 17
percentage points between individuals with 0 years of big city experience compared
to those with 20. These estimates of the return to big city experience are similar to
those reported in the seminal work by Glaeser and Mare (2001). These authors find a
13 percentage point increase in the urban wage premium between individuals with 0
to 5 years experience and those with 21 to 25 years of experience in regressions with
and without person fixed effects.
Next, we investigate the mechanisms underlying the return to big city experience.
Of course, city size itself can only affect wage growth through its correlation with
various labor market characteristics, which in turn affect labor market outcomes.
We draw on an administrative matched employer-employee data set with detailed
information on the universe of workers and establishments in Denmark. We use this
information to decompose the big city wage growth premium into contributions
from three observable job characteristics: firm type, occupation, and industry. We
find that differential sorting towards high-wage, service establishments, occupations,
and industries typically found in cities explains the majority of the return to big city
experience. Over time, a refugee assigned to Copenhagen is increasingly likely to
work at more productive firms and in more skill-intensive occupations and industries
than one settled outside Copenhagen. Most previous studies have not taken a stand
on the contribution of firm characteristics to the urban wage premium.3 Moreover,
in explaining our findings, we can rule out several other mechanisms, including
separate wage trends between locations, the effects of ethnic enclaves, and regional
variation in educational take-up. Our results also suggest that spatial differences
3 See, for example, Wheeler (2006), Gould (2007), Baum-Snow and Pavan (2012), Papageorgiou (2017),
De la Roca, Ottaviano, and Puga (2014), and Grujovic (2018). Notable exceptions are Combes, Duranton, Gobillon, Puga, and Roux (2012), Mion and Naticchioni (2009), and Dauth, Findeisen, Moretti, and
Suedekum (2018). For papers that highlight the importance of city industry structure in explaining the
urban wage premium see Davis and Dingel (2020), Baum-Snow and Pavan (2013), and Kok (2014).
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in assimilation have no bearing on the differences in the returns to experience we
identify.4
Recent calls for more causal inference in urban economics (Baum-Snow and Ferreira,
2015) have highlighted the need for well-identified estimates of the impact of cities
on workers. Such inference often requires tradeoffs between the ability to recover
parameters of interest and the setting’s generality. While our setting is a particular
one, we uncover mechanisms behind the differential return to experience across
cities that appear general. In particular, the greater presence of highly productive
establishments, high-skill occupations, and service industries is likely to steepen
the earnings paths of workers in cities around the world. Furthermore, taken at face
value, the similarity of our estimates to Glaeser and Mare (2001) would imply that
fixed effect regressions recover estimates not too far from the actual causal return.5
Overall, our study confirms that there is a causal urban wage premium and that it
arises dynamically, something never previously documented in the literature. Furthermore, we show that this causal benefit works primarily through sorting into different
observable types of firms, industries, and occupations across locations. As a result,
future research on the wage benefits cities bestow should focus on the determinants
of the observable industrial structure of big cities.

2.2 Background, Data, and Sample Selection
In this section, we describe the Danish refugee dispersal policy. We also discuss the
sample construction, introduce the map of Danish local labor markets, and show that
refugees do not move much after assignment to a location. Our description of the
policy draws on Damm and Dustmann (2014), who provide substantially more detail.
We also follow their sample construction precisely as outlined in their published
work.

2.2.1 The Danish Refugee Dispersal Policy
Before 1986, refugees arriving in Denmark chose their municipalities of residence
freely. As a result, a few municipalities played host to a majority of refugees. To ensure
4 Leading scholars on refugee dispersal programs argue that assimilation is enhanced by placement
outside major cities (see, e.g. Damm and Rosholm (2010)). In contrast, we find that placement in a big city
causes faster wage gains with experience.
5 This could be read to imply that selection into migration is limited.

2.2. B ACKGROUND, D ATA , AND S AMPLE S ELECTION

85

all localities shared in integrating refugees, the Danish government, through the
Danish Refugee Council, initiated a refugee dispersal policy in 1986. The program’s
explicit goal was to distribute refugees across municipalities in proportion to the
local population.6 Between 1986 and 1998, 76,673 immigrants were granted refugee
status (Statistics Denmark 1992, 1997, 2000) and assigned to municipalities.7
Under the policy, arriving refugees lived in Red Cross reception centers located across
Denmark until receiving asylum. With asylum granted, refugees faced no further legal
impediments to labor market participation. Within ten days of the asylum decision,
refugees were assigned temporary housing in Denmark’s 15 counties.8 Each county
assigned the refugees to a municipality within the county and helped them find
permanent housing. When assigning refugees to a municipality, the council’s local
office had access only to the birth date, marital status, number of children, and nationality.9 Conditional on this information, the assignment was random. Importantly,
the council did not have information on years of schooling or family income and did
not meet refugees.
Reassignment requests were only allowed after refugees had first moved to the initially
assigned municipality. Importantly, our research design relies only on the randomness of the initial assignment. Once settled in the assigned municipality, refugees
received social assistance and Danish language courses for 18 months. Although
the council urged refugees to stay in the assigned municipality during the entire
introductory period, there were no relocation restrictions.
Our empirical strategy exploits the initial quasi-random assignment in two steps.
First, we document the treatment effect of initial assignment to a big city on lifetime
6 We also thank Bente Bondebjerg from Dansk Flygtningehjælp, who helped run the dispersal program
and provided further details on its execution in a phone conversation.
7 Other notable papers in the exogenous placement literature are Aslund, Osth, and Zenou (2009),
Shoag and Carollo (2020), Peters (2019), Chetty, Hendren, and Katz (2016), Beaman (2011), Edin et al. (2003),
Gould, Lavy, and Paserman (2004), and Imberman, Kugler, and Sacerdote (2012). Important papers that
use quasi-experimental variation to learn about the strength and nature of agglomeration benefits more
generally are Greenstone, Hornbeck, and Moretti (2010), Redding and Sturm (2008), Ahlfeldt, Redding,
Sturm, and Wolf (2015), Patrick (2016), and Heblich, Redding, and Sturm (2018).
8 (Damm and Dustmann, 2014) perform extensive balancing tests of individual characteristics, such
as education, across municipalities. They conclude: “Based on these tests, and the way the policy was
implemented, we believe that the allocation of refugees to municipalities was quasi-random, conditional
on the characteristics known to the council at assignment.” Since their assignment regions are sub-units
of the two geographic units (Copenhagen versus Non-Copenhagen) we consider below, this implies
random assignment across our units of analysis, conditional on the characteristics known to the council at
assignment.
9 The council tended to assign families with a large number of children to less populated municipalities
with higher availability of family homes.
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Figure 2.1: Commuting Zones in Denmark

Notes: This figure shows 23 commuting zones (black lines) constructed by the authors using commuting
flows of all Danish workers between the 271 municipalities in Denmark in 1986 (light grey lines) following
the methodology outlined in Tolbert and Sizer (1996). The Copenhagen assignment area appears in red;
the non-Copenhagen assignment area in blue. The box in the top-right corner contains the Bornholm
commuting zone, an island off Denmark’s eastern shore.

wage growth. Second, we use the initial assignment’s persistence to explore the extent
to which we can interpret our results as the causal return to big city experience.

2.2.2 Data Description and Sample Selection
Our analysis uses administrative data provided by Statistics Denmark. Our core data
set is a matched employer-employee panel covering the entire Danish population
from 1986 to 2012, including all refugees from the time of being granted asylum. The
data set includes detailed labor market information for each individual and year:
average hourly wages, total labor earnings, 4-digit occupation codes, and the current
municipality of residence and work.10 For employing establishments, it contains
10 Annual hours worked are estimated using information on mandatory pension contributions. This is
then used to construct a measure of hourly wages, potentially introducing a source of measurement error.
Lund and Vejlin (2015) improve upon Statistics Denmark’s estimated annual hours measure for the years
1980-2007, primarily by using additional information on time spent in sickness and leave. All results in this

2.2. B ACKGROUND, D ATA , AND S AMPLE S ELECTION

87

industry identifiers, employment counts, and total payroll. We enrich the matched
data set with other administrative data records on gender, age, years of education,
family information on spouses, and the number and age of children in a household.
For refugees, the data additionally contain the country of origin and the year of arrival.
The online appendix provides details on the data and variables used.
Following previous papers exploiting the same natural experiment (Damm and Dustmann, 2014), we restrict our sample to men between the ages of 19 and 55, arriving
from Lebanon, Iran, Iraq, Somalia, Sri Lanka, Vietnam, Afghanistan, and Ethiopia
between 1986 and 1998. Since family reunified immigrants were not subject to the
dispersal policy unless they immigrated shortly after their spouse, we exclude spouses
of refugees who immigrated to Denmark more than 12 months later.
Table 2.1 shows characteristics for both refugees and natives. On average, refugees
are younger than Danes, have fewer children, and are less likely to be married. For
refugees, the source of education information is a survey conducted upon arrival; for
19% of refugees in our sample, education information is missing. In the appendix,
we confirm that years of schooling do not differ in an economically meaningful
way across initial assignment regions after controlling for the information available
to the council. We also compare other outcomes across assignment regions, e.g.
employment rates by years in Denmark, of which we offer further discussion below.
Our final sample includes 20,493 male refugees subject to the policy.

2.2.3 Local Labor Markets in Denmark
At the end of our sample period, in 2012, Denmark had a total of 5.6 million inhabitants. Its capital city, Copenhagen, housed 2 million of them in its broader metropolitan area. The remaining 3.6 million people live in three second-tier cities (Aarhus,
Aalborg, and Odense), smaller towns, and rural areas. The second-tier cities are an
order of magnitude smaller than Copenhagen; Aarhus, the largest, contains around
250,000 people.
We use commuting flows of all Danish workers between Denmark’s 271 municipalities
in 1986 and a hierarchical clustering algorithm to construct 23 Danish commuting
zones.11 Figure 2.1 shows the resulting local labor markets.
paper are robust to using this improved hourly wage measure.
11 Many papers in the economics literature use the commuting zones for the U.S. labor market constructed by Tolbert and Sizer (1996) (e.g. Autor and Dorn (2013)). We use method outlined by Tolbert and
Sizer (1996) to construct commuting zones for Denmark.
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Refugees

Table 2.1: Descriptive Statistics for Natives and Refugees

Natives

28.24

3.63

0.47

28.67

7.30

3.40

0.57

28.08

Non-Copenhagen

0.54

7.20

Copenhagen

36.72

3.46

All

0.68

7.27

1990 Cross-section

7.43

Mean
Number of children

10.01

Age
Age of youngest child
Age of oldest child

12 years of education

10 years of education

Missing education

Married

17%

50%

31%

0%

47%

20,493

20%

34%

27%

19%

28%

5,530

23%

34%

23%

19%

28%

14,963

19%

34%

28%

19%

28%

Fraction

More than 12 years of education

1,335,545

Observations

Notes: The sample underlying the descriptive statistics of natives is a cross-section of all Danish men aged between 19 and 55 who were either employed or unemployed
in 1990. The sample underlying the descriptive statistics of refugees includes all refugees from the full sample whose construction is outlined in section 3.2.1 of the main
text. The geographic delineations of the two assignment regions, Copenhagen and Non-Copenhagen, correspond to the those constructed in section 2.2.3.
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Figure 2.2: Persistence of the Initial Assignment

Fraction Never Moved

1

Copenhagen

.8

Non−Copenhagen

.6

.4

.2

0
0

3

6

9

12

15

Years in Denmark
Notes: The sample underlying this figure includes men between the ages of 19 and 55 who arrived from
Lebanon, Iran, Iraq, Somalia, Sri Lanka, Vietnam, Afghanistan, and Ethiopia between 1986 and 1998.
The figure shows the fraction of refugees who have never changed assignment region (Copenhagen and
non-Copenhagen) out of all refugees assigned to a given region, for various years since arrival in Denmark.
“Years in Denmark” is the number of years since being granted asylum. The definition of the two assignment
regions, Copenhagen and non-Copenhagen, corresponds to the regions constructed in section 2.2.3.

Our analysis divides the economy into two locations: the Copenhagen commuting zone and everywhere else. We refer to the Copenhagen commuting zone as
Copenhagen or big city, and the remaining commuting zones as non-Copenhagen or
elsewhere.12
As described above, the policy assigned refugees to municipalities. Quasi-random
assignment across these smaller units (as shown in Damm and Dustmann (2014)), implies quasi-random assignment at the level of our two regions of analysis which nest
municipalities. We conduct a balancing test for education across our two assignment
regions in the appendix.

2.2.4 Persistence of Initial Assignment
Refugees are free to move after the initial assignment to a region. However, to understand the causal effect of working in Copenhagen on refugees’ wages, persistence
in the initial assignment is essential. In Figure 2.2, we show the fraction of refugees
who have never moved from their assigned commuting zone by years since arrival
12 In the online appendix, we show the commuting zones that result from using commuting flows in
1980 and 2000, respectively. All results in the paper are robust to the choice of commuting zone delineation.
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in Denmark. Even 15 years after the assignment, 78% have never left their assigned
regions. We discuss the implications of this persistence for interpreting the treatment
effects in section 2.3.2.13

2.3 The Return to Big City Experience
In this section, we divide our sample by initial assignment region and compare the
wage-experience and labor supply of the two groups following the assignment. We
also discuss the interpretation of the “Copenhagen treatment effect” on wages as the
return to big city experience.

2.3.1

The Treatment Effect of the Initial Assignment

In a simple log-linear setting, wage-experience profiles can differ in two ways as a
function of initial assignment: intercept and slope. Refugees in one area could earn
uniformly higher wages, or see their wages grow faster with experience. We refer to
differences in intercept as the static treatment effect and differences in slopes as the
dynamic treatment effect. These effects condition only on the initially assigned and
not the current location of a refugee. As a result, they are specific to our context and
conceptually distinct from the static and dynamic effects of cities in the literature
(e.g. Glaeser and Mare (2001)). We explore their interpretation as the return to big city
experience in the next subsection.
The only assumption needed to recover the treatment effect of assignment on wages
and earnings is random initial assignment conditional on assignment controls. We explore the channels underlying the treatment effects, including effects on the extensive
margin of labor supply, in a second step, below.
To document the treatment effects, we estimate the following equation:
¡
¢
w i t = β1 E i t + β2C ph i + β3 C ph i × E i t + φ0 X i t + ²i t .

(2.1)

w i t is either the log hourly wage or log yearly earnings in Danish Kroner, deflated by
an index of Danish nominal wage growth.14 E i t is the number of years in which worker
13 In the online appendix, we show the fraction of stayers among refugees of different education levels.

Refugees are less likely to leave Copenhagen, regardless of education level. However, refugees with at least
a high school diploma are more likely to move to Copenhagen than those with less education.
14 To construct an index of nominal wage growth, we use the entire population of native workers and
apply our sample selection criteria from section 2.2.2. We compute average hourly wages in each year
relative to 1986. We use this index to deflate mean hourly wages and earnings for refugees. The results are
quantitatively very similar when controlling for aggregate trends using year fixed effects.
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i has undertaken paid employment in Denmark prior to year t . C ph i is an indicator
variable that takes a value of 1 if the refugee is initially assigned to Copenhagen and
0 otherwise. Xi t is a vector of controls that include cohort fixed effects, nationality
fixed effects, and the variables relevant to the assignment of refugees (henceforth
“assignment controls”).
We report the results for hourly wages in column 1 of Table 2.2. There is no significant
difference in initial wages across assignment regions. However, each additional year
of experience earns refugees assigned to Copenhagen an additional 0.81 percentage
point wage increase over and above the return to experience of refugees assigned
elsewhere.
In column 2, we report the results for refugees who had at least a high school diploma
upon arrival in Denmark (the “High Education” sample henceforth). In column 3, we
do the same for refugees with less than a high school diploma, or missing education
information (the “Low Education” sample henceforth). The differential slope for
wages is very similar across subgroups, and there are no significant differences in
initial wages across assignment regions for any of them. Importantly, our findings
are not the result of differential aggregate wage trends across assignment regions.
In Figure A.1 in the appendix, we show average hourly wages earned by all working
Danes, from 1986 to 2010 in Copenhagen and elsewhere. Wage levels between the
two regions did not diverge systematically over our period of study.15
In the right-hand panel of Table 2.2, we repeat these regressions with log earnings
as the dependent variable. Earnings are initially lower in the city for both of our
sub-populations. However, the estimated coefficient on experience implies that big
city earnings catch up after about 3.5 years, and then overtake. Appendix A.1.6 helps
reconcile our findings on hourly wages and earnings. There we show that yearly hours
worked are initially lower in Copenhagen but increase faster with experience.16
Wages and earnings are only observable for individuals who work. Differential selection into work across assignment regions could be a driver of the dynamic treatment
effect on wages and earnings.
15 These aggregate wage trends across regions are consistent with differential returns to experience in
Copenhagen. Simple models of life-cycle earnings with overlapping generations can exhibit differential
wage-experience slopes for individuals across locations and a stable aggregate urban wage premium as
new cohorts replace old ones.
16 In the abstract and the introduction, we state that the wages of refugees placed in Copenhagen grew
about 35% faster with each year of experience relative to their peers assigned elsewhere. To obtain this
number, we divide the coefficient on the interaction of experience and initial assignment to Copenhagen
by the coefficient on years of experience in Table 2.2.
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Table 2.2: The Return to Big City Experience

Low
Education

Log Hourly Wage × 100
High
Education

Full

7.314∗∗∗
(0.313)

Low
Education

Log Earnings ×100
High
Education
7.754∗∗∗
(0.339)

Full

7.659∗∗∗
(0.301)

Sample

1.862∗∗∗
(0.132)

Yes

2.314∗∗∗
(0.164)

Yes

2.177∗∗∗
(0.144)

Yes

Yes

Years of Experience

-10.26∗∗∗
(2.349)

Yes

0.157

-5.519∗∗
(1.889)

Yes

Yes

43,427

-7.234∗∗∗
(1.802)

Yes

0.159

-0.837
(1.338)

Yes

Yes

63,870

0.789
(0.894)

Yes

0.157

0.034
(0.996)

Yes

Yes

107,297

Initial Assignment to Copenhagen

Yes

0.053

2.604∗∗∗
(0.311)
Yes

Yes

39,408

1.842∗∗∗
(0.332)

Yes

0.061

2.116∗∗∗
(0.304)

Assignment Controls

Yes

57,994

0.814∗∗∗
(0.135)

Nationality FE

0.056

0.735∗∗∗
(0.165)

Cohort FE

97,402

0.808∗∗∗
(0.149)

R-squared

Years of Experience ×
Initial Assignment to Copenhagen

Observations

Notes: The sample underlying this table includes men between the ages of 19 and 55 who arrived in Denmark from Lebanon, Iran, Iraq, Somalia, Sri Lanka, Vietnam,
Afghanistan, and Ethiopia between 1986 and 1998. The definition of the two assignment regions, Copenhagen and non-Copenhagen, corresponds to the regions
constructed in section 2.2.3. The table shows the estimated parameters of equation (2.1). The dependent variables in all columns are scaled by a factor of 100 for ease
of interpretation. Columns 1 and 4 use the full sample, columns 2 and 5 the subset of refugees with at least a high school diploma, and columns 3 and 6 the subset of
refugees with less than a high school diploma and individuals with missing education status. Assignment controls are age at arrival, number of children at arrival, and
marital status at arrival. Cohort fixed effects control for year of arrival in Denmark. Standard errors are robust, clustered at the level of initial commuting zone, and stated
in parentheses. *** indicates significance at the 1 percent level, ** indicates significance at the 5 percent level, * indicates significance at the 10 percent level.
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Table 2.3: Labor Force Participation

Indicator for Never Employed
Sample
Initial Assignment to Copenhagen

High
Education
0.002
(0.008)

Low
Education
0.037∗∗∗
(0.009)

Assignment Controls

Yes

Yes

Nationality FE

Yes

Yes

Cohort FE

Yes

Yes

R-squared

0.145

0.177

Observations

11,129

9,432

Notes: The sample underlying this table includes men between the ages of 19 and 55 who arrived in
Denmark from Lebanon, Iran, Iraq, Somalia, Sri Lanka, Vietnam, Afghanistan, and Ethiopia between 1986
and 1998. The definition of the two assignment regions, Copenhagen and non-Copenhagen, corresponds
to the regions constructed in section 2.2.3. The dependent variable is an indicator taking a value of 1 if
the individual never took up paid employment between 1986-2012. Column 1 uses the subsample of all
refugees with at least a high school diploma and column 2 the subsample with less than a high school
diploma and those with missing information on years of education. Robust standard errors clustered at
the level of the initial commuting zone. Standard errors in parentheses. *** indicates significance at the 1
percent level, ** indicates significance at the 5 percent level, * indicates significance at the 10 percent level.

Table 2.3 shows the treatment effect on the extensive margin of labor force participation. As our measure of participation, we construct a dummy that takes the value 1 if
a worker ever worked and 0 otherwise. We then regress this dummy on an indicator
for assignment to Copenhagen, and the assignment controls from specification (2.1).
We run the regression separately for those with high education in column 1, and
those with low education in column 2. The effect of assignment to a city on labor
force participation differs markedly across education groups. For those with high
education, assignment to Copenhagen did not significantly affect participation; for
those without, it raised the chance of never working by almost 4%.17
The treatment induced selection into the labor force in the Low Education sample
could reflect that those with little formal education find it particularly challenging to
join the labor force in the city compared to elsewhere and that those who do join are
more able than those who do not. For the remainder of the paper, we focus on those
with high education, who comprise 55% of our baseline sample. For these workers,
17 Table A.3 in the appendix shows the treatment effect on labor supply conditional on working at least
one year in our sample (“the extensive margin of labor supply”). For this group, we regress an indicator for
current employment on a full set of dummies for years spent in Denmark and the assignment controls. For
all workers, in both assignment groups, employment rates rise steadily throughout our sample period.
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we can rule out selection into the labor force as a driver of the dynamic treatment
effect.
In the online appendix, we consider a range of robustness exercises on our wage
and earnings regressions. First, we show that the results are unaffected by using
different definitions of the underlying commuting zones.18 Second, we demonstrate
that assignment to a second-tier city (Aalborg, Aarhus, or Odense), results in a weaker
dynamic treatment effect. Similarly, when we drop refugees assigned to secondtier cities from the sample and compare workers assigned to Copenhagen to those
assigned to even smaller cities, we find an even more substantial dynamic treatment
effect. These results suggest that the return to big city experience is monotonic in
city size. Third, we repeat our baseline regression non-parametrically. We continue
to find no static effect for wages, and a negative static effect for earnings that is
not significant.19 Fourth, we consider an alternative specification where years of
experience interact with the assignment region’s population size and find the return
to experience to be increasing in population size. Fifth, we replace years of experience
with years of potential experience (i.e. years since arrival in Denmark), and find a
quantitatively smaller dynamic effect, reflecting that refugees take time to transition
into the labor force.

2.3.2 Treatment Effects and the Return to Big City Experience
In the previous section, we showed that the average wage-experience profile among
refugees initially assigned to Copenhagen is steeper than that of those assigned
elsewhere. However, the fact that workers migrate after assignment complicates the
interpretation of the dynamic treatment effect as the statistical return to experience
earned in Copenhagen. In this section, we discuss the relationship between our
measured dynamic treatment effect and the true return to big city experience, given
worker relocation after assignment.
Suppose there are two city types indexed by c, big cities (c = b) and small cities (c = s),
and that after demeaning all variables, the log hourly wage of worker i in city c at
time t is given by the following equation:
w ict = γs × E ist + (γb + θi ) × E ibt + ηci t ,

(2.2)

18 Using the Eurostat definition of the Copenhagen commuting zone also leaves our results unchanged.
19 In line with a large literature (see, e.g. Lagakos, Moll, Porzio, Qian, and Schoellman (2018)), we find
concavity in the returns to experience. However, the treatment effect itself is broadly linear in years of
experience, and the linear model captures the size of the effect after 15 years well.
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where θi is a scalar indexing person i ’s unobserved ability, E ict are years of experience
accumulated in cities of type c, and γc is the causal return to this type of experience.
ηci t is a structural residual that captures other determinants of wages (e.g. good firm
matches and occupation shifters). E[E ist η i t ] and E[E ibt η i t ] are not necessarily zero.
We assume γb ≥ γs . As a result, equation (2.2) allows for a wage growth premium from
working in a big city. Equation (2.2) reflects that workers with higher unobserved
ability may find big city experience more valuable. This potential complementarity
introduces the selection problem central to this paper.20 If more able workers benefit
more from being in a city and hence move there at higher rates, higher wages in cities
conditional on observables could reflect the resulting difference in average ability
across locations rather than a productive advantage of the city itself. In particular, we
define the causal return to big city experience, denoted by γ, as the extra return to
an additional year of experience collected in a big relative to a small city, such that
γ ≡ γb − γs .
We partition the set of refugees into two subsets: B is the set of workers assigned to
a big city, S that of those assigned to a smaller city. The natural experiment’s value
is to ensure that average latent ability is the same across these groups, such that
E[θi | i ∈ B] = E[θi | i ∈ S] holds.21
The migration of workers across assignment regions complicates the mapping between the estimated treatment effect and the wage process parameters. As a benchmark, consider an “ideal” setting without migration, assuming that
(A.1.) Workers never move across assignment regions.
Assumption A.1. guarantees that refugees accumulate all experience in the assignment region. As a result, treatment effects - which condition on initial assignment
only - recover the statistical return to big city experience. To see this, consider regressing wages on experience for workers in groups S and B separately. The difference in

20 The wage process in equation (2.2) is similar to other specifications in the urban economics literature

(see, e.g. Baum-Snow and Pavan (2012) and De La Roca and Puga (2017)).
21 Equation (2.2) provides a simple framework to think about the interpretation of the dynamic treatment effect. In particular, the role of unobserved heterogeneity is reduced to an effect of unobserved
ability on wages. Other forms of unobserved heterogeneity, including sorting on preferences for amenities,
comparative advantage, and multi-dimensional types (as in Lindenlaub (2017)), are likely to be important
in practice.
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the OLS estimates of the experience coefficients, γ̂B − γ̂S , obeys
´
³
plim γ̂B − γ̂S = γb + (σbE )−2 E[E ibt η i t ] − γs + (σEs )−2 E[E ist η i t ] ≡ β,
|
{z
} |
{z
}
≡βb

≡βs

where σcE is the variance of E ict .22 We define β as the return to an extra year of experience collected in the big relative to the small city. β is the main object of interest
of the paper, and we refer to it as the return to big city experience. It consists of both
the causal return to big city experience, γ = γb − γs , and terms reflecting other determinants of wages that covary with experience. For example, an extensive literature
suggests that as workers gain experience, they work for increasingly more productive
firms, i.e. climb a job ladder (see, e.g. Baum-Snow and Pavan (2012)). If workers
climb such ladders faster in big cities, this would contribute to the return to big city
experience, β, through the E[E ict η i t ] term.23
The estimated dynamic treatment effect above recovers β under Assumption A.1.
However, Figure 2.2 shows that Assumption A.1. is too stark; most, but not all, workers
stay in their assigned region. Migration changes the interpretation of the estimated
dynamic treatment effect. To understand how, we replace A.1. with a stylized assumption about the process of relocation. For illustration, we assume that
(A.2) A faction Å of workers moves immediately across assignment regions and then
does not move again.
Figure 2.2 motivates these assumptions as a stylized description of the data: some
workers move quickly after assignment.24 Denote the set of individuals in group

S who relocate from s to b by MS , with MB defined analogously. Again running
separate regressions on the two assignment groups and differencing the coefficients
on experience yields:
plim γ̂B − γ̂S = β −

2Åβ
|{z}

Migration Bias

−(ÅE[θi |i ∈ MS ] − (1 − Å)E[θi |i ∈ MB ]).
|
{z
}
Selection Bias

This equation shows the two sources of bias relocation introduces. These biases drive
a wedge between the measured dynamic treatment effect and the true return to big
22 This holds under the assumption that unobserved ability does not affect the probability of employment, i.e. E[E ist |θi ] = E[E ist ], and similarly for big cities b.
23 This highlights that even in the “ideal” setting (under Assumption A.1.) we cannot isolate the causal
return to big city experience, γ. To isolate γ in a natural experiment, workers would have to be randomly
assigned both across space and also across firms within locations over their working lifetimes.
24 Further assumptions about moving over time, or different fractions moving, can easily be incorporated, without adding additional insight to the idea presented here.
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city experience, β.
Migration bias occurs as long as any worker migrates upon assignment, i.e. Å > 0
holds. In this case, the dynamic treatment effect underestimates the return to big city
experience, β. Movers from S would see faster wage growth after moving to the big
city, but be counted into the S stratification, and vice versa. As a result, the estimated
wage-experience profile difference between the two assignment groups would shrink,
and the measured dynamic treatment effect would underestimate the return to big
city experience, β.
Second, selection bias arises if E[θi |i ∈ MS ] or E[θi |i ∈ MB ] are non-zero, i.e. movers
differ from non-movers in unobserved ability.25 Suppose, as is common in the literature, more able workers are more likely to move to the city, and less able workers
to leave the city, so that E[θi |i ∈ MS ] > 0 > E[θi |i ∈ MB ].26 The high-ability movers
will nevertheless be counted in group S, shrinking the gap in estimated slopes between the two treatment groups. As a result, the dynamic treatment effect further
underestimates the return to big city experience.27
The above analysis suggests that under the assumption that E[θi |i ∈ MS ] > 0 >
E[θi |i ∈ MB ], we can construct an informative upper bound on the return to big
city experience, β. To do so we re-estimate our baseline equation (2.1) only on individuals who never move across assignment regions. First, since these workers do
not move, these estimates do not suffer from the first source of downward bias we
identified above. Second, we remove on average high-ability individuals whose wages
grow faster with experience after moving to Copenhagen. This leaves on average
lower ability individuals in our non-Copenhagen stratification than compared to the
randomly selected sample. Likewise, the Copenhagen group earns all its experience
in Copenhagen and contains those least likely to leave Copenhagen, since it benefits
them most. Jointly, this has the effect of biasing upwards our estimate of the return to
big city experience, β.28

25 There is ample empirical evidence for the importance of selection in individual migration decisions,
e.g. Borjas (1987), McKenzie, Stillman, and Gibson (2010), Young (2013), Lagakos and Waugh (2013),
Behrens, Duranton, and Robert-Nicoud (2014) and Eeckhout, Pinheiro, and Schmidheiny (2014).
26 In the online appendix, we show that more educated workers are more likely to move to Copenhagen
than less educated ones. To the extent that educational attainment covaries with unobserved ability, this
serves as empirical support for this stylized assumption.
27 In the presence of selection on unobserved multi-dimensional types as in Lindenlaub (2017) much
stronger assumptions are required to interpret our estimates.
28 In reality, moving fractions differ across regions as Figure 2.2 shows. However, indexing Å by location
does not affect this bound.
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Full

High
Education

6.610∗∗∗
(0.311)

Low
Education

Log Earnings ×100

Table 2.4: The Return to Big City Experience among Stayers Only

Log Hourly Wage × 100
Low
Education

Full

6.976∗∗∗
(0.375)

Yes

High
Education

Sample

6.891∗∗∗
(0.303)

Yes

1.653∗∗∗
(0.156)

Yes

Yes

2.085∗∗∗
(0.170)

-17.15∗∗∗
(2.308)

Yes

0.154

1.937∗∗∗
(0.148)

-11.15∗∗∗
(2.123)

Yes

Yes

34,821

Years of Experience

-13.35∗∗∗
(1.867)

Yes

0.156

-1.860
(1.339)

Yes

Yes

47,732

1.114
(0.800)

Yes

0.153

-0.124
(0.936)

Yes

Yes

82,553

Initial Assignment to Copenhagen

Yes

0.055

3.654∗∗∗
(0.291)
Yes

Yes

31,637

2.980∗∗∗
(0.368)

Yes

0.061

3.234∗∗∗
(0.303)

Assignment Controls

Yes

43,429

1.203∗∗∗
(0.156)

Nationality FE

0.056

1.051∗∗∗
(0.168)

Cohort FE

75,066

1.156∗∗∗
(0.150)

R-squared

Years of Experience ×
Initial Assignment to Copenhagen

Observations

Notes: The full sample underlying this table includes men between the ages of 19 and 55 who arrived in Denmark from Lebanon, Iran, Iraq, Somalia, Sri Lanka, Vietnam,
Afghanistan, and Ethiopia between 1986 and 1998 and who never relocate across assignment regions. The definition of the two assignment regions, Copenhagen and
Non-Copenhagen, corresponds to the regions constructed in section 2.2.3. The table shows the estimated parameters of the specification in equation (2.1) in the text. The
dependent variables in all columns are scaled by a factor of 100 for presentational purposes. Columns 1 and 4 use the full sample, columns 2 and 5 the subset of refugees
with at least a high school diploma, and columns 3 and 6 the subset of refugees with less than a high school diploma and individuals with missing education status.
Assignment controls are age at arrival, number of children at arrival, and marital status at arrival. Cohort fixed effects control for year of arrival in Denmark. Standard
errors are robust, clustered at the level of initial commuting zone, and stated in parentheses. *** indicates significance at the 1 percent level, ** indicates significance at
the 5 percent level, * indicates significance at the 10 percent level.
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Table 2.4 shows the results of re-estimating the treatment regression (2.1) on the
stayer population. The results support our simple selection story: the differential
value of experience accumulated in Copenhagen is uniformly higher in the sample
of stayers than in the full sample (see Table 2.2 above). Comparing the results in
Tables 2.4 and 2.2 suggests that the return to big city experience lies in the range of
0.74% − 1.05% for the High Education sample, a relatively tight bound. For the rest of
the paper, we refer to the dynamic treatment effect and the return to big city experience
interchangeably.

2.4 Observable Determinants of the Return to Big City Experience
In this section, we use the wealth of information on workers in the Danish administrative data to understand the observable determinants of the return to big city
experience.
First, we investigate whether observable differences in refugees’ jobs across assignment regions can explain the return to big city experience. For example, our estimated
dynamic treatment effect could reflect that refugees started in similar entry-level jobs
across labor markets, but sorted into more high-paying jobs in Copenhagen than
elsewhere in later years. Second, we study other observables, including educational
uptake and the effects of ethnic enclaves, and find them less important in explaining
the return to big city experience.

2.4.1 Sorting Across Job Types
Previous work documented that cities host different industries and occupations than
more rural areas (see, e.g. Davis and Dingel (2020) and Duranton and Puga (2005))
and that firms located in bigger cities tend to be more productive (see, e.g. Combes
et al. (2012)). We provide evidence that jobs undertaken by our two groups of refugees
differ by occupation, industry, and firm-type, and increasingly so over time.
We group the 20 industries available in our data into three groups: low-skill services (e.g. accommodation and food services), high-skill services (e.g. professional,
scientific, and technical activities), and manual industries (e.g. manufacturing or
construction). Similarly, we assign the 10 occupations to three groups: high-skill
occupations (e.g. managers and professionals), low-skill occupations (e.g. service
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and sales workers), and manual occupations (e.g. plant and machine operators).29 To
create establishment types, we compute the average hourly wage among all Danes
for each establishment in Denmark. We order establishments by the average hourly
wage paid out to their workers and denote the set of establishments that (a) pay the
highest hourly wages and (b) account for about 30% of Denmark-wide employment as
high-wage establishments (or firms). We refer to firm types and establishment types
interchangeably, since most firms in our sample are single-establishment operations.
Across assignment regions, many refugees initially start their careers doing low-skill
service work. However, as they gain experience, refugees assigned outside Copenhagen transition predominantly into manual work, while those placed in Copenhagen
move into high-skill work. At 15 years of experience, 40% of refugees assigned to
Copenhagen work in high-skill occupations compared to 27% of those assigned elsewhere. These sorting patterns across industries reflect those across occupations: as
they accumulate experience, refugees assigned to Copenhagen become more likely to
work in the high-skill services, while those assigned elsewhere increasingly sort into
manual industries such as manufacturing.30 We also find that, as they accumulate
experience, refugees assigned to Copenhagen are more likely to work at high-wage
firms compared to refugees assigned elsewhere.31 We provide figures illustrating
these facts in the online appendix.
Overall, as they accumulate experience, refugees assigned to Copenhagen appear to
work in different types of jobs compared to those assigned elsewhere: they increasingly sort towards high-wage firms and high-skill occupations in the high-skill service
industry. We now test whether refugees’ differential job choices can account for the
wage growth premium associated with Copenhagen.
We re-estimate equation (2.1) with fixed effects for establishment types, industries,
and occupation. We use the binary firm types introduced above as fixed effects for
establishments, but include separate fixed effects for the full set of occupations and
industries listed in appendices OA.1.3 and OA.1.2. Column 1 of Table 2.5 repeats the
baseline treatment regression from Table 2.2 above for comparison. Column 2 adds
establishment type fixed effects, column 3 further includes occupation fixed effects,
29 The online appendix list all industries and occupations and their assigned groups.
30 The online appendix shows the sorting patterns with experience for the full Danish population.
Danes do more high-skill and less low-skill service work than refugees.
31 In line with previous findings in the urban literature, high-wage establishments tend to be large and
disproportionately present in Copenhagen (see Combes et al. (2012), Mion and Naticchioni (2009), and
Dauth et al. (2018)).
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and column 4 adds industry fixed effects.
Including establishment-type fixed effects reduces our baseline coefficient to 0.588%,
suggesting that differential sorting across establishment types is an important component of the return to big city experience. Column 3 shows that including occupation
fixed effects further decreases the coefficient on the return to big city experience to
0.409%. This reduction reflects the descriptive patterns above: refugees assigned to
Copenhagen have a higher chance of working in high-skill jobs, and this advantage
widens over time. For industries, we find that workers in Copenhagen are more likely
to work in skill-intensive business services. Outside of the capital, manual jobs in
agriculture and manufacturing are more frequent. The fixed effects for 1-digit industries included in column 4 further decrease the return to big city experience to
0.371%. We conclude that, jointly, these observable job characteristics account for a
large fraction of the return to big city experience.32
In summary, the results in this subsection suggest that the gradual sorting of refugees
in Copenhagen into productive jobs is the principal channel behind the dynamic
treatment effect identified above. Cities of different sizes differ systematically in
occupation, industry, and firm type composition. The fact that these three observable
correlates explain most of the return to big city experience premium suggests that
the causal return we document is likely not specific to our setting. Our findings are
in line with recent work by Dauth et al. (2018) who provide evidence for the better
matching of workers in big cities.

2.4.2 Education, Ethnic Enclaves, and Hours Worked
Other observable factors may spur wage growth for refugees in Copenhagen. We
investigate three channels that ex-ante appear particularly important in our setting:
acquiring more formal education, the effect of ethnic enclaves, and differences in the
intensive margin of hourly labor supply.
We first test whether refugees initially assigned to Copenhagen take-up more years of
education than those assigned elsewhere. Table A.1 in the appendix shows the result
of a t-test of mean differences in educational take-up between the two assignment
groups. Differences in take-up across assignment regions are minimal: about equal
to one additional month of education on average. Including years of education in the
32 For completeness, in the online appendix, we show the estimates of the return to big city experience
for all possible combinations of fixed effects.
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Table 2.5: Mechanisms behind the Return to Big City Experience

Log Hourly Wage × 100
Sample

High
Education

High
Education

High
Education

High
Education

Years of Experience

2.314∗∗∗
(0.164)

1.962∗∗∗
(0.156)

1.784∗∗∗
(0.127)

1.601∗∗∗
(0.117)

Initial Assignment to Copenhagen

0.789
(0.894)

-0.399
(0.682)

0.372
(0.553)

0.302
(0.555)

Years of Experience ×
Initial Assignment to Copenhagen

0.735∗∗∗
(0.165)

0.588∗∗∗
(0.151)

0.409∗∗
(0.122)

0.371∗∗
(0.107)
Yes

Assignment Controls

Yes

Yes

Yes

Nationality FE

Yes

Yes

Yes

Yes

Cohort FE

Yes

Yes

Yes

Yes

High-Wage Establishment FE

No

Yes

Yes

Yes

Occupation FE

No

No

Yes

Yes

Industry FE

No

No

No

Yes

R-Squared

0.061

0.132

0.185

0.221

Observations

57,994

57,994

48,183

44,135

Notes: The sample underlying this table includes men between the ages of 19 and 55 with at least a
high-school education who arrived in Denmark from Lebanon, Iran, Iraq, Somalia, Sri Lanka, Vietnam,
Afghanistan, and Ethiopia between 1986 and 1998. The definition of the two assignment regions, Copenhagen and non-Copenhagen, corresponds to the regions constructed in section 2.2.3. The table presents
the estimated parameters of the specification in equation (2.1) in the text. The dependent variables in all
columns are scaled by a factor of 100 for presentational purposes. Column 1 replicates column 2 from
Table 2.2 above. Columns 2-4 add establishment, occupation, and industry fixed effects to the baseline
estimates in column 1. Assignment controls are age at arrival, number of children at arrival, and marital
status at arrival. Cohort fixed effects control for year of arrival in Denmark. The industries and occupations
controlled for via fixed effects are listed in the online appendix. Standard errors are robust, clustered at the
level of initial commuting zone, and stated in parentheses. *** indicates significance at the 1 percent level,
** indicates significance at the 5 percent level, * indicates significance at the 10 percent level.
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baseline estimating equation (2.1) leaves the return to big city experience unchanged.
In conclusion, educational take-up differences across commuting zones cannot
explain the return to big city experience identified above.
If collocating with other immigrants of their nationality in Copenhagen over time gives
refugees access to informal networks and employment opportunities not available
elsewhere, this could explain some of the measured return to big city experience.33
To test this channel, we include the stock of co-nationals in the municipality of
assignment in the year of assignment in our baseline specification.34 Table A.4 in the
appendix shows that our baseline estimates are unchanged. On average, refugees
assigned to ethnic enclaves receive lower wages and earnings without affecting the
estimated return to big city experience. As a result, differences in refugee assimilation
do not seem to affect our results.35
Lastly, Figure A.3 in the appendix shows that the intensive margin of hours cannot
explain the return to big city experience in our High Education sample. Average hours
worked do not differ significantly across assignment regions.

2.5 Concluding Remarks
In this paper, we provide causal evidence for higher returns to experience in big cities
using a natural experiment. Gradual sorting into the industries, occupations, and
firms typically found in large cities accounts for a large part of this return to big city
experience. Our findings suggest that theories of the determinants of the observable industrial structure of big cities are central to understanding the fundamental
determinants of wage differences across space.
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Appendix
This appendix contains additional materials and supporting evidence for the findings
in the main body of the paper. The online appendix presents further details on the
data and extensive robustness checks.

A.1 Additional Material
A.1.1 Educational Take-Up
In this section, we test whether refugees initially assigned to Copenhagen take-up
more years of education than refugees assigned elsewhere. Column 1 of Table A.1
shows the result of a t-test of mean differences in educational take-up after assignment between the two assignment groups for the High Education sample of refugees.
The second column repeats this exercise for the Low Education sample. In both cases,
differences in take-up across areas are minimal, equivalent to about an extra month
of schooling in the full sample. As a result, we must conclude that differences in educational take-up across assignment regions are not driving the dynamic treatment
effects identified in section 2.3.1.

A.1.2 Parallel Wage Trends
In this section, we study aggregate wage growth trends across our assignment regions.
If aggregate developments were behind the return to big city experience, we would
expect to see faster wage growth among all Danes in Copenhagen than in the rest of
the country. In Figure A.1, we plot the average hourly wages earned by all working
Danes, from 1986 to 2010, in the two assignment regions. The Copenhagen premium
is quite stable in the aggregate, averaging 7 log points between 1986 and 2010. Most
importantly, we do not observe a systematic divergence between hourly wages in
Copenhagen versus Non-Copenhagen for Danes. We infer that Copenhagen is not on
a steeper overall growth path than the rest of the country and that aggregate wage
trends across the two regions are not driving the return to big city experience we
uncover.
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A.1.3 Balancing Tests for Education
The council officers assigning refugees to municipalities did not observe refugees’
education levels. We test for significant differences in years of education between
refugees assigned to Copenhagen and non-Copenhagen. We regress years of schooling on a Copenhagen assignment dummy and assignment controls. Table A.2 presents
the result. After accounting for the information available to the council officers, we
find a statistically significant difference of 0.16 years of educational attainment between assignment groups. An average difference of two months of accumulated
education between assignment regions is economically insignificant. To add further
caution, throughout the paper, we study wage growth differences across assignment
regions within education groups. Finally, we emphasize that Damm and Dustmann
(2014) has conducted extensive balancing tests across subunits of our assignment regions, concluding that assignment is random conditional on the assignment controls
we include throughout.

A.1.4 Treatment Effect on Employment Rates
In this section, we assess the effect of assignment to Copenhagen on employment
rates for refugees participating in the labor force. In Table A.3, we regress an indicator
for being employed on the assignment variables and 3-year dummy bins for time
spent in Denmark. We restrict the sample to those who work for at least one year in
our data.
In the first column, we report the results for the High Education sample in the second
for the Low Education Sample. Controlling for the assignment relevant characteristics, and conditional on joining the labor force, employment rates are about 1%
higher among refugees initially assigned to Copenhagen. These differences are barely
significant statistically and appear minor economically.
For the High Education sample, we interact placement in Copenhagen with the years
in Denmark bins to understand the small effect estimated in Table A.3. Figure A.2
reports the estimated coefficients. For most years, the estimated coefficients are not
significantly different from zero, suggesting that selection out of employment does
not interact systematically with the initial assignment.
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A.1.5 Effects of Ethnic Enclaves
Damm and Dustmann (2014) reports that before the Danish dispersal policy of
1986, immigrants and refugees overwhelmingly clustered in Copenhagen and the
other larger cities. In this section, we investigate whether the larger presence of other
refugees from one’s country in certain municipalities can explain part of the estimated
treatment effect. We re-estimate our main specification in Table A.4, including a
control for the number of co-nationals of each refugee residing in their municipality
of assignment in the year of assignment. The estimates for the dynamic treatment
effect in Table A.4 are very similar to those reported in Table 2.2. Ethnic enclaves
do not appear to be an important explanation for the differential wage-experience
profiles we identified across assignment regions.

A.1.6 Hours Worked
In this section, we investigate the treatment effect of assignment to the city on hours
worked, conditional on working. Figure A.3 shows average hours worked conditionally
on working that year, by assignment region and years in Denmark. Refugees in the
High Education sample assigned to Copenhagen initially work fewer hours before
catching up to those assigned outside Copenhagen. This catch-up accords with
our finding that there is a static negative earnings premium from being assigned to
Copenhagen (see Table 2.2 in the paper).
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Figure A.1: Wage Growth Among All Danes in Copenhagen and
Non-Copenhagen
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Notes: The sample underlying this figure includes all male Danes between 19 and 55 years of age. The
definition of the two assignment regions, Copenhagen and non-Copenhagen, corresponds to the regions
constructed in section 2.2.3. Log mean hourly wage is the log of the average hourly wage of an individual
in a given year and a given region in Denmark.
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Figure A.2: Non-Parametric Employment Rate Differences
between Assignment Groups

Percentage Difference
in Employment Rate
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13−15

Years in Denmark (Bins)
Notes: The sample underlying this table includes men between the ages of 19 and 55 who arrived in
Denmark from Lebanon, Iran, Iraq, Somalia, Sri Lanka, Vietnam, Afghanistan, and Ethiopia between 1986
and 1998 with at least a high school diploma. The definition of the two assignment regions, Copenhagen
and non-Copenhagen, corresponds to the regions constructed in section 2.2.3. We regress an indicator
variable taking the value 1 if the individual is in paid employment in a given year on assignment controls,
3-year experience bins, and 3-years experience bins interacted with a dummy variable that takes the
value 1 if a refugee is initially assigned to Copenhagen. The figure plots the coefficients on the interaction
between initial placement and experience bins for the various bins. Assignment controls are age at arrival,
number of children at arrival, and marital status at arrival. Nationality and cohort fixed effects are also
included. Cohort fixed effects control for year of arrival in Denmark. We also include nationality fixed
effects. 95% confidence bounds shown in blue.
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Figure A.3: Mean Yearly Hours Worked by Education at Arrival and Assignment Region
(a) At least High School at Arrival
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(b) Less than High School at Arrival
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Notes: The sample underlying this table includes men between the ages of 19 and 55 who arrived in
Denmark from Lebanon, Iran, Iraq, Somalia, Sri Lanka, Vietnam, Afghanistan, and Ethiopia between 1986
and 1998. The definition of the two assignment regions, Copenhagen and non-Copenhagen, corresponds
to the regions constructed in section 2.2.3. Years in Denmark is defined as the time since asylum was
granted and the refugee started appearing in the labor market data. Average hours worked are taken across
all observations in the sample, conditional on employment. Figure A.3a shows average hours worked per
year for all refugees with at least high school education and conditional on a given amount of years spent
in Denmark. Years in Denmark is defined as the time since asylum was granted and the refugee started
appearing in the labor market data. Figure A.3b shows average hours worked per year for all refugees with
less than high school education and conditional on a given amount of years spent in Denmark.
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Table A.1: T-test of Differences in Take-Up of Additional Years of Education

High
Education

Low
Education

Years of Additional Education

0.077∗
(0.031)

0.094∗∗
(0.031)

No Take-Up of Additional Education

-0.017∗
(0.007)

-0.025∗∗
(0.008)

Less than Two Years of Additional Education

0.006
(0.005)

0.011∗
(0.005)

Two to Four Years of Additional Education

0.004
(0.004)

0.004
(0.005)

Four to Six Years of Additional Education

0.007
(0.004)

0.009∗
(0.004)

Observations

11,812

7,386

Sample

Notes: The sample underlying this table includes men between the ages of 19 and 55 who arrived in
Denmark from Lebanon, Iran, Iraq, Somalia, Sri Lanka, Vietnam, Afghanistan, and Ethiopia between 1986
and 1998. The definition of the two assignment regions, Copenhagen and non-Copenhagen, corresponds to
the regions constructed in section 2.2.3. Years of Additional Education is the years of additional education
at the latest observation of an individual. All other variables are coded as an indicator of whether the
individual took up a certain number of years of education. Column 1 uses the full sample. Column 2
uses the subsample with refugees with at least a high school diploma. Standard errors in parentheses. ***
indicates significance at the 1 percent level, ** indicates significance at the 5 percent level, * indicates
significance at the 10 percent level.
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Table A.2: Regression of Initial Years of Education on Assignment Variables

Years of Education at Arrival
Sample
Initial Assignment to Copenhagen

Full
0.164∗∗∗
(0.049)

High
Education

Low
Education

0.098
(0.057)

0.025
(0.045)

Assignment Controls

Yes

Yes

Yes

Nationality FE

Yes

Yes

Yes

Cohort FE

Yes

Yes

Yes

R-squared

0.171

0.080

0.061

Observations

11,812

7,386

4,426

Notes: The sample underlying this table includes men between the ages of 19 and 55 who arrived in
Denmark from Lebanon, Iran, Iraq, Somalia, Sri Lanka, Vietnam, Afghanistan, and Ethiopia between 1986
and 1998. The definition of the two assignment regions, Copenhagen and non-Copenhagen, corresponds
to the regions constructed in section 2.2.3. The dependent variable in all columns is years of education
at arrival. Column 1 uses the full sample, column 2 is restricted to refugees with at least a high school
diploma, and column 3 consists of refugees with less than a high school diploma. Refugees with missing
education information are dropped from the regression. Standard errors in parentheses. *** indicates
significance at the 1 percent level, ** indicates significance at the 5 percent level, * indicates significance at
the 10 percent level.
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Table A.3: Employment Rates by Initial Assignment

Employment Rate
High
Education

Low
Education

Initial Assignment to Copenhagen

0.010∗
(0.004)

0.013∗
(0.005)

3 ≤ Years in Denmark <6

0.252∗∗∗
(0.004)

0.231∗∗∗
(0.005)

6 ≤ Years in Denmark <9

0.378∗∗∗
(0.004)

0.318∗∗∗
(0.005)

9 ≤ Years in Denmark <12

0.492∗∗∗
(0.004)

0.396∗∗∗
(0.005)

12 ≤ Years in Denmark <15

0.575∗∗∗
(0.005)

0.466∗∗∗
(0.005)

Sample

Assignment Controls

Yes

Yes

Nationality FE

Yes

Yes

Cohort FE

Yes

Yes

R-squared

0.266

0.246

Observations

97,009

69,295

Notes: The full sample underlying this table includes men between the ages of 19 and 55 who arrived in
Denmark from Lebanon, Iran, Iraq, Somalia, Sri Lanka, Vietnam, Afghanistan, and Ethiopia between 1986
and 1998. The definition of the two assignment regions, Copenhagen and non-Copenhagen, corresponds
to the regions constructed in section 2.2.3. The dependent variable in both columns is an indicator variable
taking the value 1 if the individual is in paid employment in a given year. Column 1 uses the subsample of
all refugees with at least a high school diploma and column 2 those without a high school diploma. Years
in Denmark is years since arrival in Denmark, grouped into three-year bins. Assignment controls are age
at arrival, number of children at arrival, and marital status at arrival. Cohort fixed effects control for year
of arrival in Denmark. Standard errors in parentheses. *** indicates significant at the 1 percent level, **
indicates significant at the 5 percent level, * indicates significant at the 10 percent level.

Yes
Yes
0.057
97,402

Cohort FE

R-squared

Observations

57,994

0.062

Yes

Yes

Yes

39,408

0.054

Yes

Yes

Yes

-0.722∗∗∗
(0.162)

0.786∗∗∗
(0.132)

-0.815
(1.257)

1.906∗∗∗
(0.130)

107,297

0.158

Yes

Yes

Yes

-2.262∗∗∗
(0.504)

63,870

0.161

Yes

Yes

Yes

-2.569∗∗
(0.769)

1.758∗∗∗
(0.326)

-5.242∗∗
(1.736)

-7.031∗∗∗
(1.692)
2.034∗∗∗
(0.295)

7.854∗∗∗
(0.336)

7.765∗∗∗
(0.294)

43,427

0.157

Yes

Yes

Yes

-1.757∗∗
(0.561)

2.537∗∗∗
(0.299)

-10.20∗∗∗
(2.360)

7.417∗∗∗
(0.299)

Low
Education

Notes: The sample underlying this table includes men between the ages of 19 and 55 who arrived in Denmark from Lebanon, Iran, Iraq, Somalia, Sri Lanka, Vietnam,
Afghanistan, and Ethiopia between 1986 and 1998. Relative to Table 2.2, here additional controls are added for log size of ethnic stock, a variable that records for each
refugee the number of co-nationals residing in their municipality in the year of assignment. The specification estimated in this table is stated in equation (2.1) in the
text. The dependent variables in all columns are scaled by a factor of 100 for presentational purposes. The definition of the two assignment regions, Copenhagen and
non-Copenhagen, corresponds to the regions constructed in section 2.2.3. Columns 1 and 4 use the full sample, columns 2 and 5 the subset of refugees with at least a high
school diploma, and columns 3 and 6 the subset of refugees with less than a high school diploma and individuals with missing education status. Assignment controls are
age at arrival, number of children at arrival, and marital status at arrival. Cohort fixed effects control for year of arrival in Denmark. Standard errors are robust, clustered
at the level of initial commuting zone, and stated in parentheses. *** indicates significance at the 1 percent level, ** indicates significance at the 5 percent level, * indicates
significance at the 10 percent level.

Yes

-1.122∗∗
(0.358)

-0.977∗∗∗
(0.195)

Log Size of Ethnic Stock

Nationality FE

0.700∗∗∗
(0.164)

0.773∗∗∗
(0.148)

Years of Experience ×
Initial Assignment to Copenhagen

Assignment Controls

0.908
(0.764)

0.120
(0.866)

Initial Assignment to Copenhagen

2.357∗∗∗
(0.163)

Full

High
Education

Low
Education

High
Education

2.223∗∗∗
(0.144)

Full

Years of Experience

Sample

Log Earnings ×100

Log Hourly Wage × 100

Table A.4: The Return to Big City Experience with Controls for Ethnic Enclaves
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OA.1 Details on Data Sources and Construction
OA.1.1 Construction of the Data Set
The matched employer-employee data panel used throughout the paper draws on
five sources from within the universe of Danish data registers:
1. Information from ida, a Danish matched employer-employee data set constructed by Statistics Denmark.
2. Information on firms’ sales and purchases from firm-level VAT data administered by the Danish tax authorities.
3. Between-country migration information from Statistics Denmark data set epersoner.
4. Family data (e.g. number of children and age of children) from the Statistics
Denmark data set familie.
5. Income data including total yearly labor market earnings from the Statistics
Denmark data set indh.

The ida data

We use three sub-panels within ida: ida-p, ida-n, and ida-s. ida-p

contains basic characteristics for individuals aged between 15-74 residing legally
in Denmark on the 31st of December in a given year. The unit of observation in
ida-p is person-year. We keep information from ida-p on gender, age, municipality
of residence, and years of education.36 ida-n contains labor market information
constructed using annual tax filings obtained from the Danish tax authorities. The
unit of observation in ida-n is person-year. ida-n contains all workers’ employment
relations. For a given individual, Statistics Denmark defines the job with highest
earnings on November 28th of a given year as the individual’s primary employment
relation. We retain information on an individual’s primary employment to construct
hourly wages and annual earnings, and the employer’s firm identifier. ida-s contains
information on all physical workplaces within a firm in Denmark. Employment that
takes place at changing locations is said to take place at a fictitious workplace, on
36 The information on years of education is an exception; for refugees who have not studied in Denmark,
the information on years of education stems from a survey conducted by Statistics Denmark (see Damm
(2009) for details).
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which Statistics Denmark does not keep information.37 The unit of observation in the
(aggregated) ida-s is a firm-year. We retain information on industry of the workplace
and whether or not the workplace is in the public sector.
The VAT data

Data on sales and purchases at the firm level are obtained from the

Statistics Denmark panels moms and momm, which are constructed from firm VAT
accounts from the Danish tax authorities. Firms settle VAT either monthly, quarterly,
or yearly depending on size of revenue. moms covers the period 1995-2000 and
contains annual sales and purchases. momm is a monthly panel starting in 2001.38
We aggregate momm data to a yearly frequency.39 The unit of observation is firm-year.
The epersoner data

The data set contains cross-sectional information on all individ-

uals living in Denmark by the 1st of January. We retain information on an individual’s
earliest migration to Denmark. Following Damm and Dustmann (2014), our sample
of refugees includes all individuals migrating from Lebanon, Iran, Iraq, Somalia, Sri
Lanka, Vietnam, Afghanistan, and Ethiopia. The unit of observation is a person-year.
The familie data

Information on an individual’s family is gathered every year on

January 1st. Family information is obtained from the Danish social security register
(CPR). We retain information on spouses, which enables us to link individuals in our
data sets together into families. Furthermore, we retain number of children, age of
oldest child, age of youngest child, and marriage status. The unit of observation is
person-year.
The indh data

Data on total yearly labor market earnings are obtained from Danish

tax authorities by Statistics Denmark.

OA.1.2 List of Industries
The following industry codes are used in the Danish micro-data and employed
throughout the paper whenever industry fixed effects are applied:
A: Agriculture, forestry, and fishery, B: Winning and quarrying, C: Manufacturing, D:
Electricity, gas, steam, and air-conditioning supply, E: Water supply, sewerage contrac37 Approximately 3-5% of workers are working at a fictitious workplace.
38 Statistics Denmark imputes VAT for firms that settle VAT either quarterly or yearly.
39 As all firms settle VAT at least on a yearly frequency, aggregation of momm data is not affected by
imputation of monthly and/or quarterly VAT.
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tors, waste management, and remediation activities, F: Construction, G: Wholesale
and retail trade, repair of motor vehicles and motorcycles, H: Transport and storage,
I: Accommodation and food service activities, J: Information and communication, K:
Financial and insurance activities, L: Real estate activities, M: Professional, scientific,
and technical activities, N: Administrative and support service activities, O: Public
administration and defense, compulsory social security, P: Education, Q: Human
health and social work activities, R: Arts, entertainment, and recreation, S: Other
service activities, T: Activities of household as employers, undifferentiated goodsand services-producing activities of households for own use, U: Activities of extraterritorial organizations and bodies, X: Unknown.
We create the following groupings: Manual industries (A-H), low-skill service industries (I, R, N, S, T), and high-skill service industries (J, K, L, M, N, O, P, Q).

OA.1.3 List of Occupations
The Danish micro-data features detailed 4-digit occupation codes. For the period
between 1992 and 2010, the first digit of these codes coincides with International
Standard Classification of Occupations (ISCO) 1-digit codes, which we list in the first
column of Table OA.1.
We use the full sample of Danish males to compute average hourly wages by 1-digit
occupation for every year between 1992 and 2010. Then we rank occupations according to their average wage for each year. In column 3 of Table OA.1, we list the average
rank of each occupation across the years 1992-2009. The description of the occupation in column 1 and the detailed ranking based on wages in column 3 naturally
suggests a coarser classification of the nine occupations into three comprehensive
groups listed in column 2: high-skill, low-skill, and manual professions. We list these
“coarse” wage ranks in column 4 of Table OA.1.
In regressions throughout the paper we use the nine 1-digit codes to control for
occupation fixed effects.
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Table OA.1: Description of Occupation Codes and Classifications

Wage Rank
ISCO Description (Code)

Type

Decile

Coarse

Managers (1)

High-Skill

1

1

Professionals (2)

High-Skill

2

1

Technicians and associate professionals (3)

High-Skill

3

1

Clerical support workers (4)

Low-Skill

8

3

Service and sales workers (5)

3

Low-Skill

9

Skilled agricultural, forestry and fishery workers (6)

Manual

5

2

Craft and related trades workers (7)

Manual

4

2

Plant and machine operators and assemblers (8)
Elementary occupations (9)

Manual

6

2

Low-Skill

7

3

Notes: The sample used to construct wage ranks in this table includes all male Danes between 19 and 55
years of age. The Danish International Standard Classification of Occupations (DISCO) 1-digit codes used
throughout the paper and shown in this table are the Danish implementation of the internationally used
ISCO occupation codes. We compute the average hourly wage for each 1-digit DISCO occupation for each
year and average across all years in the sample. The coarse ranking results from pooling 1-digit DISCO
occupations with similar wage ranks together into three groups.
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OA.2 Additional Regression Tables and Figures
OA.2.1 Persistence of Initial Allocations by Education Type
In this section, we replicate Figure 2.2 from the main body of the text separately for
workers with less than a high school and more than a high school education. The
two panels in Figure OA.1 show the results. Panel OA.1a shows that both education
groups are similarly likely to move out of Copenhagen after being initially placed
there. However, as panel OA.1b demonstrates, more educated workers are more likely
to move to Copenhagen after having been assigned elsewhere.

OA.2.2 Sorting Across Establishment in the Assignment Regions
Most firms are single establishment operations; we will refer to firm-types and
establishment-types interchangeably, but construct our type definition on the establishment level. To create the notion of firm-type we operate on the establishment
level and compute the average hourly wage among all Danes for each establishment
in Denmark. We order establishments by the average hourly wage they pay to their
workers and denote the set of establishments that (a) pay the highest hourly wages
and (b) account for about 30% of Denmark wide employment as high-wage establishments. Figure OA.3 shows employment shares at high-wage establishments by initial
assignment region and years of experience. Clearly, over time the fraction of refugees
working in high-wage establishment in Copenhagen relative to Non-Copenhagen
increases, with more of the Copenhagen ones already working in high-wage establishments to begin with.

OA.2.3 Sorting Across Occupations in the Assignment Regions
The left panel of Figure OA.2 shows the distribution of all Danish men across the
coarse occupation groups, for 5, 10, and 15 years of labor market experience, by their
current location (Copenhagen versus non-Copenhagen). The left panel of Figure
OA.2 shows that in Copenhagen the fraction of people doing manual work is much
lower than outside of Copenhagen. The flip-side of this is that outside Copenhagen
the fraction of people doing low-skill and high-skill work is persistently lower than in
Copenhagen.
The right panel of Figure OA.2 shows the same graphs for our refugee sample. As with
the native population, there are substantially more refugees employed in manual
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work outside of Copenhagen than in Copenhagen for all years of experience. Differentially to the Danish population, fewer refugees in both locations work in high-skill
occupations regardless of the years of experience. The fraction of low-skill workers is
higher for both workers in Copenhagen and outside; however, it declines substantially
with refugees outside Copenhagen moving mainly into manual occupations, while
in Copenhagen refugees seem to make the transition from low-skill into high-skill
occupations, whose share increases by almost 20%.
Overall, a majority of refugees work in low-skill occupations in sectors such as janitorial services and retail. From there they move on into higher paying occupations
that differ by location: outside Copenhagen manual careers are more common, while
within Copenhagen workers predominantly move into various high-skill occupations.
Figure OA.4 shows the fraction of refugees working in all three types of occupations
by initial assignment. The patterns are similar to those in Figure OA.2.

OA.2.4 Sorting Across Industries in the Assignment Regions
Figure OA.5 shows the sorting of refugees across the industry groupings defined in
section OA.1.2 for the two assignment regions separately.
Figure OA.5a shows the fraction of workers assigned to Copenhagen who work in lowskill service industries at various years of experience; likewise for workers assigned to
non-Copenhagen. Figures OA.5b and OA.5c do the same for manual industries and
high-skill service industries. Over time, refugees assigned to Copenhagen become
more likely to work in high-skill service industries, while refugees assigned elsewhere
increasingly sort into manual industries.
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Figure OA.1: Persistence of Allocation by Educational Attainment and Assignment Region
(a) Copenhagen
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(b) Non-Copenhagen
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Notes: The sample underlying this table includes men between the ages of 19 and 55 who arrived in
Denmark from Lebanon, Iran, Iraq, Somalia, Sri Lanka, Vietnam, Afghanistan, and Ethiopia between 1986
and 1998. The definition of the two assignment regions, Copenhagen and non-Copenhagen, corresponds
to the regions constructed in section 2.2.3. Years in Denmark is defined as the time since asylum was
granted and the refugee started appearing in the labor market data. For refugees initially assigned to
Copenhagen, Figure OA.1a shows the fraction of refugees who have never changed assignment region out
of all refugees assigned to Copenhagen by education group and years since arrival in Denmark. Figure
OA.1b does the same for refugees initially assigned to Non-Copenhagen.
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Figure OA.2: Natives and Refugees by Occupations, Locations, and Experience
(b) Refugees
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Notes: The sample for natives underlying the figures on the left-hand side includes all male Danes between
19 and 55 years of age. The sample of refugees used in the figures on the right-hand side includes all
refugees with at least a high school diploma from our full sample, whose construction is outlined in
section 2.2.2. The definition of the two regions, Copenhagen and non-Copenhagen, corresponds to the
that constructed in section 2.2.3. The ten 1-digit ISCO codes of occupations in the Danish administrative
data are collapsed to three occupational groups, ordered by the average hourly wage of Danes working in
them: (1) low-skill, (2) manual, and (3) high-skill. We then compute the fraction of workers, by current
region, who work in either of the three occupations at different years of experience. Figures OA.2a, OA.2c,
and OA.2e show the fraction of Danes in occupations of type (1), (2), and (3), respectively, by assignment
region and years of experience respectively. Figures OA.2b, OA.2d, and OA.2f show the fraction of refugees
in occupations of type (1), (2), and (3), respectively, by current region and years of experience, respectively.
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Figure OA.3: Employment Shares at High-Wage Establishments
by Initial Assignment and Years of Experience
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Notes: The full sample underlying this table includes men between the ages of 19 and 55 who arrived in
Denmark from Lebanon, Iran, Iraq, Somalia, Sri Lanka, Vietnam, Afghanistan, and Ethiopia between 1986
and 1998 with at least a high school diploma. The definition of the two assignment regions, Copenhagen
and non-Copenhagen, corresponds to the regions constructed in section 2.2.3. Refugees are assigned to a
group (Copenhagen or non-Copenhagen) based on the region they are initially assigned to, not based on
where they work at a given point in time. We order establishments by the average hourly wage they pay to
their workers and denote the set of establishments that (a) pay the highest hourly wages and (b) account
for about 30% of Denmark-wide employment as high-wage establishments. The figure shows the fraction
of workers, by assignment region, who work in in high-wage firms.
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Figure OA.4: Occupations by Initial Assignment and Years in Denmark
(b) Manual Occupations
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(c) High-Skill Occupations
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Notes: The sample underlying this table includes men between the ages of 19 and 55 who arrived in
Denmark from Lebanon, Iran, Iraq, Somalia, Sri Lanka, Vietnam, Afghanistan, and Ethiopia between 1986
and 1998 with at least a high school diploma. The definition of the two assignment regions, Copenhagen
and non-Copenhagen, corresponds to the regions constructed in section 2.2.3. The figure shows the
fraction of refugees working in different occupations, by initial assignment area. Refugees are assigned
to a group (Copenhagen or Non-Copenhagen) based on the region they are initially assigned to, not
based on where they work at any point in time. The ten 1-digit ISCO codes of occupations in the Danish
administrative data are collapsed to three occupational groups, ordered by the average hourly wage of
Danes working in them: (1) low-skill, (2) manual, and (3) high-skill. We then compute the fraction of
workers, by assignment region, who work in either of the three occupations at different years of experience.
Figure OA.4a shows the fraction of workers in low-skill occupations, by assignment region and years of
experience, Figure OA.4b does the same for manual occupations, and Figure OA.4 does the same for
high-skill occupations.
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Figure OA.5: Industry Employment by Initial Assignment and Years of Experience
(a) Low-Skill Service Industries
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(c) High-Skill Service Industries
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Notes: The sample underlying this table includes men between the ages of 19 and 55 who arrived in
Denmark from Lebanon, Iran, Iraq, Somalia, Sri Lanka, Vietnam, Afghanistan, and Ethiopia between
1986 and 1998 with with at least a high school diploma. The definition of the two assignment regions,
Copenhagen and non-Copenhagen, corresponds to the regions constructed in section 2.2.3. This figure
shows the fraction of refugees working in different industries, by initial assignment area. Refugees are
assigned to a group (Copenhagen or non-Copenhagen) based on the region they are initially assigned to,
not based on where they work at any point in time. The approximately 20 industry codes in the Danish
administrative data are collapsed to three groups: (1) low-skill service industries, (2) manual industries,
and (3) high-skill service industries. We then compute the fraction of workers, by assignment region, who
work in either of the three industry groups at different years of experience.
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OA.3 Robustness Exercises for Treatment Regressions and
Mechanisms
In this section, we examine the robustness of the main empirical results in Table 2.2
to alternative specifications.

OA.3.1 Alternative Commuting Zone Definition
The commuting zones underlying that from the two assignment regions were constructed using commuting flows between Danish municipalities in 1986. In theory
we could have used commuting data from any year where such data are available,
i.e. 1980-2010. Depending on the year, the resulting delineation of commuting zones
changes significantly. As Denmark becomes more integrated across municipalities,
commuting flows intensify, resulting in fewer and fewer commuting zones. To illustrate this, we plot the computed commuting zones for 1980 and for 2000 in Figure
A.1.
As Figure A.1 shows, the number of commuting zones decreases markedly between
1980 and 2000. However, for our analysis only the delineation of the Copenhagen
commuting zone relative to all other commuting zones is important. Beyond 1986,
this delineation does not change. We re-estimate our main specification using only
the 1980 commuting zone. The 1980 Copenhagen commuting zone is smaller than
the 1986 delineation. Table OA.2 presents the estimates of the baseline regression
in equation (2.1) for this alternative commuting zone delineation. The reported
coefficients are larger than those presented in the body of the paper. This accords
with intuition; the 1980 Copenhagen commuting zone consists of the urban core
of the city of Copenhagen, whereas the 1986-2010 Copenhagen commuting zone
includes Northern Zealand, which is not itself a major center of employment.

OA.3.2 Alternative Treatment and Control Groups
Table 2.2 compares refugees assigned to Copenhagen to those assigned to any other
municipality in Denmark. Here we consider alternative definitions of the assignment
regions. Table OA.3 presents results where “non-Copenhagen” excludes the commuting zones containing the three second-tier cities of Aarhus, Aalborg, and Odense,
which are dropped from the analysis. This analysis produces the differential treatment of being assigned to Copenhagen relative to a rural area. We find a moderately
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larger dynamic treatment effect for hourly wages and earnings than in the baseline.
This accords with the intuition that the second-tier cities increased the slope of the
wage-experience profile of the non-Copenhagen group when they were included in
the non-Copenhagen assignment group.
In Table OA.4 we drop the refugees assigned to Copenhagen from the analysis, instead
comparing those assigned to one of the commuting zones containing the three
second-tier cities of Aarhus, Aalborg, or Odense, to those assigned to any of the
remaining Danish commuting zones. The dynamic premium is smaller but positive
according with intuition.

OA.3.3 Non-Parametric Treatment Effects
In this section, we re-examine the evidence in section 2.3.1 non-parametrically. We
re-estimate the specification in equation (2.1) for hourly wages using dummies for
3-year bins of experience, and the interaction of these bins with being initially placed
in Copenhagen. Figure OA.7 presents the results by plotting the bin dummies against
years of experience. In line with most studies, we find concavity in the effects of
raw experience on wages (see, e.g. Lagakos et al. (2018)). We continue to find no
significant difference for initial wages for those placed in Copenhagen, and the size
of the dynamic treatment effect after 18-20 years is in line with that implied by the
linear regressions.
In Figure OA.8 we report the same regression for yearly earnings. As in Table 2.2, we
continue to find a small negative initial premium, but this is no longer statistically
significant.

OA.3.4 Alternative Treatment: Population Size of Assigned Commuting
Zone
Table OA.5 presents the estimates of a modified treatment regression. The baseline
regression in equation (2.1) interacted initial in Copenhagen or outside with years of
experience. Here, we instead interact years of experience with the population size of
the commuting zone of initial assignment.
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OA.3.5 Potential Experience instead of Actual Experience
Table OA.6 presents the estimates of a modified treatment regression. The baseline
regression in equation (2.1) interacted initial placement in Copenhagen or outside
with years of experience. Here, we instead interact years of potential years of experience, defined as “years since arrival in Denmark” with the initial assignment to
Copenhagen or Non-Copenhagen.

OA.3.6 Workers without High School Education
Table OA.7 replicates Table 2.5 in section 2.4 of the paper for workers with less than a
high school degree. Table 2.5 presented the same results but only for workers with at
least a high school degree.

OA.3.7 Permutations of Inclusion: Firm, Occupation, and Industry Fixed
Effects
Table OA.8 replicates Table 2.5 in section 2.4 of the paper. It shows the coefficient
on the interaction term between years of experience in Denmark and a dummy for
whether a refugee was initially assigned to Copenhagen for eight different combinations of firm type, industry, and occupation fixed effects. Column 1 restates the
baseline regression in Table 2.5 without fixed effects. Columns 2-4 show the coefficient on the dynamic treatment effect when the three fixed effects are added into the
regression one after the other in the order specified in the leftmost column of the
table. Column 4 is identical for all rows: it shows the result for the specification with
all fixed effects switched on.
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Figure OA.6: Alternative Commuting Zone Delineations
(a) Commuting Zones in Denmark, 1980

(b) Commuting Zones in Denmark, 2000

Notes: This map shows commuting zones in Denmark (black lines) constructed based on 1980 data (left)
and 2000 data (right). The zones are constructed by the authors based on commuting flows across the
271 municipalities in Denmark (light grey lines) for the respective year. Commuting flows are derived
from the residence and work place identifier in the Danish administrative “ida” data set (see online
appendix for details on the ida data). The zones are constructed so as to maximize commuting flows
within and minimize commuting zones across them, following the methodology outlined in Tolbert and
Sizer (1996). The Copenhagen commuting zone is highlighted in red. Commuting zones constituting
the “non-Copenhagen” assignment area are denoted in blue. Aalborg, Aarhus, and Odense are the three
second-largest cities in Denmark after Copenhagen. The box in the top-right corner shows the Bornholm
commuting zone, which is situated on an island to the east of the rest of Denmark.
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Table OA.2: The Return to Big City Experience based on 1980 Commuting Zones

Low
Education

7.716∗∗∗
(0.248)

-6.077∗∗
(1.724)

7.822∗∗∗
(0.281)

High
Education

7.353∗∗∗
(0.284)

Low
Education

Log Earnings ×100

High
Education

1.870∗∗∗
(0.118)

-8.650∗∗∗
(1.409)

1.980∗∗∗
(0.282)

Log Hourly Wage × 100

2.303∗∗∗
(0.146)

-1.539
(1.245)

2.381∗∗∗
(0.252)

Full

2.175∗∗∗
(0.124)

-0.470
(0.877)

1.029∗∗∗
(0.126)

Full

Years of Experience

-1.008
(0.935)

1.012∗∗∗
(0.151)

Sample

Initial Assignment to Copenhagen

1.069∗∗∗
(0.134)

R-squared

Cohort FE

Nationality FE

Assignment Controls

97,402

0.057

Yes

Yes

Yes

57,994

0.061

Yes

Yes

Yes

39,408

0.053

Yes

Yes

Yes

107,297

0.157

Yes

Yes

Yes

63,870

0.159

Yes

Yes

Yes

43,427

0.157

Yes

Yes

Yes

3.147∗∗∗
(0.272)

-13.33∗∗∗
(1.717)

Years of Experience ×
Initial Assignment to Copenhagen

Observations

Notes: The sample underlying this table includes men between the ages of 19 and 55 who arrived in Denmark from Lebanon, Iran, Iraq, Somalia, Sri Lanka, Vietnam,
Afghanistan, and Ethiopia between 1986 and 1998. The specification estimated in this table is stated in equation (2.1) in the text. The dependent variables in all columns
are scaled by a factor of 100 for presentational purposes. Relative to the estimates in Table 2.2, estimates in this table use the commuting zones constructed from
commuting flows in 1980 instead of 1986. Columns 1 and 4 use the full sample, columns 2 and 5 the subset of refugees with at least a high school diploma, and columns
3 and 6 the subset of refugees with less than a high school diploma and individuals with missing education status. Assignment controls are age at arrival, number of
children at arrival, and marital status at arrival. Cohort fixed effects control for year of arrival in Denmark. Standard errors are robust, clustered at the level of initial
commuting zone, and stated in parentheses. *** indicates significance at the 1 percent level, ** indicates significance at the 5 percent level, * indicates significance at the
10 percent level.

Yes
Yes
0.054
67,128

Cohort FE

R-squared

Observations

40,828

0.058

Yes

Yes

Yes

26,300

0.050

Yes

Yes

Yes

0.922∗∗∗
(0.103)

-2.562
(1.519)

1.762∗∗∗
(0.097)

73,889

0.160

Yes

Yes

Yes

44,957

0.160

Yes

Yes

Yes

2.237∗∗∗
(0.378)

-8.580∗∗∗
(2.104)

-9.169∗∗
(2.525)
2.365∗∗∗
(0.379)

7.372∗∗∗
(0.394)

7.429∗∗∗
(0.377)

28,932

0.162

Yes

Yes

Yes

2.668∗∗∗
(0.414)

-10.61∗
(3.803)

7.286∗∗∗
(0.386)

Low
Education

Notes: The sample underlying this table includes men between the ages of 19 and 55 who arrived in Denmark from Lebanon, Iran, Iraq, Somalia, Sri Lanka, Vietnam,
Afghanistan, and Ethiopia between 1986 and 1998. Relative to the estimates in Table 2.2, here individuals initially assigned to Aarhus, Aalborg, or Odense are dropped. The
specification estimated in this table is stated in equation (2.1) in the text. The dependent variables in all columns are scaled by a factor of 100 for presentational purposes.
The definition of the two assignment regions, Copenhagen and non-Copenhagen, corresponds to the regions constructed in section 2.2.3. Columns 1 and 4 use the full
sample, columns 2 and 5 the subset of refugees with at least a high school diploma, and columns 3 and 6 the subset of refugees with less than a high school diploma and
individuals with missing education status. Assignment controls are age at arrival, number of children at arrival, and marital status at arrival. Cohort fixed effects control
for year of arrival in Denmark. Standard errors are robust, clustered at the level of initial commuting zone, and stated in parentheses. *** indicates significance at the 1
percent level, ** indicates significance at the 5 percent level, * indicates significance at the 10 percent level.

Yes

Nationality FE

0.961∗∗∗
(0.144)

0.986∗∗∗
(0.122)

Years of Experience ×
Initial Assignment to Copenhagen

Assignment Controls

-0.761
(0.827)

-1.535
(0.926)

Initial Assignment to Copenhagen

2.086∗∗∗
(0.149)

Full

High
Education

Low
Education

High
Education

2.001∗∗∗
(0.121)

Full

Years of Experience

Sample

Log Earnings ×100

Log Hourly Wage × 100

Table OA.3: The Return to Big City Experience without Second-Tier Cities
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Table OA.4: The Return to Big City Experience without Copenhagen

Years of Experience ×
Initial Assignment to a Small City

Initial Assignment to a Small City

Years of Experience

Yes

Yes

0.459
(0.256)

-3.805∗
(1.632)

1.996∗∗∗
(0.116)

0.057

Yes

Yes

Yes

0.591∗
(0.279)

-4.192∗∗
(1.214)

2.101∗∗∗
(0.144)

High
Education

31,990

0.056

Yes

Yes

Yes

0.293
(0.253)

-3.248
(2.166)

1.727∗∗∗
(0.092)

Low
Education

83,062

0.150

Yes

Yes

Yes

0.568
(0.457)

-4.662
(2.869)

7.425∗∗∗
(0.370)

47,931

0.152

Yes

Yes

Yes

0.965
(0.491)

-7.545∗∗
(2.497)

7.390∗∗∗
(0.387)

High
Education

35,131

0.154

Yes

Yes

Yes

0.100
(0.580)

-0.796
(4.221)

7.235∗∗∗
(0.378)

Low
Education

Log Earnings ×100

Assignment Controls

Yes

43,625

Log Hourly Wage × 100

Nationality FE

0.053

Full

Cohort FE

75,615

Full

R-squared

Sample

Observations

Notes: The sample underlying this table includes men between the ages of 19 and 55 who arrived in Denmark from Lebanon, Iran, Iraq, Somalia, Sri Lanka, Vietnam,
Afghanistan, and Ethiopia between 1986 and 1998. Relative to the estimates in Table 2.2, here individuals initially assigned to Copenhagen are dropped. “Treatment”
is instead defined as being assigned to one of the three “small cities” in Denmark: Aarhus, Aalborg, and Odense. The specification estimated in this table is stated in
equation (2.1) in the text. The dependent variables in all columns are scaled by a factor of 100 for presentational purposes. The definition of the two assignment regions,
Copenhagen and non-Copenhagen, corresponds to the regions constructed in section 2.2.3. Columns 1 and 4 use the full sample, columns 2 and 5 the subset of refugees
with at least a high school diploma, and columns 3 and 6 the subset of refugees with less than a high school diploma and individuals with missing education status.
Assignment controls are age at arrival, number of children at arrival, and marital status at arrival. Cohort fixed effects control for year of arrival in Denmark. Standard
errors are robust, clustered at the level of initial commuting zone, and stated in parentheses. *** indicates significance at the 1 percent level, ** indicates significance at
the 5 percent level, * indicates significance at the 10 percent level.

Yes
Yes
0.056
97,402

Nationality FE

Cohort FE

R-squared

Observations

57,994

0.061

Yes

Yes

39,408

0.053

Yes

Yes

Yes

0.308∗∗∗
(0.072)

107,297

0.157

Yes

Yes

Yes

0.827∗∗∗
(0.173)

63,870

0.159

Yes

Yes

Yes

0.819∗∗∗
(0.155)

43,427

0.156

Yes

Yes

Yes

0.834∗∗
(0.281)

-3.093
(1.821)

3.983∗∗
(1.227)

Notes: The sample underlying this table includes men between the ages of 19 and 55 who arrived in Denmark from Lebanon, Iran, Iraq, Somalia, Sri Lanka, Vietnam,
Afghanistan, and Ethiopia between 1986 and 1998. The definition of the two assignment regions, Copenhagen and non-Copenhagen, corresponds to the regions
constructed in section 2.2.3. The table shows the estimated parameters of equation (2.1) in the text. The dependent variables in all columns are scaled by a factor of 100
for presentational purposes. Columns 1 and 4 use the full sample, columns 2 and 5 the subset of refugees with at least a high school diploma, and columns 3 and 6 the
subset of refugees with less than a high school diploma and individuals with missing education status. Assignment controls are age at arrival, number of children at
arrival, and marital status at arrival. Cohort fixed effects control for year of arrival in Denmark. Standard errors are robust, clustered at the level of initial commuting zone,
and stated in parentheses. *** indicates significance at the 1 percent level, ** indicates significance at the 5 percent level, * indicates significance at the 10 percent level.

Yes

Assignment Controls

Yes

0.362∗∗∗
(0.056)

0.360∗∗∗
(0.050)

-2.992∗∗
(1.042)

Years of Experience ×
Log Population Size of Initial CZ

-1.264
(0.668)

-3.084∗∗
(0.993)

-0.327
(0.582)

-0.764
(0.563)

4.434∗∗∗
(0.890)

Log Population Size of Initial CZ

0.610
(0.319)

4.333∗∗∗
(0.882)

0.830∗
(0.333)

0.712∗
(0.280)

Low
Education

Years of Experience

Full

High
Education

Low
Education

High
Education

Full

Sample

Log Earnings ×100

Log Hourly Wage × 100

Table OA.5: The Return to Big City Experience in Terms of Commuting Zone Population Size
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Table OA.6: The Return to Big City in Terms of Potential Experience

1.060∗∗∗
(0.123)

High
Education

0.266∗
(0.112)

0.004
(2.035)

0.796∗∗∗
(0.117)

Low
Education

Yes

Yes

1.205∗∗∗
(0.188)

-9.710∗∗
(2.641)

4.114∗∗∗
(0.181)

0.082

Yes

Yes

Yes

43,427

0.094

Yes

Yes

Yes

Log Earnings ×100

1.037
(1.715)

Yes

Yes

63,870

Log Hourly Wage × 100

0.970∗∗∗
(0.115)

0.307∗
(0.122)

Yes

0.084

Low
Education

0.206
(1.816)

Yes

Yes

107,297

High
Education

Years of Potential Experience

0.341∗∗
(0.120)

Yes

0.029

Full

Initial Assignment to Copenhagen

Yes

Yes

39,408

Full

Years of Potential Experience ×
Initial Assignment to Copenhagen

Yes

0.028

Sample

Assignment Controls

Yes

57,994

3.919∗∗∗
(0.250)

Nationality FE

0.025

4.192∗∗∗
(0.175)

Cohort FE

97,402

1.289∗∗∗
(0.186)

0.897∗∗
(0.247)

-7.130
(3.450)

R-squared

-10.67∗∗∗
(2.479)

Observations

Notes: The sample underlying this table includes men between the ages of 19 and 55 who arrived in Denmark from Lebanon, Iran, Iraq, Somalia, Sri Lanka, Vietnam,
Afghanistan, and Ethiopia between 1986 and 1998. The definition of the two assignment regions, Copenhagen and non-Copenhagen, corresponds to the regions
constructed in section 2.2.3. The table shows the estimated parameters of equation (2.1) in the text. The dependent variables in all columns are scaled by a factor of 100
for presentational purposes. Columns 1 and 4 use the full sample, columns 2 and 5 the subset of refugees with at least a high school diploma, and columns 3 and 6 the
subset of refugees with less than a high school diploma and individuals with missing education status. Assignment controls are age at arrival, number of children at
arrival, and marital status at arrival. Cohort fixed effects control for year of arrival in Denmark. Standard errors are robust, clustered at the level of initial commuting zone,
and stated in parentheses. *** indicates significance at the 1 percent level, ** indicates significance at the 5 percent level, * indicates significance at the 10 percent level.
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Figure OA.7: Non-Parametric Coefficients for Wages
(b) Interaction Terms with C ph i

(a) C OEFFICIENTS FOR E XPERIENCE
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10−12

13−15
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Notes: The sample underlying this table includes men between the ages of 19 and 55 who arrived in
Denmark from Lebanon, Iran, Iraq, Somalia, Sri Lanka, Vietnam, Afghanistan, and Ethiopia between 1986
and 1998 with at least a high school diploma. The definition of the two assignment regions, Copenhagen
and non-Copenhagen, corresponds to the regions constructed in section 2.2.3. The specification estimated
in this table is a modified version of equation (2.1) in the text, with log hourly wages as the outcome
variable. Here we include three-year bins of experience, and the interaction of these bins with being
initially assigned to Copenhagen. The figure shows the coefficients on the experience in dummies and on
the interaction terms with initial placement in Copenhagen. We control for nationality, assignment, and
cohort fixed effects. Assignment controls are age at arrival, number of children at arrival, and marital status
at arrival. Cohort fixed effects control for year of arrival in Denmark. Robust standard errors clustered at
the level of initial commuting zone. 95% confidence intervals are shown in blue.
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Figure OA.8: Non-Parametric Coefficients for Earnings
(b) Interaction Terms with C ph i
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Notes: The sample underlying this table includes men between the ages of 19 and 55 who arrived in
Denmark from Lebanon, Iran, Iraq, Somalia, Sri Lanka, Vietnam, Afghanistan, and Ethiopia between 1986
and 1998 with at least a high school diploma. The definition of the two assignment regions, Copenhagen
and non-Copenhagen, corresponds to the regions constructed in section 2.2.3. The specification estimated
in this table is a modified version of equation (2.1) in the text, with annual earnings as the outcome
variable. Here we include three-year bins of experience, and the interaction of these bins with being
initially assigned to Copenhagen. The figure shows the coefficients on the experience in dummies and on
the interaction terms with initial placement in Copenhagen. We control for nationality, assignment, and
cohort fixed effects. Assignment controls are age at arrival, number of children at arrival, and marital status
at arrival. Cohort fixed effects control for year of arrival in Denmark. Robust standard errors clustered at
the level of initial commuting zone. 95% confidence intervals are shown in blue.
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Table OA.7: Mechanisms behind the Return to Big City Experience for Workers with less than
High School Education

Log Hourly Wage × 100
Sample

Low
Education

Low
Education

Low
Education

Low
Education

Years of Experience

1.862∗∗∗
(0.132)

1.555∗∗∗
(0.136)

1.404∗∗∗
(0.124)

1.205∗∗∗
(0.087)

Initial Assignment to Copenhagen

-0.837
(1.338)

-1.414
(1.418)

1.112
(1.332)

2.306∗
(1.048)

Years of Experience ×
Initial Assignment to Copenhagen

0.814∗∗∗
(0.135)

0.726∗∗∗
(0.138)

0.420∗∗
(0.116)

0.396∗∗∗
(0.081)

Assignment Controls

Yes

Yes

Yes

Yes

Nationality FE

Yes

Yes

Yes

Yes

Cohort FE

Yes

Yes

Yes

Yes

High-Wage Establishment FE

No

Yes

Yes

Yes

Occupation FE

No

No

Yes

Yes

Industry FE

No

No

No

Yes

R-Squared

0.053

0.115

0.130

0.163

Observations

39,408

39,408

31,376

28,555

Notes: The sample underlying this table includes men between the ages of 19 and 55 with at least a
high-school education who arrived in Denmark from Lebanon, Iran, Iraq, Somalia, Sri Lanka, Vietnam,
Afghanistan, and Ethiopia between 1986 and 1998. The definition of the two assignment regions, Copenhagen and non-Copenhagen, corresponds to the regions constructed in section 2.2.3. The table presents
the estimated parameters of the specification in equation (2.1) in the text. The dependent variables in all
columns are scaled by a factor of 100 for presentational purposes. Column 1 replicates column 2 from
Table 2.2 above. Columns 2-4 add establishment, occupation, and industry fixed effects to the baseline
estimates in column 1. Assignment controls are age at arrival, number of children at arrival, and marital
status at arrival. Cohort fixed effects control for year of arrival in Denmark. The industries and occupations
controlled for via fixed effects are listed in the online appendix. Standard errors are robust, clustered at the
level of initial commuting zone, and stated in parentheses. *** indicates significance at the 1 percent level,
** indicates significance at the 5 percent level, * indicates significance at the 10 percent level.
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Table OA.8: Permutations of Inclusion of Firm, Occupation, and Industry Fixed Effects

Log Hourly Wage × 100
Sample

High
Education

High
Education

High
Education

High
Education

Firm, Occupation, Industry

0.735∗∗∗
(0.165)

0.588∗∗∗
(0.151)

0.409∗∗
(0.122)

0.371∗∗
(0.107)

Firm, Industry, Occupation

0.735∗∗∗
(0.165)

0.588∗∗∗
(0.151)

0.479∗∗
(0.130)

0.371∗∗
(0.107)

Occupation, Firm, Industry

0.735∗∗∗
(0.165)

0.488∗∗∗
(0.121)

0.409∗∗
(0.122)

0.371∗∗
(0.107)

Occupation, Industry, Firm

0.735∗∗∗
(0.165)

0.488∗∗∗
(0.121)

0.441∗∗∗
(0.108)

0.371∗∗
(0.107)

Industry, Firm, Occupation

0.735∗∗∗
(0.165)

0.592∗∗∗
(0.138)

0.479∗∗
(0.130)

0.371∗∗
(0.107)

Industry, Occupation, Firm

0.735∗∗∗
(0.165)

0.592∗∗∗
(0.138)

0.441∗∗∗
(0.108)

0.371∗∗
(0.107)

Notes: The sample underlying this table includes men between the ages of 19 and 55 with at least a
high school diploma who arrived in Denmark from Lebanon, Iran, Iraq, Somalia, Sri Lanka, Vietnam,
Afghanistan, and Ethiopia between 1986 and 1998. The specification estimated in this table is stated
in equation (2.1) in the text. The dependent variables in all columns are scaled by a factor of 100 for
presentational purposes. The definition of the two assignment regions, Copenhagen and non-Copenhagen,
corresponds to the regions constructed in section 2.2.3. The classification of establishments into high- and
low-wage ones is explained in section 2.4 in the text. Assignment controls are age at arrival, number of
children at arrival, and marital status at arrival. Cohort fixed effects control for year of arrival in Denmark.
Standard errors are robust, clustered at the level of initial commuting zone, and stated in parentheses.
*** indicates significance at the 1 percent level, ** indicates significance at the 5 percent level, * indicates
significance at the 10 percent level.
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T HE D ANISH U RBAN B IRTH P REMIUM
Mads Christian Hejlesen
Aarhus University

Abstract
I show empirical evidence of an urban birth premium in earnings and wages. Using
Danish register data, I compare individuals born in urban and rural areas and estimate an unconditional urban birth premium in wages and earnings of 6%. Applying
information on accumulation of labor market experience as well as detailed parental
characteristics, I show that the urban birth premium is both static and dynamic in
nature and that parental sorting across space explain a significant part of the urban
birth premium. A sizeable dynamic urban birth premium persists even after controlling for parental characteristics and years of education implying that individuals born
in the city see as much as an additional 15% wage growth for every year of experience.
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3.1 Introduction
A growing number of papers document large inequalities in terms of labor market
outcomes for individuals living in cities as oppose to those living in the rural area.1
Interestingly, these differences in outcomes can not simply by explained by differences in a vast set of worker characteristics. Thus, it must be the case that either
the city itself causes individuals to enjoy more desirable labor market outcomes, or
that individuals with favorable outcomes select themselves into the cities. In order
to distinguish between the two explanations, the potential selection issue must be
addressed.
In this paper, I use information on place of birth to get variation in the location of the
individual. Using this variation as well as detailed information on parental characteristics, I estimate the short- and long run effect of being born in a big city. By looking
at place of birth instead of current place of residency, I circumvent the usual issue of
selection into the big city. Instead, the relevant potential selection issue becomes that
of parental selection into place of birth which would imply systematic differences
between those born in the urban and rural area. To deal with the potential selection
issue, I use detailed information on parental characteristics. This information allows
me to control for parental sorting of ability across space to credibly estimate the effect
of being born in a big city.
The literature on the effect of living in a big city on labor market outcomes usually
deals with the selection issue in one of two ways. Aslund and Rooth (2007) and Eckert,
Hejlesen, and Walsh (2019) are examples in which the potential selection issue is dealt
with by looking at dispersion policies which randomize location of the individual. In
these two papers, the authors look at exogenously placed refugees across Sweden and
Denmark, respectively. The other way the literature usually deals with the selection
issue is to use population-wide panel data sets identifying the effect of the city from
individuals who move in and out of the city (De La Roca and Puga, 2017).
However, both approaches have clear shortcomings. The dispersion policies are
aimed at sub-populations, usually refugees who clearly differ from the general population in a number of ways. They did not grow up in the destination country, they may
not speak the native language, etc. Thus, extrapolating results from these policies is
not straightforward. On the other hand, estimating city effects using a fixed effect
1 Prominent examples include Glaeser and Mare (2001), Combes et al. (2008), Glaeser (2011), and
De La Roca and Puga (2017).
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estimator for the general population crucially relies on the assumption that movers
in and out of the city are not a selected group. Essentially, the decision to move has to
be “random”, which is a strong assumption not likely to be fulfilled.
To proceed, I classify each individual as born in either the commuting zone of the
Capital of Denmark, Copenhagen, or not and estimate an unconditional urban birth
premium of about 6% in hourly wages and earnings. I go on to explain the urban
birth premium by differential accumulation of experience and differential parental
sorting. I find evidence of differential accumulation of experience and excess return
to experience of as much as 15% for those born in Copenhagen in line with recent
papers in the urban literature documenting the existence of a dynamic premium of
the big city. I further show that parental sorting of ability across space proxied by
parental education and parental labor market hourly wages play an important role in
explaining the urban birth premium.
Estimating the effect of being born in the big city complements the analysis of the
effect of living in the big city on labor market outcomes. By following individuals from
the time of birth, I am able to understand whether the differences in labor market
outcomes arises early in life or indeed after individuals enter the labor market in either
the city or rural area.2 In the paper, I show that a major part of the unconditional gap
in earnings between those living in the rural and urban area is due to high-income
individuals born in the rural area who move to the big city never to return to the rural
area again.
Understanding the sources that gives rise to the urban birth premium allow us to
design policies aimed at bridging the gap in the labor market outcomes of those
born in the rural and urban area. As mentioned, I show that high-income individuals
move to the big city likely to pursue further education and that they do not move
back to the rural area once completing education. Thus, to combat rural and urban
differences in the labor market it is important for policy makers to ensure easy access
to education in the rural area as well as ensuring that jobs requiring a complex set of
skills are available outside the big cities.

Related literature.

There is a small growing literature on the urban birth premium

which my work is related to with the analysis of Bosquet and Overman (2019) being
the closest in spirit to mine. They consider the link between birthplace and wages.
2 Almond and Currie (2011) provides an overview of the literature on early human capital development.
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They estimate a unconditional elasticity of wages with respect to birthplace size of
4.2%, two thirds of the 6.8% raw elasticity with respect to city size. Part of this effect
simply reflects intergenerational transmission and the spatial sorting of parents, part
is explained by the role that birthplace size plays in determining current city size.
They find that lifetime immobility explains a lot of the correlation between birthplace
and current city size: the authors show that 43.7% of individuals only ever work while
living in the place they were born. Their results highlight the importance of intergenerational and individual sorting across space in order to explain persistence of spatial
disparities. In line with their findings, I find an important role for parental sorting in
explaining the urban birth premium. Compared to their paper, I use detailed register
data and not survey data which allows me to follow all individuals in Denmark for a
much longer time period.
Wang (2016) is another paper which uses birthplace information however answering a
slightly different question. The paper estimates the relationship between the location
of labor-force entry and wage growth. In line with my findings, the author shows
evidence of faster wage growth for those entering the more densely populated labor
markets. She controls for selection on unobserved ability by using a structural model
which depicts a relationship between where workers enter the labor market and
where they are born. The model prediction is that the workers who enter a labor
market far away from where they were born must be the ones with high levels of
unobserved ability.
My work is further related to the literature on neighborhood effects and spatial
impact on intergenerational mobility. One of the most prominent papers of this
literature is Chetty, Friedman, Hendren, Jones, and Porter (2018).3 They find that
children’s outcomes vary sharply across nearby areas: for children of parents at the
25th percentile of the income distribution, the standard deviation of mean household
income at age 35 is $5,000 across tracts within counties. They illustrate how these
tract-level data can provide insight into how neighborhoods shape the development
of human capital and support local economic policy using two applications. Their
measures of children’s long-term outcomes are only weakly correlated with traditional
proxies for local economic success such as rates of job growth, showing that the
conditions that create greater upward mobility are not necessarily the same as those
that lead to productive labor markets.
3 Other examples are Katz, Kling, and Liebman (2001), Oreopoulos (2003), Durlauf (2004), and Chetty,
Friedman, and Saez (2013).
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Chetty and Hendren (2018) is another influential paper which my work is related to.
In this paper, variation in age of children who move between commuting zones is
used to identify the effect of neighborhoods in shaping outcomes later in life. Instead
of relying on movement to be exogenous, I rely on an arguably weaker assumption of
place of birth to be exogenous given observed parental characteristics.
The paper proceeds as follows. In section 3.2, I explain the data used and the sample
selection employed in the paper as well as my treatment of the Danish geography
in my analysis. Section 3.3 contains the main analysis in which I show the existence
of an urban birth premium which is both static and dynamic in nature. In section
3.4, I relate the estimated urban birth premium to the urban wage premium usually
studied in the literature. Section 3.5 concludes.

3.2 Data, Sample Selection, and the Geography
In this section, I present the data used throughout this paper and I discuss the sample
selection process. Further, I explain how I treat the spatial component of the data.

3.2.1 Data
I use detailed Danish register data to construct a comprehensive matched employeremployee data set covering the full Danish population from 1980 to 2016. For every
individual, the data set includes information on age, gender, educational attainment,
ID of employer, wage and earnings, occupation, etc. Crucially, the data set contains
information on place of birth at the very disaggregate level of Danish parishes. Further,
I include information which links every individual to his/her parents and include
parents’ level of education as well as labor market outcomes in the data set. On the
firm side, the data set among other things includes information on industry and
location of the firm.

3.2.2 Sample Selection
The main sample of the paper consists of all individuals of the 1955-1960 birth cohorts.
I follow individuals from the year they enter the labor market defined as the year of
highest completed eduction by age 30.4
4 If an individual takes up further education at a later point in time he or she will continue to be in the
estimation sample.
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The sample is chosen in this way for several reasons. First, these individuals are
young enough that I will also observe their parents in the data window of 1980-2016.
I need this information to control for parental education and parental labor market
performance when estimating the effect of being born in the big city. Second, these
cohorts enter the labor market in the beginning of the data window which allows me
to follow them for as long as possible providing unique insights into the long-run
effects of the big city.
Table 3.1 shows basic characteristics of the selected sample. The characteristics are
all measured at the year of labor market entry. The sample considered are on average
about 20 years of age at labor market entry. Those born in Copenhagen have parents
of higher education and higher average log hourly wage. As also shown in section A.3,
a larger share of individuals born in Copenhagen have 12 or more years of education.
The sample consists of 449,652 individuals, 14,582,591 individual-years, and 312,430
firms.

3.2.3 The Geography of Denmark
To study the effect of being born in a big city on labor market outcomes, I need to
determine what a “big city” is. I follow the tradition of the literature which usually
considers commuting zones as a way of spatially disaggregating economic activity
into a set of regions.5
In this spirit, I aggregate parishes into commuting zones using a hierarchal clustering
algorithm which groups a set of parishes if a large number of residents of parish A
works in parish B and vice versa.6 Figure 3.1 shows the resulting commuting zones
based on 1985 data. The Copenhagen commuting zone is the collection of yellow
municipalities to the east. Copenhagen is by far the biggest city in Denmark being
at least an order of magnitude bigger than the second largest city, Aarhus. In this
way, Denmark is an ideal setting in which to study the big city as Denmark arguably
consists of only one big city located with maximum distance to the other regions of
Denmark.
5 Kropp and Schwengler (2017) provides an overview of construction of commuting zones for different
countries.
6 I follow Tolbert and Sizer (1996) and Eckert et al. (2019) and construct commuting zones based on
resident and worker connections between municipalities. As parishes uniquely map into municipalities
this procedure is equivalent to clustering parishes, however the information on place of work is on the
municipality level which renders a direct clustering of parishes impossible.
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Table 3.1: Summary Statistics of the Main Sample

Copenhagen

Non-Copenhagen

Age

20.61

20.52

Parental Education

11.37

10.49

Mean

Parental Log Hourly Wage
Individual Years of Education

4.15

4.04

13.00

12.72

Fraction
Missing education

0%

0%

10 years of education

22%

24%

12 years of education

45%

47%

More than 12 years of education

33%

29%

119,620

330,032

Observations

Notes: Parental education measures the average years of education of the parents. Parental log hourly wage
measures the average log hourly wage of the parents. The two columns show characteristics for the sample
of individuals born in the 1985 Copenhagen commuting zone and for those born outside the region. ***
indicates significance at the 1 percent level, ** indicates significance at the 5 percent level, * indicates
significance at the 10 percent level.

I can not construct commuting zones for the years in which the individuals in the
main sample were born as the first year in which I have the required information to
construct commuting zones is 1980. I instead use 1985 commuting zones as most
individuals have entered the labor market by this year. The commuting zones are fairly
stable over time with the tendency to fewer commuting zones over time reflecting
the fact that individuals commutes longer distances.
In the main analysis of the paper, I regard the Copenhagen commuting zone as the
big city and the rest as rural areas. In appendix A.1, I replicate my results based on
different classifications of urban and rural areas, allowing for the four biggest cities
of Denmark to constitute the big city as well as using commuting zones constructed
from later years.
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Figure 3.1: 1985 Commuting Zones of Denmark

Notes: This figure shows the constructed commuting zones based on 1985 residential and place of work
information from Danish register data. Colors are assigned randomly and are only used to visually distinguish between commuting zones, thus two commuting zones of identical color are not related in any
way.

3.3 Estimating the Urban Birth Premium
In this section, I document the effect of being born in the big city versus the rural area
on subsequent labor market outcomes. Having documented the treatment effect,
I use the richness of the Danish matched employer-employee data to study the
mechanisms explaining the urban birth premium.
I classify each individual as being born in Copenhagen if they were born in either
of the parishes constituting the Copenhagen commuting zone.7 Following Glaeser
and Mare (2001), I distinguish between static and dynamic treatment effects for
individuals born in the city or not. The static effect is any level difference in wages or
7 As a robustness check, Table A.1 of appendix A.1 replicates the main results of the paper classifying
individuals born in either of the commuting zones of the four big cities (Aalborg, Odense, Copenhagen,
and Aarhus) of Denmark as being born in the big city. Using this definition of the big city, the treatment
effect is smaller showing that those born in Copenhagen experience the biggest treatment.
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earnings between those born in Copenhagen and outside while the dynamic effect
captures any differences that occurs over time.
Having stratified the sample into those born in and out of the city, I estimate the
following relationship using OLS (ordinary least squares),
w i t = β0 bCPHi + β1 PotExpi t + β2 bCPHi × PotExpi t + ρ 0 PXi + γt + ²i t ,

(3.1)

where w i t is log hourly wage or log earnings, bCPHi is a dummy equal to one if
the individual were born in Copenhagen, PotExpi t is number of years of potential
experience or in other words years since labor market entry, PXi is a set of parental
characteristics, and γt are year fixed effects. Here, β0 captures the static urban birth
premium while β1 identifies the overall return to potential experience and β2 identifying the excess return to potential experience for those born in the big city.
Conceptually, I control for parental characteristics in order not to bias the estimate of
the big city effect by parental differences across space. There is a number of ways in
which parents may influence their children’ long run labor market outcomes. The
amount of time and quality spend investing in children’ human capital formation
may differ between parents of different income and education. Further, high-income
and highly educated parents may also encourage their children to pursue further
education everything else equal to a differential degree.
Another advantage of controlling for parental characteristics is that I get a direct
“measurement” of the effect on wages of parental sorting across space. Namely, to
what extent are differences in lifetime wages between rural and urban areas explained
by the fact that high-income and highly educated parents settled in the urban area
transmitting high-income potential to the next generation.
Having controlled for parental characteristics, β0 captures any mean difference in
wages between those born in Copenhagen and outside, and β1 governs any difference in wage profiles that occurs over time. These differences may manifest itself
at childhood if e.g. institutions in and outside of Copenhagen perform differently,
parents invest more time in their children even after controlling for parents’ income
and education, etc. Clearly, difference in wage profiles may also be caused by an
urban born child having close access to a vast range of education opportunities as
well as a broad set of labor market career choices, larger network, etc.
Table 3.2 shows the effect of being born in the Copenhagen for log hourly wages and
log earnings, where I gradually add the terms of equation (3.1) arriving at the full

156

C HAPTER 3. T HE D ANISH U RBAN B IRTH P REMIUM

specification in columns 1.C and 2.C.
Columns 1.A and 2.A show an unconditional gap in log hourly wages and log earnings,
respectively, between those born in the Copenhagen commuting zone and those
born outside it of more than 6%. In columns 1.B and 2.B, I add years of potential
experience and allow for differential returns to potential experience depending on
place of birth. For both hourly wages and earnings, I find that the raw gap drops
substantially and I find evidence of excess return to potential experience for those
born in Copenhagen. The excess return to potential experience is consistent with the
findings in the urban literature and shows that the rural/urban gap in wages opens
up over time (De La Roca and Puga, 2017; Eckert et al., 2019).
Column 1.C and 2.C address the role of parental sorting in explaining the urban
birth premium. In other words, how much of the urban birth premium can be explained by sorting of highly educated and high-income parents into the big city.8 I
find that parental sorting explains a part of the urban birth premium, but contrary
to the findings of Bosquet and Overman (2019), I find a smaller role for parental
sorting. The static urban birth premium drops especially for hourly wages while the
dynamic urban birth premium remains largely unaffected by the inclusion of parental
characteristics.
Having arrived at the full specification of equation (3.1), I find a static urban birth
premium in hourly wages of 1.7% and 3.1% for earnings. Furthermore, I document
a dynamic urban birth premium of 0.14 log points which compared to the overall
return to potential experience amounts to an excess return to potential experience of
as much as 40% for hourly wages and 12% for earnings.
While the above analysis of the estimated static and urban birth premium in itself is
interesting as it shows actual differences between those born in and outside of the
city, whether you interpret the estimated static and dynamic urban birth premium
as casual depends on fulfilling the conditional independence assumption. In other
words, do we believe it is sufficient to control for parental education and parental log
hourly wage to insure that nothing codetermines the error term and covariates of
equation (3.1).
What is sometimes done to shed light on the conditional independence assumption
8 I define parental education as the mean across the parents of their highest attained education.
Likewise, parental hourly wage is defined as the mean across the two parents of the mean hourly wage for
the parent over his/her entire labor market career.

11,338,804

11,338,804

0.014

No
9,965,736

0.028

Yes

11,360,224

0.002

No

No

7.018∗∗∗
(0.052)

2.A

11,360,224

0.023

No

No

0.136∗∗∗
(0.005)

1.076∗∗∗
(0.003)

5.089∗∗∗
(0.010)

2.B

0.027

Yes

Yes

0.136∗∗∗
(0.005)

1.119∗∗∗
(0.003)

3.130∗∗∗
(0.104)

2.C

9,984,167

Log Earnings × 100

Notes: The table shows parameters of the estimated wage equation given by (3.1). The dependent variable is log hourly wage for columns 1, and log earning for columns
2. The dependent variable is multiplied by 100 to ease interpretation. Born in Copenhagen is an indicator for being born in the 1985 Copenhagen commuting zone.
Columns A use the full sample described in section 3.2.2, columns B include differential returns to potential experience by place of birth, and columns C include parental
characteristics. All regressions include year fixed effects. *** indicates significance at the 1 percent level, ** indicates significance at the 5 percent level, * indicates
significance at the 10 percent level.

Observations

0.005

No

Parental Hourly Wage

R-squared

No

Parental Education

Controls:
Yes

0.149∗∗∗
(0.003)

0.148∗∗∗
(0.003)

Years of Potential Experience ×
Born in Copenhagen

No

0.371∗∗∗
(0.001)

0.335∗∗∗
(0.001)

Years of Potential Experience

1.C
1.785∗∗∗
(0.053)

1.B
3.742∗∗∗
(0.051)

Born in Copenhagen

6.099∗∗∗
(0.026)

1.A

Log Hourly Wage × 100

Table 3.2: The Urban Birth Premium - Potential Experience
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is to show whether or not the sample considered balances along other dimensions
to rule out systematic unobserved differences among the individuals considered.
The issue here is that as I look at the effect of birth on future outcomes, everything
determined after birth naturally becomes an outcome, thus any differences along
these dimensions can not be argued to show systematic differences between the two
groups.
In appendix A.5, with the very limited data I have available of birth outcomes, I
conduct a small comparison of height at birth between those born in and outside of
the big city. I compare birth height for the sample considered. I find that birth height
almost balances with those born in Copenhagen on average being about 0.6% shorter
than those born outside of Copenhagen.9

3.3.1 Mechanisms
In this section, I use the information of the Danish matched employer-employee
data to shed light on the mechanisms explaining the urban birth premium in wages
and earnings. In particular, I study the role of experience accumulation, educational
attainment, as well as occupations to explain the urban birth premium.

3.3.1.1 Wage-Experience Profiles
In this section, I estimate the return to experience as oppose to potential experience in
the previous section to understand the role of experience accumulation in explaining
the urban birth premium. Compared to equation (3.1), I replace years of potential
experience by years of actual experience. Table 3.3 shows the results for log hourly
wage and log earnings.
The results of the table is broadly in line with the results for potential experience. I
again show the existence of an urban birth premium which is both static and dynamic
in nature. For experience, the excess return to experience when living in Copenhagen
amounts to 14% for hourly wages and 3% for earnings. The dynamic premium is
a bit smaller than that estimated for potential years of experience which indicates
that some of the dynamic effect of potential experience could be due to individuals
9 I further speculate that birth height influences birth weight which have been shown to influence
labor market performance later in life (Currie and Moretti, 2003, 2007; Bharadwaj, Lundborg, and Rooth,
2017), and I argue that, if anything, those born in Copenhagen may be slightly negatively influenced by
their birth weight in the long run which, if anything, would bias my results of the urban birth premium
downwards.
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born in Copenhagen accumulating experience faster than those born outside of
Copenhagen.10
Another possible explanation for the dynamic urban birth premium to be smaller
when using years of experience instead of years of potential experience is that individuals born in the rural area who obtain many years of experience are on average
positively selected in terms of unobserved ability. In this way, when looking at equation (3.1) for potential experience, those born in Copenhagen on average face quite
a lot better prospects on term of wage growth, whereas when regressing on years
of experience, those individuals born in the rural area who end up being highly
experienced earns more similar wages to those born in the big city.

3.3.1.2 Educational Attainment
To address the role of education in explaining the urban birth premium, I augment
equation (3.1) with years of education attained by the individual and years of experience instead of years of potential experience. Table 3.4 shows the results. The
results of column D shows that once years of education is included the gap between
hourly wages of those born in and outside Copenhagen falls from 2.2% to 1.5%. I
take these results as indicative that an important margin of difference between those
born in Copenhagen and elsewhere is the amount of education attained. However,
I can not rule out that this effect is due to selection on unobservables of individuals into education with the more able rural born selecting into education even
after controlling for parental characteristics, place of birth etc. The fact that there
is still a static and dynamic gap in wages, shows that the big city propels individuals to steeper wage profiles even after controlling for parental characteristics and
educational attainment.
In appendix A.3, I show that individuals born in Copenhagen attain on average 1.9%
more years of education than those born outside of Copenhagen. The majority of
the gap in years of education vanishes once parental characteristics are controlled
for leaving a difference of 0.4% in years of education between urban and rural born
individuals. Even though statistically significant, the difference of 0.4% equals about
half a month difference in education on average between the two groups which is too
10 To show this more formally, in appendix A.2 I regress years of experience on place of birth as well
as parental characteristics. Table A.3 shows that on average individuals born in Copenhagen have about
0.189% more experience than those born outside of Copenhagen while accumulating experience almost at
the same rate as those born outside of Copenhagen.
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2.B

Log Earnings × 100

Table 3.3: The Urban Birth Premium - Actual Experience

Log Hourly Wage × 100
2.A

2.C

3.700∗∗∗
(0.100)

1.C

5.920∗∗∗
(0.010)

2.562∗∗∗
(0.003)

1.B

2.201∗∗∗
(0.052)

2.563∗∗∗
(0.003)

0.079∗∗∗
(0.005)

1.A
4.220∗∗∗
(0.050)

0.819∗∗∗
(0.002)

0.071∗∗∗
(0.005)

No

0.045

No

No

9,965,736

0.059

Yes

Yes

11,360,224

0.002

No

No

11,360,224

0.102

No

No

9,984,167

0.104

Yes

Yes

7.018∗∗∗
(0.052)

0.797∗∗∗
(0.001)

0.122∗∗∗
(0.003)

No

11,338,804

6.099∗∗∗
(0.026)

Years of Experience

0.120∗∗∗
(0.003)

Born in Copenhagen

Years of Experience ×
Born in Copenhagen

Parental Education

0.005

Controls:
Parental Hourly Wage

11,338,804

R-squared
Observations

Notes: The table shows estimated parameters of equation (3.1) years of experience instead of years of potential experience. The dependent variable is log hourly wage for
columns 1, and log earning for columns 2. The dependent variable is multiplied by 100 to ease interpretation. Born in Copenhagen is an indicator for being born in the
1985 Copenhagen commuting zone. Columns A use the full sample described in section 3.2.2, columns B include differential returns to experience by place of birth, and
columns C include parental characteristics. All regressions include year fixed effects. *** indicates significance at the 1 percent level, ** indicates significance at the 5
percent level, * indicates significance at the 10 percent level.
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small to drive the main findings.

3.3.1.3 Occupations
One likely explanation for differences in labor market hourly wages and earnings
between those born in and outside of the city is the occupations that workers work in
as the distribution of occupations differ between the rural and urban area. To study
this point, I re-estimate equation (3.1) with 1-digit occupational DISCO codes as fixed
effects again with years of experience instead of potential experience.11
Column E of Table 3.4 shows the estimated static and urban birth premium with
occupational fixed effects. Interestingly, including occupational fixed effects increase
the static urban birth premium and lowers the dynamic urban birth premium.12 The
fact that the dynamic urban birth premium is substantially lower with and without
occupational fixed effects show that individuals born in Copenhagen transit into
higher paying occupations over time to a larger extent than those born outside of
Copenhagen. Further, the increase in the static urban birth premium likely shows
that individuals born in Copenhagen start out working in lower paying occupations.
These results are consistent with higher paying occupations being present in the big
city to a larger extent than in the rural area. Especially in the Danish context of one
large big city, many specialized occupations and industries only exist in the capital.
To summarize the mechanism section, the static and dynamic urban birth premium
exist in all specifications considered suggesting that the urban area indeed propels individuals to stepper wage trajectories while at the same time increasing the
wage/earnings level. To speculate, the steeper wage trajectories could be indicative
of faster learning in big cities, a theory that has been put forward in e.g. Duranton and Puga (2001) and evidence provided in Baum-Snow and Pavan (2012) and
De La Roca and Puga (2017). The existence of a static urban birth premium in all
specifications suggests static advantages of the big city. Rosenthal and Strange (2004)
provides an overview of various channels which may explain why the city exhibits
11 DISCO codes are the Danish version of the international standard classification of occupations
(ISCO). DISCO codes can take the following values: managers (1), professionals (2), technicians and
associate professionals (3), clerical support workers (4), service and sales workers (5), skilled agricultural,
forestry and fishery workers (6), craft and related trades workers (7), plant and machine operators and
assemblers (8), and elementary occupations (9).
12 Note that the number of observations drop as occupational fixed effect are included. The results do
not change if the sample of all specifications is limited to include only those for which occupational data
exists.
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Table 3.4: The Urban Birth Premium - Education and Occupations

Log Hourly Wage × 100
A
6.009∗∗∗
(0.026)

B

C

D

E

4.220∗∗∗
(0.050)

2.201∗∗∗
(0.052)

1.599∗∗∗
(0.051)

3.696∗∗∗
(0.067)

Years of Experience

0.797∗∗∗
(0.001)

0.819∗∗∗
(0.002)

0.843∗∗∗
(0.002)

0.472∗∗∗
(0.002)

Years of Experience ×
Born in Copenhagen

0.120∗∗∗
(0.003)

0.122∗∗∗
(0.003)

0.147∗∗∗
(0.003)

0.056∗∗∗
(0.003)

Born in Copenhagen

Controls:
Parental Education

No

No

Yes

Yes

Yes

Parental Hourly Wage

No

No

Yes

Yes

Yes

Individual Education

No

No

No

Yes

Yes

Occupational FE

No

No

No

No

Yes

R-squared
Observations

0.005

0.045

0.059

0.113

0.208

11,338,804

11,338,804

9,965,736

9,965,736

7,463,740

Notes: The table shows parameters of the estimated wage equation given by (3.1) augmented with occupation fixed effects and years of experience instead of potential experience. The dependent variable is
log hourly wage and it is multiplied by 100 to ease interpretation. Born in Copenhagen is an indicator
for being born in the 1985 Copenhagen commuting zone. Column A uses the full sample described in
section 3.2.2, column B includes differential returns to experience by place of birth, column C include
parental characteristics, column D includes years of education obtained by the individual, and column E
includes occupational fixed effects. All regressions include year fixed effects. *** indicates significance at
the 1 percent level, ** indicates significance at the 5 percent level, * indicates significance at the 10 percent
level.

static advantages. The explanations include agglomerating economies implying e.g.
that establishments production functions dominates those of the rural area.
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3.4 Relation to the Urban Wage Premium
In this section, I relate the estimated urban birth premium to the causal return to
spending an extra year in the city on wages, namely the urban wage premium. While
the urban birth premium is interesting in itself, the birth information used in this
paper allows me to provide unique insight into the urban wage premium usually
estimated and its potential shortcomings. Further, I compare the estimated urban
birth premium to the urban wage premium obtained using a traditional fixed effects
estimator.

3.4.1 Persistence of Place of Birth
In order to compare the urban birth premium and the urban wage premium, it is
important to understand how persistent place of birth is for subsequent labor market
entry and place of work. Clearly, if place of birth is fully persistent, meaning that
an individual spends his/her entire labor market career in the same location as the
location of birth, then the results of the main analysis can be interpreted as the effect
of living in a big city as oppose to being born in a big city. On the other hand, if
everybody moves right after birth then the results of the main analysis shed no light
on the urban wage premium. The extent to which place of birth determines current
place of work identifies which of the two extremes the results are closest to.
To show this formally, Figure 3.2 plots the fraction of individuals living in the same
place as they were born.13 As the figure shows, place of birth is highly persistent.
More than 80% of those born outside of Copenhagen stay there while a little less than
80% of those born in Copenhagen stay there across time. As place of birth is highly
persistent, the estimated urban birth premium should be close to the urban wage
premium, however the group of movers between the two areas will distort the urban
birth premium from the urban wage premium. I address this point further in the
following section.

13 For individuals born in Copenhagen this is the fraction still living in the Copenhagen commuting
zone, while for individuals not born in the Copenhagen commuting zone it shows the fraction still not
living in the Copenhagen commuting zone. Note that for the individuals not born in the Copenhagen
commuting zone, they may have moved between the commuting zones not constituting Copenhagen.
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Figure 3.2: Persistence of Place of Birth
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Notes: The sample used for this figure is the main sample constructed in section 3.2.2. The figure shows
the fraction of individuals living in the same region as they were born as a function of years in sample, i.e.
years since labor market entry.

3.4.2 Naive OLS Estimate of the Urban Wage Premium
To address the influence of movers in creating a wedge between the urban birth
premium and the urban wage premium, I estimate the urban wage premium in the
simplest way possible. Similar in spirit to the analysis of section 3.3, I estimate a
wage-experience profile like equation (3.1) with a dummy for working in the big city
instead of a dummy for being born in the city. Obviously, this OLS estimate gives
the reduced form estimate of the return to working in the city, however it is clearly
naive in the sense that it relies on no selection into working in the city which is clearly
an extreme assumption. However, the naive OLS estimate allows me to access the
potential selection of individuals migrating into the big city. To proceed, I estimate
equation (3.2) using OLS,
w i t = β0 CPHi t + β1 expi t + β2 CPH × expi t + ρ 0 PXi + γt + ²i t ,

(3.2)

where w i t is log hourly wage, CPHi is a dummy equal to one if individual i is working
in Copenhagen at time t , expi t is number of years of experience, PXi is a set of
parental characteristics, and γt are year fixed effects.
Table 3.5 shows the results for hourly wages. Clearly, the naive OLS estimate of the urban wage premium is large in magnitude and substantially larger than the estimated
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urban birth premium. Further, notice that the estimated naive static and dynamic urban wage premium does not vanish as differential returns to experience and parental
characteristics are controlled for.
The large difference between the estimated urban birth premium and the naive OLS
estimate of the urban wage premium can be due to two things. Either, there is only a
small correlation between place of birth and place of work while at the same time a
big causal urban wage premium in which case the low persistence of place of birth
implies only a small urban birth premium. On the other hand, if place of birth is highly
persistence, the only explanation for the big difference in the urban birth premium
and the naive OLS estimate of the urban wage premium must be that movers into the
city are highly selected in terms of labor market outcomes. As Figure 3.2 indeed shows
that place of birth is highly persistent, the difference between the estimated urban
birth premium and the naive OLS estimate of the urban wage premium suggests a
large amount of selection into working in the city.
Table 3.5: The Naive Return to Big City Experience - Log Hourly Wage

Log Hourly Wage × 100
A

B

13.39∗∗∗

10.52∗∗∗

(0.024)

(0.046)

9.019∗∗∗
(0.049)

Years of Experience

0.770∗∗∗
(0.002)

0.787∗∗∗
(0.002)

Years of Experience ×
Working in Copenhagen

0.196∗∗∗
(0.003)

0.197∗∗∗
(0.003)

Working in Copenhagen

C

Controls:
Parental Education

No

No

Parental Hourly Wage

No

No

Yes

0.026

0.068

0.078

11,338,804

11,338,804

9,965,736

R-squared
Observations

Yes

Notes: The table shows parameters of the estimated wage equation given by (3.2). The dependent variable
is log hourly wage. The dependent variable is multiplied by 100 to ease interpretation. Born in Copenhagen is an indicator for being born in the 1985 Copenhagen commuting zone. Column A uses the full
sample described in section 3.2.2, column B includes differential returns to experience by place of work,
and column C includes parental characteristics. All regressions include year fixed effects. *** indicates
significance at the 1 percent level, ** indicates significance at the 5 percent level, * indicates significance at
the 10 percent level.

To further investigate the selection of movers into the big city, I estimate equation
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Table 3.6: The Effect of Place of Birth & Labor Market Entry

Log Hourly Wage × 100
A

B

C

Born in Copenhagen ×
Labor Market Entry in Copenhagen

9.210∗∗∗
(0.031)

6.942∗∗∗
(0.054)

4.883∗∗∗
(0.057)

Born in Copenhagen ×
Labor Market Entry in Non-Copenhagen

5.173∗∗∗
(0.040)

4.319∗∗∗
(0.057)

2.352∗∗∗
(0.060)

Born in Non-Copenhagen ×
Labor Market Entry in Copenhagen

12.48∗∗∗
(0.039)

12.38∗∗∗
(0.039)

11.10∗∗∗
(0.041)

Years of Experience

0.795∗∗∗
(0.001)

0.815∗∗∗
(0.002)

Years of Experience ×
Born in Copenhagen

0.111∗∗∗
(0.003)

0.114∗∗∗
(0.003)

Controls:
Parental Education

No

No

Parental Hourly Wage

No

No

Yes

0.014

0.054

0.066

11,338,804

11,338,804

9,965,736

R-squared
Observations

Yes

Notes: The table shows parameters of the estimated wage equation given by equation (3.2) with dummies
for the interaction between place of birth and place of entering the labor market. The dependent variable
is log hourly wage and it is multiplied by 100 to ease interpretation. Born in Copenhagen is an indicator for
being born in the 1985 Copenhagen commuting zone. Labor market entry in Copenhagen is a dummy
for entering the labor market in the 1985 Copenhagen commuting zone. Column A uses the full sample
described in section 3.2.2, column B include differential returns to experience, and column C include
parental characteristics. All regressions include year fixed effects. *** indicates significance at the 1 percent
level, ** indicates significance at the 5 percent level, * indicates significance at the 10 percent level.

(3.2) with dummies for the interaction between place of birth and place of entering
the labor market. In this way, I investigate whether the selection is due to high-income
individuals moving into the city or low-income individuals moving out of the city.
Table 3.6 shows the results. Individuals born outside of Copenhagen who enters
the labor market in Copenhagen earn an additional 13% in wages compared to
those born outside of Copenhagen who also enter the labor market in that region.
Individuals born in Copenhagen entering the labor market in outside of Copenhagen
see a moderate wage gain of about 3.9%. Interestingly, these results show that much
of the rural/urban divide is due to the rural area not being able to keep its’ individuals
with high-income potential from moving to the urban area.
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The above result is important for policy makers. The result suggests that if you want
to decrease the gap in labor market outcomes between the rural and urban area it
is important to ensure that the rural area keep its’ high-income individuals from
moving to the big city. Two possible ways of keeping a larger share of individuals
from moving to the big city would be to make easier access to longer educations in
the rural area as well making sure that the rural area supplies jobs that requires a
complex set of skills. Whether such investments to limit the gap in wages between
the rural and urban area are desirable depends on the size of agglomeration effects
in production as well as disutility from congestion in cities, among other things. It is
beyond the scope of this paper to make a joint assessment of these.

3.5 Conclusion
In this paper, I show evidence of an unconditional urban birth premium in hourly
wages and earnings of more than 6%. I show that the urban birth premium is both
static and dynamic in nature and that differential return to labor market experience
of as much additional 15% explain a sizeable part of the urban birth premium. I
further show that parental sorting of education and labor market wages explain a part
of the static urban birth premium while leaving the dynamic urban birth premium
unaffected. Controlling for educational attainment further lowers the static urban
birth premium, but still leaves a 1.5% static difference in wages.
I show that individuals who do not enter the labor market at the place of birth earn
substantially higher wages compared to stayers. Further, this group of individuals
make up a big part of the raw gap in wages between those working in the big city and
elsewhere.
More research is needed to understand whether the static and dynamic urban birth
premium documented in this paper is a causal phenomenon or whether they are
due to unobserved differences among those born in the city and outside even after
controlling for parental characteristics.
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Appendix
A.1 Alternative Spatial Units
As a robustness check of the findings with respect to the spatial stratification of
individuals into those born in the Copenhagen commuting zone and those born
outside of it, I replicate the main analysis of the paper now classifying everyone born
in the commuting zones of the four biggest cities in Denmark as born in the big city.
Table A.1 shows the results. The urban birth premium using this alternative specification of the big city falls from 6% to 2-3% for hourly wages and earnings compared to
the main analysis. This shows that being born in Copenhagen and not simply any of
the four biggest cities exhibits the largest urban birth premium in line with intuition
that what matters is how large the big city is.

A.1.1 Commuting Zones for 1990 and 2000
Contrary to the commuting zones used in the main analysis of the paper, I re-estimate
the main regressions of the paper based on commuting zone constructed using
data from 1990 and 2000, respectively. Figure A.1a and A.1b show the commuting
zones of 1990 and 2000, respectively. Compared to the commuting zones of 1985, the
Copenhagen commuting zone increases in size and the number of commuting zones
decreases which reflects the fact that commuting distances have increased during
this period.
Table A.2 shows the results of the main analysis using 2000 commuting zones instead of 1985 commuting zones to define who were born in and outside of Copenhagen. The results are very much in line with those of the main analysis in Table 3.2.
Note that even though many commuting zones change boundaries, it is only the
Copenhagen/Non-Copenhagen delimitation that matters for the analysis and thus it
is not surprising that the main results are robust to these different commuting zones.
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9,984,167
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Notes: The table shows parameters of the estimated wage equation given by equation (3.1) with years of experience instead of potential experience. The dependent
variable is log hourly wage for columns 1, and log earning for columns 2. The dependent variable is multiplied by 100 to ease interpretation. Born in One of Four Big CZ is
an indicator for being born in either of the four biggest 1985 commuting zones. Columns A use the full sample described in section 3.2.2, columns B include differential
returns to potential experience by place of birth, and columns C include parental characteristics. All regressions include year fixed effects. *** indicates significance at the
1 percent level, ** indicates significance at the 5 percent level, * indicates significance at the 10 percent level.
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(0.044)

Born in One of Four Big CZ
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Table A.1: The Urban Birth Premium - Born in One of 4 Biggest Commuting Zones
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Figure A.1: Alternative Commuting Zones
(a) 1990 Commuting Zones of Denmark

(b) 2000 Commuting Zones of Denmark

Notes: These figures show the constructed commuting zones based on 1990 and 2000 residential and place
of work information from Danish register data, respectively.
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Notes: The table shows parameters of the estimated wage equation given by equation (3.1). The dependent variable is log hourly wage for columns 1, and log earning for
columns 2. The dependent variable is multiplied by 100 to ease interpretation. Born in Copenhagen is an indicator for being born in the 2000 Copenhagen commuting
zone. Columns A use the full sample described in section 3.2.2, columns B include differential returns to potential experience by place of birth, and columns C include
parental characteristics. All regressions include year fixed effects. *** indicates significance at the 1 percent level, ** indicates significance at the 5 percent level, * indicates
significance at the 10 percent level.
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Table A.2: The Urban Birth Premium - 2000 Commuting Zones
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A.2 Experience Accumulation
In this section, I show how experience accumulation vary across place of birth. I run
a regression similar to equation (3.1), estimating the relationship between years of
experience and place of birth,

expi t = β0 bCPHi + β1 PotExpi t + β2 bCPH × PotExpi t + ρ 0 PXi + ²i t .

(A.1)

where expi t measures number of years of labor market experience, bCPHi is a dummy
equal to one if the individual were born in Copenhagen, PotExpi t is number of
potential years of experience, i.e. years of since labor market entry, PXi is a set of
parental characteristics, and γt are year fixed effects.
Table A.3 shows the results. While there is only a small difference in years of experience, those in Copenhagen accumulate experience slightly slower.

Table A.3: Experience Accumulation By Place of Birth

Log Years of Experience × 100
A

C

2.525∗∗∗
(0.088)

2.056∗∗∗
(0.091)

Years of Potential Experience

5.430∗∗∗
(0.002)

5.493∗∗∗
(0.002)

Years of Potential Experience ×
Born in Copenhagen

-0.066∗∗∗
(0.004)

-0.070∗∗∗
(0.005)

Born in Copenhagen

0.189∗∗∗
(0.042)

B

Controls:
Parental Education

No

No

Parental Hourly Wage

No

No

Yes

0.445

0.353

0.366

14,354,559

14,354,559

12,487,400

R-squared
Observations

Yes

Notes: The table shows parameters of the estimated experience equation given by equation (A.1). The
dependent variable is log years of experience and it is multiplied by 100 to ease interpretation. Born in
Copenhagen is an indicator for being born in the 1985 Copenhagen commuting zone. Column A uses the
full sample described in section 3.2.2, column B includes differential returns to potential experience, and
column C includes parental characteristics. *** indicates significance at the 1 percent level, ** indicates
significance at the 5 percent level, * indicates significance at the 10 percent level.
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Table A.4: Years of Education By Place of Birth

Log Years of Education × 100
A
Born in Copenhagen

1.995∗∗∗
(0.062)

B
0.400∗∗∗
(0.065)

Parental Years of Education

1.661∗∗∗
(0.011)

Parental Log Hourly Wage

3.604∗∗∗
(0.093)

R-squared
Observations

0.002

0.070

449,652

388,037

Notes: The table shows parameters of the estimated education equation given by equation (A.2). The
dependent variable is log years of education and it is multiplied by 100 to ease interpretation. Born in
Copenhagen is an indicator for being born in the 1985 Copenhagen commuting zone. Column A uses
the full sample described in section 3.2.2 and column B includes parental characteristics. *** indicates
significance at the 1 percent level, ** indicates significance at the 5 percent level, * indicates significance at
the 10 percent level.

A.3 Years of Education
In this section, I show that individuals born in Copenhagen attain more years of education than those born outside of Copenhagen. I estimate the following relationship,

Years of Educationi = β0 bCPHi + ρ 0 PXi + ²i t .

(A.2)

where Years of Educationi measures years of education at labor market entry, bCPHi
is a dummy equal to one if the individual were born in Copenhagen and PXi is a set
of parental characteristics.
Table A.4 shows that years of education varies by 1.9% between those born in Copenhagen and those born elsewhere and the gap drops to 0.4% once controlling for
differences in parental characteristics. The existence of a gap in years of education
even when parental characteristics are taken into account could be due to easier
access to education and especially easier access to higher education in the big city.
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Table A.5: Interchanging Order of Inclusion - Experience and Parental Controls

Log Hourly Wage × 100
A
Born in Copenhagen

6.342∗∗∗
(0.025)

B
4.223∗∗∗
(0.028)

C
2.201∗∗∗
(0.052)

Years of Experience

0.819∗∗∗
(0.002)

Years of Experience ×
Born in Copenhagen

0.122∗∗∗
(0.003)

Controls:
Parental Education

No

Yes

Parental Hourly Wage

No

Yes

Yes

0.122

0.016

0.059

11,313,786

9,965,736

9,965,736

R-squared
Observations

Yes

Notes: The table shows parameters of the estimated wage equation given by equation (3.1) with years of
experience instead of potential experience. The dependent variable is log hourly wage and it is multiplied
by 100 to ease interpretation. Born in Copenhagen is an indicator for being born in the 1985 Copenhagen
commuting zone. Column A uses the full sample described in section 3.2.2, column B includes parental
characteristics, and column C includes differential returns to experience. All regressions include year fixed
effects. *** indicates significance at the 1 percent level, ** indicates significance at the 5 percent level, *
indicates significance at the 10 percent level.

A.4 Interchanging Order of Inclusion of Experience and Parental
Characteristics
In this section, I interchange the order of inclusion of years of experience and parental
characteristics to shed further light on the role of parental characteristics as well as
years of experience and excess return to experience in Copenhagen. Table A.5 shows
the results. Going from column A to B, parental characteristics explain about 33% of
the urban birth premium whereas in Table 3.3 parental characteristics seem to play
only a smaller role. The two tables taking together shows that parental characteristics
and excess returns to experience are, not surprisingly, correlated.

A.5 Birth Height
In this section, I show whether birth height balances across individuals born in
Copenhagen and outside of Copenhagen. I regress log birth height on whether or

A.5. B IRTH H EIGHT

177

Table A.6: Birth Height by Place of Birth

Log Birth Height × 100
A
Born in Copenhagen

-0.652∗∗∗
(0.020)

B
-0.686∗∗∗
(0.020)

Parental Years of Education

0.113∗∗∗
(0.004)

Parental Log Hourly Wage

0.006
(0.041)

R-squared
Observations

0.017

0.019

446,573

440,711

Notes: The sample of the table is the full sample described in section 3.2.2. *** indicates significance at the
1 percent level, ** indicates significance at the 5 percent level, * indicates significance at the 10 percent
level.

not the individual is born in Copenhagen as well as parental characteristics. Birth
height is a relevant birth characteristics as health at birth have been shown to effect
long-run labor market outcomes (Currie and Moretti, 2003, 2007; Bharadwaj et al.,
2017).14
Table A.6 shows that individuals born in Copenhagen conditional on parental characteristics are 0.6% shorter than those born outside Copenhagen. A small but significant
difference likely implying that those born in Copenhagen weigh less than those born
outside. Taking together with the fact that the difference in height is small as well as
the fact that lower birth weight influences long-run labor market outcomes negatively,
I am not concerned that the results of the paper are driven by infants in Copenhagen
being systematically different in terms of health at birth.

14 Unfortunately, I do not have access to birth weight for the cohorts considered in this paper.

