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Summary

This dissertation contains three independent chapters in the area of labor economics. More specif-

ically, all the chapters deal with how changing public transfers a¤ects individuals. Two of the

chapters investigate the e¤ects of changing the level of unemployment bene�ts on individuals be-

havior in the labor market. The �nal chapter relates to how high school students�behavior changes

when student grants are lowered.

One of the main goals of public transfers is to redistribute income between individuals. This

result is an e¢ ciency-equality trade-o¤, since public transfers have the potential to have large ad-

verse e¤ects. Investigating the channels through which these adverse e¤ects work is very important

in assessing how to construct public transfer policies.

In the �rst chapter, "Reducing Income Transfers to Refugee Immigrants; Does Starthelp Help

You Start?" (co-authored with Michael Rosholm), the focus is on the e¤ects of lowering bene�ts - to

the so-called �Starthelp�- for immigrants just arriving in Denmark. Refugee immigrants obtaining

a residence permit before July 2002 received larger income transfers than those who obtained their

residence permit at a later date. Exploiting this �quasi-natural�experiment, we investigate this

issue using a competing risk framework. We �nd that �Starthelp�has a small positive e¤ect on the

job �nding rate, but this e¤ect is at its peak after the immigrant has spent two years in Denmark.

We also �nd that the exit rate from the labor force is positively a¤ected by starthelp. We �nd

that the weakest individuals are less responsive to the improvement in economic incentives. This

is in accordance with the hypothesis that the weakest of the refugee immigrants have skills that

result in productivities lower than the marginal productivity given by the minimum wage.

In the second chapter, "The E¤ects of Financial Aid in High School on Labor Market and

Academic Outcomes: A Quasi-Experimental Study" (co-authored with Maria Knoth Humlum),

the focus is turned to high school students and how the �nancial aid provided for Danish high

school students a¤ects their choices regarding work during studies and their academic results. We

investigate the e¤ects of �nancial aid in the form of student grants on student employment and

academic outcomes in and after high school. In order to identify the causal e¤ect of �nancial aid,
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we exploit administrative di¤erences in the amount of �nancial aid received based on timing of

birth. Speci�cally, individuals born early in a quarter receive less �nancial aid than comparable

individuals born late in the previous quarter. This provides us with a quasi-experimental setting

and we employ a regression discontinuity design in our analysis. We �nd that receiving less aid

induces individuals to work more during high school. This e¤ect is observed mainly in the year

following the 18th birthday. However, we do not �nd any evidence that receiving less �nancial aid

and thereby working more is associated with any adverse outcomes, such as a lower high school

grade point average. Based on the very precise point estimates, we can even reject that there are

any substantial adverse e¤ects on a range of academic outcomes.

Finally, the third chapter, "An Equilibrium Model of On-the-Job Search, Saving and Unem-

ployment Insurance", develops and calibrates an equilibrium search model with endogenous saving.

Unemployment insurance (UI) is motived by workers� inability to completely self-insure against

future income losses, i.e. UI helps workers smooth consumption over di¤erent states. However,

increasing UI also introduces distortions into the worker�s search problem. So far the literature on

optimal UI has either focuses on endogenous savings or equilibrium models. This paper combines

the two strands of the literature to take equilibrium e¤ects into account, while allowing workers to

self-insure by saving. The paper shows that equilibrium e¤ects are important to take into account,

and drawing policy conclusions from a partial equilibrium model could have serious adverse welfare

e¤ects, corresponding to a drop in productivity of 10 per cent. The optimal replacement rate is

found to be 50 per cent. It is also shown that a wealth tax or a tax on interest rate payments have

negative e¤ects on workers�incentives to self-insure and therefore negative e¤ects on welfare.
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Summary in Danish (dansk resume)

Denne afhandling består af tre selvstændige kapitler, der alle omhandler emner relateret til arbejs-

markedsøkonomi. Alle tre kapitaler handler således om, hvordan forskellige former for overførsler

påvirker individuelle beslutninger. To af kapitalerne omhandler, hvordan ændringer i niveauet

af understøttelse påvirker individers ageren på arbejdsmarkedet. Det tredje kapital omhandler,

hvordan gymnasieelever ændrer adfærd, når størrelsen af uddannelsestøtte ændrer sig.

Et af hovedmålene med o¤entlige overførsler er at omfordele indkomst fra højindkomst individer

til lavindkomst individer. Dette mål resulterer typisk i et e¤ektivitet-ligheds trade-o¤, da o¤entlige

overførsler har ufordelagtige konsekvenser for e¤ektiviteten. For retmæssigt at lave politikker

omkring o¤entlige overførsler er det vigtigt at kende og forstå de kanaler, igennem hvilke den

lavere e¤ektivitet opstår.

I det første kapital, "Reducing Income Transfers to Refugee Immigrants; Does Starthelp Help

You Start?" (skrevet med Michael Rosholm), er målet at vurdere e¤ekten af at sænke den o¤entlige

overførsel - den såkaldte starthjælp - til �ygtninge, der lige er ankommet til Danmark. Flygtninge,

der får deres opholdstilladelse før 1. juli 2002, modtager almindelig kontanthjælp, mens de, der

får deres opholdstilladelse efter 1. juli, vil få den lavere starthjælp. Vi udnytter dette kvasi-

eksperiment til at undersøge e¤ekterne i et competing risk framework. Vi �nder, at starthjælp har

en lille men positiv e¤ekt på sandsynligheden for at �nde job; men at denne e¤ekt er størst efter

2 år tilbragt i Danmark. Endvidere �nder vi, at sandsynligheden for at forlade arbejdsmarkedet

bliver positivt påvirket af starthjælpen. Det er de svageste individer, der er mindst følsomme

overfor ændringen i økonomiske incitamenter. Dette stemmer overens med en forklaring om, at de

svageste �ygtninge ikke har evner, der kan forsvare at betale dem en mindsteløn.

I det andet kapitel, �The E¤ects of Financial Aid in High School on Labor Market and Aca-

demic Outcomes: A Quasi-Experimental Study� (skrevet med Maria Knoth Humlum), �yttes

fokus til gymnasieelever og hvordan den uddannelsesstøtte, der stilles til rådighed for danske

gymnasieelever påvirker deres valg omkring studiearbejde og deres akademiske resultater. Vi un-

dersøger e¤ekterne af den uddannelsesstøtte, der gives i form af stipendier, på studiearbejde og
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akademiske resultater i og efter den gymnasiale uddannelse. For at kunne identi�cere den kausale

e¤ekt af uddannelsesstøtte udnytter vi administrative forskelle i mængden af uddannelsesstøtte

baseret på fødselsdato. Helt præcist modtager individer, der er født tidligt i et kvartal, mindre ud-

dannelsesstøtte end tilsvarende individer, der er født sent i det foregående kvartal. Dette giver os

en kvasi-eksperimentel opsætning, og vi bruger et �regression discontinuity�design i vores analyse.

Vi �nder, at individer, der modtager mindre uddannelsesstøtte, vælger at arbejde mere i løbet

af gymnasiet. Denne e¤ekt observeres primært i året direkte efterfølgende 18-års fødselsdagen.

Vi �nder dog ingen beviser for, at det at modtage mindre uddannelsesstøtte og dermed arbejde

mere er forbundet med nogen form for negative resultater, som fx et lavere karaktergennemsnit.

Baseret på vores meget præcise punktestimater kan vi endda forkaste, at der skulle være betydelige

skadelige e¤ekter på en række akademiske resultatmål.

Det sidste og tredje kapitel, "An Equilibrium Model of On-the-Job Search, Saving and Un-

employment Insurance", udvikler og kalibrerer en søgeligevægtsmodel med endogen opsparing.

Baggrunden for at give arbejdsløshedsdagpenge er, at arbejdere ikke perfekt kan forsikre sig imod

den lavere indkomst ved jobtab, dvs. arbejdsløshedsdagpenge hjælper med at udjævne forbrug

mellem perioder, hvor man er arbejdsløs og perioder, hvor man er i arbejde. Men en stigning

i arbejdsløshedsdagpenge introducerer også en skævvridning i arbejderens søgning efter nyt job.

Indtil nu har litteraturen omkring den optimale størrelse af dagpengesatsen enten fokuseret på

muligheden for at arbejderen selv kan opspare eller ligevægtmodeller. Dette papir kombinerer

disse to grene af litteraturen, så arbejderen har mulighed for selv at opspare til dårlige tider, og

samtidig er det en ligevægtsmodel. Jeg viser, at ligevægtse¤ekter er vigtige at tage i betragtning,

når man prøver at vurdere det optimale niveau for dagpengesatsen. Hvis man fejlagtigt vælger at

fastlægge størrelsen af dagpenge ud fra en partial ligevægtmodel, der ikke tager højde for ligevægt-

se¤ekter, så har dette store negative e¤ekter på velfærden. Det optimale niveau er fundet til at

være 50 procent af lønnen. Jeg viser også i papiret, at formueskat og skat på renteindtægter har

store konsekvenser for arbejdernes villighed til at selv-forsikre sig via opsparing. Dette har også

negative konsekvenser for velfærden.

10



CHAPTER 1

Reducing Income Transfers to Refugee
Immigrants; Does Starthelp Help You Start?
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Reducing Income Transfers to Refugee Immigrants; Does

Start-Help Help You Start?�

Michael Rosholmy Rune Vejlinz

August 31, 2009

Abstract

We estimate the e¤ect of lowering income transfers to refugee immigrants in Denmark -

labeled start-help - using a competing risk framework. Refugee immigrants obtaining resi-

dence permit before July 2002 received larger income transfers than those who obtained their

residence permit later. Exploiting this �quasi-natural� experiment, we �nd that the lower

income transfer has a positive e¤ect on the job-�nding rate after two years in Denmark. We

also �nd that the exit rate from the labour force is positively a¤ected by start-help during the

early phases of the integration process. Finally, we �nd that those with the poorest labour

market prospects are the least responsive to the improvement in economic incentives.
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1 Introduction

We estimate the causal e¤ect of lowering public income transfers on the job-�nding rate and on

the exit rate from the labour force for newly arrived refugee immigrants in Denmark. The source

of exogenous variation which we exploit to identify this causal e¤ect comes under the heading

of a �quasi-natural experiment�: on July 1st, 2002, public income transfers to refugee immigrants

obtaining a residence permit after this date were reduced by approximately 35%, i.e. from e1236

per month to e796 per month.1 This lower transfer level was labeled �start-help�and it replaced

ordinary social assistance. Those who obtained a residence permit before July 1st, 2002, would

still be eligible for the higher social assistance, also after that date.

The motivation for the study is that relatively little is known about the impact of economic

incentives among individuals whom we would perceive to have a relatively low degree of �em-

ployability�, at least at their time of arrival in the destination country. Their perceived lack of

employability is the reason why many West European countries in recent years have formulated

explicit integration acts in order to assist newly arrived immigrants in general, and refugee im-

migrants in particular, in gaining a foothold in the destination country labour market. This lack

of employability implies that an integration process, which is supported by integration policies

implied by the integration acts, is initiated at the time of arrival in the new country. The impor-

tant question, however, is whether economic incentives play a role during the very early phases of

assimilation, when refugee immigrants may not have the tools necessary to react to the improved

economic incentives. The answer to this question is of importance for the design of such integration

policies.

The study thus contributes to the sparse literature on the impacts of integration policies for

refugee immigrants on labour market assimilation rates, as well as to the extensive literature on

incentive e¤ects of public income transfers by estimating incentive e¤ects for a group of individuals

with relatively poor labour market prospects, at least at the outset.

Edin et al. (2004) investigate an integration policy according to which newly arrived refugee

immigrants are dispersed across all of Sweden (the �Whole of Sweden�dispersal strategy, which

was in place until 1994). They �nd that refugees dispersed according to this strategy experienced

long-run losses - in terms of earnings, idleness and welfare receipt - due to the dispersal policy.

1These numbers refer to the transfers per month in 2008 to a single person aged above 25 with no children, and
they are pre-tax transfers.
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Edin et al. (2003) examine the same policy and �nd that refugees that locate in ethnic enclaves

experience better labour market outcomes than they would otherwise have had. Since the disper-

sal policy reduces the amount of self-selection into enclaves, the implication is that it slows down

the integration process. Clausen et al. (2009) look at Danish integration policies in the form of

mandatory active labour market programmes and language training courses for refugee immigrants

arriving in Denmark in 2000-2002. They �nd essentially no e¤ects from programme participation

on the speed with which refugee immigrants �nd employment, but they �nd that participation in

language training courses has a substantial positive impact on the job-�nding rate. Hämäläinen &

Sarvimäki (2008) investigate a Finnish integration policy consisting of individualized integration

plans for immigrants. The policy involves active labour market programmes combined with sanc-

tions in the case of non-compliance. They �nd that the policy led to a remarkable improvement

in the labour market outcomes of immigrants and a reduction of their welfare dependence.

According to search theory, a reduction in public income transfers leads to lower reservation

wages and/or higher job search intensity, and therefore it shortens the time individuals spend

searching for jobs, see e.g. Mortensen (1977). This fairly clear-cut theoretical prediction has

been veri�ed in many empirical studies on American as well as European data, see e.g. Bover et

al. (2002), Abbring et al. (2005), Carling et al. (2001), Van Ours & Vodopivec (2004, 2006),

Lalive & Zweimüller (2004), but it has occasionally been disputed, see e.g. Bennmarker et al.

(2005). Obviously, lowering social welfare transfers implies that all alternatives to job search

(unemployment) become relatively more attractive, including employment but also (various forms

of) non-participation. Hence, we may observe e¤ects on transition rates in more than one direction.

Atkinson & Micklewright (1991) note the importance of distinguishing between exits to di¤erent

labour market states when analyzing the e¤ect of changing economic incentives. Rosholm &

Toomet (2005) show in a theoretical model that lower public income assistance leads to increased

exits to both employment and non-participation. In an empirical analysis on Norwegian data,

Røed & Zhang (2005) �nd a positive e¤ect of lower unemployment income on job-�nding rates,

but they also �nd a large positive e¤ect on labour market exit rates.

From a theoretical perspective, it is also obvious that even if refugee immigrants react by

searching more and/or lowering their reservation wages, a necessary condition for a causal e¤ect

di¤erent from zero is that there are employers who want to employ them, that is, that they
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have a productivity large enough to command the e¤ective minimum wage (which is quite high

in Denmark). Individuals with relatively poor labour market prospects may already have low

reservation wages and a very high o¤er acceptance probability, implying that their low job-�nding

rates could be caused by a lack of demand, in part caused by the high minimum wages. The

implication of this discussion is that the e¤ect of lower public income assistance transfers cannot

just be inferred from theory but must be backed by empirical evidence.

The data we use come from administrative registers and contain information on all refugee

immigrants obtaining a residence permit in Denmark, but we will mostly limit ourselves to analyses

based only on those refugee immigrants who obtained their residence permit in 2002. The data

set combines information from several administrative registers and can thus be considered highly

reliable. The dependent variables are the time to exit from public income assistance (start-help or

social assistance). We de�ne two distinct destination states; �employment�and �non-participation�,

where �non-participation�includes individuals receiving disability and early retirement pensions,

e.g. permanent income transfers, and individuals who do not receive any income transfers (but do

not work in the registered labour market either).

Methodologically, we exploit the quasi-experimental nature of the �start-help�reform to identify

and estimate a �dynamic treatment e¤ect�. In order to take into account that the composition of

refugee immigrants may di¤er between the two halves of 2002, we employ a regression discontinuity

design, implying identi�cation of the treatment e¤ect through an assumption on the absence of

unobserved di¤erences between individuals in the treatment group and the control group. We

estimate parametric competing risk duration models. We provide a detailed discussion of the

identifying strategy underlying the econometric model, including a discussion of the importance of

taking calendar time e¤ects into account and of the dynamic selection problem. The plausibility of

the identifying assumption is investigated by estimating a treatment e¤ect for individuals arriving

in the second half of each of the years 1999-2001 and 2003, in which no reforms were implemented.

The presence of volatile calendar time e¤ects - as those identi�ed in our data - implies that it is

sometimes important to have access to panel data or duration data when exploiting quasi-natural

experiments in a regression discontinuity setting. The dynamic selection problem implies that -

even though the treatment and control groups can be assumed identical with respect to unobserved

characteristics at the time of immigration to Denmark - the treatment itself may a¤ect the exit rate
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to e.g. employment, suggesting that there may be unobserved di¤erences between those remaining

on public income assistance in the treatment and control groups at durations larger than zero.

We �nd that there is a positive multiplicative e¤ect on the exit rate to employment, but it is

only signi�cant in the interval 6-12 months after arrival and again after two years in Denmark. The

absolute size of the e¤ect on the job-�nding rate is fairly low during the �rst two years in Denmark.

Moreover, the e¤ect on the exit rate to �non-participation�is signi�cantly positive during the �rst

eight months spent in Denmark.

The remainder of the paper is organized as follows; the next section brie�y reviews the main

institutional settings regarding refugee immigration to Denmark. Section 3 describes the data

set used, section 4 presents the identi�cation problem and strategy as well as the econometric

methodology. Section 5 presents our results. A placebo analysis and some robustness checks are

performed in section 6, and section 7 contains a conclusion and some policy discussion.

2 Institutional settings

There are two categories of asylum seekers in Denmark. The �rst category are so-called spontaneous

asylum seekers, who come to Denmark on their own initiative to apply for asylum. Individuals

without a residence permit can apply for asylum by contacting the Danish authorities upon arrival

to Denmark. The Danish Immigration Service then investigates whether there is a basis for granting

asylum. This process may take a long time, and during the process the asylum seeker stays at

an asylum centre. If the Danish Immigration Service decides not to grant asylum, the asylum

seeker has some possibilities of appealing, but if the ruling stands, the asylum seeker has to leave

Denmark. If the Danish Immigration Service grants asylum, the refugee obtains a residence permit.

Asylum can be granted to spontaneous asylum seekers for di¤erent reasons. There are three main

categories. The �rst category is based on the United Nations 1951 Refugee Convention. The

second category is based on criteria broader than those in the Refugee Convention. Refugees in

this category are called De Facto refugees.2 The third category is residual, and it mainly consists

of refugees who are given residence permits for �humanitarian reasons�.

2The De Facto rules were tightened dramatically on July 1st, 2002, but the rules were changed such that they
took e¤ect based on the date of the asylum application, whereas the rules of start-help took e¤ect based on the
date of the residence permit. Very few individuals in our study have been granted asylum based on the new rules,
so we do not regard this as a problem.
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The second category of asylum seekers are the so-called Quota refugees or UN refugees. Since

1978 the Danish government has committed itself to give asylum to a certain number of refugees

each year - primarily from the UN refugee camps around the world. The refugees who get the o¤er

of re-settlement in Denmark are selected on travels to selected refugee camps made by employees

at the Danish Immigration Service each year.3 Usually, the Immigration Service makes two to four

such travels each year. The refugees who are o¤ered re-settlement arrive in Denmark within the

following one to six months.

Upon obtaining their residence permits the refugees are dispersed to the municipalities by the

Danish Immigration Service, which tries to reach a fairly even geographical dispersion of refugees,

although individual conditions to some extent are taken into account.4 The municipalities have

an obligation to o¤er an Introduction Program which should last no more than 3 years. The

Introduction Program consists of Danish language courses and labour market related training

activities, i.e. upgrading of skills, vocational training, temporary jobs in the public sector etc.

The Danish language courses have three levels. Level 1 is for refugees with no reading or

writing skills in their mother tongue. Level 2 is for refugees with short schooling levels from their

home country. Level 3 is for refugees with middle or higher levels of schooling. The total lan-

guage course load corresponds to 1.2 years of full-time education and may be taken as full-time or

part-time courses, enabling the participants to work or attend active labour market programmes

simultaneously. About 70% of the eligible population of refugee immigrants participate in language

training courses. Labour market programmes consist of subsidized employment programmes in the

private and public sectors, on-the-job training programmes, intensive counseling programmes, and

of various sorts of education and classroom training programmes. 36% of the refugee immigrants

participate in at least one such programme under the Danish Integration Policy. It is common

to start out with some language training and then proceed to other labour market programmes,

either upon completion of the language course or along with it during the latter stages of lan-

guage training. Hence, during their �rst years of stay in Denmark, a lot of time is taken up by

participation in language training and active labour market programme participation. For further

information, see Clausen et al. (2009). The introduction program did not change during the time

period considered in this study (2002-2004).

3http://www.nyidanmark.dk/en-us/coming_to_dk/asylum/quota_refugees.htm
4http://www.nyidanmark.dk/da-dk/Integration/integration_af_nyankomne/boligplacering_af_�ygtninge.htm
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Refugees who obtained their residence permit before July 1st, 2002, are entitled to ordinary

�social assistance�until they �nd employment or become otherwise self-supported, conditional on

participation in the activities under the Introduction Program, while those who obtained a resi-

dence permit after this date are entitled to the lower �start-help�under the exact same conditions.

The start-help is approximately 35% lower than ordinary social assistance. To the best of our

knowledge there were no other reforms taking place on July 1st, 2002.

3 The data

We use two panel data sets. The �rst data set contains all immigrants in Denmark and is an

administrative register-based data set with annual information from 1984 to 2004. This data set

contains information on di¤erent demographic and individual characteristics such as gender, age,

number of children, date of latest immigration, country of origin, family status, public transfer

income receipt etc. The second data set is also based on administrative registers, and it contains

monthly information from January 1984 to December 2004 on whether the individual observed

is employed, receives public income transfers, or is outside the labour market. If public income

transfers are received, the type of transfer is registered. The administrative registers used for

the generation of this event history are registers on mandatory pension payments made by em-

ployers (ATP-CON), on registered public income transfer payments made to individuals and the

types of payments (SHS), on registered unemployment (CRAM) and on programme participation

(AMFORA). This implies quite a few cross-validation possibilities, and the data are therefore

considered very reliable.

From the combined panel data set, we select all refugee immigrants who were granted asylum

in 2002. We also include those immigrants who were granted a residence permit (in 2002) because

they were family-reuni�ed with a refugee immigrant who arrived in 2002. This data set contains

2,675 refugee immigrants.5 We remove those who have an earlier registered immigration date, i.e.

we remove those who have been in Denmark before on a permanent residence permit, since we

are not interested in the e¤ect of start-help on individuals who already have an association with

Denmark and possibly the Danish labour market. This leaves us with 2,619 refugee immigrants.

Since we are interested in those eligible for start-help and ordinary social assistance, we select only

5Those who are family-reuni�ed to refugee immigrants are also eligible for start-help.
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those aged between 18 and 65. This is 1,807 individuals. Couples where one spouse arrive before

July 1st and one spouse after are also excluded from the analysis, because the eligibility is more

complex for these couples. This e¤ectively rules out that individuals in the treatment group can

be married to individuals who arrived before July 1st and that individuals in the control group

can be married to individuals arriving after July 1st 2002. This leaves us with a sample of 1,669

individuals. To avoid sorting issues, we �nally exclude those in the control group who are married

to an individual who has a residence permit granted before 2002. The �nal sample consists of

1,637 individuals of whom 850 were granted asylum in the �rst six months of 2002 and 787 in the

last six months of 2002. For each individual, we have a monthly event history �le from the month

of immigration until the end of 2004.

When an immigrant receives the residence permit, the individual is o¤ered start-help or ordinary

social assistance depending on whether he or she arrive after or before July 1st, so �receipt of

temporary public income assistance� is in principle always the initial state occupied by refugee

immigrants. However, there are a few individuals who never receive any assistance. Since this is

an endogenous event, these individuals are assigned an exit in the �rst month, that is, a duration in

the initial state of public income assistance, which is shorter than one month. We then de�ne an exit

from the initial state if we do not observe any income transfer payments for two successive months.6

Exit from the initial state can occur into two competing states, the �rst called �employment�, and

the second residual state called �non-participation�.

An exit to the employment state is de�ned to have taken place if the individual under obser-

vation is employed as either regular employee, self-employed or assisting spouse in two successive

months immediately after leaving the public income transfer system or if she/he receives educa-

tional subsidies for two successive months.7 If the immigrant has a de�ned exit from the initial

state and it is not into employment, then we de�ne this as an exit into non-participation. The state

non-participation consists of some individuals receiving other income transfers than start-help or

social assistance (such as pension bene�ts, early retirement bene�ts etc.),8 some receiving no in-

come transfers but not working either (at least not earning any registered income), and presumably

6We have performed the analyses with both 1 and 3 months and it makes very little di¤erence.
7Around 1 % exits to education and we have chosen to include these with the employment state, since starting

an education is considered a positive outcome.
81-2 % of the spells ended in exit from start-help to rehabilitation, early retirement, disability payment and the

like (See Table 1).
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some who have left the country temporarily or permanently without informing the authorities.9

There is a problem with registered emigration of refugees. We observe a total of 72 refugees

who emigrate again, but the emigration is clustered: we observe 43 emigrations in January 2003

and 20 in January 2004. In January 2003, 22 of the 43 are from the treatment group and in

January 2004 13 of the 21 are from the treatment group. So this problem seems to be present for

both the treatment and the control group. These observations are all treated as right-censored in

the analysis below.10

Figure 1 shows how the residence permits granted to the population described above are dis-

tributed over time within 2002 as well as within the years 1999-2001 and 2003. There is a small

decline in the number of permits from June to July-August, which probably re�ects the summer

holidays, since there is an apparent catching-up e¤ect during the remainder of the year. This

pattern is also present for most of the other years, the exception being 2001. Based on interviews

with caseworkers, we do not expect this to lead to a selection problem.

Figure 1: Granted residence permits by month 1999-2003
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Table 1 contains descriptive statistics for the treatment and control group.11 The group that

immigrated during the �rst six months of 2002 - the controls - seems to be �nding employment at

9When refugees emigrate from Denmark, they should ideally inform the authorities. However, we suspect that
it does not always happen, and hence we cannot be certain that exits to non-participation do not consist of at least
some emigrants.
10For a more detailed account of the construction of event histories and corrections made, please consult Rosholm

& Vejlin (2007).
11The control group characteristics are measured in June 2004 and the treatment group in December 2004, in

order to allow for them to have spent approximately the same amount of time in Denmark.
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Table 1: Descriptive statistics
Immigrated between Immigrated between

1/1-2002 and 31/6-2002 1/7-2002 and 31/12-2002
Control group Treatment group

Final population 850 787

Exits to Employment 0.21 0.28
Exits to Non-participation 0.09 0.11
- of which were other public income transfers 0.02 0.01

Demographic characteristics
- Female 0.36 0.37
- Has children 0.38 0.38
- Married 0.34 0.33
- Age 18-29 0.36 0.40
- Age 30-39 0.38 0.39
- Age 40-49 0.16 0.16
- Age above 50 0.09 0.05
- Mean local unemployment rate 5.84 6.01
- Spouse on transfers 33.62 31.29
Reason for asylum
- Quata system 0.04 0.24
- Convention refugee 0.15 0.22
- De Facto refugee 0.61 0.40
- Family-reuni�ed 0.02 0.00
- Other 0.18 0.14
Country of origin
- Somalia 0.12 0.18
- Afghanistan 0.09 0.07
- Iraq 0.34 0.23
- Iran 0.03 0.17
- Bosnia/Herzegovina 0.09 0.08
- Former Yugoslavia 0.11 0.05
Region of residence
- Zealand 0.40 0.37
- Funen 0.09 0.11
- Jutland 0.51 0.52
Starting schooling level
- School 1 0.21 0.15
- School 2 0.39 0.41
- School 3 0.26 0.27
- Never attended school 0.14 0.17
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a lower rate than those immigrating in the last six months - the treatments. The treatment group

also appears to have had more exits into non-participation. Hence, this is a �rst indication that

the introduction of start-help may have had an impact on the transition patterns of the a¤ected

individuals.

Secondly, it is immediately obvious that a pure experimental strategy of comparing e.g. average

employment rates between the two groups is not appropriate: there are signi�cant di¤erences in

their observed characteristics. The treatments are slightly younger than the controls and more of

them are women. Moreover, the treatment group consists of more Iranians and Somalians than the

controls, which on the other hand includes a larger group of refugees from Iraq. There are more

Quota and Convention refugees in the treatment group.12 The schooling levels in Table 1 are the

starting levels in the language courses of the Introduction Program. The control group has a larger

group of illiterates (School 1), while the treatment group has a larger group of individuals who never

attend language training. The region of residence refers to the initial location of the refugees. The

conclusion is that the two groups to some extent di¤er on the observables. To illustrate that this

problem is not solved by using a more narrow window around the policy change, we have included

descriptive statistics for a four-month window, i.e. the population arriving between May 1st and

August 31th, in Appendix A. In this case, the di¤erences between the control and treatment groups

are even larger and the population is very small, which is not desirable given our identi�cation

strategy, to which we now turn.

4 Identi�cation and the econometric model

4.1 Identi�cation

Somewhat unconventionally, we shall discuss identi�cation before presenting the econometric

model. The identi�cation issue is illustrated in the Lexis diagram of Figure 2.

The horizontal axis depicts calendar time, with the vertical solid line denoting July 1st, 2002,

and the vertical dashed line denoting the end of the observation period, December 31st, 2004.

Our outcome of interest is the exit rate from temporary public income receipt and the subsequent

destination. The time spent on public income assistance is depicted on the y-axis.

12The type Other primarily refers to refugees who do not fall under the Convention status but are given asylum
based on broader rules.
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Figure 2: Lexis Diagram

July 2002 Calendar time

Social
assistance

Start help

Duration

The red lines in the diagram re�ect the trajectories (in the duration-calendar time plane)

followed by individuals who arrived in di¤erent months in the �rst half of 2002, that is, the control

group, while the green lines re�ect the trajectories followed by those arriving in each of the 6

months in the second half of 2002, that is, our treatment group. The trajectory of the cohort

arriving in April 2002 is marked with dots.

Note that each monthly cohort travels a unique path in this Lexis diagram, implying that

for each cohort we observe a unique sequence of combinations of duration and calendar time.

Moreover, it is obvious from the Lexis diagram that the chosen empirical strategy would have to

take into account that there are three di¤erent - but interrelated - sets of parameters involved:

1. a treatment e¤ect (due to the lowering of the public income transfer) a¤ecting everyone

arriving after July 1st, 2002, that is, a¤ecting all the green trajectories in Figure 2,

2. a duration e¤ect (due to e.g. assimilation) a¤ecting everyone with a certain elapsed time

spent in Denmark, as illustrated by e.g. the horizontal dashed line in Figure 2, and

3. a calendar time e¤ect (due to e.g. business cycles, seasonal e¤ects, improved integration
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processes at the national level), as illustrated by e.g. the vertical dashed line in Figure 2.

In order to separately identify the treatment e¤ect, the two other e¤ects would have to be

either separately identi�ed or eliminated.

One strategy, arguably the most obvious one, would be to pursue a strict regression disconti-

nuity approach, that is, to select those arriving during a very narrow observation window on each

side of the reform date (say, a week or at most a month), and then make the argument that these

are so close in calendar time as well as elapsed duration of time in Denmark that these e¤ects can

be ignored. This would provide us with non-parametric identi�cation of the parameter of interest.

The problems with this approach are that we have relatively few refugees arriving each month and

that there are therefore fairly large di¤erences in the observed characteristics of those who arrive

in di¤erent months, so such a strategy seems infeasible since there are not enough individuals to

pursue e.g. a matching strategy.

Instead, one might then consider a broader observation window, say, six months on each side

of the rule change, and then adopt a parametric model to account for observed heterogeneity,

elapsed duration and calendar time e¤ects. As we shall reveal below, the presence of large and

discontinuous calendar time e¤ects may lead to biased estimates of the treatment e¤ect if they are

not accounted for, and this is only possible with detailed data on the entire assimilation process.

The problem with large and discontinuous calendar time e¤ects can be seen by taking a look at

the vertical dashed line denoting June 2003 in Figure 2: A large positive calendar time e¤ect in

this speci�c month would a¤ect the treatment group at a much earlier stage of their assimilation

process than the control group, as they on average have arrived 6 months later than the control

group. Hence, if the calender time e¤ect is increasing over time (due to e.g. improved structural

integration processes at the national level), neglecting these would lead to an upward bias in the

estimated treatment parameters.13

However, with access to detailed data on the assimilation process, the two dashed lines crossing

at the point (June 2003, duration 12 months) in Figure 2 demonstrate that at a given point in

(calendar) time, the individuals arriving during 2002 are observed at 12 di¤erent values of time

spent in Denmark, and at a given duration there are 12 di¤erent calendar times represented. The

implication is that, if there is a common calendar time e¤ect (having the same e¤ect at all elapsed

13In an earlier working paper, Rosholm & Vejlin (2007), we show that the treatment e¤ects are indeed much
larger when calendar time e¤ects are ignored.
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durations) and a common duration e¤ect (having the same e¤ect at all calendar times), then

these can be separately identi�ed. The treatment e¤ect is identi�ed given an assumption that,

conditional on a broad set of observed variables, there are no unobserved di¤erences between the

treatment and the control groups at the time of immigration to Denmark. We shall try to justify

this assumption by looking at earlier and later arrival years and making the same split into a

(synthetic) treatment group and a control group as we do for those arriving in the �rst and second

half of 2002.

An additional implication of the presence of large and discontinuous calendar time e¤ects is

that a di¤erence-in-di¤erence approach relying on a cohort of refugee immigrants arriving e.g.

one or two years earlier is also unjusti�ed. Using a sample of e.g. native Danes with low labour

market attachment would not di¤erence out anything of value, just increase the imprecision of the

estimator, since some of the calendar time e¤ects, such as improved integration processes, would

be speci�c to refugee immigrants.

4.2 The econometric model

In this section, we specify the econometric model used to investigate how receipt of start-help

a¤ects transitions in the labour market. We assume that the refugee immigrants, when receiving

their residence permits, start as �recipients of temporary public income assistance�and therefore

they receive an income transfer, which is either start-help (the treatment group) or ordinary social

assistance (the control group).

There are two exit states for refugee immigrants receiving one of these income transfers, which is

employment, j, and non-participation, o. Let Tu be a random variable which denotes the observed

duration from the date of asylum until exit from the initial state of public income assistance

receipt. We specify a competing risks model where the transition rates are assumed to be mixed

proportional hazards, that is,

�i (tjxit; � ; d; �i) = �i (t) � !i(� t) � exp(x
0

it� + dt + �i) (1)

where i = j; o, �i (t) is the baseline hazard, !i(� t) is the calendar time e¤ect (� t denotes calendar

time at duration t, � t = � 0+ t , where � 0 is the immigration date), xit are potentially time-varying

observed characteristics, d is a dummy for treatment and �i is a scalar unobserved component. The
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parameter t can be interpreted as a dynamic treatment e¤ect (DTEt), where the term dynamic

comes from the fact that the treatment e¤ect depends on time spent in Denmark. We assign those

individuals who do not receive income transfers to have an exit in the �rst month. Conditioning

on receipt of public income transfers would lead to sample selection problems, as discussed in the

introduction. As mentioned in the section on identi�cation, calendar time e¤ects are identi�ed

from their variation across individuals with di¤erent immigration dates (and hence observed at

the same calendar times with di¤erent elapsed durations). The treatment e¤ect is identi�ed given

an assumption that, conditional on unobserved characteristics, there are no unobserved di¤erences

between treatment and control groups at the time of immigration into Denmark. Dynamic selec-

tion among the survivors on public income transfers implies that this may not hold at durations

above zero. Dynamic selection implies that it is important that the duration model corrects for

observed as well as for unobserved heterogeneity in order to estimate the dynamic treatment e¤ects

consistently.

There are two important concerns with our identi�cation strategy. First, we have made a

functional form assumption implying that the e¤ect of being in a certain calendar month is the

same for individuals in both the treatment and the control groups. This implies that individuals

in the two groups are exposed to the same shocks. Note that a dependence of calendar time

e¤ects on elapsed duration is identi�ed non-parametrically, it is the presence of the treatment

parameter that complicates matters. However, since we have plenty of variation in arrival times -

individuals may arrive in one of 12 months during 2002 - there is su¢ cient variation in the data

to identify calendar time e¤ects, baseline hazards, and treatment e¤ects, given assumptions of

mixed proportional hazards and on the absence of unobserved di¤erences between treatments and

controls at the time of arrival. In section 6, we investigate the robustness of our results with respect

to the functional form assumption by estimating treatment e¤ects under di¤erent functional form

assumptions.

The second concern is the assumption regarding the absence of unobserved di¤erences between

treatments and controls at the time of arrival. However, note that this assumption is conditional on

observed characteristics, that is, the assumption implies that e.g. an Iraqi male convention refugee

in the treatment group, aged 40, married with children, with 9 years of schooling, has unobserved

characteristics drawn from the same distribution as a similar man in the control group. Therefore,
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in the empirical model we include as many controls as we have been able to collect. Moreover, we

argue that - due to the fact that the rule change was not anticipated by the refugee immigrants

when applying for asylum - there are no systematic di¤erences in unobserved characteristics due to

self-selection with respect to arrival times. However, other institutional settings, such as e.g. the

�best�quota refugees being picked during the �rst six months of the year, could imply a di¤erence in

unobserved characteristics which would lead to biased estimates. Under the assumption that these

institutional settings do not change from year to year, we check this by estimating a �treatment

e¤ect�for individuals arriving in the �rst half of each of the years 1999-2001 and 2003. This is

discussed further in section 6.

4.3 Parametrization

We would like to make the parametrization as �exible as possible. We specify the baseline hazard

as

�i (t) = exp

" X
m=1;2;:::

�imIm(t)

#
i = j; o

where m is a subscript for time intervals and Im(t) is a time-varying dummy that takes the value 1

if t 2 m. !i(� t): The dynamic treatment e¤ects and calendar time e¤ects are also speci�ed as piece-

wise constant. The selection of intervals is made using a general-to-speci�c model selection strategy

described in section 5.1. Following Heckman & Singer (1984), we specify the mixture distribution

as a discrete distribution with two points of support for each of the marginal distributions of the

unobserved variables.

5 Results

Figure 3 plots the Kaplan-Meier hazard rates for the transition into employment for the treatment

group and the control group.It is indeed seen, as was also suggested by the numbers in Table 1,

that the exit rate to employment is generally highest for those in the treatment group. Note that

the transition rate is de�ned on a shorter interval for the treatment group than for the control

group, since individuals are only followed until the end of 2004. Figure 4 shows the Kaplan-Meier

transition rates into non-participation.
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Figure 3: Kaplan-Meier transition rates into employment
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Figure 4: Kaplan-Meier transition rates into non-participation
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Figure 5: Transition rates into employment by calendar time
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Here the general pattern is also that the transition rate is a bit higher for those receiving

start-help.

The motivation for thinking that calendar time e¤ects may be important is best explained by

looking at Figure 5. The �gure displays exit rates from temporary public income assistance to

employment, but they are organized by calendar time rather than duration. That is, the transition

rate into employment in month 12 is the number of individuals �nding employment in December

2002 divided by the population at risk, i.e. those who received temporary public income assistance

in November 2002.

The graph suggests the presence of strong calendar time e¤ects in the sense that the exit rate

into employment is high in 2003 and higher in 2004, especially in January 2003 and 2004. This

pattern is present for the treatment as well as the control group, hence, it is not likely to be

a treatment e¤ect. If it were, then we would expect a gradual increase in the hazard for the

treatment group, not a jump simultaneously to a jump in the hazard rate for the control group. In

general, the co-movements between the two curves are much larger when depicted on a calendar

time scale than they were in Figure 3, where the data was organized by elapsed time in Denmark.

We show in an earlier version of the paper (Rosholm & Vejlin, 2007) that ignoring the presence of

calendar time e¤ects leads to upward biased estimates of the e¤ect of start-help; individuals in the

treatment group receive their residence permit and thus commence their spells of public income

transfer in the last six months of 2002, so they will on average be �hit�by the �January 2003�and

�January 2004�calendar time e¤ect at an earlier stage in their duration process than the controls,
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Figure 6: Transition rates into non-participation by calendar time
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and this materializes as a large treatment e¤ect unless accounted for in the estimation. Figure 6

shows the similar data transformation for transitions into non-participation.

The evidence for calendar time e¤ects is not nearly as obvious here as in the case of transi-

tions into employment. However, as mentioned above, it is necessary to condition on observed

characteristics, so we now turn to the results from the duration model.

5.1 Estimation results

In the estimations conducted below, we were unable to detect any unobserved heterogeneity in the

hazard rate into employment. There could be several explanations for this. We have relatively

few observations and many parameters, and we only have single-spell data, so perhaps there

is not enough actual variation in the explanatory variables to identify the mixture parameters.

Another problem could be that we do not have truly continuous explanatory variables, on which

the identi�cation argument hinges, see e.g. Abbring & van den Berg (2003). Since the unobserved

heterogeneity is identi�ed by the multiplicativity implicit in the functional form assumption, it

could also be the case that this is not ful�lled. The last possibility is that there is no unobserved

heterogeneity. This seems unlikely since it would imply that we have taken into account all variables

that are determining the exit process into employment.

For the hazard rate into non-participation, we are able to identify two di¤erent types. The

�rst type has a zero exit rate into non-participation. This group consists of 32% of the refugee

immigrants. We have tried to increase the number of mass points for both exit states without
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any success. We have also tried to estimate a model that allows for dependence between the

unobservables in the two exit rates, but we could not detect any unobserved heterogeneity in the

hazard rate into employment.

Tables 2 and 3 report the results from the estimation of various speci�cations of the model for

exit into employment and non-participation. Our strategy in choosing baseline intervals, calendar

time intervals, and intervals for time-varying treatment e¤ects in the most �exible reported model

(model 2 in Tables 2 and 3) is general-to-speci�c using LR-tests. Hence, in obtaining model 2

we start with a completely �exible speci�cation of the baseline hazard, monthly calendar time

e¤ects, and monthly time-varying treatment e¤ects. Model 1 is obtained in the same way, but

with a time-invariant treatment e¤ect. The results from the completely �exible model are shown

graphically in the �gures in Appendix B. They are very similar to the results found in model 2,

except that most of the treatment e¤ects are not statistically signi�cant due to the large number

of parameters.

Table 2 contains results for the transition rate into employment. The coe¢ cients on the individ-

ual characteristics (see Appendix C, Table 9) reveal that many of these variables are statistically

signi�cant in explaining the transition into employment. Quota refugees have a lower transition

rate than convention refugees, who constitute the reference group. Age has a strong negative in-

�uence on transitions into employment, especially for individuals aged 50, for whom the transition

rate is essentially zero. Women have lower transition rates into employment than men, especially

if they have children. Individuals whose spouses also receive either ordinary social assistance or

start-help have much lower transition rates into employment than those whose spouses do not

receive any income transfer of this type.14 Individuals from Somalia have much lower job-�nding

rates than other groups of refugees, while individuals from Bosnia-Herzegovina �nd employment

at a somewhat faster rate than the remaining groups. The higher the schooling level (as measured

by the starting level at which an individual entered language training), the higher is the transition

rate into employment.

The baseline hazard shows a tendency to increase with time spent in Denmark, presumably

re�ecting an assimilation process. Regarding the calendar time e¤ects, the general pattern is that

from July 2002 onward, calendar time e¤ects tend to show an increasing pattern, albeit with some

14We tried interactions with the treatment indicator in order to see if spouses on start help had a di¤erent impact
than spouses on social assistance, but the interaction was close to zero and insigni�cant.
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Table 2: Estimation results for transition into employment
Model 1 Model 2

Est. Std. Err. Est. Std. Err
Treatment e¤ects
DTE 0.344* 0.115

DTE Month 1-5 -0.072 0.334
DTE Month 6-12 0.769* 0.201
DTE Month 13-24 0.213 0.133
DTE Month 25+ 0.877* 0.276

Baseline
Month 1 -0.698 0.534 -0.453 0.620
Month 2 -2.232* 0.619 -2.021* 0.665
Month 3-4 -1.623* 0.525 -1.443* 0.560
Month 5-11 -1.727* 0.443 -1.956* 0.448
Month 12+ -1.426* 0.420 -1.372* 0.422

Calendar time
Jan. 2002 -0.555 0.629 -0.799 0.715
Feb. 2002 - May 2002 -1.289* 0.402 -1.498* 0.487
June 2002 -2.387* 0.757 -2.512* 0.790
July 2002 - Oct. 2002 -0.978* 0.299 -0.841* 0.318
Nov. 2002 - Feb. 2003 -1.615* 0.321 -1.437* 0.322
Mar. 2003 - Mar. 2004 -0.494* 0.134 -0.569* 0.141
Apr. 2004 - Aug. 2004 (base)
Sept. 2004 - Oct. 2004 -0.146 0.206 -0.296 0.219
Nov. 2004 -0.781** 0.367 -1.080* 0.373

Jan. 2003 1.708* 0.289 1.686* 0.293
Jan. 2004 0.870* 0.187 0.967* 0.189
Dec. 2003 -1.182** 0.459 -1.087** 0.462

Covariates
Included Yes Yes

Number of obs. 1637 1637
LogLikelihood -2287.47 -2280.88
Note: *** denotes signi�cance at the 10 per cent level.
Note: ** denotes signi�cance at the 5 per cent level.
Note: * denotes signi�cance at the 1 per cent level.
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�uctuation, and with an element of seasonality in the sense of e.g. a large positive �January�e¤ect

in both 2003 and 2004. It remains to discuss the nature of this calendar time e¤ect. It may consist

of a number of components. First of all, there is obviously a seasonal component as re�ected in

e.g. the positive �January e¤ects�. Moreover, there is a general trend towards better conditions

in the labour market for immigrants, in the sense of increasing participation and employment

rates at the aggregate level, which may also work favourably for newly arrived refugee immigrants.

For example, according to Statistics Denmark, the participation rate of the stock of non-western

immigrants to Denmark increased from 48.2% in 1997 to 56.3% in 2006. Their employment rate

rose even more; from 34.7% to 49.1%. In comparison, the employment rate of the native population

only grew from 75% to 77% during the same period. The late 1990s and early 2000s were a period

of high demand and falling unemployment, despite a minor economic downturn in 2003-2004.

The high demand was supported by a tightening of labour market policies resulting in a drop in

actual unemployment from 12.5% in late 1993 to 1.6% in late 2008.In the same period, structural

unemployment has fallen from an estimated 9% to 3.5%. Hence, during this period, the focus of

policy makers was very much on increasing labour supply, and here immigrants were perceived

as a largely under-exploited reservoir of labour. The general improvements in the labour market

attachment of immigrants may have had spillover e¤ects on newly arrived refugee immigrants in

the sense of e.g. network e¤ects, changing attitudes among natives to immigrants in the workplace

etc.

In addition, two factors may play important roles; �rst, there was a large drop in the in�ow of

immigrants (refugees and others) starting in 2002. As the administrative burden on case workers

is gradually eased, this may lead to more and better help in �nding employment and to less

congestion and queuing. Moreover, the gradual tightening of labour market policies discussed

above were also found for integration policies, which have been tightened since 1999, where the

Introduction Program was introduced, and this has probably also played a role in improving the

employment prospects for refugee immigrants, see the discussion in section 2 and Clausen et al.

(2009).

The positive and signi�cant treatment e¤ect in model 4 is comprised of somewhat di¤erent

monthly treatment e¤ects. The DTEt is signi�cantly positive for months 6-12 and then again

after two years, but in months 1-5 and 13-24, it is not signi�cantly di¤erent from zero. A cautious
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interpretation of these results could be that when refugee immigrants �rst obtain their residence

permits in Denmark, they have relatively few quali�cations of use in the Danish labour market,

hence they receive few job o¤ers - some of them are, in a sense, temporarily unavailable for work.

As they follow the Introduction Program, they gradually acquire skills and knowledge essential

to conducting search and receiving job o¤ers. When this happens, the lower reservation wage for

those on start-help starts to a¤ect their exit rate to employment. This interpretation is consistent

with the increase in the DTEt from 25 months onwards, but the positive e¤ects in months 6-12 are

di¢ cult to reconcile with this line of argument. There could be some fast learners - those with the

best skills - who learn the language fast and adapt quickly, and we shall return to this issue again

when discussing heterogenous treatment e¤ects in the next subsection. However, it is important

to notice that these e¤ects act multiplicatively on the hazard rate, and since both the baseline

and calendar time e¤ects are increasing over time, the implication is that the absolute size of the

DTEt is much larger after 25 months than in the 6-12 month interval. In the robustness checks

in section 6, we present a linear probability model of monthly transition rates, where the smaller

absolute importance of the treatment e¤ect in months 6-12 is more easily observed (the middle

left panel in Figure 9).

Table 3 contains similar estimates for the transition into non-participation. Regarding the

individual characteristics (see Appendix C, Table 9), we �nd that individuals aged 30-49 have

much lower exit rates to non-participation than the young and older workers. It is somewhat

surprising that the young workers have high transition rates into non-participation, especially

since education is included in the employment state, and participation in labour market training

programmes is considered part of the spell of public income assistance. Women have much higher

transition rates into non-participation than men, and married individuals have higher transition

rates into non-participation than single individuals, but if both spouses receive start-help or social

assistance, the transition rate into non-participation is lower than that of a single individual.

Hence, spouses on social assistance tend not to leave the labour force.

Individuals from Afghanistan have signi�cantly higher transition rates into non-participation

than other groups of refugee immigrants. The higher the schooling level the higher the transition

rate into non-participation, but the di¤erences between the levels are not statistically signi�cant.

Nevertheless, this is puzzling since we would have expected those with higher schooling levels to
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Table 3: Estimation results for transition into non-participation
Model 1 Model 2

Est. Std. Err. Est. Std. Err
Treatment e¤ects
DTE 0.220 0.195

DTE Month 1-8 0.794* 0.309
DTE Month 9+ 0.008 0.204

Baseline
Month 1 -4.263* 0.753 -4.687* 0.768
Month 2-6 -5.093* 0.682 -5.407* 0.676
Month 7-32 -4.705* 0.619 -4.604* 0.611
Month 32+ -3.788* 0.800 -3.819* 0.801

Calendar time
Jan. 2002 - July 2002 0.206 0.465 0.520 0.441
Aug. 2002 -1.447 1.112 -1.422 1.096
Sept. 2002 - Oct. 2002 -0.362 0.471 -0.451 0.463
Nov. 2002 - Dec. 2002 -0.861*** 0.453 -1.019** 0.450
Jan. 2003 - Feb. 2003 0.328 0.297 0.091 0.315
Mar. 2003 -Apr. 2003 -0.174 0.345 -0.449 0.360
May 2003 - June 2003 -0.787** 0.407 -1.072** 0.386
July 2003 - Jan 2004 (base)
Feb. 2004 -1.135 0.722 -1.116 0.722
Mar. 2004 - Apr. 2004 0.335 0.284 0.354 0.285
May 2004 - Oct. 2004 -0.608** 0.273 -0.584** 0.273
Nov. 2004 0.392 0.429 0.435 0.431

Covariates
Included Yes Yes

Number of obs. 1637 1637
LogLikelihood -1009.23 -1006.86
Note: *** denotes signi�cance at the 10 per cent level.
Note: ** denotes signi�cance at the 5 per cent level.
Note: * denotes signi�cance at the 1 per cent level.
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stay longer in the labour force than those with lower schooling levels. We can see in the data that

they do not enter other forms of public transfer income schemes. However, we cannot exclude

the possibility that transitions to non-participation also consists of emigrants who have neglected

to inform the authorities of their emigration. Moreover, there is the possibility that they take

unregistered work in the �grey area�of the economy.

The dynamic treatment e¤ect is only signi�cant during the �rst eight months in Denmark.

Those who want to leave the labour force because of the lower transfer payment apparently do so

quite early during their stay in Denmark.

Our preliminary conclusion is that there is little absolute e¤ect on the job-�nding rate during

the �rst two years of stay in Denmark, and thereafter there is a large increase. There is a signi�cant

positive e¤ect on the rate at which immigrant refugees leave the labour force, but this is only during

the �rst eight months of the stay in Denmark, thereafter the e¤ect is zero.

5.2 Heterogeneous treatment e¤ects

It could be the case that di¤erent groups are a¤ected di¤erently by the reform. According to

job search theory, the job-�nding rate is the product of the job-o¤er rate and the probability of

accepting the o¤er. The latter depends to a high degree on the reservation wage, while the former

may depend on the employers�perception of the job seeker, general demand conditions, and also

on the search e¤ectiveness of the job seeker.

In general, we would expect that those who are at the outset the most �employable�are also

those who would be most a¤ected by the reform in terms of job-�nding rates. Even if they all lower

their reservation wage with the same amount, the most employable are likely to receive most job

o¤ers at the outset. Moreover, the least employable presumably have the lowest reservation wages

at the outset, implying a relatively high acceptance probability. Hence, an additional lowering of

their reservation wage may not have a large an impact on their acceptance probability if it was

already close to 1. On the other hand, the least employable might be more a¤ected in terms of exit

rates from the labour market for exactly the same reason; their option value of continued search

may be fairly low.

One might thus imagine that refugees with a higher level of schooling and therefore perhaps

better opportunities in the labour market have a larger treatment e¤ect with respect to the tran-
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sition rate into employment. Similarly, we would expect the treatment e¤ect on job-�nding rates

to be larger for men than for women, since women from many of the typical refugee-sending coun-

tries have little tradition for market work. We may also expect some di¤erences across ethnic

groups, as �cultural distance�from Denmark may also play a role for their employability. Finally,

we would expect those in the prime of their working life to have more skills of use in the Danish

labour market than the young. On the other hand, the younger individuals should be more likely

to enter the education system, and education is here treated as employment. Finally, we might

expect Convention and Quota refugees to have fairly low job-�nding rates, as they are at least

perceived to be the weakest among the refugees, often su¤ering from their past experiences, e.g.

post-traumatic stress disorder (PTSD).

To check for heterogenous treatment e¤ects, we start from model 1, the model with constant

treatment e¤ects, and we include interactions between characteristics and treatment status. The

duration model is nonlinear and so the coe¢ cient estimate of the interaction dummy in the regres-

sion does not represent the e¤ect in which we are interested, cf. Ai & Norton (2003). This is seen

from the calculations below, where calendar time e¤ects are ignored for expositional convenience.

Let xt denote the explanatory variable for which we are interested in an interaction e¤ect, and de-

note by zt the remaining explanatory variables. In a linear model, one would use cross derivatives

or double di¤erences, i.e. in the case where xt is discrete

�i (tjzt; xt; d) = �i (t) � exp(zt�i + xt�i + dit + xt � d � �it)

�� (tjzt; xt; d)
�d

= �i (t) � exp(zt�i + xt�i) � (exp(it + xt�it)� 1)

�2� (tjzt; xt; d)
�d�x

= �i (t) � exp(zt�i) � (exp(�i) � (exp(it + �it)� 1)� (exp(it)� 1))

However, this �marginal treatment e¤ect�contains the xt and zt�s and therefore ideally it has to

be computed for each individual at each point in time. This is a complex issue with respect to the

duration times at which the x and z�s should be measured, so we choose the following strategy:

Conditioning on a value of x and z, we obtain the marginal treatment e¤ect for individuals with

characteristics x and z, and dividing through with the hazard rate in the non-treatment state, we
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obtain the relative e¤ect
��(tjzt;xt;d)

�d

�i (tjzt; xt; d = 0)
= exp(it + xt�it)� 1 (2)

The relative e¤ect, however, is not very informative if we are interested in the absolute size of

the treatment e¤ect, so therefore we also report the relative hazard rate for the x that treatment

is interacted with, that is, we report exp(�i)� 1 (this is denoted �coe¢ cient proportional e¤ect�in

the tables). We use equation (2) above to transform the e¤ects and calculate the standard errors

by the delta method. Tables 4 and 5 contain the results from this estimation from model 1 (the

constant treatment e¤ect model).15

It appears from Tables 4 and 5 that the treatment e¤ect is not constant across individuals.

If we look at the exit rate to employment in Table 4, there is a larger treatment e¤ect for all

other types of refugees than Convention refugees (the reference group), but it is only statistically

signi�cant for De Facto refugees. Although they also have a lower transition rate into employment,

this heterogeneous treatment e¤ect is non-negligible. The convention refugees have �ed their native

country, they are refugees in the UN sense of the word, and they may to a large extent have su¤ered

emotional damage in the form of e.g. PTSD. Hence, they may be considered a weaker group than

other groups of refugees, and therefore it is expected that they are less able to react on economic

incentives. We had expected to �nd the same for Quota refugees, but this group is very small in

the control group, see Table 1, hence the estimated e¤ect is very imprecise. Individuals aged 30-50

have lower transition rates into employment in general, but they have larger treatment e¤ects,

also in absolute terms, than the younger group (for whom the treatment e¤ect is not statistically

signi�cant). This is also in line with our a priori expectations. There is also a larger relative e¤ect

of receiving start-help if the refugee is from Iraq as compared to all other origin countries. In terms

of the �cultural similarity�argument, it is hard to provide an intuitive explanation for this, since

we would consider refugees from Iraq to be quite culturally distant to native Danes. Note that

the absolute size of the treatment e¤ect for Iraqi�s is not as high as it is in relative terms, since

they have a low job-�nding rate. The fact that Somalians have no treatment e¤ect at all is, on the

other hand, entirely in line with this hypothesis, since they are arguably the group which di¤ers

most in cultural terms from native Danes. Moreover, they have a large illiteracy rate, which may

not be entirely re�ected in the proxies for schooling level. If the multiplicative treatment e¤ect for

15We have estimated the di¤erent interaction e¤ects groupwise in separate models.
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Table 4: Estimation results for more �exible models of the hazard into employment
Relative Std. Err. Coe¢ cient
treatment proportional

e¤ect e¤ect

Group 1: Refugee status
De facto refugees 0.5642** 0.2295 -0.2891
Quota refugees 1.4888 1.4318 -0.7314
Other types 0.6897 0.4263 -0.3772
Convention refugees (ref. Group) -0.1677 0.18

Group 2: Age
Age 30-39 0.5395** 0.2559 -0.4408
Age 40-49 1.7556** 0.8564 -0.7898
Age above 50 0.6671 1.6541 -0.9534
Age below 30 (ref. Group) 0.1363 0.1685

Group 3: Nationality
Somalia -0.08 0.288 -0.3523
Afghanistan 0.4392 0.4784 0.2093
Iraq 0.9019** 0.3554 -0.2547
Iran 0.3732 0.5948 0.0312
Bosnia-Herzegov. 0.4707 0.4208 0.6191
Former Yugoslavia 0.4728 0.6109 -0.1449
Other nationalities (ref. Group) 0.2207 0.2337

Group 4: School
School level 1 0.9202 0.6221 -0.654
School level 2 0.25 0.2061 -0.0967
School level 3 0.4635*** 0.2453 0.1173
No school level (ref. Group) 0.4719 0.3812

Group 5: Regional charac.
Zealand 0.4676** 0.2304 -0.1055
Funen 0.6624 0.5029 0.2067
Jutland (ref. Group) 0.3205 0.2024

Group 6: Demogra�c charac.
Married, spouse on transfers 0.7642*** 0.4103 -0.4501
Married, spouse not on transfers 0.6243 0.6437 0.9227
Not married (ref. Group) 0.3132*** 0.1647

Men with children 0.5695 0.3709 0.5296
Men without children 0.4209** 0.1962 0.5474
Women with children 0.5591 0.5521 -0.7058
Women without children (ref. Group) 0.0608 0.3085
Note: *** denotes signi�cance at the 10 per cent level.
Note: ** denotes signi�cance at the 5 per cent level.
Note: * denotes signi�cance at the 1 per cent level.
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Table 5: Estimation results for more �exible models of the hazard into non-participation
Relative Std. Err. Coe¢ cient
treatment proportional

e¤ect e¤ect

Group 1: Refugee status
De facto refugees -0.0948 0.2422 -0.0641
Quota refugees 1.5073 1.5236 -0.2464
Other types 1.0837 0.8567 -0.2028
Convention refugees (ref. Group) 0.2417 0.4561

Group 2: Age
Age 30-39 0.2016 0.403 -0.5735
Age 40-49 0.8857 1.0111 -0.7521
Age above 50 0.7031 0.7908 -0.2284
Age below 30 (ref. Group) 0.0934 0.261

Group 3: Nationality
Somalia 0.2799 0.4918 0.2964
Afghanistan 0.4633 0.9487 0.0891
Iraq 0.1147 0.3653 0.1635
Iran 0.5388 1.0369 -0.0517
Bosnia-Herzegov. 3.7393 3.2115 -0.6577
Former Yugoslavia -0.1392 0.5243 0.0195
Other nationalities (ref. Group) -0.1528 0.346

Group 4: School
School level 1 0.4275 0.6181 -0.8118
School level 2 0.1349 0.3585 -0.6844
School level 3 1.4716*** 0.8154 -0.7579
No school level (ref. Group) -0.2694 0.2356

Group 5: Regional charac.
Zealand -0.1965 0.2453 0.0289
Funen 0.4319 0.6273 0.0333
Jutland (ref. Group) 0.5493 0.3795

Group 6: Demogra�c charac.
Married, spouse on transfers 0.656 0.6752 -0.4843
Married, spouse not on transfers 3.348 2.1349 1.26
Not married (ref. Group) -0.0991 0.1983

Men with children 0.304 0.792 -0.6832
Men without children 0.0416 0.269 -0.3087
Women with children 0.9044 0.6947 -0.6467
Women without children (ref. Group) 0.1486 0.3968
Note: *** denotes signi�cance at the 10 per cent level.
Note: ** denotes signi�cance at the 5 per cent level.
Note: * denotes signi�cance at the 1 per cent level.
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schooling levels is normalized with the size of the transition rate into employment, more education

(as approximated by the language school starting level) uniformly increases the treatment e¤ect;

this implies that the higher the skill level, the higher the responsiveness to economic incentives.

This is in line with our expectations. The treatment e¤ect is only statistically signi�cant for

those with the highest educational levels. Looking at regional aspects, the treatment e¤ect is

only statistically signi�cant on Zealand. Married individuals have a large relative treatment e¤ect,

although it is not statistically signi�cant. In absolute terms, the treatment e¤ect is of a similar

size for married and single individuals, though. Generally, there is a smaller treatment e¤ect for

women than for men, especially when it is also noted that women generally have a much lower

transition rate into employment than men. Hence, our results do seem to con�rm the hypothesis

that the more employable individuals are more a¤ected by the lower income transfer.

When we turn to the transition rate to non-participation in Table 5, we see that not many of

the estimated heterogenous e¤ects are statistically signi�cant. There is a statistically signi�cant

higher treatment e¤ect to non-participation for refugees with the highest educational level. This is

unexpected, since refugees with a high educational level have a higher exit rate into employment

and are also more responsive to the treatment with respect to transitions into employment. A closer

look reveals that they do not enter other forms of public income support, hence, they appear to

have no income. A possible explanation behind this pattern could be unreported emigration (which

we cannot detect in the data), or alternatively it could be that well educated refugees have good

alternatives to working in the registered labour market, such as working in the �grey (unregistered

and untaxed) area�of the economy. We can only speculate, as the data is not informative about

this.

We have used the model with a time-invariant treatment e¤ect because dynamic treatment

e¤ects would result in di¤erent interaction e¤ects for each di¤erent treatment e¤ect, and then

the general pattern would be di¢ cult to assess. However, since we have found that the treatment

e¤ect is time-dependent, we have calculated these di¤erent interaction e¤ects (available on request),

and they show that the heterogeneous treatment e¤ects generally follow the same pattern as the

homogenous time-varying treatment e¤ects reported in Table 2. For those with the lowest schooling

level, for example, the treatment e¤ect is only statistically signi�cant after two years, and keeping

in mind the low transition rate into employment that the treatment e¤ect a¤ects for this group,
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the implication is that this group is virtually immune to the treatment during their �rst two years

in Denmark. This suggests an interpretation that it is the gradual accumulation of country-speci�c

human capital, normally referred to as �the integration process�, which leads to better employment

opportunities and hence to more responsiveness to economic incentives over time.

5.3 Subsequent employment duration

From a search-theoretic viewpoint, the lower reservation wage of the treated individuals may

have other e¤ects than an increase in their exit rates from welfare recipiency. The jobs that the

treatment group are getting may be worse in the sense of paying lower wages and being less stable.

On the other hand, the value of being on welfare has certainly declined, which would give an

additional incentive to stay o¤ welfare. We do not have access to su¢ ciently detailed wage data

for a thorough wage analysis. Moreover, the number of individuals actually �nding employment

is fairly low, and since the observation period is not that long, we can only observe them in their

jobs for a short period of time. Hence, it is di¢ cult to estimate a parametric duration model.

However, we compare the survival functions in the �rst employment spell for the treatment and

control group. Figure 7 shows that in fact the treatment group does leave employment slightly

Figure 7: Survival functions in employment for the treatment and control group
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faster than the control group during the early phases of the employment spell, but the di¤erences

are not statistically signi�cant, and this may re�ect composition e¤ects. In order to check this we

run a proportional hazard model like the ones used in the two models for transitions into �rst job
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Table 6: Estimation results for job hazard rate of �rst employment spell
Model 1 Model 2

Est. Std. Err. Est. Std. Err

Treatment e¤ect 0.171 0.134 0.129 0.151

Baseline- Flexible
Included Yes Yes

Calendar time- Flexible
Included Yes Yes

Covariates
Included No Yes

Number of obs. 426 426
LogLikelihood -7910.79 -7760.82
Note: *** denotes signi�cance at the 10 per cent level.
Note: ** denotes signi�cance at the 5 per cent level.
Note: * denotes signi�cance at the 1 per cent level.

and into non-participation. Since we were still not able to capture any unobserved heterogeneity,

there is no dynamic selection on unobservables, i.e. estimating the models jointly or separately is

equivalent. Table 6 shows the result from the model.

There is a positive treatment e¤ect, indicating that those receiving start-help leaves the �rst

employment spell at a faster rate than those receiving a higher income transfer, that is, they �nd

less stable employment. However, the e¤ect is not statistically signi�cant even at a 10 per cent

level, so we cannot draw any �rm conclusion.

6 Placebo analysis and robustness checks

In this section, we present a placebo analysis and a number of robustness checks with respect to

distributional assumptions and our identifying assumption.

First, note that models with more �exibility in monthly duration, calendar time, and treatment

e¤ect parameters yield similar results to those presented here with respect to the size and time-

variation in the treatment e¤ects, see Appendix B.

The results presented so far have been based on the hypothesis of a quasi-natural experiment,

that is, that there are no unobserved di¤erences between those arriving in the �rst half of 2002 and

the second half of 2002. Phone interviews with caseworkers at The Danish Immigration Service
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Table 7: Estimation results for constant treatment e¤ects 1999-2001 and 2003
Exit to employment Exit to non-participation
1999 1999
Full-time period Coe¢ cient 0.095 Full-time period Coe¢ cient 0.030

Std. Err 0.167 Std. Err 0.241

3-year time period Coe¢ cient 0.228 3-year time period Coe¢ cient 0.430
Std. Err 0.237 Std. Err 0.430

2000 2000
Full-time period Coe¢ cient 0.125 Full-time period Coe¢ cient -0.055

Std. Err 0.138 Std. Err 0.259

3-year time period Coe¢ cient -0.044 3-year time period Coe¢ cient -0.324
Std. Err 0.188 Std. Err 0.384

2001 2001
Full-time period Coe¢ cient -0.302* Full-time period Coe¢ cient 0.306

Std. Err 0.124 Std. Err 0.231

3-year time period Coe¢ cient -0.505* 3-year time period Coe¢ cient 0.371
Std. Err 0.148 Std. Err 0.300

2003 2003
Full-time period Coe¢ cient -0.045 Full-time period Coe¢ cient 0.207

Std. Err 0.317 Std. Err 0.601
Note: *** denotes signi�cance at the 10 per cent level.
Note: ** denotes signi�cance at the 5 per cent level.
Note: * denotes signi�cance at the 1 per cent level.

suggest that there are no deliberate selection mechanisms leading to sorting of di¤erent types of

refugees over a calendar year. However, in order to justify the assumption, we perform a placebo

analysis. Thus, we use the exact same setup as in our analysis to analyze the e¤ect of arriving in

the �rst six months compared to the last six months in other years than 2002. If our assumption

is correct, we would not expect to �nd any signi�cant di¤erences between the two groups in terms

of the hazards rates. Table 7 contains the results from the model where the calendar time and

baseline hazard is �exible. We assume for simplicity a constant �treatment�e¤ect of arriving in the

last six months compared to the �rst six months. The model is estimated both for the full-time

period up to 2004 and for a 3-year time period, which corresponds to the length that we have data

for in the cohort from 2002.

In general, there is no signi�cant e¤ect on neither the hazard rate into employment nor non-

participation. However, in 2001, the e¤ect of arriving in the last six months on the exit rate to

employment is negative and signi�cant. Careful inspections of the data suggest that the cohort
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arriving in the �rst half of 2001 is compositionally di¤erent from all other cohorts in a number of

respects, so having in mind that there is a problem with those arriving in the �rst half of 2001,

we do believe that our assumption that there are no unobserved di¤erences between the groups

arriving in the �rst and second halves of 2002 is reasonably justi�ed. We have also tried to estimate

the model based on the population arriving medio 2001 - medio 2003, i.e. such that there is a year

on both sides of the reform. The results from this analysis are similar to those presented here.

As mentioned in section 5 (and shown in Rosholm & Vejlin, 2007), the results change dramati-

cally with the inclusion of the calendar time e¤ect. Therefore, the basis for this inclusion has to be

investigated further. The argument could be made that the e¤ect we have labelled a calendar time

e¤ect is really only some kind of assimilation process due to the treatment. One way of making a

robustness check is to see if the calendar time e¤ect is the same for di¤erent populations. We have

chosen to look at the cohorts arriving in 2001 and 2003. The reason for the choice of 2001 and

2003 is the following. Since the calendar time e¤ect is a¤ecting individuals in the same way, the

underlying assumption as discussed in section 4.1, if we were to compare the cohorts from 2000 and

2002, would be that the e¤ect is the same for individuals who have just come to the country and

individuals who have been here for two years. This seems a bit restrictive and therefore we only

compare to 2001 and 2003. We estimate the hazard for exit to employment with a fully �exible

baseline, treatment and calendar time e¤ects. The result for the calendar time estimates can be

seen in Figure 8.

Figure 8: Calendar time e¤ects for cohorts arriving in 2001-2003 for the employment hazard
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We see that the calendar time estimates from the cohort arriving in 2001 have the same shape

as for the cohort from 2002. Remember that these e¤ects have di¤erent bases, i.e. the e¤ect for

February 2001 is relative to the e¤ect in January 2001 etc., so the only thing that we can compare

is the shape. The shape of the estimates from the cohort of 2003 is also quite similar. It is almost

�at, which is also the case for the period 2003-2004 for the cohorts from 2001 and 2002. This is

suggestive evidence that our calendar time e¤ect is fairly robust.

Since we have chosen a MPH framework, one might suspect that some of the results are driven

by the functional form of this model. To test this, we have estimated the duration model with a

random e¤ects sequence of probits and with a sequence of linear probability models (OLS). The

OLS has a linear functional form. This implies that unobserved heterogeneity that is uncorrelated

with the explanatory variables does not bias the estimated parameters. The results for the treat-

ment e¤ect can be seen in Figure 9, while the results for the calendar time e¤ects and baselines

are available on request.

As can be seen from Figure 9, the basic structure of the treatment e¤ect is roughly the same

no matter what functional form speci�cation we use. This is reassuring, because it implies that

the results are robust to the functional form assumption, and that our inability to identify any

unobserved heterogeneity in the hazard rate into employment does not alter the conclusion quali-

tatively. Moreover, as mentioned above, the linear OLS model estimates the absolute, rather than

the relative treatment e¤ect on the hazard rates. It underlines the point that the absolute size of

the treatment e¤ect in months 6-12 is smaller than that after month 24.

Since the control and treatment groups are di¤erent in terms of observed characteristics, one

might be concerned that a wrong functional form assumption of the way the explanatory variables

enter the equations might bias the results. To mitigate this, we have tried to construct comparable

treatment and control groups by nearest neighbour matching and then to run our regressions on

these matched treatment and control groups. This yielded similar results as those reported here.16

A rede�nition of the dependent variable to measure the time until employment, irrespective of

whether the individual is on temporary public income assistance or in non-participation, does not

qualitatively alter the treatment e¤ect on transitions into employment. One might have suspected

that the loss of transfer income experienced when one spouse found a job would induce the other

spouse to search more actively and hence �nd a job faster. We cannot detect such a response in the

16These results are available on request.
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Figure 9: Time-varying treatment e¤ect in models with di¤erent functional forms.
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data. On the contrary, we �nd that if we include into this model a time-varying indicator for being

in non-participation, it is essentially zero, and in some speci�cations it is signi�cantly negative,

implying that these individuals �nd jobs at a lower rate. Moreover, interacting it with the treatment

indicator, we see that the exit rate to employment declines more when in non-participation for

those receiving start-help than it does for those receiving ordinary social assistance.17

Finally, it could be that a treatment e¤ect for one spouse into employment automatically trig-

gers a treatment e¤ect into non-participation for the other spouse due to the means-testing against

family income. Censoring all observations for an individual when her/his spouse �nds employment,

however, does not alter our results (and there are very few that make such a simultaneous transi-

tion, even if we allow for a couple of months�delay in the transition into non-participation).

7 Conclusion

We have investigated the e¤ect of the introduction of �start-help�, that is, a lowering of the public

income transfers administered to arriving refugee immigrants. We use reliable data sources that

enable us to distinguish between exits from the public income transfer system to employment

and non-participation. The results of the study show that the dynamic treatment e¤ect on the

transition rate into employment is fairly low during the �rst two years of stay in Denmark, and then

it increases after two years in Denmark, where refugees receiving start-help experience an increase

in the transition rate to employment of around 140% (exp(0:877)�1) when compared to the control

group. As mentioned in Section 2, the integration program, lasting three yeas in total, typically

consists �rst of language training and subsequently on active labour market policy measures. It

is possible that the large e¤ect after two years re�ect that the immigrants have �nished language

training and are considered ready for the labour market, and thus start in programs intended to

assist them in �nding employment.

The results also show that there is a signi�cantly positive e¤ect of receiving start-help on the

transition rate out of the labour force during the �rst eight months in Denmark in the order of

115%, which subsequently falls almost to zero. Our �ndings endorse the point made already by

Atkinson & Micklewright (1991), that it is important to investigate e¤ects of changing economic

incentives in all directions. Moreover, the �ndings are in accordance with the study of Røed &

17These results are available on request.
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Zhang (2005), who found strong signi�cant e¤ects of changing economic incentives in both of these

hazard rates.

The study thus indicates that it is very important to account for di¤erent exit possibilities when

analyzing the impact of changing economic incentives, in particular for individuals with relatively

poor prospects on the labour market. Analyzing only transitions �out of temporary public income

transfers�would lead to estimated e¤ects that confound exits in di¤erent directions at di¤erent

times, and it would be di¢ cult to learn anything useful from such an analysis. We provide a richer

picture of the treatment e¤ects in both these dimensions.

The results imply an elasticity of the job-�nding rate with respect to income after two years

in Denmark in the order of �4, which is very large compared to most other studies. However,

Abbring et al. (2005) and Carling et al. (2001) �nd elasticities in the same order of magnitude.

The elasticity with respect to transition out of the labour force is around �3 for the �rst 8 months

in Denmark, after which it becomes 0. Røed & Zhang (2005) estimate an elasticity which is

around �0:8, so our estimate in this dimension is also very high. Note, however, that both of

these elasticities are only present during part of the time spent on public income assistance. The

average elasticities over the entire public income assistance spell can be found from the results in

model 4 and is around -1.2 for the transition into employment and -0.7 for the transition out of

the labour force.

Turning to heterogenous e¤ects, we �nd that the e¤ect on the transition rate into employment

is largest for De Facto refugees, for those aged 30-50, for men, and for those with most education.

Those with the smallest treatment e¤ects are convention refugees, the least educated, and women.

For the transition out of the labour force, the largest treatment e¤ects are found for the best

educated and for women with children, i.e. a fairly strong group and a group considered rather

weak. The general picture is thus that those with the best prospects on the labour market are

most responsive to the improved economic incentive, while those with the poorest prospects are the

least responsive with respect to job-�nding, but more responsive with respect to labour force exit.

These �ndings are generally in accordance with what one would expect from a search-theoretic

perspective, since those with the poorest prospects typically have the lowest reservation wages and

the lowest job o¤er arrival rates. Hence, lowering their reservation wages further may not be very

helpful, if their acceptance probability is already very close to 1, implying that the problem is a
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low o¤er arrival rate.

We have conducted a placebo analysis and robustness checks along a number of dimensions,

and the reported results are robust to all our attempted modi�cations in data con�guration and

the adopted methodology.

The policy implications of our �ndings depend on how a desirable outcome is de�ned; if the

introduction of start-help was motivated by the intention of getting refugee immigrants faster into

employment, then it could be argued that it would be more appropriate initially to provide the

refugee immigrants with higher transfer incomes to keep them in the labour force, and then lower

the income transfer level after a couple of years, as their employability is improved as a consequence

of the assimilation process.

Moreover, the heterogeneous treatment e¤ects imply that women and the least educated are

among the least responsive to the treatment with respect to �nding employment, and that women

are more likely to leave the labour force. One potential consequence of these results is that the lower

public transfer income sustains a family pattern, where the husband works in the labour market

(or at least claims public income assistance) while the wife performs domestic work. Hence, if the

aim is to achieve integration in a broader economic sense, de�ned both as high employment and

participation rates for both women and men, then the success of the policy in its present form is

ambiguous. If one wanted to achieve more gender equality, early implementation of active social

policy measures, which take the women away from their homes, provides them with networks,

contacts, and generally exposes them to their new society, might be more appropriate, but such

an analysis is not the topic of this paper.
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A Appendix

Table 8: Descriptive statistics for refugees arrived between 1/5-2002 and 31/8-2002
Immigrated between Immigrated between

1/5-2002 and 31/6-2002 1/7-2002 and 30/8-2002
Control group Treatment group

Final population 289 167

Exits to Employment 0.21 0.29
Exits to Out 0.10 0.14
- of which were other public income transfers 0.02 0.01

Demographic characteristics
- Female 0.44 0.44
- Has children 0.41 0.38
- Married 0.40 0.29
- Age 18-29 0.39 0.46
- Age 30-39 0.44 0.36
- Age 40-49 0.11 0.12
- Age above 50 0.06 0.06
- Mean local unemployment rate 4.81 6.21
- Spouse on transfers 37.19 29.31
Reason for asylum
- Quata system 0.01 0.06
- Convention refugee 0.32 0.20
- De Facto refugee 0.44 0.59
- Family-reuni�ed 0.06 0.00
- Other 0.23 0.15
Country of origin
- Somalia 0.28 0.39
- Afghanistan 0.05 0.01
- Iraq 0.07 0.16
- Iran 0.07 0.03
- Bosnia/Herzegovina 0.14 0.07
- Former Yugoslavia 0.11 0.05
Region of residence
- Zealand 0.29 0.39
- Funen 0.11 0.06
- Jutland 0.60 0.55
Starting schooling level
- School 1 0.16 0.16
- School 2 0.41 0.39
- School 3 0.27 0.28
- Never attended school 0.16 0.18
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B Appendix

The fully �exible models of the employment and non-participation hazards are calculated and

presented in Figures 10 to 15. The patterns of the estimates are essentially the same as those

found in the less �exible models presented in section 5.

Figure 10: Baseline estimates for the fully �exible employment hazard model
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Figure 11: Calendar time estimates for the fully �exible employment hazard model
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Figure 12: Treatment estimates for the fully �exible employment hazard model
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Figure 13: Baseline estimates for the fully �exible non-participaton hazard model
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Figure 14: Calendar time estimates for the fully �exible non-participation hazard model
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Figure 15: Treatment e¤ects estimates for the fully �exible non-participation hazard model
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C Appendix

Table 9: Estimated coe¢ cients on covariates for fully �exible models of employment and non-
participation

Employment Non-participation
Est. Std. Err. Est. Std. Err.

Covariates
Family reuni�ed 1.326** 0.520 -0.415 0.982
Quota refugee -0.502** 0.219 0.221 0.325
De Facto refugee 0.032 0.133 -0.199 0.225
Other refugee types -0.030 0.209 -0.017 0.346
Age 30-39 -0.423* 0.104 -0.797* 0.187
Age 40-49 -1.059* 0.167 -1.125* 0.292
Age above 50 -2.864* 0.503 -0.073 0.248
Female -0.593* 0.161 0.421*** 0.218
Has children 0.047 0.235 -0.632 0.475
Number of children -0.042 0.079 0.014 0.149
Female*has children -1.064* 0.264 -0.111 0.393
Married 0.753* 0.231 1.691* 0.291
Spouse on transfer -1.201* 0.226 -2.026* 0.304
Somalia -0.625* 0.193 0.422 0.282
Afghanistan 0.336*** 0.197 0.315 0.360
Iraq -0.041 0.133 0.258 0.262
Iran 0.054 0.228 0.281 0.339
Bosnia-Herzegovina 0.612* 0.211 -0.171 0.388
Former Yugoslavia -0.046 0.274 0.001 0.390
School level 1 -0.948* 0.205 -1.326* 0.282
School level 2 -0.181 0.151 -0.914* 0.232
School level 3 0.100 0.157 -0.752* 0.237
Zealand, excl. Copenhagen -0.059 0.110 -0.283 0.177
Funen 0.308*** 0.178 -0.022 0.274
Local unemployment rate in % -0.149* 0.052 0.023 0.067
Note: *** denotes signi�cance at the 10 per cent level.
Note: ** denotes signi�cance at the 5 per cent level.
Note: * denotes signi�cance at the 1 per cent level.
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CHAPTER 2

The E¤ects of Financial Aid in High School
on Labor Market and Academic Outcomes:

A Quasi-Experimental Study
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The E¤ects of Financial Aid in High School on Academic

and Labor Market Outcomes:

A Quasi-Experimental Study�

Maria Knoth Humlumy Rune Majlund Vejlinz

Abstract

We investigate the e¤ects of �nancial aid on student employment and academic outcomes

in high school. We exploit administrative di¤erences in the amount of �nancial aid received

based on timing of birth to identify the causal e¤ects of interest. Speci�cally, individuals

born early in a quarter receive less �nancial aid than comparable individuals born late in the

previous quarter. We �nd that receiving less aid induces individuals to work more during high

school. However, we do not �nd any evidence that receiving less �nancial aid and thereby

working more is associated with any adverse outcomes, such as a lower high school grade

point average.

JEL Classi�cation: I28, J22, J24

Keywords: student grants, high school employment, regression discontinuity
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1 Introduction

Understanding the e¤ects of �nancial aid on the behavior of students - both in and outside school

- is essential for designing e¤ective �nancial aid policies. At the college level, it is common for

students to receive some form of �nancial aid. The literature on the e¤ects of �nancial aid in college

has focused mainly on college enrollment and college completion, see e.g. Dynarski (2003) and

DesJardins (2002). While college enrollment and performance in college is obviously important,

perhaps even more so is high school completion and performance in high school. Carneiro and

Heckman (2003) �nd that parental income does not limit college enrollment directly, only indirectly

through the impact that parental income has on a child�s stock of human capital at the time the

decision of college enrollment is made. As a consequence, high school performance will be an

important determinant of college enrollment and performance.

Financial aid can in many respects be considered a type of conditional cash transfer (CCT).

CCT programs have been implemented in e.g. Mexico (PROGRESA) and Columbia (Familias

en Acción), see Attanasio et al. (2007) and Attanasio et al. (2006). CCT programs have also

been implemented in deloveloped countries such as the UK, Australia, and the US. In the US, a

conditional cash transfer program labeled �Opportunity NYC�was initiated in some of the poor

neighborhoods in New York that included a component that aimed to induce youths to complete

a high school education, see Morais de Sa e Silva (2008). In the UK, a CCT program labelled the

Education Maintenance Allowance (EMA) aimed at increasing attendance at the upper secondary

schooling level was implemented in 2004. While the idea of giving money to high school students

for attending school constitutes something of a novelty in the US and UK, in the Scandinavian

countries it has been common for years to provide �nancial aid at the upper secondary education

level in the form of student grants. The aim of this paper is to estimate the e¤ects of these grants

on high school students�academic and labor market outcomes.

Financial aid is often correlated with observed and unobserved characteristics, such as parental

income and ability, and therefore the causal e¤ects of �nancial aid can be hard to determine, see

Dynarski (2003). The primary contribution of this paper is to provide valid evidence on the causal

relation between student grants and students�academic and labor market outcomes. Contrary
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to most earlier studies, we consider the e¤ects of �nancial aid at the high school level. Angrist

and Lavy (2002) study a related issue. In their paper, they estimate the e¤ects of high school

matriculation awards in Israel which are randomized across students and schools. They �nd mixed

evidence on graduation rates. Dearden et al. (2006) evaluate the pilot program proceeding EMA

and estimate the e¤ect of a means-tested weekly transfer of maximum £ 40 on participation rates

in upper secondary schooling. The pilot scheme was implemented by the government in 15 out of

the 150 local education authorities (LEAs) in the UK. Control areas were selected based on their

observed characteristics being similar to those of the pilot areas. They �nd positive results in the

order of a 5 percentage points increase in participation rates. We are able to combine exogenous

variation in the amount received with not only participation rates, but also market measures such

as labor market participation and earnings, and various academic measures, such as GPA and

college enrollment.

The novel feature of our analysis is that the rules governing the payout of the student grants

have created exogenous variation in student grants based on time of birth. Speci�cally, individuals

who are born early in a quarter receive a lower grant in the �rst year of eligibility than comparable

individuals born late in the previous quarter. The mean di¤erence in the grant received by the

control and the treatment groups in the year of the 18th birthday is about $560 which is a sizable

amount, also when it is measured as a percentage of the total grant received during high school.

We use a regression discontinuity design to identify the causal e¤ect of student grants. It has been

suggested that date of birth is not a suitable instrumental variable, see Bound and Jaeger (1996)

and Buckles and Hungerman (2008). This concern is addressed in the robustness section and we

�nd that in our speci�c application, date of birth is essentially exogenous.

The literature on �nancial aid focuses on education at the college level, probably because in

many countries, and in particular in the US, �nancial aid for students at other levels of education

is uncommon. In Denmark, as well as in other Scandinavian countries, all high school students are

entitled to public subsidies in the form of monthly student grants starting from around the time

they turn 18. Since Danish high school students to some extent can be compared with �rst-year

US college students, the �ndings of this paper could potentially be of relevance to this group as
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well. Individuals attending high school in Denmark are typically 16-19 years old, but only students

aged 18 and above are eligible for student grants. These ages correspond roughly to the age of

typical US college students in the �rst years of college. Another similarity is that the majority of

Danish high school students live with their parents which is also the case for about 43 percent of

all �rst-year college students in the US.1

Most studies that investigate the e¤ects of �nancial aid in college have focused on the e¤ects

on college enrollment (e.g., Dynarski, 2003, van der Klaauw, 2002, Nielsen et al., 2008), or college

completion (Stinebrickner and Stinebrickner, 2007, DesJardins et al., 2002, Arendt, 2008). A

$1,000 increase in �nancial aid during college has been shown to be associated with an increase in

college enrollment in the range of a couple of percentage points (see, e.g. Dynarski, 2003, Nielsen et

al., 2008). The e¤ect of �nancial aid on the decision to drop out of college has also been the subject

of investigation. Stinebrickner and Stinebrickner (2007) examine the e¤ect of credit constraints

on the decision to drop out of college. DesJardins et al. (2002) use duration-type models to

look at college students�drop-out decisions. DesJardins et al. (2002) �nds that changing loans

to scholarships has a negative e¤ect on the probability of dropping out, while Stinebrickner and

Stinebrickner (2007) �nds that dropout is mostly motivated by other issues. In a Danish context,

Arendt (2008) uses the same reform as Nielsen et al. (2008) and estimates the e¤ect of the reform

on time-to-drop-out and time-to-completion using discrete duration models. He �nds that higher

student grants decrease drop-out rates, but he �nds no e¤ects on completion rates.

Based on the fact that �nancial aid has been shown to have e¤ects on students�behavior in

college, we also expect the �nancial aid that students receive in high school to a¤ect their decision

process. If a student receives less �nancial aid, one obvious way for the student to compensate

for this lower income is to increase his labor supply. Therefore, we would expect to see direct

e¤ects of �nancial aid on the labor market behavior of students. Given that grants a¤ect labor

market behavior, the literature on the e¤ects of high school employment on academic performance

suggests that there might also be e¤ects of grants on academic performance. There is some

disagreement about the size and the direction of the e¤ects of employment during high school on

academic performance; generally, though, the literature suggests that the e¤ects are small and

171 percent of all �rst-year college students in the US were aged 19 or below in 1995-1996, King (2002).
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negative (see survey in Rothstein, 2007). High school employment may be bene�cial to students

if it provides them with valuable experiences in the labor market and knowledge of the world of

work. Employment could also enhance skills of students which are valued in the education system

such as discipline. On the other hand, high school employment may be detrimental to students if

it has adverse e¤ects on students�performance in school, e.g. by crowding out study time.

In the empirical analysis, we use information on the entire Danish 1979-1986 birth cohorts from

the Danish registers. The data set includes detailed information on educational paths, academic

outcomes, the grant received, parental background, and the exact date of birth of the students.

We de�ne measures of employment based on monthly indicators of labor market participation and

yearly earnings measures. We �nd that decreasing the grant by approximately $560 increases the

probability of working by two-three percentage points. It increases yearly earnings by about $125.

In addition, although we �nd no signi�cant e¤ects on high school GPA and other measures of

academic performance such as high school completion and college enrollment, the fact that our

estimates are very precise implies that we can reject that a lowering of the grant is associated with

any substantial adverse e¤ects on these outcomes.

The structure of the paper is as follows. In section 2, the high school student grant system

in Denmark and the speci�c feature of the system that we will use as part of our identi�cation

strategy are described. In section 3, we describe our empirical approach. Section 4 describes the

data used, and in section 5 we present a graphical analysis of the regression discontinuity and our

estimation results. In section 6, we perform a few robustness checks to validate our results. Section

7 concludes.

2 The Grant System for High School Students in Denmark

This section gives a brief introduction to the grant system in Denmark with particular emphasis

on the system and the payout scheme as it was in 1996 to 2004, which is the period that we focus

on in the empirical analysis. High school students receive �nancial aid in the form of a monthly

grant when they turn 18. In Denmark there are two major branches of upper secondary education:
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vocational and high school educations.2 Here, the focus will be on the high school educations,

although the grant system is basically same for the vocational educations. However, it turns

out to be convenient to restrict attention to high school students in order to obtain homogenous

outcome measures.

2.1 The Grant System

In Denmark high school students receive student grants from the State Education Fund from the

quarter after they turn 18. The main purpose of these grants is to ensure that it is the interests and

abilities of young people that determine educational choices and not their economic background.

Expenses to the State Education Fund made up about a third of the expenses in the Danish

Ministry of Education in 2005 (Statistics Denmark, 2008).

One of the major changes in the grant system occurred in 1996 when a basic grant was in-

troduced to all 18-year-old students. Prior to the reform the grant received by 18-year-olds was

means-tested against parental income, and many 18-year-olds received no grant at all. Grants to

19-year-olds were not means-tested prior to the reform, but after the reform 18-year-olds and 19-

year-olds were treated the same way in the student grant system. Everybody now receives a basic

grant and a means-tested supplement. The reform in 1996 meant that the number of recipients

of grants at the upper secondary education level increased substantially. Another major change

occurred in the spring of 2004 when the basic grant was reduced by about 30 %. However, on this

occasion, the means-tested supplement was increased such that individuals with adjusted parental

income below a certain level were una¤ected by the reform.3 We select our sample such that these

reforms do not bias our results.

In order to limit the extent of work during school, a limit is set on a student�s own income,

implying that he will have to pay back the student grant in case his income exceeds this limit. The

limits are the same for high school students and students in higher education. In 2001, the limit

2We use the term �vocational education�to cover the traditional vocational educations such as craftsmen etc.
The term high school education encompasses all of the standard high school educations. Upper secondary education
encompasses both of these terms.

3�Adjusted parental income�is a term used in the Danish grant system, and it depends primarily on parental
income and the number of siblings below the age of 18.
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was approximately 5,226 DKK (about $630) in months where the student received a grant and

13,050 DKK (about $1,570) in months where no grant was received. These limits are so high that

the number of high school students a¤ected is relatively small. The size of the basic monthly grant

was in the order of 1; 252 DKK in 2000 which corresponds to about $155. In addition, individuals

with adjusted parental income below a certain level received a supplement. Individuals who were

living away from their parents received a higher basic rate.4

2.2 The Payout Scheme

The rules governing payout of grants create di¤erential incentives for work and study among high

school students. According to these rules an individual is entitled to student grants from the

quarter following the quarter in which he turns 18. Student grants are paid out monthly. They

are paid out in advance; i.e. the grant for June will be paid out on the last banking day of May.

In practice this implies that an individual born April 1st must wait for about three months before

getting his �rst payout - the grant for July - while an individual who is born March 31st will not

have to wait at all, and will receive grants for April, May, and June. Given that some individuals

are faced with a �dry�period of up to three months after their 18th birthday, depending on the date

of birth, before beginning to receive the monthly grant, these individuals have a greater incentive

to look for alternative �nancing of their consumption than individuals who do not have to wait for

their �rst monthly grant. For high school students, the two primary sources of �nancing besides the

student grants are likely to be parental transfers and labor market work. If individuals are more

likely to hold on to a job once they are employed and have incurred search costs etc., this could

have permanent e¤ects on high school employment, but we would expect the di¤erence between

the treatment and control groups to diminish over time. The di¤erential incentives are expected

to be mitigated by the fact that many students to some extent receive indirect �nancial support

from their parents during this period, e.g. in the form of free housing and food. The monetary

loss incurred from being born early in the quarter is about $465 (3 � $155) for a student receiving

the basic rate. It is higher for students receiving the means-tested supplement.

4To receive the higher basic rate, an individual would have to meet certain requirements, and therefore not all
individuals who did not live with their parents received the higher basic rate.
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2.3 Related Public Transfers

In Denmark parents receive quarterly child bene�ts from the quarter following the quarter in which

the child is born to the quarter in which the child turns 18. The size of the bene�ts varies with

the age of the child. For our sample, the quarterly bene�t received for a 17-year old child would

have been in the order of 2; 100 DKK in 2000 (about $260). The e¤ect that we will be able to

identify will thus be a combined e¤ect of shifting transfers from parents to children (about $260)

and increasing the size of the transfer (about $205). We expect that the expenditures of high

school students are not substantially increased around the time they turn 18, e.g. parents still pay

for their food and housing. Unfortunately, data on the expenditures of children living with their

parents are scarce.

3 Empirical Approach

Our interest is in the following reduced form model for individual i:

yi = �+ �G �Gi + �Z � Zi + �S � Si + ui (1)

where �G is the parameter of interest and measures the e¤ect of the student grant, G, on a given

outcome, y. The primary outcomes that we consider are measures of labor market participation

during high school and the high school grade point average. Z consists of background character-

istics that may a¤ect y, and S is a series of season of birth indicators. ui is an error term. The

estimated coe¢ cient on grants can only be given a causal interpretation if the estimation proce-

dure takes into account that the amount of �nancial aid received is often correlated with various

observed and unobserved background characteristics. Plausibly, some of these characteristics will

also matter for the outcome, and the causal e¤ect of G on y cannot be straightforwardly iden-

ti�ed. It is unlikely that we would be able to fully control for these characteristics even with a

large set of covariates. To solve this problem, we take advantage of a particular source of exoge-

nous variation in G to identify the causal e¤ect. Speci�cally, individuals born early in a quarter

(the control group) receive less �nancial aid than individuals born late in the previous quarter (the
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treatment group). However, this identi�cation strategy could fail if there are systematic di¤erences

in parental characteristics and child outcomes across season of birth as suggested by Buckles and

Hungerman (2008). In our setting, this would be particularly critical if there were large di¤erences

between consecutive months. Thus, di¤erences between individuals born in the �rst and the third

quarter would not invalidate our identi�cation strategy.5 We consider this potential problem in

more detail in section 6.1.

There are several methods that can be used to identify the e¤ects of interest in our case,

but because the probability of receiving treatment is discontinuous in date of birth, a regression

discontinuity approach is particularly well-suited for our estimation problem.

3.1 The Regression Discontinuity Design

The idea behind identi�cation using a regression discontinuity (RD) design is similar to the idea

of a controlled experiment where we can choose one group to receive the treatment (the treatment

group) and refrain from giving the treatment to another similar group (the control group). In

this case, the e¤ect of treatment can easily be identi�ed as the di¤erence between the outcomes

of the treatment group and the control group. Essentially, the estimation problem is that we only

observe yi = Tiy1i + (1 � Ti)y0i for individual i, but not the potential outcomes y1i and y0i, the

outcome in the case with treatment and no treatment, respectively. Ti is the treatment variable

for individual i. When an RD design is implemented correctly, it allows the researcher to estimate

parameters from observational data that would usually require access to experimental data.6

In our setting, Ti is an indicator for whether or not individual i is born early in a quarter. Let xi

be the assignment variable which is a count variable that counts the number of days from the �rst

day of a quarter (x0) to the date of birth.7 In principle, we have repeated regression discontinuities

which are joined together under the assumption that the treatment e¤ect is the same at each

5One exception to this would occur if the sample is unbalanced within the quarterly groups, e.g. the number
of individuals born in April is substantially higher than the number of individuals born in March. In this case,
individuals born in April will essentially also be compared to individuals born in other months of the year. We
address this issue in section 6.1.

6Imbens and Lemieux (2008) give an excellent overview of the workings of the RD design.
7The discontinuity point is assumed to be x0 = 0, and xi will be less than zero for observations in the end of

a quarter and greater than or equal to zero for observations in the beginning of a quarter. Speci�cally, and to be
discussed in more detail later, x0 will correspond to April 1st, July 1st, and October 1st.
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discontinuity. In a sharp RD design, the treatment variable is a deterministic function of the

assignment variable. Since individuals in our case are allocated to treatment and control groups

based on their date of birth and since there is no uncertainty with respect to who receives treatment,

we use a sharp RD design with the following treatment assignment function:

Ti = f(xi) = 1[xi < x0] (2)

where the discontinuity point is labeled x0. The two key assumptions in an RD design are that

(1) the limits T+ = lim
x!x+0

E[Ti j xi = x] and T� = lim
x!x�0

E[Ti j xi = x] exist, and are not equal,

T+ 6= T�, and (2) that E[y0ijxi = x] is continuous in x at x0, see Hahn, Todd, and van der Klaauw

(2001). Thus, the outcome (in the no treatment case) is assumed to be a smooth function of the

assignment variable around the discontinuity point. In other words, in the absence of treatment,

individuals close to the discontinuity point (on either side) are similar. If this were not the case,

a di¤erence in the outcome between the two sides of the discontinuity point could not credibly be

attributed solely to the change in treatment status.

3.2 Parametric Estimation

By de�nition, the assignment variable, xi, has no common support in the control and treatment

groups. A parametric RD speci�cation is one way to deal with this problem. Consider the following

parametric regression model:

yi = �+ � � Ti + � � xi +  � Zi + "i (3)

where yi; xi; and Ti are de�ned above. � captures the causal e¤ect of the student grant, the

vertical discontinuity at x0. Zi is a vector of background characteristics, such as gender, high

school characteristics, parental characteristics etc. We expect the coe¢ cient on xi, �, to be roughly

zero as date of birth is not expected to have substantial e¤ects on the outcome in the relatively

short time spans we will consider. If necessary, the e¤ect of the assignment variable on the

outcome variable can be modeled in a less restrictive way using splines and/or polynomials (see,
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e.g., Lemieux and Milligan, 2008). Control variables, Zi, can be included in the speci�cation to

control for random variation that might otherwise bias results. If the RD design is correct and

the sample is of a su¢ cient size, we would not expect the inclusion of covariates to matter since

they should be the same for the control and treatment groups. Generally, the above model should

identify the treatment e¤ect at x0 with or without covariates, as long as the window around the

discontinuity point is not too wide. However, to extrapolate to xi far away from the discontinuity

point, it might be necessary to include covariates. The main concern with parametric estimation

is its sensitivity to speci�cation errors in modeling the relationship between yi and xi. The next

subsection addresses this issue by discussing nonparametric estimation in an RD context.

3.3 Nonparametric Estimation

Hahn, Todd, and van der Klaauw (2001) show conditions under which the treatment e¤ect � is

non-parametrically identi�ed. When the treatment e¤ect � is assumed to be constant across indi-

viduals, the only assumption needed for nonparametric identi�cation is the smoothness assumption

described above. In our setting, the smoothness assumption is very reasonable. It implies that in

the absence of treatment there is no jump in the outcome variable for those born late in a quarter

compared to those born early in a quarter. In the case of heterogeneous treatment e¤ects, only

E[�ijxi = x0] can be identi�ed, and an additional assumption is needed, namely a functional form

restriction on E[y1i � y0ijxi = x] which must be continuous at x = x0.

Hahn, Todd and van der Klaauw (2001) consider two nonparametric estimators: A one-sided

kernel regression estimator and a local linear regression (LLR) estimator. The one-sided kernel

regression estimator is asymptotically biased, and the bias converges to zero at a slower rate at

the boundary points. This poses a particular problem for estimation in an RD setting where the

estimation is done at the boundary points. LLR has better boundary properties and a smaller bias

than the kernel-based estimator. We use the triangle kernel as it has nice properties for LLR in

an RD setting as it is boundary optimal, see Cheng et al. (1997).

K(x) = (1� jxj)1[jxj � 1]
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As an assistance for choosing a sensible bandwidth, one can apply the method of cross-validation

described in Imbens and Lemieux (2008) and applied in Ludwig and Miller (2005). As the approach

is not without its faults, the �nal choice of bandwidth will often depend on both the results from

the cross-validation exercise and visual inspection. We will discuss the choice of bandwidth in

more detail in section 6.5.

3.4 The Treatment E¤ect

The estimated causal e¤ect is interpreted as an average treatment e¤ect (ATE) at the discontinuity

point, x = x0.8 If the common e¤ect assumption holds, we can further extrapolate to values of

x further away from x0. Generally, the RD design has excellent internal validity. However, there

are a couple of potential pitfalls in our application. First, speci�c forms of seasonal variation in

outcomes will invalidate the RD design. Second, high school enrollment may be in�uenced by

di¤erences in the size of the total grant received. These issues will be addressed in the robustness

section. In our application, we believe that the RD design has external validity as well since there

is no obvious reason why the treatment e¤ect would be di¤erent for individuals with a value of x

di¤erent from x0. Of course, there is a possibility of di¤erential treatment a¤ects based on time

of birth, but we believe the results are widely representative.

4 The Data

In the empirical analysis, we use administrative data collected by Statistics Denmark with informa-

tion on the entire 1979-1986 birth cohorts in Denmark. The administrative data are collected from

a number of di¤erent data sources, and we have a very extensive data set at hand for our analyses.

First, we have detailed information on the characteristics of the 1979-1986 cohorts, including their

exact date of birth, the amount of grant received, high school grade point average (GPA), and

extensive information on their parents and their education and income. Secondly, detailed event

history data on education provides us with information about the exact time of enrollment and

8In principle, the estimated parameter is an intention-to-treat e¤ect, but since the take-up rate is likely to be
close to 100 percent, we interpret the estimates as average treatment e¤ects. Based on our data, we estimate the
relevant take-up rate to be at least 98 percent.
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completion of high school, and the type of high school education. Finally, we have information on

monthly labor market participation (LMP), which tells us exactly in which months the individuals

in our sample have been working. In addition, we observe earnings on a yearly basis. However, this

earnings measure is not ideal for our analysis since it measures income in the calendar year and not

the school year. Suppose that we used earnings in the year of high school graduation, this measure

would also include earnings after graduation. Since many high school graduates in Denmark work

full-time in the year following graduation, the income earned during this period will dominate and

make the measure less precise. The labor market related outcomes that we will consider in the

analysis are therefore primarily based on information on monthly LMP. The LMP data is based

on monthly reports from �rms to the tax authorities about the individuals who received income

from the �rms. The data is not particularly detailed, but it is extremely precise, and we therefore

have very reliable information about whether a high school student worked in a given month or

not. The measures of LMP are described in more detail in section 4.3. Our primary measure of

academic performance is the high school grade point average (GPA). In addition, we also consider

the following outcomes: the choice of high level math, the high school drop out probability, and

the probability of enrolling in higher education within two years of high school graduation.

4.1 Sample Selection

In order to avoid that our estimation period coincides with reforms of the student grant system,

we focus on the 399,121 individuals born between December 2nd 1979 and January 30th 1986.

The maximum window at either side of the discontinuity point that we will consider is 30 days.

Table 1 gives an overview of the sample selection process. We focus on individuals who attended

a three-year high school and who turned 18 during the �rst or second year of high school based

on time of enrollment.9 The three-year high school educations are the most common in Denmark,

and focusing only on these types provides us with a more homogenous sample. If an individual

attended more than one high school education that �ts the selection criteria, the focus is on the

education that the individual �rst enrolled in. Our identi�cation strategy requires that individuals

9The school year is assumed to run from August to July.
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turn 18 during high school, and to be able to de�ne post-treatment outcomes for all individuals

in our sample, we disregard those individuals who turn 18 during the third year of high school. In

addition, we disregard individuals who drop out of high school prior to or in the quarter in which

they turn 18.10 As mentioned, the maximum number of days at either side of the discontinuity

point that we will consider is 30. Thus, we drop individuals from the sample that are not born in

the last 30 days or the �rst 30 days of a quarter.

The fundamental assumption in a regression discontinuity design is that observations just to

the left and just to the right of the discontinuity point are inherently similar. However, in our

preliminary data analysis we realized that this was indeed not the case for the individuals in our

sample who were born in December and January. For example, those born in January are much

more likely to turn 18 during their �rst year of high school than those born in December. We

attribute this occurrence to the norms and rules regarding the age at school entry. During this

period, enrollment in primary school more or less followed the year of birth. Thus, individuals

who are born in December of one year will enroll a year before those born in January the following

year. To avoid a potential school entry bias in our regression discontinuity estimate, we simply

drop individuals who are born in December or January from the analyses. This leaves us with

66,400 observations. For the analysis of the e¤ects of �nancial aid on high school GPA, the number

of observations is slightly lower (60,738) as high school GPA is only observed for about 90 percent

of the sample. For some individuals GPA is missing because they never complete the high school

education. But for the majority of the missing observations, we do not know exactly why the

GPA is missing. We address this issue in section 6.2 where we establish that a missing GPA is not

systematically related to time of birth.

4.2 Descriptive Statistics

We will refer to individuals born within the �rst 30 days of a quarter, i.e. the �rst 30 days of

April, July, and October, as the control group (Ti = 0). Correspondingly, individuals born within

the last 30 days of a quarter, i.e. the last 30 days of March, June, and September, will be referred

10In order to obtain symmetry, we also disregard individuals from the control group who drop out during the
quarter following the quarter in which they turn 18.
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to as the treatment group (Ti = 1). Table 2 shows the means of outcome variables and control

variables in the entire sample, and for the control and treatment groups separately. On average,

the treatment group receives about 4,500 DKK (about $560) more in �nancial aid than the control

group in the year they turn 18. The treatment and control group means also vary across labor

market outcomes, but not for high school GPA.11 Labor market participation is higher on average

for the control group than for the treatment group. Comparing the means of the individual and

parental characteristics, we �nd that the treatment and control groups are very similar.

4.3 Labor Market Participation

We will motivate our measures of labor market participation using �gure 1. The graph shows

mean monthly labor market participation for the control and treatment groups from about one

year before the time of the 18th birthday to one year after. The vertical line marks the month

when the individuals in the treatment group turn 18. Individuals in the control group will turn 18

one month later, e.g. for the March-April groups, the vertical line marks the month of March. The

construction of the measures of labor market participation requires that one pays speci�c attention

to a couple of things that are evident in this graph. First, based on this descriptive graph, there

does not appear to be long-term e¤ects of a reduced grant, and we should therefore focus our

attention on labor market measures around the months following the 18th birthday. Secondly,

there is a large downward change in labor market participation around the 18th birthday caused

by the institutional settings in Denmark that provide a favorable setting for the hiring of workers

below the age of 18 and, of course, the fact that individuals become eligible for student grants

when they turn 18. Speci�cally, the minimum wage an employer has to pay increases substantially

when a worker turns 18. Since we only observe monthly labor market participation, we need to be

careful that the constructed measures of labor market participation are not capturing these e¤ects.

The graph shows a pattern of initial similarity in the labor market participation in the treatment

and control groups. Brie�y prior to the month of the 18th birthday, the paths of the treatment and

11The high school grade point average is mainly computed based on grades given in courses taken in the �nal year
of high school. Both the grades for the year�s work and the grades obtained at exams are included. The grading
scale used in Denmark during this time period is a grading scale with the following grades: �00�, �03�, �5�, �6�, �7�,
�8�, �9�, �10�, �11�, and �13�. Grades greater than or equal to 6 are passing grades.
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control groups diverge and remain separate for a while after which they converge again. Clearly,

there is no reason to expect continued divergence in the treatment and control group work measures

after the month of the 18th birthday. In fact, ignoring the payout scheme, we would even expect

the treatment group to have higher labor market participation in the months following the 18th

birthday since they have had more time to search for a new job. Thus, our estimate will be a

conservative estimate of the true treatment e¤ect.

We will consider two measures of labor market participation during high school which are both

based on the monthly labor market participation data. Let labor market participation during the

12 months after the 18th birthday be an indicator variable with the value 1 if an individual is

observed to be working in one or more months during the 12 months after the 18th birthday. In

relation to the discussion above, we actually use the 12 calendar months following the month of the

18th birthday of the control group. As a corresponding measure, we de�ne the number of months

worked during the 12 months after the 18th birthday. To some extent, this allows us to look at

both the extensive and the intensive margin.

5 Empirical Results

We will start by presenting a graphical analysis of the discontinuity. Subsequently, we employ the

two empirical approaches described in section 3 to estimate the e¤ect of student grants on two

types of outcomes: employment as measured by labor market participation and the number of

months worked in a given period and academic performance as measured by high school GPA. In

addition, we consider some additional outcomes for completeness.

5.1 Graphical Analysis

The graphs shown in �gures 2-3 all share some common features. The assignment variable is

grouped into two-day bins and takes values from -30 to 30, corresponding to 30 days before the

beginning of a quarter and 30 days after. The plots show the average outcome of each bin.

In addition, the plots are overlaid with �tted values and 95 percent con�dence intervals from a
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linear regression that is allowed to vary with treatment status. The vertical line is placed at the

discontinuity point, which in actual dates corresponds to April 1st, July 1st, or October 1st.

To illustrate the discontinuity in student grants caused by the payout scheme, we plot the

amount of grant received in the �rst year in which the student is eligible for student grants against

the assignment variable in �gure 2. The graph shows a clear discontinuity in the yearly grant

received of about 4,500 DKK ($560). This amount is higher than three times the basic grant

since many individuals receive a higher grant because they receive the means-tested supplement

or because they do not live with their parents.

We now turn to the same type of plots for the outcome variables and investigate whether the

basic plots suggest an e¤ect of student grants on the measures of work or high school GPA. These

plots are shown in �gure 3. Based on these plots, we expect to �nd no signi�cant e¤ect on high

school GPA, but a positive e¤ect on labor market participation and number of months worked.

5.2 Regression Discontinuity Estimation

The estimation results are presented by outcome.

5.2.1 The E¤ects of Grants on Work Outcomes

Aggregate Measures of Labor Market Participation Table 3 presents the main results

from the RD estimation of the e¤ect of grants on labor market participation measures in the

12 months after the 18th birthday. The �rst column shows the results using a 30-day window

on either side of the discontinuity point. Both estimates from a standard linear regression and

nonparametric estimates obtained by local linear regression are reported. Both types of estimates

are signi�cant at the 5 percent level although relatively small in size. For the linear speci�cation,

the estimated treatment e¤ect on labor market participation and number of months worked is

�0:017 and �0:269, respectively. The nonparametric estimates are slightly larger, but in the same

order of magnitude.

Since individuals who receive more than the minimum grant incur a greater loss in student

grants from being born early in a quarter, we would expect any e¤ects to be larger in absolute terms
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for this group. Column 2) shows the results from a regression including only those who received

more than the minimum grant. As expected, the estimated treatment e¤ects are now numerically

larger (with the exception of one), but they are still of a relatively small magnitude. Individuals

who receive more than the basic grant are typically disadvantaged compared to students who only

receive the basic grant. Thus, it may be harder for them to adjust their labor market behavior

given a poor network or family conditions. However, based on the nonparametric estimates, the

e¤ects for this group are a little bit larger and still signi�cant.

Including control variables does not result in any major changes, except for an (expected)

increase in r-squared. By de�nition the RD design is meant to compare individuals who are the

same, and control variables should not be necessary in a clean design setup. We conclude that

even for the 30-day window, any problems with bias are negligible. The most important variables

(highest t-statistics) for explaining the work outcomes are gender, parents�incomes, being enrolled

in the business track, and turning 18 during the �rst year of high school. Turning 18 during the

�rst year of high school is negatively associated with work behavior, while the other variables are

positively associated with work behavior.

Considering (in column 4) a 15-day window makes it more likely that individuals are exactly

the same, thereby reducing the need for control variables. Also, the treatment e¤ect is expected to

be bigger in absolute terms as we compare individuals closer and closer to the discontinuity point.

This is because individuals who are born 30 days before the beginning of a quarter have to wait

one month for their student grant payout, while individuals born 30 days after the beginning of a

quarter have to wait for two months. As we move closer to the discontinuity point, the di¤erence

in waiting times, and therefore the expected di¤erence in the outcome, increases. In fact, we �nd

slightly larger estimates (in absolute terms) of the treatment e¤ect for this speci�cation.

Overall, the estimates suggest an decrease in labor market participation in the order of 1:5 to

2:6 percentage points, which is relatively small. However, one should keep in mind that average

labor market participation is around 80 percent in this sample. For the number of months worked,

the estimated treatment e¤ect is about �0:25 to �0:35 months, which is also relatively small.

If one is willing to make a linear extrapolation based on these results, the implication is that
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receiving additional grants in the order of $1000 reduces the probability of working in a given year

by 2:7-5:5 percentage points. The income elasticity of labor market participation is about �0:2

to �0:3, where income is the study grant and earnings. At the intensive margin, i.e. number of

months worked, the elasticity is about �0:15 to �0:25.

Whether or not our estimates are reasonable based on existing studies is di¢ cult to say since

the literature provides few benchmarks. Eissa and Hoynes (2004) reports income elasticities of

labor market participation of �0:039 for women and �0:007 for men. Triest (1992) concludes

that married women�s labor market participation is likely to be more responsive to taxes than

their hours worked as his estimated labor supply elasticities are higher when using all women as

opposed to only working women.

Monthly Measures of Labor Market Participation In �gure 4, we have depicted the treat-

ment e¤ect on labor market participation in each month. The setup of this �gure corresponds to

that of �gure 1. The treatment e¤ects and the 95 percent con�dence intervals are obtained by

a linear regression using the 30-day window. From the graph, we see that (ignoring the month

labeled �1�) the treatment e¤ects on monthly labor market participation after the 18th birthday

are about �0:3-�0:4 in the �rst couple of months and slowly increase and are equal to zero at

approximately 9-10 months after the 18th birthday. Thus, the graph suggests that the e¤ects of

the higher grant caused by the payout scheme are of a transitory nature.

Yearly Earnings Obviously, the advantage of the monthly measures of labor market participa-

tion is that we can fully control the time period in which our outcome is measured. The limitation

is that it is not that informative with respect to whether those who are already working also

work more hours. We can measure an e¤ect on the extensive margin (work or not work), but we

cannot say much about the intensive margin (number of hours worked). In table 4, results from

estimations using earnings in the year of the 18th birthday are shown. The estimations in panel

A include all observations with observed earnings, while the estimations in panel B include only

observations with observed strictly positive earnings. Especially for the individuals born in Sep-

tember and October, the e¤ect on earnings in the year of the 18th birthday is likely to be upward
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biased since earnings are only measured on a yearly basis. We prefer using earnings in the year of

the 18th birthday to using later earnings measures. Many students will complete high school and

e.g. work full time, which will bring a lot of noise into the estimates. We �nd negative and mostly

signi�cant treatment e¤ects in all speci�cations. In panel A, we �nd higher estimated e¤ects in

absolute terms for columns 2) and 4) as expected. However, these results suggest a decrease in

yearly earnings in the order of 1,000 DKK ($125), which is less than 25 percent of the average

di¤erence in grants received by the control and treatment groups. Thus, it appears that although

students try to compensate for the lower grant received, they are not even close to compensating

for the full amount. From the perspective of the household, a 1,000 DKK di¤erence in earnings

implies that household income is roughly equivalent for the treatment and control groups.

The estimates reported measure mean earnings implying that the e¤ect could be a re�ection

of the fact that that more students work. To estimate an e¤ect on the intensive margin, we need

to make an additional assumption. Speci�cally, individuals in the control group that are induced

to work, get jobs that are similar to the jobs held by those who already work in terms of the wage

and the number of hours worked. Almost all student jobs pay about the same hourly wage, but

they may require a di¤erent number of hours worked per week. However, most jobs are probably

in range of 5-15 hours a week. Given the above assumption, we can estimate the e¤ect on the

intensive margin. The estimated e¤ect on yearly earnings is about 600 DKK in speci�cation 1) in

panel B. Even if one has doubts regarding the identifying assumption, this e¤ect is too large to

be explained entirely by di¤erences in the type of jobs held. Thus, we have established that the

student grant a¤ects the extensive as well as the intensive margin of work.

5.2.2 The E¤ects of Grants on Academic Outcomes

High School GPA In table 5, the main results from the RD estimation of the e¤ect of grants on

high school GPA are reported. For the linear speci�cation using the 30-day window, the estimated

treatment e¤ect is small (�0:023) and insigni�cant even at the 10 percent level. The size of the

e¤ect corresponds to about 1=50 of a standard deviation of high school GPA. Column 2) shows

the results from a regression including only those who received more than the minimum grant.
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The estimated treatment e¤ect is now numerically larger, but still of a very small magnitude and

only borderline signi�cant. Including control variables only results in a slightly smaller estimated

treatment e¤ect in absolute terms and a considerable increase in r-squared. The most important

variables (highest t-statistics) for explaining GPA are gender, father�s income, mother or father in

higher education, and being enrolled in the business track. Being enrolled in the business track

(relative to math and science track) is negatively associated with GPA, while the other variables

are positively associated with GPA. Considering (in column 4) a 15-day window, the estimated

treatment e¤ect is still small and insigni�cant. The nonparametric estimates are even smaller in

absolute terms and still insigni�cant.

In summary, the e¤ect of grants on GPA, if any, is of a relatively small size. For the linear

speci�cation with the 30-day window, the 95 percent con�dence interval ranges from about 0:006

to �0:052. Thus, although insigni�cant, our estimate is very precise, and we can reject that there

are any adverse e¤ects of a lower grant on GPA. If anything, it seems that there are small positive

e¤ects on GPA of lowering the grant. There could be numerous explanations for this. It might be

the case that working more gives the student skills such as discipline, work ethics etc. Students who

work on weekends do not have as much time to party and therefore they spend Friday or Saturday

evening at home studying. Students who work low-skilled and low-paid jobs at McDonald�s might

realize that getting an education is important for them and they might therefore be motivated to

study harder.

Other Academic Outcomes To check whether the grant a¤ects other academic outcomes,

table 6 shows similar results for a number of di¤erent academic outcomes. First, the choice of high

level math in high school is investigated. Supposedly, high level math is a relatively time-intensive

course and a determinant of future academic performance, Joensen and Nielsen (2009). Again we

�nd essentially a zero treatment e¤ect, but if anything, the treatment e¤ect is actually negative.

Second, the grant could also a¤ect the decision to drop out of high school - both prior to and

after the 18th birthday - but again we �nd small and insigni�cant e¤ects. Third, we consider the

e¤ect of the grant on enrollment in higher education. Due to data limitations, we focus on the

1980-1983 birth cohorts and consider only enrollment within two years of high school completion.
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For all four academic outcomes (including GPA), we �nd a treatment e¤ect that is essentially

zero. For all academic outcomes except the dropout rate, the treatment e¤ect actually tends to be

negative in the sense that academic outcomes are deteriorated rather than improved. If there is

a positive e¤ect of lowering grants on the probability of dropping out and low ability individuals

are more likely to drop out due to changes in the grants, the estimated treatment e¤ects on the

remaining academic outcomes will be biased downwards. This bias is likely to be of a relatively

small magnitude. If we assume that 1.3 percent of the individuals in the treatment group drop

out and that they would have otherwise acquired a GPA of 6 which is the lowest passing GPA,

the treatment e¤ect on GPA would have a negative bias of about 0:03.

6 Robustness of Results

In this section, we consider various robustness checks of our main results.

6.1 Seasonal Variation in Outcomes

In the presence of seasonal variation in the outcome variables that does not originate from the

di¤erential grants received, the estimated treatment e¤ects would be biased. We investigate three

channels through which seasonal variation could arise. First, in theory parents can manipulate

the date of birth, e.g. to receive child bene�ts at an earlier date. As shown in the data section,

there are almost no statistically signi�cant di¤erences between the treatment and control groups

in terms of the pre-high school variables. If the di¤erences in e.g. child bene�ts were driving our

results, we would expect to �nd di¤erences between the control and treatment groups based on

the measured background characteristics.

Second, month-by-month variation in academic achievement caused by di¤erences in e.g. parental

characteristics or institutional features will be a problem for the identi�cation of the treatment

parameters. Table 7 shows the GPA in lower secondary school by month of birth for the 2002-2005

school cohorts. Overall, GPA is declining, and children born later in the calendar year have lower

GPAs. From January to March GPA is increasing though. In relation to our sample, GPA is
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always lower for the treatment group than for the control group. However, only when comparing

January and December is the di¤erence in means signi�cant at even a 10 percent level. Thus,

month-by-month variation implies that our estimate on GPA will be upward biased.

Third, seasonal variation combined with an unbalanced sample will make the estimates sensitive

to variation across the year as well. By an unbalanced sample, we mean a sample where the

number of individuals born in each of the treatment and control group pairs (March-April, June-

July, and September-October) is not equally distributed between the treatment and control groups.

Essentially, our setup implies that we risk comparing individuals who are born in September with

individuals born in April meaning that the estimate is now relatively sensitive to seasonal variation.

To investigate the sensitivity of the results, we construct a random sample of individuals from each

month (30-day interval) conditioning on sampling an equal number of individuals in March and

April, June and July, and September and October. The results on work behavior in the year

following the 18th birthday and high school GPA are practically unchanged when analyses are

performed on this balanced sample.

6.2 Are GPAs Systematically Missing?

One might speculate that missing GPA is in some way related to date of birth, thereby invalidating

the identi�cation strategy. In order to con�rm that GPA is not systematically missing with respect

to the treatment indicator, we estimate a probit model where the dependent variable is an indicator

for missing GPA and the independent variables are the entire range of individual and parental

characteristics and the treatment indicator. Both estimations with and without those individuals

who drop out of high school yield no signi�cant e¤ects of the treatment indicator on the probability

of having a missing GPA. The estimated coe¢ cient of the treatment indicator is positive. This is

true whether or not background characteristics are included. However, the associated p-value is

never below 0.36. We conclude that there is no reason to be worried about the fact that GPA is

missing for about 10 percent of our sample with respect to our results.
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6.3 Does Time of Birth A¤ect High School Enrollment?

If individuals are able to anticipate the size of the grant that they will receive in high school and

take this information into account when they make their high school enrollment decision, then

our identi�cation strategy would be weakened. If this were an issue in our analysis, we would

expect to observe di¤erences in high school enrollment by time of birth. To ensure that this is not

an issue in our setup, we perform the same analysis as in section 5.2, but we now consider high

school enrollment as the outcome. The estimated treatment e¤ect is 0:005 for both the 30-day

window and the 15-day window using a linear speci�cation. Given the very small standard errors,

0:004 and 0:006, respectively, we can essentially rule out that there are any e¤ects on high school

enrollment.12

6.4 Heterogeneous Treatment E¤ects

In this subsection, we investigate whether there are di¤erential treatment e¤ects by parents�edu-

cation level, income, gender of the high school student, whether or not the student attended 10th

grade, and work behavior prior to the 18th birthday.13 The presence of heterogenous treatment

e¤ects may explain why we �nd signi�cant e¤ects of grants on labor market behavior but not on

academic outcomes. It might be the case that only students with a favorable socioeconomic back-

ground are changing labor market status. Since this group has better support from their families,

they might be able to work more and keep their GPA una¤ected. We measure socioeconomic back-

ground by parental income and education. Another possibility is that only high-ability students

change labor market behavior. This group of students are doing well in school, and they may not

be a¤ected much by working more in terms of lower academic performance. We do not have access

to GPA from lower secondary school, but we proxy this by whether or not the student attended

10th grade. It could also be the case that only students who already have jobs are changing be-

havior. This is measured by the number of months worked in a six month period one year prior

12For high school enrollment, we consider a sample similar to our main sample, but obviously we no longer
condition on high school enrolment. High school enrolment is de�ned as enrolment in a 3-year high school education.
1310th grade is an optional grade at the lower secondary level. To some extent, it is an indicator of individual

ability since high ability individuals tend to enroll directly in high school after 9th grade.
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to the 18th birthday. Table 8 reports the results.

With respect to the socioeconomic indicators, parental education and income, there is not

much evidence of heterogenous treatment e¤ects. An exception is the individuals with high-income

fathers. Their treatment e¤ect is signi�cantly higher than the treatment e¤ect of individuals with

low-income fathers. In fact, the treatment e¤ect is essentially zero for this group. This suggests

that parents subsidize their children�s consumption to some extent. However, we do not �nd this

pattern for those with high-income mothers. With respect to the treatment e¤ect on high school

GPA, there is no evidence of heterogenous treatment e¤ects, even at the 10 percent level. In

general, the results do not support the hypothesis that the e¤ect is only present for students with

favorable socioeconomic characteristics.

There is no evidence of di¤erential treatment e¤ects across gender. Looking at the estimates

for those who attended 10th grade and those who did not, we do not �nd much support for the

story that only high-ability students are a¤ected. Although the estimated e¤ect on number of

months worked is larger for students who attended 10th grade, it is not statistically di¤erent from

the estimate for students who did not attend 10th grade. Also, there is no evidence of di¤erential

treatment e¤ects on GPA. Finally, the students�labor market behavior prior to the 18th birthday

does not seem to matter. To sum up, we �nd little evidence of strong heterogenous treatment e¤ects

except for the fact that the e¤ect appears to be present for students with low-income fathers but

not for students with high-income fathers.

6.5 Choice of Bandwidth

The choice of bandwidth is potentially extremely important for the nonparametric estimation

results, and one should always perform some sensitivity analysis on the choice of bandwidth.

Figure 5 illustrates the sensitivity of our main results to the choice of bandwidth for bandwidths

in the range of 3 to 30 days. At the low bandwidths, the estimated treatment e¤ects are imprecise,

but for the labor market measures the estimated treatment e¤ects are signi�cant at bandwidths of

about 7-10 days and above. After that, the estimated treatment e¤ect is relatively constant. For

GPA, the estimated treatment e¤ects are essentially zero at all choices of bandwidth. We would
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expect the estimates to be more imprecise at the low bandwidths, so we consider these results

a good indicator that our choice of bandwidth (15 days) is reasonable. This bandwidth gives us

enough observations to get informative estimates while using observations relatively close to the

discontinuity point.14

7 Conclusions

We employed exogenous variation in the size of student grants given to students in high school

to identify the causal e¤ects of grants on academic and labor market outcomes. The exogenous

variation arises due to administrative rules governing the payout of grants when students turn 18.

Students born late in a quarter receive a higher grant than students born early in the subsequent

quarter. The exogenous variation is on average $560 (year 2000 US $), which is a relatively

large amount for students in high school. The e¤ect we identify is a combined e¤ect of shifting

transfers from parents to children and increasing the size of the transfer. The �ndings from both

parametric and nonparametric estimates suggest that there is a negative and signi�cant e¤ect on

both labor market participation and yearly earnings of increasing the grant. About two percent

of all students change labor market participation status. This constitutes approximately 10 % of

those not working in the 12 months following their 18th birthday. Results for other labor market

participation measures also show modest increases in the extent of work. There also seems to be

an e¤ect on the intensive margin of labor. Students who receive a higher grant have lower earnings,

and since the hourly wage for high school students is not expected to di¤er a lot across jobs, this

suggests that they indeed work less hours.

We also estimated the e¤ects of increasing the student grant on various academic outcomes.

There is essentially no e¤ect on GPA, and since the standard errors of the estimates are very small,

we can reject that the GPA decreases by more than 0.04 grade points at a 5 percent signi�cance

level when the grant is lowered. A drop of 0:04 grade points is essentially zero since the mean is

8:18 with a standard deviation of 0:956. We have also tested other academic outcomes such as
14We have also experimented with the cross-validation procedure described in Imbens and Lemieux (2008). But,

similarly to Ludwig and Miller (2005), we �nd that the estimated loss function is extremely �at and therefore the
procedure does not seem particularly well-suited for optimal bandwidth selection in our application.
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high school drop-out rates, enrollment in higher education, and the probability of choosing high

level math. We �nd no evidence of substantial e¤ects of grants on any of these outcomes. Unlike

Dearden et al. (2006) we �nd no signi�cant e¤ect on dropout rates. The reason for this could

be that we are considering a relatively small reduction at a high level of transfers and they are

considering the introduction of a relatively high transfer. Also, their pilot scheme was introduced

in geographical areas that were likely to be more responsive to treatment.

In the recent literature on skill accumulation it is suggested that early investments in children�s

human capital yield higher returns than later investments. Cunha et al. (2006) describe results

from some early childhood intervention programs. They suggest that these interventions have

large positive e¤ects. Cunha and Heckman (2006) further emphasize this point and suggest that

the technology of human capital accumulation is characterized by self-productivity and dynamic

complementarity of human capital investments. Based on this literature and the fact that we �nd

no adverse e¤ects on academic outcomes, policy makers should consider shifting resources from

high school student grants to earlier interventions.
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A Figures

Figure 1: Monthly labor market participation for the treatment and control groups. 1981-1985
cohorts.

Figure 2: Size of grant (in DKK) received in the year of 18th birthday by time of birth.
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Figure 3: Main outcomes by time of birth. Predicted values from linear regressions and 95 percent
con�dence bands.

Figure 4: Treatment e¤ects on monthly labor market participation from linear estimation. 1981-
1985 cohorts.
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Figure 5: Sensitivity analysis of bandwidth choice for the main outcome measures. LLR estimates
and 95 percent con�dence intervals.

93



B Tables

Table 1: Sequential Overview of Sample Selection
Number of Percentage

Description of sample selection individuals of total
Born between December 2nd 1979 and January 30th 1986 391,121 100.0

Enrolled in a three-year high school education 176,082 45.0
Turned 18 during the �rst or second year of high school 141,860 36.3
Did not drop out prior to or in the quarter in which they turned 18a 129,879 33.2
Born in the �rst 30 days or the last 30 days of a quarter 87,909 22.5
Not born in December or January 66,400 17.0
Observed GPA 60,738 15.5

Notes:
a) To obtain comparable treatment and control groups, we also disregard the treatments who dropped out
in the quarter of their control group�s 18th birthday.
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Table 2: Comparison of Means in the Control and Treatment Groups
All Treatment Control

Mean Std. Dev. Mean Std.dev. Mean Std. Dev.
Yearly grant in year 2000 DKKb 7752.174 5385.720 10034.410 5344.993 5487.346*** 4375.147
Outcomes
LMP during 12 months after 18th birthday 0.802 0.793 0.811***
No. of months worked during 12 months
after 18th birthday 6.644 4.805 6.537 4.826 6.751*** 4.782
Wage income at age 18 22090.7 18865.82 21781.32 19105.68 22398.6*** 18619.23
High school GPAb 8.180 0.956 8.179 0.956 8.181 0.956
High level mathd 0.496 0.495 0.496
High school drop-outd 0.168 0.169 0.168
Enrollment in higher educationd 0.599 0.597 0.602
Individual characteristics
Female 0.551 0.551 0.551
Turned 18 during 1st year of high school 0.440 0.434 0.446***
Attended 10th grade 0.593 0.602 0.585***
High school track
Math and science track 0.371 0.369 0.373
Language track 0.280 0.280 0.281
International track 0.002 0.002 0.002
Business track 0.259 0.261 0.257
Technical track 0.087 0.087 0.087
Parental characteristics
Mother missing in data 0.002 0.002 0.002
Father missing in data 0.017 0.018 0.016
Log of mother�s income at age 18c 12.020 2.031 12.014 2.033 12.025 2.029
Log of father�s income at age 18c 12.016 2.995 11.997 3.021 12.035 2.969
Mother�s income is missing 0.024 0.024 0.024
Father�s income is missing 0.056 0.057 0.055
Mother�s education level
Basic 0.259 0.258 0.259
Vocational 0.325 0.329 0.322
Higher 0.399 0.396 0.402
Missing 0.017 0.017 0.017
Father�s education level
Basic 0.215 0.220 0.211***
Vocational 0.395 0.393 0.397
Higher 0.358 0.354 0.363
Missing 0.031 0.033 0.029***
Number of children of the mother 2.428 0.961 2.427 0.970 2.429 0.951
Number of observations 66,400 33,071 33,329

Notes:
a) �***�indicates statistically di¤erent from the mean of the treatment group at a 1 percent level.
b) There are 5,662 (56) observations with missing high school GPA (information on the yearly grant).
c) Parents�log income has been set equal to zero if missing.
d) See section 5.2.2 for speci�c sample sizes for the secondary outcomes.
e) Besides variables summarized here, we also include indicator variables for year of birth, year of high
school enrollment, region of high school, treatment and control group pair, and age of parents at birth. The only
signi�cant di¤erences in the means for these variables are for the treatment and control group pairs.
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Table 3: Regression Discontinuity Estimates of the Effect of Grants on Work
during the Next 12 Months

1) 2) 3) 4)
Received more
than the 15-day

Estimation approach All minimum grant All window
Linear
A. LMP during next 12 months
Treatment e¤ect -0.017*** -0.024** -0.015** -0.026***

(0.006) (0.009) (0.006) (0.009)

Control variables no no yes no
R-squared 0.001 0.001 0.040 0.000

B. Months during next 12 months
Treatment e¤ect -0.269*** -0.240** -0.242*** -0.340***

(0.074) (0.109) (0.072) (0.105)

Control variables no no yes no
R-squared 0.001 0.001 0.057 0.001

Nonparametric
A. LMP during next 12 months
Treatment e¤ect -0.025** -0.044***

(0.010) (0.015)

Bandwidth (in days) 15 15

B. Months during next 12 months
Treatment e¤ect -0.310*** -0.318*

(0.111) (0.172)

Bandwidth (in days) 15 15

Observations 66,400 31,121 66,400 33,521

Notes:
a) Controls include all personal, high school, and parental characteristics.
b) �***�, �**�, and �*�indicate signi�cance at the 1, 5, and 10 percent level, respectively.
c) Standard errors for nonparametric estimates are bootstrapped with 200 replications.
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Table 4: Regression Discontinuity Estimates of the Effect of Grants on Yearly
Earnings

1) 2) 3) 4)
Received more
than the 15-day

Estimation approach All minimum grant All window

Linear
A. Earnings
Treatment e¤ect -838.984*** -949.819** -706.852** -1202.183***

(296.187) (430.717) (284.768) (419.292)

Control variables no no yes no
R-squared 0.000 0.001 0.077 0.000
Observations 64,392 29,993 64,392 32,494

B. Strictly Positive Earnings
Treatment e¤ect -640.168** -575.816 -556.602* -1141.123***

(303.622) (443.024) (293.503) (430.095)

Control variables no no yes no
R-squared 0.000 0.000 0.067 0.000
Observations 54,963 25,279 54,963 27,697

Notes:
a) Controls include all personal, high school, and parental characteristics.
b) �***�, �**�, and �*�indicate signi�cance at the 1, 5, and 10 percent level, respectively.
c) Earnings are measured in the year of the 18th birthday.
d) In panel B only observations with strictly positive earnings are included.
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Table 5: Regression Discontinuity Estimates of the Effect of Grants on High
School Grade Point Average

1) 2) 3) 4)
Received more
than the 15-day

Estimation approach All minimum grant All window

Linear
Treatment e¤ect -0.023 -0.041* -0.015 -0.017

(0.015) (0.022) (0.015) (0.022)

Control variables no no yes no
R-squared 0.000 0.000 0.109 0.000

Nonparametric
Treatment e¤ect -0.006 -0.021

(0.024) (0.033)

Bandwidth (in days) 15 15

Observations 60,738 28,047 60,738 30,640

Notes:
a) Controls include all personal, high school, and parental characteristics.
b) �***�, �**�, and �*�indicate signi�cance at the 1, 5, and 10 percent
level, respectively.
c) Standard errors for nonparametric estimates are bootstrapped with
200 replications.
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Table 6: Regression Discontinuity Estimates of the Effect of Grants on Various
Academic Outcomes

1) 2) 3) 4)
Received more
than the 15-day

Estimation approach All minimum grant All window

Linear
A. High Level Mathc

Treatment e¤ect -0.014 -0.027* -0.010 -0.016
(0.010) (0.015) (0.008) (0.014)

Control variables no no yes no
R-squared 0.000 0.000 0.3781 0.000
Observations 40,279 17,481 40,279 20,363

B. High School Dropoutd

Treatment e¤ect -0.002 0.002 -0.006 -0.013
(0.006) (0.006) (0.008) (0.008)

Control variables no no yes no
R-squared 0.000 0.000 0.063 0.000
Observations 73,355 33,455 73,355 37,032

C. Enrollment in Higher Education within Two Yearse

Treatment e¤ect -0.014 -0.016 -0.016* -0.026*
(0.010) (0.014) (0.009) (0.014)

Control variables no no yes no
R-squared 0.000 0.000 0.073 0.000
Observations 40,846 18,918 40,846 20,561

Notes:
a) Controls include all personal, high school, and parental characteristics.
b) �***�, �**�, and �*�indicate signi�cance at the 1, 5, and 10 percent level, respectively.
c) Only individuals who enrolled in the traditional language or math and science tracks are included.
d) Individuals who dropped out prior to their 18th birthday are included.
e) Only the 1980-1983 birth cohorts are included.

99



Table 7: Mean GPA in Lower Secondary School by Month of Birth
Mean Std. Dev. Number of

observations
January 8.0268*** 1.1241 16,554
February 8.0388 1.0957 16,290
Marts 8.0506 1.1094 18,882
April 8.0480 1.0975 19,154
May 8.0317 1.1095 19,301
June 8.0146 1.0957 18,685
July 7.9972 1.0978 19,278
August 7.9815 1.0945 18,850
September 7.9831 1.1000 18,366
October 7.9695 1.0924 17,112
Novemer 7.9775 1.0979 15,881
December 7.9716 1.0969 16,098
Notes:
a) �***�, �**�, and �*�indicate statistically di¤erent
from the mean of the previous month at the 1,
5, and 10 percent level, respectively.
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Table 8: Subgroup Treatment Effects

LMP during No. of months High school Probability
12 months after worked during GPA of dropping
18th birthday 12 months after out

18th birthday
Coef./Std.Err Coef./Std.Err Coef./Std.Err Coef./Std.Err

Father�s education level
Treatment (Basic is left-out category) -0.018** -0.301*** -0.012 -0.005

(0.009) (0.102) (0.021) (0.008)
Vocational*Treatment -0.000 0.014 -0.011 0.002

(0.008) (0.099) (0.021) (0.007)
Higher*Treatment 0.002 0.055 -0.004 0.006

(0.008) (0.101) (0.021) (0.007)
Missing*Treatment 0.022 0.013 0.045 -0.024

(0.019) (0.225) (0.049) (0.016)
Mother�s education level
Treatment (Basic is left-out category) -0.012 -0.235** -0.044** -0.005

(0.008) (0.097) (0.020) (0.007)
Vocational*Treatment -0.006 -0.079 0.025 0.007

(0.008) (0.098) (0.020) (0.007)
Higher*Treatment -0.008 -0.031 0.026 0.003

(0.008) (0.094) (0.019) (0.007)
Missing*Treatment 0.026 0.194 0.038 -0.007

(0.024) (0.294) (0.064) (0.020)
Father�s income
Treatment (Low is left-out category) -0.027*** -0.323*** -0.022 -0.001

(0.007) (0.084) (0.017) (0.006)
High*Treatment 0.021*** 0.121 0.006 -0.004

(0.006) (0.077) (0.016) (0.006)
Missing*Treatment -0.013 0.050 0.010 -0.002

(0.014) (0.166) (0.035) (0.012)
Mother�s income
Treatment (Low is left-out category) -0.017** -0.301*** -0.023 0.001

(0.007) (0.083) (0.017) (0.006)
High*Treatment -0.001 0.053 0.006 -0.005

(0.006) (0.075) (0.016) (0.006)
Missing*Treatment 0.021 0.404* 0.016 -0.032*

(0.020) (0.245) (0.052) (0.017)
Gender
Treatment (Men is left-out category) -0.023*** -0.287*** -0.031* -0.001

(0.007) (0.085) (0.018) (0.006)
Women*Treatment 0.011* 0.029 0.014 -0.000

(0.006) (0.075) (0.016) (0.006)
10th grade
Treatment (Attended is left-out category) -0.017** -0.221*** -0.017 -0.001

(0.007) (0.080) (0.017) (0.006)
Did not attend*Treatment -0.001 -0.123 0.000 -0.003

(0.006) (0.076) (0.016) (0.006)

Continued on next page
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Table 8 �Continued

LMP during No. of months High school Probability
12 months after worked during GPA of dropping
18th birthday 12 months after out

18th birthday
Coef./Std.Err Coef./Std.Err Coef./Std.Err Coef./Std.Err

Extent of work in six month period
one year prior to 18th birthday
Treatment (0-1 months is left-out category) -0.006 -0.193** -0.019

(0.008) (0.093) (0.022)
2-4 months*Treatment -0.002 0.027 -0.012

(0.010) (0.107) (0.025)
5-6 months*Treatment -0.006 -0.028 -0.013

(0.007) (0.085) (0.020)

Notes:
a) �***�, �**�, and �*�indicate signi�cance at the 1, 5, and 10 percent level, respectively.
b) To estimate subgroup treatment e¤ects the relevant grouping variables and interactions
these variables and the treatment indicator were included in a linear regression of the outcome
of interest on the treatment indicator and the assignment variable. The actual treatment e¤ects
for each subgroup can be computed by adding the reported coe¢ cient on the interaction term
and the coe¢ cient on the treatment indicator.
c) For the probability of dropping out, the sample corresponds to that in table 6 and the income
cuto¤s are the same as in the main sample.

102



CHAPTER 3

An Equilibrium Model of On-the-Job Search,
Saving and Unemployment Insurance
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Abstract

I develop and simulate an equilibrium model of on-the-job search with endogenous savings

and search intensity. The wage o¤er distribution is endogenized by heterogeneous �rms

making vacancy choices. A free entry condition ties down the mass of �rms. This allows

me to conduct a counterfactual analysis of the optimal unemployment insurance (UI) level.

The provision of UI is motivated by the worker�s inability to perfectly insure against income

shocks, but at the same time UI introduces a distortion to the level of search intensity of the

worker and vacancy intensity of �rms.

I �nd that equilibrium e¤ects are important to take into account. Making policy from a

partial model can introduce large welfare loses. It is also shown that di¤erent kinds of taxes

have di¤erent implications on welfare.
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1 Introduction

This paper argues that equilibrium e¤ects should be taken into account when trying to assess the

optimal level of unemployment insurance (UI). Primarily, economists have been concerned with two

aspects of UI. First, unemployment insurance distorts incentives to search for a job, since higher

insurance makes the gain of getting a job smaller. Second, if �nancial markets are incomplete in

the sense that a worker cannot insure against future income losses, unemployment insurance can

be used to smooth consumption.1 This paper develops and calibrates an equilibrium model taking

into account not only how workers change search behavior, but also how �rms react to this.

The economic literature regarding unemployment insurance has several strands; One part of

the literature deals with the design of optimal schemes for duration dependent unemployment

insurance, allowing the worker to self-insure, but assuming that jobs last forever, see Shimer and

Werning (2008), Coles (2008), Kocherlakota (2004), and Hopenhayn and Nicolini (1997). Another

part also takes the demand side of the labor market as given, but allows for the possibility of later

job destruction, see Lentz and Tranæs (2005), Lise (2007), and Lentz (2009). These models allow

the worker to self-insure. Lise (2007) develops a continuous model of workers facing uncertainty

about their future labor market state, and have the possibility to self-insure. The �rms are modelled

as agents making a passive wage o¤er, so essentially the workers face an exogenous wage o¤er

distribution. Lentz and Tranæs (2005) consider a Markov model with two states, employed or

unemployed. Hence, there is no on-the-job search, but the search e¤ort when unemployed is

endogenous. They introduce a lottery in order to characterize the workers optimal search e¤ort

and savings. Both Lise (2007) and Lentz and Tranæs (2005) take the wage o¤er distribution as

given, i.e., wage setting and �rm behavior are not in�uenced by the parameters of the model. This

paper endogenizes these features in order to take equilibrium e¤ects into account. A third strand

of models allows for equilibrium e¤ects through free entry of �rms and wage determination, see

Fredriksson and Holmlund (2001) and Coles and Masters (2006). But this literature ignores the

possibility of self-insurance through savings. Thus, this paper tries to combine the last two strands

1Acemoglu and Shimer (1999) argue that higher unemployment insurance will generate more productive matches,
since workers are more willing to take more productive, but also more uncertain jobs. The model presented in this
paper will not be able to incorporate this type of e¤ect. Although, di¤erences in search technologies between
employed and unemployed workers could potentially generate this phenomenon.
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of the literature on optimal UI.

The main feature of this paper is to endogenize the demand side of the labor market, while

keeping the features of endogenous savings and search intact, and thus endogenizing the wage

o¤er distribution. This enables me to make a counter-factual analysis regarding unemployment

insurance while taking into account not only the change in the behavior of the workers when

changing unemployment insurance, but also the change in �rm behavior. When unemployment

insurance increases, workers will search less intensely for a job. Firms will realize this and post

fewer vacancies and the unemployment rate will increase even more. Increasing unemployment

insurance will also put pressure on marginal pro�t �rms to shut down. So far, these e¤ects have

been ignored in the literature. This will tend to underestimate the e¤ect of increasing bene�ts on

the unemployment rate, thereby overestimating the return to high bene�ts.

More speci�cally, this paper extends the model in Lise (2007). Workers choose their search

e¤ort while both unemployed and employed, and how much to save and consume at each moment

in time. I assume that there is no central �nancial market that trades sets of contingent claims for

a constant level of consumption. Thus, the worker has to self-insure by saving, but this is imperfect

in the sense that he cannot perfectly smooth consumption. Firms are modelled as a collection of

jobs with constant and �rm-speci�c productivity and a possibility to advertise for vacancies, where

the advertising rate is a choice of the �rm. A matching process governed by a standard matching

function brings workers and �rms together.

The model captures several key aspects of the data. In the model workers with more wealth

have longer unemployment and employment durations. Because wealthier workers can a¤ord to

wait longer for better opportunities, they search less intensively. There is empirical evidence that

wealth a¤ects labor market decisions. Algan et al. (2003) use three years of survey data from

France and focus on liquid assets, which they de�ne as time deposits, i.e., omitted wealth data

are �nancial securities, house savings and life insurance. They �nd that more wealth increases

the unemployment duration and the probability of a voluntary job quit. Bloemen and Stancanelli

(2001) use Dutch survey data to estimate a simultaneous equations model where wealth can a¤ect

the reservation wage directly, but wealth is also allowed to a¤ect the job o¤er arrival rate. They
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�nd that wealth has a positive e¤ect on reservation wages and a negative e¤ect on the employment

probability. This paper will show that these relationships also pertain to the Danish data used in

this study.

Also the positive relationship between wealth and wages in the data is replicated in the model

since in general workers who are placed higher on the productivity ladder have been longer in

employment and therefore have been saving more.

The only motive for holding savings in this model is to insure against future income �uctuations.

This approach ignores saving for retirement. Although an interesting question, retirement behavior

is probably better studied in an OLG-type model.

A simple version of the model with no wage dispersion is calibrated to match Danish data. The

calibrated model is used to illustrate in which way equilibrium e¤ects work, and that we need to

take these into account when assessing the optimal level of UI. It is shown that equilibrium e¤ects

are just as important as the partial equilibrium e¤ects for the response in unemployment to an

increase in UI. Based on the simple model the optimal replacement rate is calculated to be 50 per

cent. It is also shown that the use of the optimal UI from the partial equilibrium model has large

adverse e¤ects on welfare. Furthermore, the model is used to evaluate four di¤erent kinds of tax

schemes. It is found, applying a utilitarian welfare function, that income taxation and value added

(VA) tax results in higher welfare than that of both taxes on capital gains and wealth taxes. The

last two types of taxes greatly distort the self-insurance of the worker resulting in relatively large

welfare losses.

The structure of the paper is as follows. In section 2, the model is presented. In section 3, I

describe the steady state conditions. Section 4 describes the numerical solution. The data used is

presented in section 5. In section 6 the calibration is described. In section 7, I perform di¤erent

simulation exercises to illustrate the model. Section 8 concludes.

2 Model

The model is an on-the-job search model with risk averse workers who have the option to self-

insure against future income loss by saving in a single asset. The model is cast in continuous time.
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A �rm consists of a collection of jobs, and the possibility to create new vacancies and hire new

workers. Firms are heterogeneous and decide how much to advertise for vacancies. Workers and

�rms are brought together by a standard matching function. At a cost potential �rms can draw

an exogenous productivity type and enter the market. Thus how many vacancies a �rm advertises

and how many �rms exist is determined in equilibrium. Interest rates are taken as exogenous in

the model. Since the model is to be calibrated on Danish data this is a reasonable assumption.

2.1 Workers

Workers are ex ante identical and in�nitely lived agents. I normalize the measure of workers to

one. They have the possibility to save at an exogenous interest rate r. The employed worker

receives a wage w(p), where p is the productivity of the �rm at which the worker is employed,

while the unemployed worker receives unemployment bene�ts b. Letting unemployment insurance

be a constant and independent of the length of the unemployment spell is not a bad approximation

to reality. The Danish system, to which the model will be calibrated, does in many ways have

unlimited unemployment bene�ts. Shimer and Werning (2008) study the optimal design of unem-

ployment insurance. They �nd that a �at scheme is optimal when workers have constant absolute

risk aversion, and that a near constant scheme is optimal if the worker has constant relative risk

aversion. Optimal here refers to the scheme minimizing the cost of providing a given utility to the

worker. Given this, a constant unemployment insurance level is not a bad approximation.

Employed and unemployed workers make contact with random �rms as a function of their

own search e¤ort and the aggregated level of job search and vacancy advertising. Firms cannot

make countero¤ers when their workers are contacted by outside �rms as in the Postel-Vinay and

Robin (2002) setting. Employed workers face the risk of the job terminating exogenously and

becoming unemployed. The worker�s life is therefore a life of transitions between di¤erent jobs and

unemployment. The worker�s decision problem is twofold; he decides how much to consume and

save and how much search e¤ort to exert. Saving is determined by the desire to consume and to

save for future consumption. The search e¤ort level is determined by a convex search cost and an

increasing probability of getting a new job o¤er in the level of search e¤ort exerted. There is no
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central �nancial market that trades sets of contingent claims for a constant level of consumption,

so the worker has to self-insure. A worker can at most borrow a.

The unemployed worker receives a �ow income of b and the value function is2

'U(a) = max
c2Y0(a);s�0

u(c(a; b))� e(s) + U 0a(a)da=dt+ �(�)s
pZ
p

[W (a; p0)� U(a)] d�(p0) (1)

where Y0(a) is the feasible set of consumption possibilities, i.e.,

Y0(a) =

�
[0;1) for a > a
[0; ra+ b] for a = a

' is the discount rate, u(:) is the instant utility function, a is the asset level, s is the endogenous

search e¤ort, e(s) is a strict convex cost function of search e¤ort, � is the cumulative distribution

function (CDF) of productivities of vacancies, and �(�) is the arrival rate of vacancies per unit

of search e¤ort, where � is market tightness, which will be determined in equilibrium. The �rst

two terms in the Bellman equation for unemployed workers are the instantaneous utility from

consumption and disutility from searching. The third term is the expected change in the value

of being unemployed. This value changes since accumulated assets change, and comprises of two

terms; how much the value function changes with respect to assets and how fast assets change.

The last term is �ow rate of job o¤ers times the expected value of such an o¤er.

The employed worker at a type p �rm has the following value function3

'W (a; p) = max
c2Y (a);s�0

u(c(a; p))� e(s) +W 0
a(a; p)da=dt� �(W (a; p)� U(a)) (2)

+�(�)s

pZ
p

[W (a; p0)�W (a; p)] d�(p0) (3)

2See Appendix for a delta-type derivation of the Bellman equation
3See Appendix for a delta-type derivation of the Bellman equation
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� is the job destruction rate. Assets evolve according to the di¤erential equation

da = [w(p) + ra� c]dt (4)

where w(p) is the wage as a function of the productivity of the �rm, r is the interest rate, and c is

consumption. Search technology is assumed to be the same for employed and unemployed workers,

i.e., being unemployed is equivalent to being employed at a type b �rm.

2.1.1 F.O.N.C.

The �rst order necessary condition for s is

e0(s) = �(�)

pZ
p

W (a; p0)�W (a; p)d�(p0) (5)

The marginal cost from searching is equal to the marginal gain. The �rst order necessary condition

for c is

u0(c(a; p)) = W 0
a(a; p) (6)

This is the standard result that the marginal value of consumption should equal the marginal value

of assets, so the worker is indi¤erent between saving and consuming. Notice that at the borrowing

limit, a, consumption is also determined by equation (6) since it is never optimal for consumption

to jump and W 0
a(a; p) is continuous.

Optima The �rst order approach clearly �nds a maximum for search e¤ort since

�e00(s) < 0

which always holds by assumption of strict convexity of e(s).

Proving that the �rst order approach is valid for consumption, i.e. the optima found are

global maxima and not minima, amounts to the condition W 00
aa(a; p) < 0. It is a well-known

problem that it is generally di¢ cult to show that the value functions of the worker are concave in
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assets if an endogenous search e¤ort is present, see Lentz and Tranæs (2005). The reason for the

result is that the value function is a convex combination between two concave functions where the

degree of convexity is endogenous. Lentz and Tranæs (2005) solve this by introducing a lottery in

assets. They also note that they have never found a solution that was not concave in any of their

simulations. Chetty (2008) simply assumes that the value functions are concave and notes that it

is never violated in simulations for reasonable parameter values. I will take this approach too, i.e.,

I will check if the value functions are indeed concave in the solution. Lise (2007) claims that the

value functions are concave, but he does not give any formal proof.

Characterization of optimal search e¤ort and savings It is hard to characterize the value

functions in these types of models, see Lentz and Tranæs (2005). I therefore highlight some

assumptions that are necessary for further characterization of the solution. These assumptions

have never been violated in any of the simulations in this paper.

A1) The value functions are concave in assets, i.e., W 00
aa(a; p) < 0 and U

00
aa(a) < 0

A2) The marginal value of assets is declining in p, i.e., W 00
ap(a; p) < 0

Proposition 1 Under assumption A2) consumption is increasing in the productivity of the �rm,

and, under assumption A1) consumption is increasing in the level of assets.

Proof. Implicit di¤erentiation of equation (6) wrt. a yields

u00(c(a; p))c0a(a; p) = W 00
aa(a; p)

c0a(a; p) =
W 00
aa(a; p)

u00(c(a; p))
> 0

since u00(c(a; p)) < 0 and given assumption A1) consumption is increasing in assets.

Implicit di¤erentiation of equation (6) wrt. p yields

u00(c(a; p))c0p(a; p) = W 00
ap(a; p)

c0p(a; p) =
W 00
ap(a; p)

u00(c(a; p))
> 0
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Under assumption A2) consumption is increasing in the productivity of the �rm. The analysis for

the unemployed is essentially the same, since being unemployed is the same as being employed at

a type b �rm.

Workers with higher asset levels consume more. This is a quite natural result. Workers in a higher

productivity �rm also consume more for a given level of assets. This is because the income is

higher in higher productivity �rms.

Proposition 2 Under the assumption of a strictly convex search cost function, c(s), search e¤ort

is decreasing in the level of assets and productivity of the �rm. Employees at the highest productivity

�rm do not search for a new job.

Proof. Implicit di¤erentiation of equation (5) wrt. a yields

e00(s)s0a(a; p) = �(�)

pZ
p

W 0
a(a; p

0)�W 0
a(a; p)d�(p

0)

s0a(a; p) =

�(�)

pZ
p

u0(c(a; p0))� u0(c(a; p))d�(p0)

e00(s)
< 0

Since e00(s) > 0 and u0(c(a; p0)) < u0(c(a; p)) for p0 > p, i.e., marginal utility given assets is lower

in a higher productivity �rm since, as shown above, consumption is increasing in p. Implicit

di¤erentiation of equation (5) wrt. p yields

e00(s)s0p(a; p) = �(�)

pZ
p

�W 0
p(a; p)d�(p

0)

s0p(a; p) = �

�(�)

pZ
p

W 0
p(a; p)d�(p

0)

e00(s)
< 0

So search e¤ort decreases when workers move to more productive �rms. From equation (5) it is

easy to see that

lim s(a; p)! 0 for p! p
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The analysis for the unemployed is the same.

A worker�s search e¤ort is decreasing in assets. Since low wealth workers are closer to the budget

constraint, and thereby closer to getting constrained in their consumption possibilities, they will

put more e¤ort into getting a job. A worker�s search e¤ort is also decreasing in the productivity of

the �rm he is working in. This is a standard result in models with endogenous search e¤ort. Since

workers in the highest productivity �rm have no gain of searching, they will stop. Christensen et

al. (2005) show that endogenous search is important. Workers in low productivity �rms �nd jobs

faster than workers in high productivity �rms. The di¤erence is more pronounced than a model

with constant search e¤ort across productivities would suggest.

2.1.2 Upper and lower bounds on asset distribution

Lower bound The lower bound on assets in the model, a, is di¢ cult to set. Aiyagari (1994)

shows that imposing a present value budget balance together with a non-negative consumption

is the same as imposing a borrowing constraint at a = �b=r. Since the consumption cannot be

negative, the most that a worker can borrow is such that he uses all his income to pay the interests,

i.e., �ar = b. This will result in a very low level of assets in the current model. Lise (2008) solves

this by imposing a minimum consumption level, where u0(c)!1 for c! c+, and c is estimated.

This makes the value function hard to solve for values near the lower limit since the derivative

of the value function with respect to assets also goes to in�nity. I therefore choose to set the

borrowing limit higher than �b=r and c to zero. I will later calibrate a.

Upper bound

Proposition 3 Under the assumption that the worker is su¢ ciently patient, ' > r� �, the upper

bound on assets is �nite and given by

w(p) + ra = �
�
��u0(c(a;b))
'�r+�

�
Proof. See Lise (2008)

If the assumption of ' > r � � is dropped there is no guarantee of an upper limit on the asset

distribution, see Bayer and Wälde (2009). I.e. there are no steady state in levels. This would
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make the computational solution of the model much harder. The later analysis is therefore limited

to the assumption that ' > r � �. Lise (2008) also invoke this assumption.

2.2 Wage Bargaining

Solving Nash bargaining over value functions to determine the wage is not feasible since the

problem might be non-convex because a wage increase gives longer employment durations.4 But

a circumvention of this problem still leaves a wage that is dependent on the asset level of the

worker.5 It is hard to imagine a real life situation where the employer demands to see the level of

assets of the worker, and that this has an impact on the wage negotiated. Also one would need to

address how wages are renegotiated when assets increase or decrease.

I follow a more tractable approach. The worker and the �rm bargain over the joint instanta-

neous surplus p�b. The game is set in arti�cial time. The bargaining is similar to that of Binmore,

Rubinstein and Wolinsky (1986), and Shaked and Sutton (1984) where workers and �rms have time

preferences over the outcome, but the worker and the �rm bargain over instant surplus and not

value functions. The worker and the �rm take turns making o¤ers that the other party can accept

or decline. If the other party declines the o¤er, that party makes a new proposition and so on.

Let �1 and �2 be the discount rates for player 1 and 2, respectively, in this game.

The solution to this game is easy to show, see Shaked & Sutton (1984). Let Q be the supremum

of payo¤s that player 1 gets in any SPE starting at time 2. Then at time 1, player 1 will accept

any o¤ers of at least �1Q so player 2 will get at most (p� b) � �1Q. At time 0, player 2 will

therefore accept o¤ers of at least �2 [(p� b)� �1Q] and so player 1 will get a maximum of (p� b)�

�2 [(p� b)� �1Q] at time 0. Since the games at time 0 and time 2 are the same the following must
4See Shimer (2006).
5Conley & Wilkie (1996) make an extension of the Nash solution to cover non-convex barganing sets.
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hold

Q = (p� b)� �2 [(p� b)� �1Q]

m

Q =
(1� �2) (p� b)
1� �1�2

� � (p� b)

where � is just a function of the underlying time preferences. An analogous argument can be made

when Q is the in�mum instead of the supremum. Thus, the unique solution is Q. Without loss of

generality, let the worker be player 1, i.e. the wage equation is

w(p) = � (p� b) + b

Lentz and Mortensen (2008a) and Mortensen (2009) also use a splitting of instantaneous surplus,

although the games are di¤erently motivated. Lentz and Mortensen (2008a) show a strong positive

and almost linear relationship between wage and productivity using the Danish data also used in

this paper. This supports the instantaneous rent-sharing in this model. Bargaining protocols over

value functions would most likely lead to a more convex relationship between wage and productivity

since workers in low productivity �rms would have lower average wealth holdings. Thereby, the

outside option of the worker would be smaller, and the �rm would get a bigger cut of the surplus.

Endogenizing the wage using instantaneous surplus splitting has several advantages. First, it

is very tractable and eases the solution of the model a lot which is important in the numerical

solution of the problem. Second, it maintains many reasonable features. The wage is increasing in

the productivity of the �rm and the bene�t level. The �rm surplus is increasing in productivity

and decreasing in the bene�t level. And �nally, the wage is not directly a¤ected by the asset level

of the worker. If the outcome of the wage negotiation depended on the level of assets, the worker

would have an incentive to save in order to pressure his employer into giving him a higher wage.

This feature seems unattractive.
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2.3 Firms

Let there be a measureM of �rms, whereM is determined in equilibrium by a free entry condition.

Firms comprise di¤erent jobs with equal productivity p and the possibility to create new jobs by

advertising vacancies.6 Individual jobs terminate at an exogenous rate, �(�)s(a; p)�(p)+�j. Firms

choose a vacancy intensity, v, at a cost of k(v) , where k(v) is increasing and strictly convex. For a

given choice of v, �rms meet new workers at a rate q(�)v. If the worker is unemployed, he accepts

the job o¤er by the �rm. If the worker is employed he only accepts the job o¤er if the productivity

of the new �rm is higher than the productivity of the incumbent �rm. Firms are risk neutral. The

value of a job for a type p �rm employing a worker with asset level a is J(a; p) de�ned by the

Bellman equation7

rJ(a; p) = (1� �)(p� b)� �J(a; p)� �(�)s(a; p)�(p)J(a; p) + J 0a(a; p)da=dt

where � is the worker bargaining power as a function of the time preferences of workers and �rms,

�j is the job speci�c destruction rate, and r is the interest rate. The value of a vacancy for a �rm

with productivity p is V (p)8

(�f + r)V (p) = max
v�0

� k(v) + q(�)v

264u 1Z
a

J(x; p)d�0(x) + (1� u)
pZ
p

1Z
a

J(x; p)d�1(x; y)

375 (7)

where q(�) is the arrival rate of workers per unit of vacancy intensity, �f is the �rm destruction

rate, i.e. � = �f + �j, and

6A CRTS production technology and reversible capital adjustments will su¢ ce.
7See Appendix for a delta-type derivation of the Bellman equation
8See Appendix for a delta-type derivation of the Bellman equation
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�1(a; p) =

pZ
p

aZ
a

s(x; y)

S1
g1(x; y)dxdy

�0(a) =

aZ
a

s(x; b)

S0
g0(x)dx

where S1 =

pZ
p

1Z
a

s(a; p)dG1(a; p) and S0 =

1Z
a

s(a; b)dG0(a) are the average search e¤ort of employed

and unemployed workers respectively. G1(a; p) is the joint CDF of workers in a type p �rm with

assets a. G0(a) is the CDF of unemployed workers with assets a. This re�ects a proportionality

in the matching process, i.e., a worker who searches twice as hard meets �rms at twice the rate.

This way of modelling the �rms is not standard. In the Burdett and Mortensen (1998) frame-

work the number of �rms are not endogenous, but �rms can potentially have di¤erent productivi-

ties. In the standard Mortensen and Pissarides (1994) model �rms are a very vague concept, see

Fredriksson and Holmlund (2001) for an application. The reason is that there are no �rm hetero-

geneity and the value of a vacancy is driven down to zero. So essentially, there are no di¤erence

between �rms. The above formulation of the �rm is based on the fact that I would like to have

�rm heterogeneity in productivities. This is based on the fact that there is a positive empirical

correlation between the wage rate of a �rm and value added per worker, i.e. more productive

�rms pay higher wages. If ones wish to model �rm heterogeneity one cannot let the value of a

vacancy be driven down to zero. If this was the case only the highest productivity �rms would

exist. Therefore, �rms enter this economy at a cost i and draw a productivity value from the

distribution f(p) with support on [ep; p]. If p < b, the �rm exits the market. Let the value of

drawing a �rm type be

X =

pZ
p

maxfV (p); 0gdF (p) =
pZ
p

V (p)dF (p) (8)

where p = min(b; ep). Firms pay a cost of i to draw a type, so free entry is equivalent of X = i.
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When �rms enter the economy, they have zero workers.

2.3.1 F.O.N.C.

From equation (7) the �rst order condition for vacancy creation is

k0(v) = q(�)

264u 1Z
a

J(x; p)d�0(x) + (1� u)
pZ
p

1Z
a

J(x; p)d�1(x; y)

375 (9)

Since k(v) is strictly convex, this is the optimal vacancy choice of the �rm.

Characterization of the optimal vacancy choice

Proposition 4 A �rm�s vacancy choice monotonically increases in the productivity of the �rm.

Proof. Implicit di¤erentiation of equation (9) yields

k00(v)v0(p) = q(�)

266666664
u

aZ
a

J 0p(x; p)d�0(x) + (1� u)
pZ
p

aZ
a

J 0p(x; p)d�1(x; y)

+(1� u)
aZ
a

J 0p(x; p)d�1(x; p)

377777775

v0(p) =

q(�)

266666664
u

aZ
a

J 0p(x; p)d�0(x) + (1� u)
pZ
p

aZ
a

J 0p(x; p)d�1(x; y)

+(1� u)
aZ
a

J 0p(x; p)d�1(x; p)

377777775
k00(v)

> 0

since k00(v) > 0. More productive �rms have higher vacancy rates, since the value of a job are

higher for them, and they are therefore larger in equilibrium.

2.4 Government

The government is modeled as just collecting a �at income tax, tax, from employed and unemployed

workers and distributing the revenue among workers currently unemployed, i.e., the government
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sets the tax such that the tax revenue equals the total cost of the unemployment insurance scheme.

b � u = tax(1� u)
pZ
p

aZ
a

w(y)g1(x; y)dxdy + tax � b � u

tax =
b � u

(1� u)
pZ
p

aZ
a

w(y)g1(x; y)dxdy + b � u

3 Steady State Equilibrium

The model is solved in steady state. A constant returns to scale matching function determines the

total number of matches in the economy as a function of total search e¤ort and vacancy intensity

m(S; V )

where S is the aggregate search e¤ort by workers and V is the total vacancy intensity by the �rms

de�ned by,

V =M

pZ
p

v(p)dF (pjp � p) (10)

S = uS0 + (1� u)S1 = u
1Z
a

s(a; b)dG0(a) + (1� u)
pZ
p

1Z
a

s(a; p)dG1(a; p) (11)

The �ow rate of matches per unit of search e¤ort is the total number of matches divided by the

aggregate search e¤ort.

m(S; V )

S
= m(1; V=S) = m(1; �) = �(�) (12)

The �ow rate of matches per unit of advertising intensity is the total number of matches divided

by the aggregate vacancy intensity.
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m(S; V )

V
= �(�)=� = q(�) (13)

where � = V=S is market tightness. The distribution of productivities of vacancies facing the

worker is

�(p) =

pZ
p

Mv(p)

V
dF (pjp � p) (14)

i.e., this distribution is di¤erent from the distribution of productivities of �rms, F (p), since high

productivity �rms advertise more than low productivity �rms.

3.1 Steady State Distribution of Assets and Productivities

In equilibrium the joint distribution of assets and productivities is characterized by �ow equations.

It is necessary to track these distributions since the �rms maximization problem depends on it.

Recall that G1(a; p) is the joint CDF of workers in a type p �rm with assets a. G0(a) is the

CDF of unemployed workers with assets a. The �ow equation describing the joint distribution of

productivities and assets among the employed, where g1(a; p) is the PDF, is,

u�(�)�(p)

aZ
a

s(x; b)g0(x)dx+ (1� u)
pZ
p

�
1[
da(a; y)

dt
< 0]

dG1(a; y)

da

�
da(a; y)

dt
dy = (15)

(1� u)�
pZ
p

aZ
a

g1(x; y)dxdy + (1� u)�(�)�(p)
pZ
p

aZ
a

s(x; y)g1(x; y)dxdy

�(1� u)
pZ
p

1[
da(a; y)

dt
> 0]

dG1(a; y)

da

da(a; y)

dt
dy

The �ow equation describing the asset distribution of the unemployed, where g0(a) is the PDF, is,
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(1� u)�
pZ
p

aZ
a

g1(x; y)dxdy = (16)

u�(�)

aZ
a

s(x; b)g0(x)dx+ ug0(x)1[
da(a; b)

dt
< 0]

da(a; b)

dt

This implies that the unemployment rate is

u =
�

�(�)

aZ
a

s(x; b)g0(x)dx+ �

(17)

Proof. See Appendix A

The �ow equations have a nice intuitive interpretation. Looking at the �ow equation for the

unemployed, the �rst two terms are standard except for the fact that search e¤ort is integrated

over the asset distribution in term two. The last term is unusual. It comprises the mass of

unemployed workers times the measure of workers just on the limit of the CDF times the rate at

which these workers �ow into the CDF, i.e., this is the �ow coming from workers changing assets.

The in�ow into the CDF can be high for three reasons. First, if there are a lot of unemployed

workers. Second, the measure of unemployed workers is large at this point in the distribution.

Third, the savings rate is very low (high in absolute value).

The steady state equilibrium is de�ned as

De�nition 5 A steady state equilibrium in this model is a set of search intensities, s(a; p), con-

sumption choices, c(a; p), vacancy decisions, v(p), joint distributions, G1(a; p); G0(a), an unem-

ployment rate, u, and a mass of �rms, M , that satis�es equation (5),(6),(8),(9),(15),(16), and

(17).

The proof of existence and uniqueness of the equilibrium is beyond the scope of this paper.9

9Numerical solutions have always converged with a single solution.
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4 Identi�cation

The shape of the cost functions of search e¤ort and vacancy intensity are very important, since

they determine the responsiveness to changes in bene�ts. The search cost function is identi�ed

from the relationship between asset holdings, wages and job mobility. If low wage workers �nd jobs

at higher rates than a constant job o¤er arrival would suggest and/or the job �nding rates di¤er for

rich and poor workers then the search cost function is not that convex, i.e. the second derivative is

small. � is identi�ed from the joint distribution of mean �rm wages and �rm productivity. Given

productivities the vacancy cost function is identi�ed from the size distribution of �rms. If the

vacancy cost function is very convex the size distribution will be more dense, since di¤erences in

�rm productivities will only imply a small di¤erence in vacancy intensities.

5 Solving the Model

The model described above cannot be solved analytically. To solve it numerically, it is necessary

to specify the functional form of the utility function, u(c), the search e¤ort cost function, e(s), the

vacancy cost function, k(v), and the matching function, m(S; V ).

5.1 Function speci�cations

The utility function is speci�ed as a CRRA utility function

u(c) =

� c1�

1� ;  6= 1
log(c);  = 1

where  determines the degree of risk aversion. Both the search e¤ort cost function and the vacancy

cost function are power functions

e(s) = �s
s1+1=�s

1 + 1=�s

k(v) = �v
v1+1=�v

1 + 1=�v
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where �s; �v > 0 are scaling parameters and �v; �s > 0 to ensure strict convexity. The matching

function is CRTS

m(S; V ) = �S�V 1�� (18)

where � 2 (0; 1) is the matching function elasticity.

5.2 Procedure

The model is more complicated to solve than an ordinary search model. This is so because of the

introduction of savings and a demand side for labor. The following procedure, inspired by the

equilibrium proof, is used in solving the model.

1. Make a guess of market tightness, �, and distribution of productivities of vacancies, �(p).

2. Solve the worker�s problem by iteration on the mappings for W (a; p) and U(a). This gives

the optimal search e¤ort level s(a; p) and optimal consumption c(a; p).

3. In the �ow equations for employed and unemployed workers, equation (15) and (16), use

s(a; p) and solve for the joint distribution of assets and productivities, G0(a), G1(a; p), and

u.

4. Given s(a; p), G0(a), G1(a; p), and u; solve J(ai; p), and V (p) by iterating on the mappings.

5. Solve for the value of M by the free entry condition.

6. Use v(p) and equation (14) to get the distribution of productivities of vacancies, �(p), and

equation (10) and (11) to get �.

7. Using the new distribution of productivities of vacancies and market tightness, repeat 2-6

until convergence.
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6 Data

The data used in the empirical analysis is the Danish register-based matched employer-employee

data set IDA covering the period 1987 to 2003.10 IDA contains annual socio-economic information

on workers and background information on employers, and it covers the entire Danish population.

In addition to the worker and �rm identi�ers the data contains earnings information which consists

of the annual average hourly wage in the job occupied in the last week of November. This data

set is merged with detailed spell data on individual labor market histories.

The spell data consists of a worker and an employer id, start and end date of the spell, a variable

describing the state that the worker is in and four di¤erent measures of hourly wages if the worker

is employed. The spell data is constructed from administrative registers with information on public

transfers, earnings, as well as start and end dates for all jobs reported by �rms to the Danish Tax

Authorities, and mandatory employer pension contributions. To make the data more suitable for

this study, I manipulate it in the following ways. There are sixteen states that the worker can

occupy in the raw data, these are aggregated into �ve states; employed (E), unemployed (U),

nonparticipating (N), self-employed (S), and retirement (O). Temporary non-participation and

unemployment spells (shorter than 5 weeks) where the previous and next employer are identical

are perceived as one employment spell. Similarly, non-participation and unemployment spells that

are shorter than 3 weeks where the previous and the next employer are di¤erent, are recorded as two

employment spells where the in-between unemployment spell is included in the later employment

spell.

Wealth data is collected in this period because Denmark had a wealth tax which was in e¤ect

until 1997. In this period individuals� reporting of assets was audited by the tax authorities,

while banks, mortgage institutions etc. reported the holdings of individuals to the tax authorities

directly. The wealth data is therefore considered to be of good quality. In 1997 the tax was

abolished, but the automatic reporting systems did not change. There are no breaks in the wealth

series over time.

Total wealth can be divided into assets and liabilities which can then be further decomposed.

10IDA: Integreret Database for Arbejdsmarkedsforskning (Integrated Database for Labor Market Research) is
constructed and maintained by Statistics Denmark.
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Assets consist of housing assets, shares, deposited mortgage deeds, cash holdings in banks, bonds,

and other assets. Housing assets are de�ned as the value of property set by the tax authorities

because Denmark has a property tax. Shares, bonds, and deposited mortgage deeds contain the

market value of each of these, respectively. Cash is cash in the bank. The last category contains

self-reported information about non-deposited bonds, cash holdings, a particular type of unquoted

shares (in ships) as well as the value of investment objects and high value objects such as cars,

and boats. Liabilities consist of four di¤erent categories: mortgage debt, bank debt, secured debt

and other debt.

The primary de�ciency of the wealth data is that public and union retirement savings are not

available. In Denmark most pension savings are either public or regulated through the unions

forcing people to save for future retirement. However, since the model has no retirement aspect, I

would like to disregard savings for retirement anyway.

Since housing assets are de�ned as the value set by the tax authorities, which might not be

the true value of the asset, I try to correct it for di¤erences between the estimated value and the

actual value in the market. This is done using data from the Customs and Tax Administration11

on the trading value of houses sold compared to the value set by tax authorities.12 I use data from

the period 1987-2003 since the correction of housing prices can only be done for this period.

6.1 Sample

I disregard workers with invalid information, such as gaps in their spell history or missing variables.

These do not constitute a large number of individuals. Next, I de�ne labor market entry to be

the month of graduation from the highest completed education recorded.13 I delete spells that

start before this date. If the worker is observed in education after the date of highest completed

11Told- og Skattestyrelsen.
12ADJ_KOEJD=KOEJD*(mean(traded houses)/mean(KOEJDj on being traded)). I.e., I correct for di¤erences

in the value of traded houses and the value set by the tax authorities. This implicitly assumes that houses being
sold are independent of the value set by the tax authorities, and more importantly that the di¤erence is the same
across Denmark.
13We only have information on the highest completed education back to 1969, so it is missing for workers who

took it before 1969. Also, immigrants and workers who never �nished primary school have missing values. We keep
these workers in the data set since we believe that the problems with immigrants and workers who never �nished
primary school are quite small, and workers who �nished their education before 1969 have already entered the labor
market in 1988.
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education, the worker is disregarded. For instance, high school graduates who attend college

are deleted since their highest education is high school but they still are observed in education

(college). I censor individuals who enter retirement or self-employment. The resulting states are

employment, unemployment, non-participation. Since wage determination and mobility is very

di¤erent between the public and private sector, I censor individuals at the beginning of the spell

before entry into public employment. This is done since the job that workers hold prior to their

entry into public employment might be special in some way.

In the data, being unemployed means receiving some form of unemployment bene�t. It is not

completely clear how to treat non-participating individuals. If a worker does not have unemploy-

ment insurance, but has amassed some savings, he/she cannot receive social assistance, i.e., the

worker becomes non-participating if he becomes unemployed. Also non-participation is clearly not

an absorbing state in the data. The transition patterns are not that di¤erent from the transition

patterns of unemployed individuals. Therefore, unemployment and non-participation are aggre-

gated into non-employment. This is also done in Lentz, Taber, and Vejlin (2009). This makes the

data consistent with the model, since the model does not have a non-participating state.

To reduce the impact of outliers in the data, I trim a half per cent at the bottom and top

of both the wage and wealth distribution. Wealth and wages are log detrended using the wage

in�ation in the data to 2003 levels. This is done in order to be able to compare individuals over

time.

6.2 Descriptive features

Table 1 contains descriptive statistics for wealth and hourly wages for repeated November cross

sections. The average hourly wage and wealth holdings are 196 and 86,300 DKK, respectively.

Wealth is more dispersed and more skewed than wages. The distribution of wealth is very dense

around zero, implying that plotting the density would give little information about the distribu-

tion. Instead �gure 1 shows the Lorenz curve for total wealth. Approximately 35-40 per cent of

individuals have negative wealth, 30-35 per cent have very small wealth holdings, either positive

or negative, and 30 per cent own almost all the accumulated wealth. This gives a very skewed dis-
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tribution as also indicated by table 1. Lise (2007) �nds that almost no individuals in the NLSY79

data set have negative wealth and that those who have negative wealth have a very small amount

of it. This is in sharp contrast to the Danish data used in this study. There could be several

reasons for this di¤erence. One could be misreporting in the NLSY79 data set, but it could also

be because public and union retirement savings are not available in the Danish data.

Figure 2 shows a non-parametric regression using local polymials of hourly wages on wealth.

There is, perhaps not surprisingly, a strong positive relationship between hourly wages and wealth.

At low wage levels there seems to be zero correlation between wages and wealth. At medium and

higher wage levels there seems to be a strong positive relationship between wages and wealth

holdings.

Table 2 shows estimates of wealth in a proportional hazard model of employment, unemploy-

ment, and non-employment with and without covariates. Looking at employment levels there is

a strong e¤ect on employment durations. Increasing the wealth level by one standard deviation

decreases the hazard rate by 18 per cent. This estimate drops to 12 per cent when worker char-

acteristics are controlled for. This primarily re�ects the fact that the older workers have higher

wealth holdings, make fewer job transitions and are less likely to get �red. Turning to unemploy-

ment durations there are di¤erences between controlling for worker characteristics or not. Not

controlling for anything else, wealth has a negative e¤ect on unemployment durations. However,

once worker characteristics are included in the regressions wealth has a positive e¤ect unemploy-

ment durations. There is probably a great extent of unobserved heterogeneity in the data. One

would expect that more "able" workers have higher wealth holdings and also exit unemployment

faster. Finally, the estimates of wealth from a non-employment hazard model are negative whether

or not I control for worker characteristics. Although, the estimate gets smaller once controls are

included.

7 Simulations

In this section, I will perform a series of di¤erent simulations to highlight di¤erent features of the

model. In order to do so I need to pick values for the parameters in the model.
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7.1 Parameters

The model is speci�ed in continuous time. However, I solve it in discrete time using discretization

of the state space and value function iteration procedures.14 These methods have some limitations.

Most importantly, all workers in a type p �rm have a "steady state" asset level that the worker

would slowly converge to, if he never moved from the type p �rm. Especially, a worker in the highest

type �rm will de�ne the upper bound of the asset distribution. Workers near this upper asset level

will only be willing to make limited savings, i.e., the upper limit can never be approximated very

well. With these limitations in mind, I continue the analysis.

In order to obtain reasonable precision, I can only solve the model for one productivity level,

i.e., either the worker is employed or the worker is unemployed.15 This does not change much with

respect to the main qualitative features of the model, although it means that the model will not

be able to �t the wage distribution. However, whether or not equilibrium e¤ects are important

does not really depend on the �tting of the wage distribution.

Table 3 shows the parameters of the model that are set exogenously. The subjective discount

rate of workers and the interest rate is set at standard levels in this literature, see Lise (2007) and

Lentz (2009). The bargaining power is set to 0:5, which is standard in this type of models, see

Lentz and Mortensen (2008a). The unemployment insurance is normalized to 0:1. The productivity

level is set to 0:4 to re�ect the fact that the wage income for an employed worker on average is

approximately two and a half times larger than unemployment bene�ts.16 The relative risk aversion

parameter is very important in this type of models as highlighted in Lentz (2009). Lise (2007)

estimates the risk aversion parameter to be in the range of 1:5� 2:3, while Lentz (2009) estimates

this parameter to be 2:2. Chetty (2008) uses a value of 1:7 in his simulations. I have chosen to use

a value of 2. The curvature of the search cost function is taken from Lise (2007). Christensen et

14I have tried to solve the model in continuous time using both Chebyshev polynomials and spline approximations.
However, the solutions did not have a satisfactory degree of accuracy which is very important when solving for the
integral equations governing the joint distribution of assets and productivities.
15I use 8,000 points in the asset distribution. Allowing the unemployed worker to choose savings and consumption

at a level of 1 per cent of his income. Adding 10 per cent more points in the asset distribution, the calibrated moments
only change very little (max. of E-4).
16Wages are in�ated to the 2003 level. As seen in Table 1, the average hourly wage is 196.31. An employed

worker typically works 37 hours a week, so the weekly income is DKK 7263. In 2003, the maximum unemployment
bene�ts were DKK 3,364 a week. However, not all unemployed workers received the maximum amount.
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al. (2005) estimate an almost quadratic cost function, while Lentz (2009) estimates a cost function

with a much higher curvature.

The parameter values for the vacancy cost function are from Garibaldi and Moen (2009). Lentz

and Mortensen (2008a) set �v to 0:5 in their simulations.

Petrongolo and Pissarides (2001) report estimates from several studies of matching functions.

The elasticity with respect to search is reported to be between 0:4 and 0:6 in most studies. The

lower estimates are typically from studies incorporating employed search. The matching function

elasticity is set to 0:5 in this study.

Table 4 lists the parameters of the model that I am going to calibrate, and the moments that

are used to this end. In order to match the entry cost in the model, I use the mass of �rms. The

number of �rms relative to the number of workers in the data is 0:1065. From table 1 it can be

inferred that the average wealth holdings of non-employed individuals are approximately 73 per

cent of the average monthly wage17, i.e., since the monthly wage is set to 0:25 the target of the

average wealth holdings is set to 0:184. The monthly job destruction rate is 0:0113 in the data.

This results in a job destruction rate of 0:010 and a �rm destruction rate at 0:001318

To calibrate the scale parameter of the matching function I use the employment share. In the

data the employment rate is 81.73 per cent.

Table 5 shows equilibrium quantities of the calibrated model. The model does not �t the

average asset holding of the employed very well. The workers in the model accumulate too many

assets while employed. The variance of the assets is matched a little bit better, but the �t still

leaves something to be desired. It is not that strange that the variance does not match since all

employed workers receive the same wage. This generates a lot less dispersion in savings than a

model that allows for a continuous distribution of wages. This can also be seen if I compare the

minimum and maximum value of assets in the model and in the data. Turning to the Lorenz curve

of wealth in the model in �gure 3 one can also see that the model has di¢ culties �tting the upper

and lower part of the wealth distribution.

17The average wealth holding is 24,000 DDK. And the average monthly wage is 196:31DKK=Hour�2000Hours=Y ear12Months=Y ear =

28; 997DKK.
18The �rm destruction rate is rather low, since in this model size and �rm destruction are independent. I have

choosen to match the number of workers �red where the �rm has closed.
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7.2 Decomposition

It is an empirical regularity that UI reduces labor supply, see Meyer (1990). Chetty (2008) argues

that this traditionally has been seen as evidence of a moral hazard problem caused by a substitution

e¤ect, i.e., UI distorts the search process by reducing the incentive to search for a new job, because

the gain is smaller. He also proposes a second mechanism, a so-called liquidity e¤ect. The idea

is that an increase in UI makes the unemployed workers more wealthy which reduces their search

intensity. This is not an adverse outcome like the moral hazard problem. Chetty (2008) �nds that

60 percent of the increase in unemployment duration caused by an increase in UI bene�ts is due

to a liquidity e¤ect rather than a substitution e¤ect. The model used by Chetty has two central

assumptions. It assumes that jobs last forever, as in Lentz and Tranæs (2005), and that wages

are independent of the level of unemployment insurance. It is shown in Chetty (2008) that under

relatively strict assumptions endogenous ex ante savings behavior does not in�uence the result.

But, in general, the model does not take into account that the distribution of assets changes when

the UI level changes. Once the possibility of job destruction is introduced into the model, employed

workers will change savings behavior. This e¤ect is ignored in Chetty (2008), but it cannot be

ignored in an equilibrium model. The exact decomposition used by Chetty is only possible under

the assumption that jobs last forever and that the wage is independent of the level of UI.

Using the calibrated model parameters, I try to decompose how changes in UI a¤ect unem-

ployment duration. Table 6 shows the results.

First, I �x search e¤ort, i.e., s(a; p) is �xed but the distribution of assets is allowed to change.

This means that the only way unemployment durations are a¤ected is through a "liquidity e¤ect".

Workers having more assets will search less hard, but this has nothing to do with the moral hazard

problem since s(a; p) is �xed. This gives a 0.15 percentage point increase in unemployment.

Second, I let workers change search behavior. This simulation of the model is essentially a partial

equilibrium model taking the demand side as given. Workers will exert less search e¤ort for two

reasons. The expected wage increase is smaller. This is the moral hazard e¤ect of higher UI, and

they will be able to uphold a higher level of consumption since UI is now higher. The latter e¤ect

also decreases search e¤ort irrespective of the moral hazard channel. The two e¤ects combined
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give an increase in unemployment of 2 percentage points. It is seen that simply allowing workers

to change savings behavior has a relatively small e¤ect compared to the moral hazard channel,

where workers change their search e¤ort directly due to the fact that the di¤erence between being

unemployed and employed is smaller. Third, I allow the wage to change. Since wages are set in a

bargaining between workers and �rms over the instantaneous surplus of the match, w�b, the wages

now increase because the UI level has increased. The result is that unemployment decreases 0.1

percentage points. This is a relatively small decrease in unemployment. The reason is that search

e¤ort is not very responsive to changes in the wage. The primary determinant of workers search

e¤ort is their ability to have a reasonable consumption level today. I.e. the main determinant is

the asset holding of the worker and not the potential wage gain from �nding a job. Next, I let

the value of �(�) adjust to the lower level of search e¤ort holding the �rm side �xed. This results

in a further decrease in unemployment of 0.3 percentage points. Fifth, I allow �rms to adjust

their vacancy rates to the lower level of search e¤ort, thereby decreasing the arrival rate of job

o¤ers per unit of search intensity. This increases unemployment by 0.8 percentage point. Finally,

I allow the mass of �rms to adjust to the free entry condition. This results in a �nal increase in

the unemployment rate of 1.3 percentage points. The �nal result is an increase in unemployment

by 3.9 percentage point or 21 per cent. 1.3 percentage point of the increase is due to the supply

side adjustments, while the remaining increase is due to the demand side adjustments, i.e., the

equilibrium e¤ects. This illustrates that equilibrium e¤ects are potentially large and should be

taken into account when trying to asses the optimal bene�t level.

7.3 Optimal UI - Welfare Analysis

In this section I will try to asses the optimal level of UI in the calibrated model. It is impossible

to derive a closed form solution for the optimal bene�t level in the presented model. I therefore

simulate the model with di¤erent bene�t levels.

De�ne the welfare function as a utilitarian welfare function, i.e.

W =
NX
i=1

(1� u)W (ai)g1(ai) + uU(ai)g0(ai)

132



Since the total entry cost of �rms is equal to the total discounted expected pro�t and �rms are

risk neutral, these terms cancel out.

Figure 4 displays how di¤erent welfare measures and the unemployment rate react to di¤erent

UI levels in steady states. The unemployment rate is steadily increasing in the UI level. In order

to maximize total welfare as de�ned above, the UI level should be 0:12, i.e., a replacement rate

of 46 per cent.19 The welfare function is rather �at near the maximum, but increasing UI to a

replacement rate of more than 60 per cent seems to have large negative e¤ects on welfare. It can

also be seen that wealthy employed and unemployed workers do not really care as much as poor

workers about the UI level. Welfare is relatively unrelated to the UI level for these groups, since

the borrowing constraint is so far from being binding that they are able to smooth consumption

without a high level of UI. It can also be seen that poor unemployed individuals prefer a higher

level of UI than wealthy unemployed individuals. In general, unemployed workers prefer a higher

level of bene�ts than employed workers, but the welfare function is relatively �at.

In order to investigate whether or not demand side considerations are important, I solve the

model, where the job arrival rate, �(�), is taken to be a parameter, but the link between UI and

wages still exists. This gives quite di¤erent welfare implications. The reason for not breaking

the link between UI and wages, it that this will answer a di¤erent question related to the Hosios

condition in the search literature, see Hosios (1990). When the �rm sets a vacancy rates it implies

two externalities. First, it is easier for the workers to �nd a job the higher the vacancy rate. This

is a positive externality that implies that �rms set to low vacancy rates. Second, higher vacancy

rates for one �rm implies that other �rms have a harder time �nding workers. This is a negative

externality which implies that �rms tend to set to high vacancy rates. The Hosios condition states

that the externalities has to be equal in order to attain e¢ ciency. I.e. setting a lower or higher

wage implies a welfare e¤ect by the Hosios argument. In order to see if the equilibrium e¤ects are

important I let wages in both the equilibrium and partial equilibrium model very with the same

amount. Figure 5 shows the results. The optimal replacement rate in the equilibrium model is

around 46 per cent, whereas the optimal replacement rate in the partial equilibrium model is 67

per cent. Optimal is referring to the replacement rate at the maximum of the welfare function.

19The replacement rate is b
w
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In this simulation the optimal replacement rate is higher in the partial model. The reason

is that in the partial model increasing bene�ts, and thereby decreasing search e¤ort, will not

imply a di¤erent vacancy posting by �rms. In the equilibrium model the �rms realize that the

probability of encountering an unemployed worker is now smaller than therefore �rms decreases

their vacancy intensities. This in turn reduces the search e¤ort of the workers and led to prolonged

unemployment. This e¤ect is not captured by the partial equilibrium model. The e¤ect going

through vacancy intensities is unambiguous. Given that a �rm wanted to hire a worker and the cost

of hiring workers are decreasing one might expected that �rms in some cases would decrease their

vacancy intensity rates. I.e. what might been seen as an income e¤ect dominate the substitution

e¤ect. The reason why this is not the case in this model is that �rms are not trying to hire a

particular number of workers. Rather the �rm can hire any amount of workers and there it will

therefore always increase the vacancy intensity rate if it gets easier to hire workers.

However, there are equilibrium e¤ects. When �rms starts to decrease their vacancy intensity

rates as workers decrease their search e¤ort as argued above, this will increase the arrival rate of

workers per unit of vacancy intensity. This e¤ect will in turn increase the �rms vacancy intensity

rates. If the vacancy choice is very elastic this e¤ect will be large. There is also an e¤ect going

through the free entry condition. When it gets harder to hire workers the value of the �rm will

decrease. In equilibrium this will result in fewer �rms entering the economy. This will decrease

the total vacancy intensity and increase the arrival rate of workers. The model does not yield

any closed form solutions, so one cannot derive under which conditions the equilibrium e¤ects are

positive or negative.

In the current model parameters erroneously implementing the optimal replacement rate from

the partial equilibrium model results in large welfare losses as seen in �gure 4. It is clear that

the unemployment level is much less responsive to changing UI levels in the partial equilibrium

model, precisely due to the e¤ects mentioned above. In order to have an understanding of how big

the welfare changes are, I compare them to di¤erent decreases in welfare caused by decreases in

productivity. These are shown in �gure 6. Implementing the 67 per cent replacement rate, which

is optimal according to the partial equilibrium model, leads to a decrease in aggregate welfare
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similar to that caused by a decrease in productivity of 10 per cent in a model with a replacement

rule of 40 per cent (the baseline model). This is a substantial di¤erence and it highlights the fact

that drawing conclusions from a partial equilibrium models can be costly in terms of welfare.

Lentz (2009) stresses the fact that comparing di¤erent steady states in welfare analysis is

essentially �awed in the case of savings, since one does not take into account that the asset

distribution is changing, i.e., the above analysis is a comparison between steady states and does

not take into account the costs or gains of moving between them. Let us consider moving to a

higher bene�t level. This will decrease the average asset holdings, since the motivation for making

precautionary savings is reduced. However, the above analysis does not take into account that the

consumption possibilities in the transition to this new steady state are higher, and the result is

that the optimal replacement rate will be biased downwards.

Since this model is an equilibrium model, it is harder to take this into account, since agents

would need to take the entire equilibrium adjustment path into account. In order to calculate the

complete correct dynamic transition, I would need to use a �xed point search in the equilibrium

path space and this is simply not computational feasible in the current setting. In order to make

this more simple, I assume that decision-making agents believe that the world is going to be the

same tomorrow as it is today, i.e., they are constantly surprised that the equilibrium distributions

change over time. Essentially, I am going to calculate repeated steady states where the only link

between the periods is that the distribution of assets adjusts between periods, and agents within

a period take the distribution as being static.

De�ne welfare as

W =
1X
t=0

NX
i=1

(1� ut)u(ct(ai; e))g1;t(ai) + ut [u(ct(ai; u))� e(st(ai; u))] g0;t(ai)

The problem is now to �nd a tax rate and a bene�t level that maximize the welfare criterion

above

max
tax;b

W s:t:
1X
t=0

tax(1� ut)w � (1� tax)utb = 0

Again the optimal level has no closed form solution. Figure 7 shows the result with di¤erent

135



levels of UI, where steady state welfare refers to the comparison of di¤erent steady states and

dynamic welfare refers to the case where dynamics are taken into account as described above. As

expected from the discussion above the optimal UI level is now larger than before. Instead of an

optimal replacement rate of 46 per cent the optimal replacement rate is now 53 per cent. This

highlights that taking the transition path into account can potentially be important.

7.4 Taxation

UI is government �nanced, but the government can choose the �nancing scheme. In the baseline

model presented in this paper, UI is �nanced by a tax on income. One could also �nance expen-

ditures by a value added (VA) tax, a tax on capital gains (interests) or a tax on wealth holdings.

Table 7 shows the results. The simulations are comparisons of di¤erent steady states.

The �rst column shows the results from the baseline model where the only type of taxation is

an income tax. In the second column, the results using only a VA tax on consumption is presented.

There is little di¤erence between an income tax and a VA tax in this model. The small di¤erence

between these schemes arises since the taxation happens at di¤erent points in time. In the case

of the income tax, the taxation occurs when income is received by the worker. This makes the

employed worker�s savings smaller than with the VA tax, where the taxation occurs when savings

are converted into consumption. This mechanism helps the worker smooth consumption over jumps

in income. The higher level of assets is also the reason for the slightly higher unemployment level,

since wealthier workers exert less search e¤ort. Turning to column 3, a tax on capital gains, i.e.,

positive interest payments, of 30 per cent is introduced. The rest of the public budget is �nanced

by an income tax. This type of tax has a large distortion on the accumulation of assets. Lowering

the net return on assets makes it less attractive for the worker to self-insure. The same e¤ect is

found in Lentz (2009), where the optimal replacement rate depends a lot on the di¤erence between

the discount rate and the interest rate. Finally, column 4 shows the case where there is a wealth

tax of 0.2 per cent of positive wealth holdings. Not surprisingly, this form of taxation has a huge

e¤ect on the worker�s willingness to self-insure. The average asset holdings decrease dramatically,

since holding any positive amount of assets is very expensive. The measures of welfare used also
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decrease a lot. Even a small wealth tax has large negative e¤ects on the accumulation of assets.

The revenue generated from both the interest rate tax and the wealth tax constitutes around 3

per cent of the public budget. In comparison, the introduction of a wealth tax of 0.2 per cent has

the same e¤ect on welfare as lowering productivity by 2.5 per cent, which is not an unsubstantial

amount.

8 Conclusion

This paper develops an equilibrium model of on-the-job search where workers choose search e¤ort

and consumption levels. Firms comprise a range of di¤erent jobs with equal productivity p and

the possibility to create new jobs by advertising vacancies. Firms enter the market by drawing a

�rm speci�c productivity. Once in the market, �rms choose vacancy intensity. Wages are set such

that �rms and workers split the instantaneous surplus of the match. A simple model with one

type of �rm is calibrated. The model �t is reasonable given that it is only a very simple model

with only one �rm type. This results in problems �tting the asset distribution and in particular

the variance of the asset distribution.

It is shown that equilibrium e¤ects are important when trying to asses the optimal UI level.

The increase in the unemployment rate is about double the size if one takes into account demand

side changes as opposed to taking the demand side as given.

Further, the conclusions based on a partial equilibrium model that does not take the demand

side responses into account can be very erroneous. A partial model will overestimate the bene�ciary

e¤ects of a high replacement rate, since it will not take into account the demand side response to

the lower level of search e¤ort exerted by the workers. Implementing the erroneous replacement

rate from a partial equilibrium model will lead to welfare losses corresponding to those associated

with a decrease in productivity of 10 per cent. When trying to assess the optimal replacement rate,

it is important to take into account the entire dynamic transition path of the economy, otherwise

one will tend to underestimate the optimal UI level, since moving to higher levels of UI reduces the

need for precautionary savings thereby allowing higher consumption possibilities in the transition

between the old and the new steady state.
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It is also shown that even small wealth taxes or taxes on capital gains can be harmful to

workers since they reduce the accumulation of assets and thereby severely reduce self-insurance

against income shocks.
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A Derivation of Bellman equations

A.1 Bellman equation for the worker

The Bellman equation is derived by writing up the discrete time equivalent and letting the period

length go to zero. Let � be the period length

W (a; p; t) = max
c2Y (a);s�0

u(c(a; p; t))�� e(s(a; p; t))� + 1

1 + �'
[��U(a+�a; t+�) (19)

+��(�)s

Z
maxfW (a+�a; p0; t+�);W (a+�a; p; t+�)gd�(p0) (20)

+(1���(�)s� ��)W (a+�a; p; t+�) + o(�)] (21)

where o(�) is term that goes to zero faster than � such as the probability of receiving two job

o¤ers in one period. Arrange to get

�'W (a; p; t) = max
c2Y (a);s�0

u(c(a; p; t))(1 + �')�� e(s(a; p; t))(1 + �')� (22)

���(W (a+�a; p; t+�)� U(a+�a; t+�)) (23)

+��(�)s

pZ
p

W (a+�a; p0; t+�)�W (a+�a; p; t+�)d�(p0) (24)

+W (a+�a; p; t+�)�W (a; p; t) + o(�) (25)

Now divide by � and let �! 0.

'W (a; p) = max
c2Y (a);s�0

u(c(a; p))� e(s) +W 0
a(a; p)da=dt� �(W (a; p)� U(a))

+�(�)s

pZ
p

[W (a; p0)�W (a; p)] d�(p0) (26)

where W (a+�a;p;t+�)�W (a;p;t)
�

! dW (a;p;t)
dt

= W 0
a(a; p)da=dt as�! 0 and o(�)

�
! 0 as�! 0. The

Bellman equation can also be derived from the original problem using Ito�s calculus, see Merton
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(1971) and Sennewald (2007).

A.2 Bellman equation for jobs

J(a; p; t) = (1� �)(p� b) + 1

1 + �r
[�� � 0 + �(�)s(a; p; t)��(p) � 0

+(1� �j�� �(�)s(a; p; t)��(p))J(a+�a; p; t+�) + o(�)]

Rearrange to get

�rJ(a; p; t) = (1� �)(p� b)(1 + �r)� �j�(J(a+�a; p; t+�)

��(�)s(a; p; t)��(p)J(a+�a; p; t+�)

+J(a+�a; p; t+�)� J(a; p; t) + o(�)

Divide by � and let �! 0.

rJ(a; p; t) = (1� �)(p� b)� �J(a; p; t)� �(�)s(a; p)�(p)J(a; p; t) + J 0a(a; p; t)da=dt

where J(a+�a;p;t+�)�J(a;p;t)
�

! dJ(a;p;t)
dt

= J 0a(a; p; t)da=dt as �! 0 and o(�)
�
! 0 as �! 0.

A.3 Bellman equation for vacancies

V (p; t) = max
v�0

� k(v) + 1

1 + �r
[q(�)v�

264u 1Z
a

J(x; p; t+�)d�0(x) + (1� u)
pZ
p

1Z
a

J(x; p; t+�)d�1(x; y)

375
+(1���f )V (p; t+�) + o(�)]
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Rearrange to get

�rV (p; t) + ��fV (p; t+�) = max
v�0

� k(v)(1 + �r)

+q(�)v�

264u 1Z
a

J(x; p; t+�)d�0(x) + (1� u)
pZ
p

1Z
a

J(x; p; t+�)d�1(x; y)

375
+V (p; t+�)� V (p; t) + o(�)

Divide by � and let �! 0.

(r + �f )V (p; t) = max
v�0

� k(v) + q(�)v

264u 1Z
a

J(x; p; t)d�0(x) + (1� u)
pZ
p

1Z
a

J(x; p; t)d�1(x; y)

375
B Derivation of �ow equations

Proof. Let � be a small time interval and let

ea : ea(a; p;�) = at � da(at; p)
dt

�

i.e. ea de�nes the marginal worker who will be accumulating enough assets to move out of or
into the CDF.

Let G1;t(a; p) be the CDF of workers in �rm type p with assets a. Let �(p) be the distribution

of o¤ers from which the worker is drawing. Then
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G1;t+�(a; p)�G1;t(a; p) =

u�(�)��(p)

aZ
a

s(x; b)g0;t(x)dx� (1� u)��
pZ
p

aZ
a

g1;t(x; y)dxdy�

(1� u)�(�)��(p)
pZ
p

aZ
a

s(x; y)g1;t(x; y)dxdy

+(1� u)
pZ
p

1[
da(y)

dt
< 0]

eaZ
a

g1;t(x; y)dxdy � (1� u)
pZ
p

1[
da(y)

dt
> 0]

aZ
ea
g1;t(x; y)dxdy

m

G1;t+�(a; p)�G1;t(a; p)
�

=

u�(�)�(p)

aZ
a

s(x; b)g0;t(x)dx� (1� u)�
pZ
p

aZ
a

g1;t(x; y)dxdy

�(1� u)�(�)�(p)
pZ
p

aZ
a

s(x; y)g1;t(x; y)dxdy

+(1� u)
pZ
p

1[da(y)
dt

< 0]

eaZ
a

g1;t(x; y)dx

�
dy � (1� u)

pZ
p

1[da(y)
dt

> 0]

aZ
ea
g1;t(x; y)dx

�
dy

m

Taking limits.
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lim
�!0

G1;t+�(a; p)�G1;t(a; p)
�

= 0 =

u�(�)�(p)

aZ
a

s(x; b)g0;t(x)dx� (1� u)�
pZ
p

aZ
a

g1;t(x; y)dxdy

�(1� u)�(�)�(p)
pZ
p

aZ
a

s(x; y)g1;t(x; y)dxdy

+(1� u)
pZ
p

1[
da(a; y)

dt
< 0] lim

�!0

at� da(at;y)
dt

�Z
a

g1;t(x; y)dx
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dt

�
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�(1� u)
pZ
p
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da(a; y)

dt
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�!0

aZ
at� da(at;y)

dt
�

g1;t(x; y)dx

da(at;y)
dt

�

da(at; y)

dt
dy

Dividing by da(at;y)
dt

is potentially troublesome, since there exists a level ba for all values of a
where da(ba;y)

dt
= 0. This is circumvented by only de�ning the equation for da(a;y)

dt
6= 0.

lim
�!0

G1;t+�(a; p)�G1;t(a; p)
�

= 0 =

u�(�)�(p)

aZ
a
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pZ
p
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a
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p
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dt

�; y)� bG1;t(a; y)
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�
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�(1� u)
pZ
p
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da(a; y)

dt
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�!0

bG1;t(a; y)� bG1;t(a� da(at;y)
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�; y)
da(at;y)
dt

�

da(at; y)

dt
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where bG1;t(a; y) = aZ
a

g1;t(x; y)dx. Finally we get the integral equation tying down the distribu-

tion of productivities and assets.

u�(�)�(p)

aZ
a

s(x; b)g0;t(x)dx� (1� u)
pZ
p

�
1[
da(a; y)

dt
< 0]

dG1;t(a; y)

da

�
da(a; y)

dt
dy =

(1� u)�
pZ
p

aZ
a

g1;t(x; y)dxdy + (1� u)�(�)�(p)
pZ
p

aZ
a

s(x; y)g1;t(x; y)dxdy

+(1� u)
pZ
p

1[
da(a; y)

dt
> 0]

dG1;t(a; y)

da
g1(a; y)

da(a; y)

dt
dy
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C Figures

Figure 1: Lorenz Curve of Wealth in Data
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Figure 2: Non-Parametric Regression of Wage on Wealth
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Figure 3: Lorenz Curve of Wealth in Simulated Model
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Figure 4: Welfare implications of di¤erent UI levels in an equilibrium model
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Figure 5: Welfare implications of di¤erent UI levels in a partial equilibrium model
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Figure 6: Aggregate Welfare as a function of productivity
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Figure 7: Optimal UI with dynamic transition
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D Tables

Table 1: Descriptive Statistics on Hourly Wage and Wealth
Mean Std. Dev. Skewness Min. Value Max. Value

Hourly wage 196.31 65.68 1.63 55.96 679.13

Wealth (in 10.000 DKK) 8.63 32.11 2.13 -95.85 258.94

- Employed 10.05 33.91 1.94 -95.85 258.94

- Non-employed 2.40 21.53 3.69 -95.84 258.69
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Table 2: PH estimates of Wealth
Estimate Std. Err. Estimate Std. Err.

Employment duration

Wealth (in 100.000 DKK) -0.05930* 0.00020 -0.03692* 0.00021

+ Covariates NO YES

Unemployment duration

Wealth (in 100.000 DKK) 0.03556* 0.00076 -0.01380* 0.00077

+ Covariates NO YES

Non-employment duration

Wealth (in 100.000 DKK) -0.00558* 0.00035 -0.01949* 0.00036

+ Covariates NO YES

Notes:
a) Covariates include: Dummy for homeowner, age, education length.
dummy for education level, experience, and dummy for females.
b) �*�, and �**�indicate signi�cance at one and �ve percent level, respectively.
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Table 3: Fixed Parameters
Parameter De�nition Value
' Worker discount rate 1:051=12 � 1
r Interest rate 1:031=12 � 1
� Bargaining power 0:5
b Unemployment bene�ts 0:1
p Productivity level 0:40
 Relative risk aversion 1:75
�s Search cost scale 0:1
�s Search cost curvature 1:5
�v Vacancy cost scale 0:15
�v Vacancy cost curvature 1
� Matching function elasticity 0:5

Table 4: Calibrated Parameters
De�nition Moment Target Model Calibrated

parameter
i Entrycost M 0:1065 0:1065 64:3
a Lower level of assets E(ajunemployed) 0:184 0:184 �2:41
� Job destruction rate Pr(U jE last period) 0:0113 0:0113 0:0113
�f Firm destruction rate Pr(U jE last periodjfirm closure) 0:0013 0:0013 0:0013
�j Job speci�c destruction rate Pr(U jE last periodjno firm closure) 0:0100 0:0100 0:0100
� Matching function scale 1� u 0:8173 0:8173 0:0128

Table 5: Equilibrium Quantities
Quantity De�nition Model Value Data value
Average asset of employed E(ajemployed) 1:17 0:77
Variance of assets V ar(a) 3:51 5:98
Min. asset value a �2:41 �7:31
Max. asset value a 5:51 19:7
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Table 6: Decomposition of the Effect of Higher UI
Unemployment rate

Baseline model - b=0.1 0.1827

High UI - b=0.125

Only asset chioces allowed to di¤er 0.1861

+ change in search choice 0.2040

+ wage change 0.2029

+ change in theta 0.1996

+ change in vacancy intensities 0.2083

+ free entry condition 0.2211

Table 7: Effect of Different Taxation Schemes
Income tax VA tax Tax on capital gains Wealth tax

Unemployment 0.183 0.183 0.177 0.167

Welfare -1373.493 -1369.184 -1383.966 -1401.987
- Unemployed -1492.546 -1487.791 -1505.271 -1526.327
- Employed -1346.880 -1342.559 -1357.967 -1377.121

Avg. Assets 1.172 1.495 0.499 -0.416
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