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Summary 

 

This dissertation consists of three self-contained chapters on empirical labour economics. The first 

chapter deals with the interrelated dynamics of unemployment among Danish immigrants. The 

second chapter compares immigrants-native differences in earning mobility process within and 

between Denmark and Canada. The third chapter is on the evaluation of active labour market 

policies in Denmark.   

 

There are about half a million immigrants (including descendents) in Denmark, which is equivalent 

to approximately nine percent of the Danish population. Immigrants from non-western countries 

have very high unemployment rate not only compared to native but also compared to western 

immigrants. So it is very important to analyse the interrelated dynamics of unemployment and also 

to identify important determinants of unemployment among immigrants. Chapter one examines the 

extent state dependence among unemployed Danish immigrants in a dynamic discrete choice 

framework. Three alternative methodologies are employed to control for the problem of the initial 

condition. The empirical findings show that there is considerable correlation between the 

unobserved individual heterogeneity and the initial condition and that the degree of state 

dependence is overstated if we do not address the problem. The results show that an individual who 

was unemployed at period “t-1” has 6.5 percentage points higher probability of being unemployed 

again at period t compared to an individual who was employed at period “t-1”. This average partial 

effect is the same for western compared to non-western immigrants and women compared to men. 

 

Chapter two compares the earnings mobility between immigrants and natives within and between 

Denmark and Canada. Denmark and Canada have very different immigration histories. Immigration 

in Denmark is dominated by non-labour immigrants (for example family reunification, refugees), 

whereas Canada has a very long history of labour immigration (skilled workers). This leads to an 

interesting comparison of earning mobility processes between immigrants and natives. Measuring 

earnings dynamics could be very interesting for policy makers and researchers. For example, the 

optimal design of unemployment insurance, social assistance, and other income support programs 

depend on a good understanding of earnings dynamics and the distribution of earnings in a long 

term perspective. The paper employs a dynamic multinomial logit model with discrete factor 

approximation for the specification of unobserved individual heterogeneity. The model takes into 

account the effect of the endogenous initial conditions problem and unobserved heterogeneity to 

separate structural and spurious state dependence. The results show that immigrants-native 



 x 

differences in earnings mobility, structural state dependence, and segmentation of earnings 

distribution are relatively more prominent in Denmark compared to Canada. 

 

Chapter three simultaneously investigates the effectiveness of benefit sanctions and active labour 

market programmes on the exit rate from unemployment using Danish data. There are two basic 

components of active labour market policies (ALMP). The principal component is the right and 

duty of all unemployed individuals to participate in an active labour market programme (ALMPs) if 

they do not find employment sufficiently fast. The second component is the area of monitoring and 

sanctions, which ensures that unemployed individuals are available for employment and also they 

make an effort to obtain employment. In evaluation literature on active labour market policies, these 

two components are considered as treatment on the unemployed individuals. Most of the studies 

have independently evaluated the treatment effect of sanctions and ALMPs. However, the observed 

sample shows that about one third of the individuals who are sanctioned also participate in some 

active labour market programmes (ALMPs). As a result, modeling only one of them as treatment 

might over or underestimate the true effect. Therefore, by using a multivariate mixed proportional 

hazard model (MMPH), we model the hazard rate out of unemployment along with the sanction rate 

and hazard rate into active labour market programmes. We optimally select the number of supports 

point for the distribution of unobserved heterogeneity. Results show that pre-specifying two support 

points underestimates the effect of sanctions and active labour market programmes. Failing to 

control for selectivity for sanctions not only underestimates the treatment effect of sanctions but 

also biases the treatment effect of ALMPs. 
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This study examines the extent state dependence among unemployed Danish 
immigrants in a dynamic discrete choice framework. Three alternative methodologies 
are employed to control for the problem of the initial condition. The empirical findings 
show that there is a considerable correlation between the unobserved individual 
heterogeneity and the initial condition and that the degree of state dependence is 
overstated if we do not address this problem. The results show that an individual who 
was unemployed at period “t-1” has 6.5 percentage points higher probability of being 
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“ t-1”. This average partial effect is the same for western compared to non-western 
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State Dependence in Unemployment among Danish Immigrants  

 

1. Introduction  

 

High unemployment among immigrants has increasingly become a focus for policymakers in 

Denmark. The effectiveness of public policy directed towards the unemployment problem might 

depend on the extent of state dependence in unemployment. For example, consider a policy change 

which has the effect of temporally moving unemployed workers into employment. If there is a 

positive true state dependence in employment, the policy intervention will cause a persistent 

increase in employment. Consequently, the intervention is likely to reduce the number of 

individuals who are dependent on benefits or live on a low income (Prowse, 2005). In this case, 

changes in benefit rules are also more likely to meet their objectives (Hansen et al. 2006). On the 

other hand, if the observed serial persistence in unemployment is due to the permanent unobserved 

heterogeneity, then the policy stated above is less likely to have an affect. But it is important to 

know whether the state dependence is driving employment prospects (known as true state 

dependence), or conversely, whether unobserved heterogeneity plays that role (known as spurious 

state dependence). Put differently, is the mere experience of being unemployed a relative 

disadvantage to a person, or can it be attributed to unobserved individual heterogeneity (Knights et 

al. 2000)? 

 

Hämäläinen (2003) has described various reasons for true state dependence. For example, firms try 

to figure out the quality of workers from their labour market history (Gibbons and Katz 1991). 

Similarly, firms can rank job applications based on the duration of unemployment of the job seekers 

(Blanchard and Diamond, 1994). Therefore, a firm might find it optimal to use different 

employment criteria for different groups of job seekers (Sattinger, 1998).  In addition, Eriksson 

(2002) argues that discrimination based on employment status is an equilibrium hiring strategy. 

Even firms are allowed to set wages according to the workers’ expected productivity.  As a result, 

an unemployed person may be permanently affected when applying for vacancies. Heckman and 

Borjas (1980) describe how experience of unemployment may change the behaviour of the 

unemployed person by changing his preferences and constraints. Other reasons for true state 

dependence are reduced productivity due to deteriorating existing human capital and the prevention 

of the accumulation of human capital (Mincer and Polacheck, 1974). As explained in Hämäläinen 
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(2003), the above discussion implies a causal relationship of previous unemployment with future 

unemployment. 

 

Some persons may be observed continuously unemployed since their probabilities of getting a job 

are limited due to unobserved characteristics (e.g. lack of punctuality). If the unobserved 

characteristics among individuals remain uncontrolled and if they are correlated over time, previous 

unemployment may appear to determine further unemployment solely because it acts as a substitute 

for temporally persistent factors. This results in overestimation in the magnitude of state 

dependence and, accordingly, in false policy recommendations (Hämäläinen, 2003).  

 

Several studies have investigated the issue of state dependence and unobserved heterogeneity in 

unemployment. Most recently, Stewart (2007) has examined the extent of the state dependence in 

unemployment for the UK, and the role played in this by low-wage employment. The study shows 

that an individual unemployed at t-1 is more than twice as likely to be unemployed again at t as 

someone who was employed at t-1, but otherwise has the same observed and unobserved 

characteristics. However, Corcoran and Hill (1985) find that past unemployment does not increase 

the current unemployment probability for prime age men, once unobserved heterogeneity and data 

collection procedures are controlled for. But most of the studies show the existence of strong state 

dependence in unemployment, see for example, Narendranathan and Elias (1993) for Britain, 

Hyslop (1999) for the US, Frijters et al. (2000) for Holland, Haan (2006) for Germany, Nizamul 

(2006) for Sweden, among other studies.  

 

Hansen and Lofstrom (2002) have shown that immigrants have a greater degree of state dependence 

in welfare participation than native. They have also argued that the state dependence among the 

Swedes appears to be due to the unobserved heterogeneity, possibly welfare preferences, to a 

greater extent than it is among the immigrants from refugee countries.  Le Maire and Scheuer 

(2006) have found evidence of a positive and significant state dependence for selected groups with 

weak labour market participation in the Danish labour market.  

 

In this study, special attention is paid to control the unobserved heterogeneity and initial condition 

problem. These issues are addressed by using alternative estimators, i.e. the Wooldridge estimator 

and the Heckman estimator, and the results are compared to assess their robustness. The empirical 

findings reveal a significant state dependence in unemployment. The estimates also show 

considerable correlation between the unobserved individual heterogeneity and the initial condition, 
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which implies that the degree of state dependence is overstated if we do not control for it. The 

results show that an individual who was unemployed at period t-1 has 6.5 percentage points higher 

probability of becoming unemployed again at period t compared to an individual who was 

employed at period t-1. This average partial effect is the same for western compared to non-western 

immigrants and women compared to men. 

 

The rest of this study is organized as follows: Descriptions of the behavioral model and econometric 

specification are presented in section 2 along with explanations of the alternative estimators used in 

this study. Section 3 gives a data description and some descriptive analysis.  Empirical results are 

discussed in section 4. Section 5 concludes the study.  

 

2. Behavioural Model and Econometric Specification 

 

Discrete choice models of labour supply are based on the concept of random utility2. The theory of 

decision making is very simple. The aim of the decision maker n (individual) is to maximize his life 

time utility ( )U  by optimally choosing from a finite number of alternatives ( )J  of leisure and 

income at a specific time( )T . njtU  is the utility that the decision maker n  gets from the alternative j 

at time t. He will choose alternative i  if and only if tijUU njtnit ∀≠∀> ,    . The researcher does not 

observe the actual utility obtained by the decision maker, but he observes some characteristics 

( )ntS of the decision maker and some characteristics of the alternatives( )njtX  that may lead to the 

decisions made by the decision maker. For the researcher, this utility can be decomposed into two 

very general parts, i.e., representative utility ( )njtV  and the unobserved part of utility( )njtε , i.e., 

njtnjtnjt VU ε+=  . Here njtV  is a function which relates the observed factors to the decision maker's 

utility, for example, in case of a linear representative utility ntnjtnjt SXV δβ ′+′= . The inclusion of the 

lagged values of the choice variable makes this decision process dynamic.  

 

Due to the unobserved factors, the researcher cannot predict the actual decisions, but he can make 

some probabilistic statements about the choices of the decision maker. These choice probabilities 

depend upon the characteristics of the decision maker, the attributes of alternatives and the 

                                                 
2 This discussion is largely based on Train (2003). 
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assumptions about the unobserved partnjtε . The choice probability for the alternative i can be 

written as follows: 

( )tijVVP njtnjtnitnitnit ∀≠∀+>+=  and       Prob εε      (1) 

By using an indicator function and the distribution of unobserved components, the choice 

probability can be written as follows: 

( ) ( )    and nnnjtnitnitnjtnit dftijVVIP εεεε∫ ∀≠∀−<−=     (2) 

Here I(.) equals 1 if the statement in the brackets is true. Otherwise it is 0. The assumptions about 

nε  will lead to various econometric specifications of the discrete choice models. 

 

2.1 Modelling State Dependence and Unobserved Heterogeneity (True or Spurious State 

Dependence) 

 

State dependence is a behaviour in which an individual’s preference in a particular state at time t 

will increase the probability of being in the same state at period at period t+1, conditional on the 

observable characteristics. In the context of the labour market, the working behaviour of the last 

period affects the current labour supply decision. Heckman and Willis (1977) have discussed two 

possible types of state dependence. First, true state dependence will be observed if an individual's 

presence in a state at time t changes prices, preferences or constraints which are relevant for their 

future behaviour. For example, this could take the form of a past unemployment experience 

decreasing the individual's stock of human capital, which in turn decreases his future wage (Mincer 

and Polachek 1974). Alternatively, fixed costs related to job search can make unemployment more 

attractive if the individual is already unemployed instead of employed (Heckman and Borjas 

(1980)). Secondly, spurious state dependence will be observed if there is intertemporally correlated 

unobserved individual specific heterogeneity. This heterogeneity can be time varying or time 

invariant, or a combination of both. For policy makers it is important to know whether the state 

dependence drives the unemployment prospects or, conversely, if it is heterogeneity. 

 

State dependence can be modelled by introducing a lagged unemployment state indicator 1−nty  into 

the representative utility. If the representative utility is linear in the observed factors, then the utility 

function will take the following form:  njtntntnjtnjt ySXU εγδβ +′+′+′= −1 .  There will be a positive 

true state dependence if 0>γ , with the assumption that the unobserved components njtε   are 

independently distributed over n, j and t. In the above specification it is also assumed that only the 
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previous year’s employment status matters to the current behaviour. Hence, true state dependence is 

Markovian. This specification is based on the presence of search and transition costs (see, for 

example, Hyslop 1999). Heckman and Borjas (1980) have also discussed several other 

representations of the true state dependence. Any dynamics related to observed factors can be 

handled by using a conditional discrete choice specification, which consistently estimates the 

model. If the unobserved components njtε are not independently distributed due to the possible 

existence of unobserved heterogeneity, then these can be decomposed into two parts, i.e., *ntSα ′  and 

njt∈ , where *
ntS  represents the unobserved individual specific attributes. Now the utility function 

will take the form: 

njtntntntnjtnjt SySXU ∈+′+′+′+′= −
*

1 αγδβ .       (3) 

Many studies have used this equation to analyse state dependence in unemployment, using a 

dynamic random effects probit model, for example Stewart (2007).  

 

2.2 Econometric Specification 

 

This paper uses several dynamic estimators to model the probability of unemployment. These 

estimators include a lag dependent variable to allow for state dependence. Special attention is given 

to the treatment of unobserved heterogeneity and initial conditions, since ignoring these can 

produce overstatement of the true state dependence in unemployment. 

  

2.2.1 Standard Random Effects Probit Model 

 

The dynamic empirical model of unemployment probability involves consistent estimation of the 

following reduced form equations of the behavioural process described in equation (3):           

( ) ( ) ( ) ,...,2;,...,1    0,,|1Pr 11 TtNiuXyIXyy itiititiititit ==≥++′+== −− εβγε   (4) 

where ity  is an indicator function for unemployment, itX  is a vector of explanatory variables 

(includes personal and other characteristics). β and γ are the unknown parameters to be estimated. 

iε is an individual specific component which captures the time invariant unobserved human capital 

and taste, and itu  is a possibly serially correlated error term that can vary over i and t3. Asymptotics 

of the model depend on N, whereas T is small and taken as fixed. Depending on the assumptions 

                                                 
3 To make these standard models comparable with Heckman estimator we estimated all models from t =2,…T.  
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made about unobserved heterogeneity and explanatory variables, different estimators are used in 

order to consistently estimate the model. 

 

The unemployment probability is modeled using a dynamic random effects probit model given in 

the following equation: 

 1
*

itiititit uXyy ++′+= − εβγ         (5) 

( ) ( )0,,|1Pr *
1 >== − itiititit yIXyy ε  

( )      ,0~ 2
uit Nu σ  

Where *
ity  is a latent variable and we observe 1=ity  if 0* >ity . The standard probit model assumes 

that iε  is uncorrelated with the explanatory variablesitX . For identification purposes, normalization 

is required since y is a binary variable. A convenient one is to assume 12 =uσ . The composite error 

term ( )itiit uv += ε  will be correlated over time due to individual specific time invariant iε terms, 

even if itu  is assumed to be iid. In this case, the correlation of the composite error term 

( )itiit uv += ε over time is given as follows:  

( )
1

  ,, 2

2

+==≠
ε

ε
σ

σρstvvCorr isit           (6) 

 

The estimated parameters of the standard random effects probit model are biased if unobserved 

variables are correlated with observed variables. Mundlak (1978) and Chamberlain (1984) provide 

another estimator that allows correlation either between iε and the time means of the explanatory 

variables or the combination of their lags and leads.  In other words, the estimator assumes that the 

relationship between itX  and iε is completely captured by including the means of time varying 

explanatory variables or combinations of their lags and leads. The relationship can be written as 

follows: 

( )2

1

,0~   e      wheror                ασααεαε iidNaXaX ii

T

t
itiiii +′=+′= ∑

=

  (7) 

Substituting this expression with the first expression in equation (5), we get the following extended 

specifications of the standard random effects models, known as correlated random effects model.  

   ( ) 0,N~    where 2
u1

* σαβγ ititiiititit uuaXXyy +++′+= −     (8) 

or ( ) 0,N~    where 2
u

0
1

* σαβγ ititi

T

t
titititit uuaXXyy +++′+= ∑

=
−    (9) 
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In this study the specification in equation (8) is used for estimating random effects models. Again, 

normalization is necessary and it is assumed that 12 =uσ . The correlation between the composite 

error term itiit uv += α  for the different periods can be written as follows: 

( )
1

  ,, 2

2

+
==≠

α

α

σ
σρstvvCorr isit         (10) 

 

An advantage of this specification is that one can perform a standard Wald type test to verify the 

correlation between itX  and iα .  

 

2.2.2 Heckman’s Estimator4 

 

The inclusion of the lag dependent variables creates the problem of initial condition, which 

implicitly assumes that the initial observations are independent of the unobserved variables (as 

assumed in section 2.2.1 and 2.2.2). In simple terms, this assumption means that the start of the 

behavioral process coincides with the start of the observation period for each individual. This 

assumption is too strong for this study, since this study uses data from 1994 to 2003, and clearly 

1994 is not the start of the behavioral process for some individuals. Therefore, estimation requires 

some assumptions about the initial observation1iy and the unobserved heterogeneityiα . Heckman 

(1981b) has specified the following reduced form equation for the initial observation.  

 1
*

1 iizy
i

ηπ +′=             (11) 

where 1iz  includes 1iX  or other exogenous variables and iη is allowed to be correlated withiα , but 

uncorrelated with itu  for 2≥t . It can be written as: 0;1 >+= θθαη iii u  using orthogonal projection, 

with iα and 1iu  independent of one another. It is also assumed that 1iu satisfies the same 

distributional assumptions as itu  for 2≥t . The linearized reduced form for the initial period can 

therefore be written as follows: 

11
*

1 iii uzy
i

++′= θαπ           (12) 

The outcome probability and the joint likelihood function of ( )iti yy ,...1  for an individual i given 

iα can be written as follows: 

                                                 
4 This discussion is derived from Stewart (2007), the detailed discussion about this estimator can be found in Heckman 
(1981b) 
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( )( )[ ] ( )( )[ ]

( )( )[ ] ( )( )[ ] ( )∏ ∫ ∏

∏

= =
−

=
−







 −+′++′Φ−+′Φ=

−+′++′Φ−+′Φ

N

i

T

t
iititii

T

t
iiiititiii

dFyaXyXyzL

yaXyXyz

1

*

2
1

*
11

*
1

2
1111

*

12.12

      12.12

α
αα αασγβαθσπ

αγβθαπ
(13) 

 

This expression is maximized for a random sample of individuals. Φ  is a standard normal 

cumulative distribution function. F is the distribution function of ασαα =* and ( ).1 ρρσα −=  

Stewart (2006a) has provided a new STATA command, “-redprob-” for estimating Heckman’s 

estimator. In this procedure, the integral over *α is evaluated using the Gaussian-Hermite 

Quadrature, Stewart (2006a). 

 

2.2.3 Wooldridge’s Conditional Maximum Likelihood Estimator5 

 

The Heckman estimator approximates the joint distribution of all the outcomes of the endogenous 

variables. However, it is very rarely used since standard software does not include estimation 

routines to estimate the Heckman estimator. Alternatively, Wooldridge (2005) has provided a 

simple solution to approximate the initial condition problem by specifying the distribution of the 

unobserved individual heterogeneity, conditional on the initial condition. The main advantage as 

claimed by Wooldridge is that it can be implemented using standard econometrics software. In 

Wooldridge estimators the distribution of the unobserved effect can be specified as follows: 

( ) { } ,...,  ;,~,/ 1
2

1111 iTiiiitiiii XXXyaXyXNXy =+′++′ − ασαγβε     (14) 

The explanatory variables for all periods under consideration are included in a row vectoriX . 

Generally, if the above density is allowed to depend on all elements of  iX  then the way in which 

any time-constant exogenous variables can appear in the structural density is restricted. To increase 

the explanatory power, we can include time-constant explanatory variables, but we will not be able 

to identify separately the partial effect of the time constant variables from its partial correlation with 

iα  (Wooldridge, 2005, p.44). The density of the observed decision( )iti yy ,...1 , conditional 

on αα === iii XXyy  and  ,,11 , can be written as follows: 

∏
=

−−

























 +′+++′−





 +′+++′

−
T

t
iitt

y

iitt

ty

t

aXyyXaXyyX
1

111111

1

1. ααγβφααγβφ   (15) 

                                                 
5 This discusion is based on  Marios (2007) 
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In order to find the joint distribution, we need to integrate out iα  against the Normal( )2,0 ασ . This 

will give the likelihood function as follows: 

( ) ( ) ασαφσααγβφααγβφ αα daXyyXaXyyX
R

T

t

y

iitt

y

iitt

t
t

11.
1

1

111111∫ ∏
=

−

−−

























 +′+++′−





 +′+++′   

This expression of the likelihood function is identical to the structure of the standard random effects 

probit model; the only difference is that the explanatory variables at time t now also include the 

initial value of the dependent variables i.e., 1iy . It is assumed that the data are observed for each 

cross-sectional unit in all time periods. Although, given a specific sample selection, mechanisms 

can be employed for the subset of the observations forming a balanced panel. The estimation can be 

carried out by adding 1iy  and iX  as the additional explanatory variables n at each time period and 

using a computationally easy standard random affects probit software (e.g. -xtprobit- in STATA). 

 

In this study we have estimated both Heckman and its approximation by the Wooldridge estimator 

to see the robustness of our results. Stewart and Arulampalam (2007) have analyzed alternative 

estimators, including Heckman and Wooldridge type estimators, for dynamic discrete choice 

models. Their paper gives an examination of the relative merits of the Heckman, Orme and 

Wooldridge estimators. It also analyzes the differences between the three estimators. In the context 

of an empirical illustration, it uses a model of unemployment probability, after which, it presents a 

Monte Carlo experiment for finite sample performance.  

 

3. Data and Descriptive Analysis 

 

The data used in this study is drawn from Danish administrative registers supplied by Statistics 

Denmark to the Danish Institute of Local Government Studies (AKF)6. It is yearly panel data which 

includes the full population of immigrants in Denmark, aged 15 and above7. It covers approximately 

20% of the immigrant population in the period from 1994 to 2003. The sample contains information 

on a very large number of labour market and demographic characteristics of the individuals and 

their families.   

 

In order to avoid selection problems due to education and retirement, the sample is restricted to 

individuals between age 25 and 59 (both included). The analysis is also restricted to married or 

                                                 
6 I would like to thanks AKF for providing the data.  
7 The data is recorded every year in the third week of November. 
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cohabiting individuals because explanatory variables include spouse information. Self employed 

and wage earners have different behaviour regarding labour supply, hence the former are excluded 

from the sample. In order to avoid biasness due to frequent entry and exit of immigrants, we 

restricted the analysis on a balance panel.  The final sample consists of 6767 individuals.  

The disposable income of the spouse is used to capture the effect of the exogenous income on the 

unemployment. It is approximated by using the following expression: 

 

Disposable Income8 = Personal Income + Capital Income +  Family Benefits  +  

   Housing Benefits +  Flow Value of Property   –  Total Taxes  

 

Personal income is the actual taxable income of a person during the calendar year. It does not 

include pension or labour market contributions, tax free loans, housing transfers, child benefits, 

other tax free income, etc.  Family Benefits mainly include child benefits or other family transfers 

from the government. To correct the homeowners' disposable income, so that it is comparable to 

that of those renting their home, the flow value of property is calculated by multiplying the value of 

property with the interest rate9. Permanent and transitory definitions of the spouse’s disposable 

income are used as explanatory variables to illustrate the effect of the exogenous changes in income 

(similar to Hyslop (1999) and Croda and Kyriazidou (2003)). The permanent income is just the 

average income of the individual over the years, whereas the transitory income is the annual 

deviation from this average.  

 

Immigrants are sub-divided into two main categories, namely western and non-western immigrants. 

Statistics Denmark classifies the following as western countries: 27 EU-Countries, Iceland, 

Norway, Andorra, Liechtenstein, Monaco, San Marino, Switzerland, the State of Vatican City, 

Canada, USA, Australia and New Zealand. All other countries are classified as non-western 

countries. Approximately 52% of the immigrants in the sample are from non-western countries.  

 

The dependent variable used in this study is the status of unemployment. A person is considered 

unemployed if he or she does not have a job, but has searched for it, and is available for work. The 

unemployment status and other explanatory variables are recorded in the 3rd week of November 

every year. The data does not include information about the duration of unemployment, so we 

                                                 
8 Disposable income is adjusted for inflation using consumer price index with 1994 as base period.  
9 Annual bond yields (All central-government bonds and mortgage-credit bonds) are used as interest rate (It really does 
not matter which interest rate we use). It is taken from the website of  Denmark’s Nationalbank.   
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cannot distinguish between longer and shorter unemployment spells. The list of the explanatory 

variables along with the summary statistics are reported in Table 1. The table shows that 9.2% of  

all immigrants in the sample (1994-2004) are unemployed. Non-western immigrants have much 

higher unemployment (14.2%) compared to western immigrants (4.2%). Moreover, the comparison 

of individual characteristics shows that non-western immigrants are relatively young, have a high 

proportion of young children, a low proportion of post secondary education, a low proportion of 

employed spouse and they are considerably less experienced compared to western immigrants. For 

example, the average age, proportion of young children, years of experience, and proportion of post 

secondary education for non-western immigrants are 40.81, 0.19, 9.29, and 0.20 respectively. 

Whereas the equivalent figures for non-western immigrants are 44.48, 0.12, 11.79, and 0.406, 

respectively.  

 
 
The probabilities of unemployment, conditional and unconditional on the previous unemployment 

status at (t-1) for various groups, are reported in Table 2 for the sample period 1994-2003.  The raw 
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unconditional probability of being unemployed for all immigrants is 9.23% in the sample. The 

probability of being unemployed conditional on being employed in the previous period is 4.40%, 

while the conditional on being unemployed in the previous period is 46.9%. In simple words, about 

46.9% of the individuals who were unemployed at period t-1 are still unemployed at period t. Thus, 

the probability of being unemployed at period t is much higher for those who were also unemployed 

at t-1. Hence there is a strong evidence of state dependence in unemployment.  

 

Table 2: Conditional and Unconditional Probabilities of Unemployment 
Conditional Probabilities 

 
 

Unconditional 
Probabilities (1) 

Employed 
at  t-1 (2) 

Unemployed 
at t-1 (3) 

Partial effect 
 

(4) = (3) - (2) 

Probability 
Ratio 

(5) = (3) / (2) 
All Immigrants 0.092 0.044 0.469 0.425 10.66 

Western ( 42.8% ) 0.042 0.024 0.382 0.358 15.92 

Non-western ( 57.2% ) 0.147 0.068 0.495 0.427 7.28 

Male 0.088 0.042 0.449 0.407 10.69 

Female 0..097 0.045 0.489 0.444 10.87 

 

Columns 4 and 5 in table 2 formalise state dependence by presenting two descriptive measures. 

Column 4 shows the partial effect of previous year unemployment status on the probability of 

unemployment in the current period. Raw data shows that an individual who was unemployed at 

period t-1 has about 42.5 percentage points higher probability of being unemployed again at period t 

compared to an individual who was employed at period t-1. Column 5 shows how many times more 

likely it is for those who stay unemployed in comparison to those who move into unemployment in 

the next period. Someone unemployed at t -1 is more than 10 times as likely to be unemployed at t 

as someone employed at t -1. These partial effects and probability ratios are higher for western 

compared to non-western immigrants and women compared to men. These figures clearly show 

strong evidence of state dependence in the raw probabilities, but the question is how much of this 

observed state dependence is due to observed and unobserved characteristics and how much stems 

from true state dependence.  

 

4 Results  

 

The results of different models, described in the previous section, are reported and discussed in this 

section. First, the results for all immigrants are analyzed. Second, the issue of state dependence is 

analyzed across gender and country of origin.  
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The estimation results of random effects probit models for the probability of being unemployed, 

using different estimators, are reported in Table 3. A lag dependent variable is included in all 

models to allow for state dependence. Yearly dummies are included to control for the time effect. 

Pooled probit estimates are shown in column 2 for the comparison. This model assumes the whole 

panel as a large cross section; therefore, it does not allow any correlation across different periods. 

This restrictive pooled probit model provides inefficient parameter estimates, but it is an initial 

consistent estimate of the parameters (Maddala 1987). The estimated degree of state dependence 

will be overestimated in the model, since serial dependence over time in unobserved factors is 

estimated as state dependence. The likelihood ratio test can be applied in random effects 

specification to test zero correlation over time, i.e., 0=ρ . The test was rejected, i.e., 0≠ρ , 

implying that reported pooled probit estimates are rejected in favour of the random effects probit 

estimates.  

 

In random-effects models the likelihood (for an independent unit i) is expressed as an integral, 

which is computed using the Gauss-Hermite quadrature.  After fitting the model, the quadrature 

checks are undertaken, and the results show that the parameter estimates were nearly invariant to 

the quadrature point variation. Hence, the estimated results can be explained confidently. All 

models, except pooled probit models, are estimated with the assumption that the explanatory 

variables could be correlated with the unobserved heterogeneity (correlated random effects). This 

correlation is allowed by augmenting the standard random effects model with means of explanatory 

variables.   

 

The argument that correlation between the initial condition and the unobserved heterogeneity results 

in an over-estimation of the extent of state dependence in employment is confirmed by 

Wooldridge’s and Heckman’s estimators. One of the major advantages of Wooldridge’s estimator is 

its computational simplicity, which reduces the estimation process quite a lot, as compared to 

Heckman’s estimator, developed by Stewart (2006a)10.  The proportion of the total error variation 

attributed to unobserved individual heterogeneity, ρ, was significantly higher in this estimator.  

 

Tests of the exogeneity of the initial conditions can be performed in both Wooldridge’s and 

Heckman’s estimators. In Wooldridge estimator, the coefficient on the initial value of 

unemployment   status  is   statistically   significant.   With regard  to  the  Heckman  estimator,  the  

                                                 
10 In this study, the Heckman estimator took approximately 9 days to achieve convergence with our sample data, 
whereas, the Wooldridge estimator converged in 2 hours.  
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    Table 3. Estimation Results for Unemployment Probabilities of All Immigrant  

 Pooled Probit 
Random effects 

Probit  
Wooldridge 
Estimator  

Heckman’s 
Estimator 

Variable Coefficient 
(S.E) 

Coefficient 
(S.E) 

Coefficient 
(S.E) 

Coefficient 
(S.E) 

Lag Unemployment 1.004** 
(0.036) 

0.785** 
(0.041) 

0.750** 
(0.041) 

0.722** 
(0.041) 

Unemployment Status (Period 1) 
  

0.216** 
(0.037)  

(Lag Unemployment ) (Western) 0.243** 
(0.053) 

0.177** 
(0.058) 

0.172** 
(0.059) 

0.148** 
(0.059) 

(Lag Enemployment ) (Female) 0.053 
(0.046) 

0.068 
(0.051) 

0.044 
(0.051) 

0.048 
(0.051) 

Employment status of spouse -0.139** 
(0.025) 

-0.151** 
(0.029) 

-0.152** 
(0.030) 

-0.151** 
(0.030) 

Age -0.086** 
(0.014) 

-0.093** 
(0.017) 

-0.123** 
(0.017) 

-0.124** 
(0.017) 

Age Squared 0.001** 
(0.000) 

0.001** 
(0.000) 

0.002** 
(0.000) 

0.002** 
(0.000) 

Children (0-2) 0.106** 
(0.026) 

0.136** 
(0.029) 

0.213** 
(0.035) 

0.215** 
(0.036) 

Children (3-6) 0.041** 
(0.020) 

0.062** 
(0.023) 

0.098** 
(0.026) 

0.097** 
(0.026) 

Children (7-9) 0.012 
(0.021) 

0.022 
(0.024) 

0.026 
(0.025) 

0.023 
(0.025) 

Contry of Origin (Western) -0.207** 
(0.029) 

-0.227** 
(0.036) 

-0.177** 
(0.037) 

-0.223** 
(0.038) 

Country of Origin Spouse (Western) 0.046 
(0.044) 

0.050 
(0.057) 

0.026 
(0.059) 

0.017 
(0.060) 

Experience  -0.147** 
(0.011) 

-0.198** 
(0.014) 

-0.131** 
(0.015) 

-0.133** 
(0.015) 

Experience Squared 0.003** 
(0.001) 

0.005** 
(0.001) 

0.005** 
(0.001) 

0.005** 
(0.001) 

Insured  0.668** 
(0.053) 

0.779** 
(0.065) 

0.643** 
(0.093) 

0.654** 
(0.093) 

Descendant -0.126* 
(0.074) 

-0.150* 
(0.091) 

-0.152* 
(0.093) 

-0.138 
(0.094) 

Homeownership -0.190** 
(0.024) 

-0.206** 
(0.030) 

-0.204** 
(0.031) 

-0.195** 
(0.031) 

High School -0.065* 
(0.040) 

-0.075 
(0.053) 

-0.042 
(0.055) 

-0.057* 
(0.056) 

Post Secondary Education -0.052** 
(0.026) 

-0.069** 
(0.034) 

-0.042 
(0.035) 

-0.060* 
(0.036) 

Vocational Traning -0.253** 
(0.030) 

-0.314** 
(0.039) 

-0.274** 
(0.040) 

-0.311** 
(0.041) 

Female 0.005 
(0.026) 

0.016 
(0.032) 

-0.023 
(0.034) 

-0.013 
(0.034) 

Permanent Spouse’s Income /10000 -0.004** 
(0.002) 

-0.006** 
(0.003) 

-0.005 
(0.003) 

-0.004 
(0.003) 

Temporary Spouse’s Income  0.004 
(0.003) 

0.005 
(0.003) 

0.004 
(0.003) 

0.005 
(0.003) 

Constant 0.800** 
(0.290) 

1.058** 
(0.351) 

1.875** 
(0.378) 

1.988** 
(0.380) 

uσ  
 0.456** 

(0.023) 
0.480** 

(0.023) 

 

ρ   0.172** 
(0.014) 

0.187** 
(0.015) 

0.204** 
(0.015) 

θ     0.913** 
(0.111) 

      Note:- Estimation results include year dummies and arrival cohorts in all specifications. 
     ** Parameter estimate is significant at 5% level of significance.  S.E (Standard Error) 
     * Parameter estimate is significant at 10 % level of significance. 
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exogeniety of the initial condition requires that 0=θ , which is also strongly rejected. This indicates 

considerable correlation between the initial condition and unobserved heterogeneity, and thus must 

be taken into account.  

 

The coefficient of the lagged unemployment status is highly significant in all the estimated models. 

This indicates a positive state dependence in unemployment after controlling for the unobserved 

effects. Random effects probit and pooled probit estimates use different normalizations for 

identification, hence for comparison these estimates should be adjusted. Random effects use 

12 =uσ ,  and therefore  the reported  parameter  estimates are the ratio of  the  true  parameters with 

the uσ , whereas, the reported estimated parameters of the pooled probit model are the ratio of the 

vσ , as it uses the normalization 12 =vσ . Hence, the random effects parameter estimates have to be 

multiplied by the factor vu σσρ =− ˆ1  for the comparison (see Arulampalam (1999) for details).  

The rescaled lagged unemployment coefficients in the random effects models are reduced to 0.714, 

0.676 and 0.644 for the random effects, the Woodridge and Heckman estimators respectively. These 

results confirm that the correlation between the initial condition and the unobserved individual 

heterogeneity provides inconsistent pooled probit estimates and overstates the extent of the state 

dependence.  

 

The magnitude of parameters in non-linear models is difficult to interpret directly; instead it can be 

used to calculate partial effects with respect to an explanatory variable. In discrete choice models, 

such as random effects probit models, these effects depend on all other parameters and levels of the 

explanatory variables. The inclusion of lagged dependent variable in our formulation allows us to 

find transition probabilities in the estimated model, i.e. we can find the probability of 

unemployment conditional on the unemployment status in the previous period. Table 4 shows such 

conditional probabilities. For comparison, column one reports the raw conditional probabilities 

from the observed data (already reported in table 2). The table shows that about 46.9% of the 

unemployed individuals at period t-1 are still unemployed at period t. This observed state 

dependence in unemployment is reduced by more than half in the pooled probit model where we 

have controlled for observed explanatory variables, but still no serial correlation in the unobserved 

part is allowed. State dependence further reduces to 9.7% in the random effects probit model which 

confirms that there is serial persistence in unemployment due to unobserved heterogeneity. Finally, 

state dependence reduces to 8.8% and 7.7% in the Wooldridge and Heckman estimators, which 
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solves the initial condition problem. Similarly, the observed transitional probability (4.4%), i.e. the 

probability of unemployment in the current period conditional on being employed in the previous 

period, reduces to 1.2% after controlling for unobserved heterogeneity and initial condition.   

 

 

The average partial effect (APE)11 with respect to the unemployment status of the previous period is 

the change in the predicted probability of unemployment when lagged unemployment status 

changes from 0 to 1. The estimated average partial effects at average values of explanatory 

variables for different groups are reported in Table 5. The pooled probit model gives an average 

partial effect of 17.9%, less than half of the observed effect. The Wooldridge and Heckman 

estimators reduce the observed APE by about one-sixth, i.e. 6.9% and 6.5% respectively. An 

individual with a given set of observed and unobserved characteristics has about 6.5% percentage 

points higher probability of being unemployed again if he was unemployed at period t-1 compared 

to an individual who was employed at period t-1. Stewart (2007) found APE of 15 percentage points 

for low wage employment in UK. Similarly, Hamalainen (2003) found an analogous effect to be 9-25% 

for Finland. The magnitude of predicted probability ratio (PR) shows that an individual with a given 

set of observed and unobserved characteristics has about 6 times higher probability of being 

unemployed again if he was unemployed at period t-1 compared to an individual who was 

employed at period t-1.  

 

In Denmark, the unemployment rate is much higher for non-western immigrants as compared to 

western immigrants. There are various reasons for this which can be seen in the observed 

characteristics of the two groups. For example immigrants of non-western countries are less 

educated, have less labor market experience and have less vocational training than western 

                                                 
11 ( ) ( )βγβγ ittitt XYXYAPE ′=Φ−′=Φ= −− ,0,1 11  
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immigrants. They are also different in unobserved personal characteristics, for example, religion 

and attitude towards work. So, the first hypothesis is to test the difference in the magnitude of state 

dependence for western and non-western immigrants with the assumption that both of these groups 

have the same observed and unobserved characteristics. This test is carried out by including an 

interaction term12 of lag-unemployment status with western immigrants in the model and 

statistically testing the difference between average partial effects for western and non-western 

immigrants13. The standard errors are calculated using the delta method. The results show that there 

is no statistical difference in the APE of the previous year’s unemployment status for western and 

non-western immigrants.  

 

 

Women’s choice of labor supply is specifically influenced by various factors such as children and 

gender specific role in marriage. Sociological theories suggest that attitudes toward gender roles and 

the appropriate allocation of time between labour and non-labour market differ across religious 

groups, (Maneschiold and Haraldsson 2007).  So, it would be interesting to test the difference in the 

magnitude of state dependence across gender. Theoretically, there is no prior expectation about this 

comparison; hence this is purely an empirical question. Again, the hypothesis of no difference in the 

partial effect of state dependence across gender is carried out under the assumption that both male 

and female have the same observed and unobserved characteristics. Again the results show that 

there is no statistically significant difference in the APE for men and women.  

 

                                                 
12 Following Ai and Norton (2003), the correct partial effect of an interaction term is obtained involving two dummy 
variables. 
13 [ ] [ ]ββ ittitt XwesternYXwesternYWesternAPE ′==Φ−′==Φ= −− ,1,0(,1,1()( 11  

[ ] [ ]ββ ittitt XwesternYXwesternYwesternNonAPE ′==Φ−′==Φ=− −− ,0,0(,0,1()( 11  
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It is assumed that the income of the person is exogenous to the labour supply of his or her partner. 

In other words an individual observes his partners income before taking his participation decision. 

In the literature on the topic, this is not an unlikely assumption (see for example, Hyslop (1999) and 

Croda and Kyriasidou (2003)). The partner’s income is divided into a permanent and a transitory 

component. The theoretical expectations about the effects of these components of income on the 

participation decision are explained in Hyslop (1999). He argues that transitory non-labour income 

has a direct effect on the labour supply (since the individual expects to have permanent income in 

all future periods, which is already taken into account in the first period). Hence, according to 

Hyslop, changes in temporary income are important determinants of the participation decision. 

Alternatively, in the classical labour supply model, people optimize their labour supply subject to 

budget constraint. Therefore, labour supply is directly affected by changes in the permanent income, 

whereas, changes in temporary income are only important if there are credit constraints.  

 

In the empirical literature, the evidence of the effect of the permanent income of the spouse on 

labour force participation is mixed.  Hyslop (1999) has found a negative effect of permanent income 

on the employment participation of married women in the US. Using similar methodology, Croda 

and Kyriasidou (2003) also found a negative effect of permanent spouse income on the participation 

probability of married women in Germany.  Interestingly, using the same methodology, Nizamul 

(2006) found a statistically positive and significant effect of the permanent spouse income for 

married women in Sweden. The study argues that this finding may also reflect the predominant 

dual-income family-structure in Sweden, while Hyslop’s (1999) findings reflect the U.S. single-

income family-structure. All the above-mentioned studies, however, report a negative effect of 

temporary spouse income. In this study I found a negative effect of the permanent and a positive 

effect of the temporary income on the unemployment probability, but these effects are statistically 

insignificant.  

 

 Regarding other determinants of unemployment, a significantly negative effect is found for the 

linear term of age. However, on the other hand, the quadratic term of age is statistically positive. 

The combined effect of the linear and quadratic term of age suggests that relatively young people 

have a lower probability of unemployment than old people. The estimated parameters of the 

different levels of education show that post secondary education and vocational training have 

negative effects on the unemployment probability. The results show that children of different age 

groups increase the probability of unemployment. Especially, pre-school age children were found to 

have a much stronger effect on the unemployment probability than relatively older kids. This is in 
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accordance with the fact that young children decrease the preference for work, especially for 

women. The parameter estimates for the descendent, homeownership, experience, and the 

employment of spouse show a negative and statistically significant effect on the unemployment 

probability.  

 

5. Conclusion 

 

The labour market behaviour of immigrants is examined in a dynamic discrete choice framework.  

The random effects probit specification is used for the estimation. Particular attention is paid to 

control for the unobserved heterogeneity and the initial condition. The specific objective is to 

analyze the issue of state dependence and the unobserved heterogeneity in unemployment.  

 

The empirical findings show a considerable correlation between the unobserved heterogeneity and 

the initial condition.  Ignoring it could result in an overstatement of the extent of the state 

dependence. The results show an evidence of state dependence in the unemployment behaviour of 

immigrants. The extent of state dependence is reduced by almost one-sixth of the observed 

persistence after observed and unobserved factors are controlled for. The results show that an 

individual (with the same observed and unobserved characteristics) who was unemployed at period 

t-1 has 6.5 percentage points higher probability of being unemployed again at period t compared to 

an individual who was employed at period t-1. This average partial effect is the same for western 

compared to non-western immigrants and women compared to men. 
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1 Introduction             
 

Immigrants from less developed countries are over-represented in the lower part of the income 

distribution in both Denmark and Canada. The study by Blume and Verner (2007) for Denmark has 

shown that first generation immigrants, especially those from the less developed countries, were highly 

over-represented among the receivers of public income transfers during the period 1984-1999, while 

immigrants from developed countries are moderately over represented. For Canada, a recent study by 

Ostrousky (2008) on the dynamics of immigrants' earnings inequality reveals that the economic 

fortunes of immigrants in recent years have declined. The over representation of immigrants in the 

lower part of earning distribution can be due to short run reasons, for example, it takes time to learn 

local language and to obtain country specific skills. However, after obtaining these skills the 

immigrants should move up in the income ladders. So it will be interesting to compare the mobility of 

immigrants with natives in the earnings distribution. As far as we know, there is no study that makes 

this comparison.  

 

Denmark and Canada have very different immigration histories. Denmark was characterized by high 

labour demand at the end of the 1960s, which triggered labour immigration, mainly from Turkey, 

Pakistan and Yugoslavia. From that time until 1973, Denmark had a steady inflow of labour 

immigrants. After 1973, immigration in Denmark is dominated by non-labour immigrants (for example 

family reunification, refugees). On the other hand, Canada has a very long history of skilled 

immigration. In 1967, Canada introduced a point system based on the personal characteristics of the 

applicant to facilitate the immigration process for skilled immigrants. Recently, the Danish government 

has also introduced the same immigration policies as the Canadian immigration system for skilled 

workers1. So it is of great interest to compare the earnings mobility of immigrants and natives between 

two countries with different immigration histories. 

  

Measuring earnings dynamics could be very interesting for policy makers and researchers. For 

example, the optimal design of unemployment insurance, social assistance, and other income support 

                                                 
1 For more information on new immigration policies in Denmark visit www.newindenmark.dk. For more information on 

immigration policies on Canada visit www.cic.gc.ca   
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programs depend on a good understanding of earnings dynamics and the distribution of earnings in a 

longer-term perspective. In particular, if a large number of individuals have shorter low earnings or 

unemployment spells, then this problem can be addressed with various types of unemployment 

insurance. On the other hand, if smaller numbers of individuals have longer spells then long term 

structural solutions are required (skill enhancement programs). Similarly, labour market programs, 

specifically related to human capital development, can be designed and evaluated more accurately with 

a better understanding of the earnings mobility.  For example, if we observe that earnings tend to rise 

for individuals who stay longer in the labour market, then policies should aim to get people started in 

the labour market2. 

 

Various studies have been carried out to compare the earnings mobility of the United States and other 

European countries (see for example, Burkhauser et. al. (1997), Grodner (2000), Aaberge et.al. (2002) 

Deding (2002)). To our knowledge no study compares Canada's labour earnings mobility with other 

countries. This is the first study that compares the earnings mobility of Canada with a Scandinavian 

welfare state, of which Denmark is an example. This comparison will be very interesting since the 

Danish labour market is very different from most other countries in many aspects. For example, 

Denmark has the highest female labour force participation rate in the world, the highest replacement 

ratio of unemployment benefits for low-wage earners, relatively widespread eligibility for 

unemployment benefit (for more details, see (Eriksson and Westergård-Nielsen, 2007)). 

  

Given the discussion above, our main objective in this paper is to answer the following questions: 

 

1. What are the determinants of the transitions into and out of any earnings quartiles? 

2. What are the differences in upward and downward mobility between immigrants and natives in 

the two countries?  

3. What are the proportions of spurious and structural state dependence in earnings mobility 

processes? 

 

In this paper, we estimate and analyze a dynamic multinomial logit model with random effects 

conditional on observable variables affecting earnings mobility process and controlling for both 
                                                 
2 The policy discussion is derived from Finnie (1997).   
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unobserved individual heterogeneity and endogenous initial conditions problem. We use a method of 

Maximum Likelihood Estimation (MLE) with factor analytic schemes for unobserved individual 

heterogeneity and Wooldridge's specification approach to the initial conditions problem. We confine 

our analysis to estimate Quartile Mobility Rates (QMR), proportions of structural and spurious state 

dependence, and type specific transition matrices for immigrants and natives in both countries. 

  

The raw data show that immigrants in Denmark are observed more in the lower parts of the earnings 

distribution, while comparable natives are evenly distributed. On the contrary, immigrants in Canada 

have very similar earning distribution and observed characteristics compared to Canadian natives. 

Moreover, upward mobility is higher than downward mobility for immigrants in both countries. The 

estimation results show that the extent of state dependence (mobility) is overestimated (underestimated) 

if the model does not control for endogenous initial condition and unobserved heterogeneity. For 

identification purposes, we used state zero as a reference state3. Almost all state dependence parameters 

are positive and statistically significant, indicating transition towards state zero is less probable. 

Immigrants in Denmark have very high structural state dependence in unemployment compared to 

natives. Unlike in Denmark, immigrants and natives in Canada have very similar pattern of structural 

and spurious state dependence. The unobserved type specific transition matrices show that each type 

has a different transitions pattern. As a result, the long-run stationary earning distribution is segmented 

on the basis of unobserved types. 

  

The paper is organized in the following way. Section 2 explains structural and spurious state 

dependence. Section 3 reviews the literature on earnings mobility. Section 4 gives background 

information about the immigration history of Denmark and Canada. The data is described in section 5. 

Section 6 presents an empirical specification of the dynamic model. We discuss the empirical results in 

section 7 and conclude in section 8. 

 

 

 

 

 

                                                 
3 In total we have 5 states including state zero. The state zero is defined as unemployed or non-employed.  
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2 Structural and Spurious State Dependence   
 

Any persistence in (or transition into and out of) the lowest, middle, and uppermost parts of the 

earnings distribution can be a product of some measured and unmeasured variables. Exploring the main 

reasons for observed persistence4 is essential to properly estimate the parameters of interest in dynamic 

framework models.  

  

According to Heckman (1981a), individuals may differ in certain unobserved variables that influence 

their probability of experiencing the event but are not influenced by the experience of it. Heckman 

(1981a, p. 115) argues that, “if these differences are not properly controlled, previous experience may 

appear to be a determinant of future experience solely because it is a proxy for temporally persistent 

unobservables that determine choices.” Improper treatment of unobserved variables gives rise to a 

conditional relationship between future and past experience that is termed as spurious state dependence. 

Distinguishing between unobserved individual heterogeneity and structural state dependence is crucial 

in dynamic analysis frameworks and economic policies.  

  

The effectiveness of public policy depends on the proportion of structural and spurious state 

dependence. Consider a policy change which has the effect of temporally moving non-employed 

workers into the employment state.  If there is a positive structural state dependence in employment, 

the policy intervention will cause a persistent increase in employment. Consequently, the intervention 

is likely to reduce the number of individuals who are dependent on benefits (unemployed) or live on a 

low income (Prowse, 2005). In this case, changes in benefit rules or introducing labour market training 

programs are also more likely to meet their objectives (Hansen et al. 2006). On the other hand, if the 

observed serial persistence in unemployment is due to permanent unobserved heterogeneity, then the 

policy stated above is less likely to have an affect.  

  

According to Brodaty (2007), public policies should act on both dimensions (structural and spurious) of 

the earnings mobility process to reduce income inequality. For example, human capital policies can be 

                                                 
4 Observed persistence is due to unobserved individual heterogeneity, structural state dependence, and other observable 

covariates. 
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implemented to improve the unobserved heterogeneity of the individuals who are unemployed or 

attracted towards the lower part of the earnings distribution. Contrarily, it could be desirable to act on 

structural state dependence in order to make it more mobile, but this requires for it to give an economic 

meaning to state dependence in earnings mobility. 

  

The initial conditions are typically assumed to be truly exogenous variables. This assumption is valid 

only if the disturbances that generate the processes are serially independent. This is not the case in 

dynamic models. Dynamic discrete choice models that assume the initial conditions to be exogenous 

effectively ignore serial dependence attributable to unobserved individual heterogeneity and therefore 

lead to upwardly biased estimates of structural state dependence (Heckman, 1981a, Chay and Hyslop, 

2000). 

 

3 Literature Review   
 

A considerable literature exists on earnings mobility, especially for the United States. A nice theoretical 

and empirical review is presented in Atkinson et al. (1992). Some studies compare the intergenerational 

earnings mobility between immigrants, but as far as we know, no study compares earning mobility 

between immigrants and natives. However, quite a number of studies compare earning mobility across 

countries. In this section, we will review and compare some important and recent studies of the United 

States, Denmark, and Canada.  

 

3.1 Studies for The United States 

 

Burkhauser et. al. (1997) have compared the labour earnings mobility and inequality of prime-age men 

and women in the United States and Germany during the growth years of the 1980s. The data for the 

U.S is the Panel Study of Income Dynamics (PSID) (1982-1988), whereas, for Germany, it is the 

German Socio-Economic Panel (GSOEP) (1984-1988). Despite major differences in the labour market 

institutions between the two countries, the descriptive statistics shows a surprisingly similar pattern of 

quartile-to-quartile mobility. Moreover, the study shows no difference in downward mobility and 

slightly higher upward mobility in Germany than in the United States over the period studied. The 
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labour earnings dynamics are modeled by an Auto Regressive Moving Averages (ARMA (1, 1)) 

specification using the logarithm of labour earnings. The empirical results show some differences in the 

dynamic earnings path. However, the end result is the similarities of the earnings mobility for the two 

countries. The study has merits calculating and comparing earnings mobility and inequality between 

the U.S. and Germany using a dynamic analysis framework; however the empirical methodology is 

purely statistical, in a sense that it does not impose any structure on the earnings profiles and does not 

control for any observed explanatory variables. 

  

Grodner (2000) extends Burkhauser et. al.'s (1997) study to identify the determinants of moving up and 

down in the earnings distribution for Germany and the United States. The study uses a binomial probit 

model for the years 1985-1987 using the same data as that used by Burkhauser et. al. (1997). The 

results show that higher education has both protective and prospective effects but with higher 

magnitudes for Germany. In this paper, Grodner modified Burkhauser' approach to control for the 

observed characteristics, however, the study analyzes earnings mobility only in the short run, which is 

not sufficient to explain long-run dynamics. 

 

In another study for the United State Buchinsky and Jennifer (1999), using National Longitudinal 

Survey of Youth (NLSY) (1979-1991), present empirical measures of earnings mobility based on hourly 

wages and annual earnings distribution. The model is non-parametric. They decompose summary 

measures of mobility into within and between group components. They find that within-group mobility 

is predominant and it increases most rapidly when the time horizon is extended, thereby it reduces 

wage inequality by 12% to 26%.  Further, they discuss within-group mobility among earnings quartiles, 

using year to year estimates of transition probabilities. They find that mobility declines over time, 

especially at the bottom end of the wage and earnings distribution.  

  

The most recent study by Brodaty (2007) on the dynamics of American earnings reveals that state 

dependence in the earnings mobility process is statistically significant and its magnitude is upward 

biased if individual unobserved heterogeneity is not considered. For every quartile except the first, it 

creates more stability than mobility and it favors upward movements rather than downwards 

movements. Conditional on the unobserved characteristics, each individual is attracted towards a 

specific quartile, which makes the quartile distribution very segmented. Moreover, men, white, and the 
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more educated are attracted towards the upper part of the distribution, while women, non-white, and the 

less educated tend towards the lower. The main contribution of this paper is that it controls for state 

dependence variables in quintile mobility and calculates and compares type specific transition matrices 

which can be a good reference for any studies on earnings dynamics.  

 

3.2 Studies for Denmark 

 

Bingley and Westergård-Nielsen (1997) identify some of the determinants of individual's wage 

mobility rates over time. Specifically, they look at decile transition matrices for the period 1980-1990 

to discuss mobility of individuals in the wage distribution. They estimate upward and downward 

mobility rates using a simple probit model. Their model takes attrition and decile of origin into account. 

They compared the results of probit model with the switching regression models to simulate the effects 

of wage mobility of different variables. They find that education and experience are important factors 

determining an individuals' position in the wage distribution. Moreover, unemployment is the single 

most important obstacle to upward mobility.  The empirical model disregards the state dependence. 

  

Aaberge et.al. (2002) measure and compare the earnings mobility of Scandinavian countries with the 

United States over the period of 1980-1990. Instead of a transition matrix approach, the study uses a 

modified version of this suggested by Shorrocks (1978). Mobility is measured as the relative reduction 

in the weighted average of single year inequality. The measure incorporates the close relationship 

between income inequality and mobility. The results suggest that the pattern of mobility turns out to be 

very similar in all the countries5. However, the paper does not distinguish between up-ward and down-

ward mobility rates and only looks at overall mobility rates for the countries. 

  

                                                 
5 The pattern is similar in the sense that the proportionate reduction in inequality from increasing the accounting time of 

income is much the same. Aaberge et.al measure the mobility as follows: 
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Deding (2002) compares the mobility rates out of low wage employment in Denmark, Germany and the 

United States. The study compares the mobility rates both at the aggregate level and by applying a 

micro-econometric framework. At the aggregate level, she constructs transition matrices for three 

countries, considering three different states, i.e., no wage, low wage, and high wage. Deding finds that 

individuals in the low wage group differ a lot between the countries. Moreover, the level of mobility is 

higher in Denmark than in Germany, whereas the United States appears rather immobile in the short 

run, but mobility increases in the long run. In order to see the effect of different explanatory variables, 

she models the probability of being low paid in 1993, conditional on low pay in 1992. She finds similar 

results for the three countries in the short run but these results differ in the long run.  The empirical 

model disregards the dynamic behaviors of individuals over time. 

 

3.3 Studies for Canada    

 

For Canada, some studies have analyzed earnings mobility and redistribution of income since the 

1990s. A study by Finnie (1997) analyzes earning mobility of Canadians over the period of 1982-1992. 

Using the Longitudinal Administrative Database (LAD) from Revenue Canada tax files, this paper 

examines how individuals' earnings mobility varies with the time period considered and starting 

position in the earnings distribution, as well as by age and sex. Finnie finds higher stability in the upper 

parts of earnings distribution. Moreover, he finds higher upward mobility than downward, especially 

over longer periods of time and particularly for younger workers. The lower end of the earnings 

distribution is frequently filled with new entrants. Long-run upward-mobility rates are higher than 

short-ones. Finnie expands his analysis to a comparison of earnings mobility among different age 

groups and sexes, as well as different business cycle-effects. From his results it seems that younger 

males tend to be less stable (more mobile) than older ones, particularly in an upward direction. 

Whereas, women are normally less likely to move up and less likely to stay at the top. Earnings 

mobility also varies with business cycle changes and across different age-sex groups. Women in their 

prime working years are actually more likely to move up through the earnings distribution in the later 

years, right through the recessionary part of the 1990s. Similarly, older men experience a moderate 

increase in their rates of earnings growth; and upward mobility declines substantially amongst the 

youngest groups of men and women (under 25), especially for those who are at the lowest earnings 
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levels to begin with. The paper does a thorough investigation on earnings dynamics of individuals over 

time. However, it lacks a formal econometrics analysis of quartile mobility. 

  

One study by Beach and Finnie (2001) using longitudinal income tax-based data examines the cyclical 

pattern of changes in the earnings distribution and earnings mobility by sex and age groups over the 

period 1982 to 1996. Beach and Finnie analyze the effects of business cycles on short-run transition 

probability matrices for men and women across different age groups and for the two periods of peak 

(1988-89) and through (1991-92). Their results show that higher unemployment rates decrease the 

average net probability of moving up significantly more for men than for women. Beach and Finnie 

also find that younger workers (20 to 34 yrs old) of both genders are more sensitive to business-cycle 

effects than prime and older workers (35 to 64 yrs old). Moreover, the higher unemployment rate 

increases polarization rates across all age and sex groups. Men have the highest cyclical sensitivity of 

the earnings at the lower end of the distribution. For females the greatest cyclical sensitivity occurs in 

the upper end of the earnings distribution.  The paper looks only at one-year transition matrices and 

does not calculate the long-run mobility rates for the period studied. This paper also lacks a formal 

econometrics assessment of mobility rates. 

 

4. History of the Immigration process in Denmark and Canada   
 

As mentioned earlier, Denmark and Canada have different immigration histories. Denmark has a 

relatively short history of immigration, whereas a formal immigration policy in Canada started in 1947. 

  

Until the 1950s, Denmark was a country of net emigration. Denmark was characterized by high labour 

demand at the end of the 1960s, which triggered labour immigration, mainly from Turkey, Pakistan and 

Yugoslavia. From that time until 1973, Denmark had a steady inflow of labour immigrants. Then a ban 

was introduced for labour market-oriented immigration from non-European Economic Area (EEA) 

nationals. Immigration continued afterward, but mainly through family reunification. Since 1979, 

Denmark has accepted refugees on an annual basis for humanitarian migration. In the early 1990s, the 

number of war refugees and asylum seekers increased from former Yugoslavia and other countries. The 

peak in asylum seeking was reached in 1992-1993 at the same time as the peak in the country’s 

unemployment rate (see Liebig (2007) for more details). 
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Like most other European countries, Denmark needs more immigrants in the labour market due to 

aging and lower population growth. Unlike the immigration policies in Canada, Australia, and other 

developed countries, there was no selective skilled immigration process in Denmark to facilitate skilled 

immigrants into the economy.  Most immigrants in Denmark came through family reunification, as 

refugees, and asylum seekers, especially from non-western countries. Danish immigration policy is 

now moving towards skilled immigration. This major structural change partly is taking place with the 

introduction of new green card and job card schemes and partly because of the reduction of family and 

refugee immigrants6. For example, in 2002 Green Card Scheme, like the Canadian skilled immigration 

system, was introduced for professionals of various fields to come and search for a job in Denmark. 

They are initially given a work permit for three years. Furthermore, the government has introduced 

laws to reduce forced marriages, which has reduced the number of family class immigrants. 

 

Unlike the immigration laws of Denmark, immigration laws in Canada went through major changes 

many years ago7. In 1967, Canada introduced a point system based on the personal characteristics of 

the applicant to facilitate the immigration process for skilled immigrants. In 1992, the family class of 

immigrants was reduced and the government was committed to a stable net inflow of 1 per cent of the 

current population. In 2002, the immigration act of 1976 was replaced to attract young bilingual and 

educated workers. For example, more points were allocated to applicants with trade certificates, 

bilingual skills (French and English), and greater weight was placed on the first two years of 

experience. There are three main categories of immigrants in Canada, i.e., independent immigrants 

(immigrated on the basis of skills, capital and labour market abilities), family class (through family 

reunification), and refugees.  About 56.1 per cent of the immigrants, who arrived in 2005, were skilled 

workers. According to Canada's Immigration Program (October 2004), Canada has the highest per 

capita immigration rate in the world.  

 

 

                                                 
6 The details about these changes can be seen in table A1 in the Appendix. 
7 This information is based on a presentation by Geneviève Bouchard in her Workshop on German and European 

Migration and Immigration Policy from a Transatlantic Perspective: Challenge for the 21st Century.   

Website:  http://www.irpp.org/miscpubs/archive/$bouchard_immig.pdf 
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5. Data 
 

To distinguish between true and spurious state dependence and to control for unobserved individual 

heterogeneity, longitudinal data with a large cross-sectional sample size is required. Our analysis is 

based on two longitudinal data sets taken from Denmark and Canada. For Denmark, we use the 

Administrative Registered Data supplied by Statistics Denmark to Labour Market Dynamic Growth 

(LMDG). The data contains labour market and demographic information for all immigrants and natives 

aged 15 to 70 for the years 1980 to 2003.  The information about income and demographic variables 

are accurate since they originated from the income-tax registers of the government. 

 

 For Canada, we use levels of Statistics Canada's Survey of Labour and Income Dynamics (SLID). 

SLID has three complete and one incomplete longitudinal data panels. Each complete panel covers six 

years for almost 15,000 households, which is a suitable source of data for this research. In SLID, the 

focus extends from static measures to the whole range of transitions, durations, and repeat occurrences 

of people's financial and work situations. Income information in SLID is taken from the Longitudinal 

Administrative Data (LAD) and therefore is accurate. A relatively large sample size of micro data is 

required as it is more representative of the total population in the survey. We use annual data from the 

first three panels of SLID. The first panel is from December 1992 to the end of 1998, the second is 

from December 1995 to the end of 2001, and the third is from December 1998 to the end of 2004. The 

final sample for Canada consists of 12 years ranging from 1993 to 2004. All estimation results and 

descriptive statistics outputs for Canada are weighted by longitudinal weight variables provided by 

Statistics Canada. For Denmark, a random sample of 40,000 individuals per year (1994-2003) is drawn 

from the data.  

 

Gross annual income (before tax) is used to rank individuals in the earning distribution. This income 

does not include child or housing benefits from the state. The same concept of income is used in both 

Denmark and Canada. The data is restricted to men aged 25 to 55. The reason for this restriction is that 

men are less likely to be affected by secular increase in school attendance or labour market 

participation than women in the same age group. Moreover, men in this age group are more likely to 
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have full-time jobs8. To control for business cycle effects, the dynamic model includes aggregate 

unemployment rates taken from Statistics Denmark and CANSIM II (Table 282-0055)9. In addition to 

the aggregate unemployment rate, the models also control for level of education, marital status, age, 

levels of work experience, and country of origin10.  

 

 For education, we use a dummy variable indicating if a person has at least a high-school degree at the 

time of entry into the panel11. Marital status is defined if a person is legally married or lives with a 

registered partner. Since people in different age groups have different earnings profiles (Beach and 

Finnie, 2001), we prefer to divide age into three groups, i.e., prime (25-35), middle (36-45), and older 

(46-55). Similarly, for experience, we have sets of dummy variables for people with no more than 8, 

between 8 and 16, and more then 16 years of experience12. To control for the country of origin, 

immigrants are divided in two main groups, i.e., immigrants from developed countries and those from 

the less developed countries13. The same data restrictions are applied to both Denmark and Canada. 

 

 

 

 
                                                 
8 In this paper, self-employed workers are dropped from the sample. We only look at men who are paid-employed in their 

main jobs. 
9 CANSIM is Statistics Canada's key socioeconomic database. 
10 Years since immigration might be a significant factor in persistence of or transition into (and outof) any earnings 

quartiles. Unfortunately, The Danish administrative data set provides no information about immigrants' years of arrival. 

Further, estimation results in Esmaeilzadeh (2009) show that years since immigration is not a significant factor in wage 

mobility process in Canada. To have two models, comparable for Canada and Denmark (and the fact that this variable might 

have no (or low) significant effect for Canadian immigrants) we ignored the effect of this variable in our estimation. 
11 To compare two countries with different educational system, we use a dummy variable for education instead of years of 

schooling. We also treated education as a time-invariant variable because there is small variation in education among 

individuals in this selected age group. 
12 People with lower experience, are expected to have lower earnings profile; moreover, experience more than 16 years is 

recorded as 16 in Danish data, so we use dummy variables for experience, instead of years of experience. 
13 The List of developed countries includes high-income OECD countries plus the following relatively smaller countries: 

Hong Kong,  Israel, Singapore, Taiwan, Andorra, Bermuda, Faroe Islands, Liechtenstein, and San Marino (World 

Development Indicators, 2008). 
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5.1 Descriptive Statistics   

 

In this section, we compare immigrants' and natives' mean characteristics, earnings quartiles 

(persistence and transitions), and transition matrices within and between Denmark and Canada. 

  

There are five mutually exclusive states that an individual can take (one of them) each year i.e. state 

zero representing unemployed or non-employed and four states representing quartile earnings 

distribution. Table 2 provides information on earnings14 quartiles and mean characteristics of 

immigrants and natives in Denmark and Canada. Immigrants in Denmark are over represented in state 

zero and one compared to their Canadian counterparts. About 14.8 and 37 per cent of immigrants in 

Denmark are in state zero and one respectively. The equivalent figures for Canadian immigrants are 

7.8% and 26.8%. Natives in both Denmark and Canada are evenly distributed in the earning 

distribution.  

 

First, we compare the mean characteristics of Danish and Canadian immigrants. Table 2 shows that 

68.1 per cent of Danish immigrants have at least high-school degrees. For Canadian immigrants the 

percentage is 80.3. The proportion of married people is much higher for Canadian immigrants.  About 

82.5 per cent of Canadian immigrants are married or registered partners, while the Danish equivalent 

figure is 66.7%.  The percentage of immigrants from developed countries is higher in Canada (48.5%) 

than in Denmark (31.7%). The reason is that the immigration policy in Canada, before 1962, gave 

higher priority to immigrants from European countries15. The proportion of immigrants in prime and 

middle ages is higher in Denmark than in Canada.  

 

Second, we compare mean characteristics of natives in two countries. Overall, natives in the two 

countries have very similar patterns of observed characteristics, however, compared to Canada, natives 

in Denmark have a lower percentage of married or registered partners.  

   

One of the objectives of this paper is to study the factors affecting transitional rates into and out of the 

four earnings quartiles and quartile zero (accounting to unemployed and non-employed people). To do 
                                                 
14 Earnings are adjusted by Consumer Price Index (CPI). 
15 In the 1950s, 84.6 per cent of all Canadian immigrants were European by birth. The government of Canada abandoned 
this policy in 1962. 
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this, we calculated the mean characteristics of different persistence and transition states among 

immigrants and natives for both countries. Tables A2 and A3 in the appendix provide this information. 

Persistence in this table refers to individuals' staying in the same quartile one year later, whereas 

transition refers to individuals' movement from the origin state to any other destinations in the 

distribution. Looking at these tables, we observe that individuals in any persistence in (or transitions 
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into and out of) any earnings quartiles have different mean characteristics.  For example, it appears that 

the proportion of individuals with a high-school degree is positively correlated with persistence in the 

higher quartiles. This is true for immigrants and natives, but with different magnitudes. The same 

pattern is true for the proportion of married people. Further, immigrants from developed countries are 

more observed in higher quartiles. On the other hand, natives and immigrants have the higher 

proportion of prime age group in the lower quartiles. These examples show that observed 

characteristics, reported in Tables A2 and A3, might be significant factors determining differences 

between immigrants and natives in probability of being in any earnings quartiles. 

  

Mobility and stability in the raw data is examined through transition matrices. A transition matrix is 

constructed as follows: First, working immigrants and working natives are ranked together according to 

their earnings for each year. On the basis of these ranks each individual belongs to one of the four 

quartiles. The people who are not working are directly assigned to quartile zero. The same procedure is 

applied for each year. The transition is recorded by an indicator variable i dot , , which equals 1 if an 

individual “i”  moves from the origin quartile “o”  to the destination quartile “d” . If “d”  is equal to 

“o”  then it is recorded as stability. For the whole sample, the transition probabilities and stabilities are 

calculated by the following formula (for more details, see Burkhauser, et. al. (1997)) 

∑
=

=
N

i

i
dodo NtP

1
,,      (1) 

Where N is the total number of individual in the origin quartile16.  

 Table 3 shows transition matrices of immigrants and natives for both countries. This table reveals 

several interesting relationships and patterns among immigrants and natives. We also examine the issue 

of state dependence in the raw data. The diagonal of these matrices represents the probability of staying 

in the same quartile, whereas off-diagonal elements represent the probability of moving to another 

quartile one year later. Elements on the diagonals of each matrix give strong evidence of state 

dependence in the raw data.  

 

The full transition matrices show that the vast majority of movements reach adjacent quartiles for both 

immigrants and natives in the two countries.  For example,  for immigrants in Denmark, the probability  

                                                 
16 For the Canadian data, this probability is weighted by longitudinal weight variables provided by Statistics Canada. 
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of moving up to quartile two from quartile one is 13.5% higher than that of moving from quartile one to 

four, which is 0.8%. The equivalent figures for natives are 17.6% and 0.6%. There is a negative 

correlation between the initial quartile with upward mobility for immigrants and natives in Denmark. 

Thus the quartile and its lag are not independent, and being in one quartile one year increases the 

probability of being in the same quartile the year after (state dependence). Our findings confirm the 

finding of Brodaty (2007). 

 

The probability of moving down to the next quartile from any of the earning quartiles is statistically 

higher for Danish immigrants compared to Danish natives. The one exception to this is the transition 

from quartile 4 to quartile 3. Whereas the probability of moving up in the next quartile from any of the 

earning quartile is higher for Danish natives than Danish immigrants. The difference is statistically 

significant for transition from quartile zero to one and from quartile one to two. For example, the 

probability of moving up from quartile one to quartile two is 13.5% for immigrants, whereas the 

equivalent figure for natives is 17.6%. Exactly the same pattern is true for Canadian immigrants and 

natives.  

  

Aggregated or overall upward mobility (weighted average of all upward transitions) is higher than 

overall downward mobility (weighted average of all downward transitions) for both immigrants and 

natives in the two countries. For example, overall upward mobility for Danish immigrants is 18.5% 

which is statistically higher than the downward mobility which is 14.1%. The comparison between 

Danish immigrants and natives show that Danish immigrants have statistically higher upward mobility 

(18.5%) compared to the over upward mobility of Danish natives (14.7%). This is quite consistent with 

the fact that immigrants start low but gradually move up in the income ladder.  Overall downward 

mobility is also higher for Danish immigrants compared to Danish natives but it is not statistically 

significant. Immigrants in Canada also have higher upward and downward mobility compared to 

natives in Canada but these differences are not statistically significant. 

 

To check for differences in earnings dynamics among immigrants with different origin, we calculated 

transition matrices for immigrants from developed and less-developed countries for both Denmark and 

Canada (Table A4 in the appendix). The important thing that we note in the table is that immigrants of 

less developed countries in both Denmark and Canada are relatively more observed in state zero, one 
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and two. For example, the respective percentages for immigrants from less developed countries in 

Denmark are 17, 39.8, and 20.3, whereas the equivalent figures for immigrants from developed 

countries are 11.5, 31.3 and 16.6.  

 

6.  Model and Empirical Specification 
 

To analyze any movements into and out of any earnings quartiles, we choose a dynamic unordered 

multinomial logit model. We analyze the dynamic structure of the model as a first-order Markov 

process. Let assume that individual i belongs to alternative q at time t. We suppose that utility *
iqtV  is 

the sum of a deterministic component, iqtU , that depends on regressors and unknown parameters, and 

an unobserved random component, iqtε : 

iqtiqtiqt UV ε+=*       (4.1) 

 

This is called an Additive Random-Utility Model (ARUM). We observe the outcome qYit = if 

alternative q has the highest utility of the alternatives. It follows that: 

( ) ( ) ( ) jVVVVqY iqtiqtiqtiqtit ∀≤>=>== ,0PrPrPr ****         (4.2)  

and given (4.1), 

( ) ( )ijtiqtiqtijtit UUqY −≤−== εεPrPr    (4.3) 

 

Now assume that individuals indexed by i (i = 1, 2,…,N) belong to any of the following five mutually 

exclusive and exhaustive boundaries (alternatives) of earnings percentiles of q at time t (t = 1, 2,...,T) 

as below: 

• [ ]0 0=tq   (Unemployed or non-employed) 

• ( ]25,0 1=tq   ( Individuals with earnings in the range from minimum observed 

 value to the 25th percentile) 

• ( ]50,25 2=tq   ( Individuals with earnings between the 25th and 50th percentile) 

• ( ]75,50 3=tq   ( Individuals with earnings between the 50th and 75th percentile) 

• ( ]100,75 3=tq  ( Individuals with earnings between the 50th and 75th percentile) 
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Let the value, for individual i, of belonging to quartile q at time ( )*
iqtVt  be specified as:  

iqtqiqitqitiqt DZXV εδγβ +++=*     (4.4) 

where,   

iqtiqiqt υµε +=     (4.5) 

 

itX  is a vector of observed variables, including age groups, marital status, experience groups, and the 

aggregate unemployment rate. itZ is a vector of dummy variables indicating the previous earnings 

quartile occupied by the individual i (time state dependence). For Canadian immigrants, we dropped 

observations in extreme transitions, for example, from quartiles three and four to one, similarly from 

quartiles one and two to four. This is due to the fact that there are few moves in these transitions, which 

make it difficult to get the parameter estimates. For the usual identification purpose, we take quartile 

zero as the reference quartile. iD  is a vector of time-invariant variables, including dummies for 

education and country of origin (developed or less developed).  

  

The assumption regarding the error term,iqtε , can be summarized as follows: iqtε  is composed of two 

terms: iqtv  and iqµ .  Where iqtv  is assumed to be serially uncorrelated and follows a Type I extreme 

value distribution. iqµ  is an unobserved, individual specific factor and independent of itX and iD , but 

not itZ  (endogeneity problem). If iqµ is treated as a parameter to be estimated (fixed effects approach), 

then there is a severe incidental parameter problem (Heckman, 1981b). Following Chamberlain (1984), 

the consistency of the maximum likelihood estimator requires that ∞→T . Most household panel data 

sets contain many individuals but only a small and fixed number of T. Random effects analysis in this 

context may therefore seem more efficient than fixed effects analysis.  

 

The model also controls for the endogenous initial conditions. The initial conditions problem arises 

when the start of the observation period does not coincide with the start of the stochastic process that 

generates individuals' participation experience. According to Chay and Hyslop (2000), dynamic 

discrete choice models that assume the initial conditions to be exogenous are effectively ignoring serial 

dependence attributable to unobserved heterogeneity and therefore lead to upwardly biased estimates of 

structural state dependence. To account for this problem, we adopt the method suggested by 
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Wooldridge (2005). Following him, we consider the distribution of the unobserved effects,iqµ , 

conditional on 1iZ and the mean values of exogenous time-varying variables over time iX . 1iZ  is a 

vector of initial earnings quartiles17. iqµ can be written as: 

    iqqiqiiq vZX ++= ρλµ 1               (4.6) 

  

Therefore *
iqtV  can be written as: 

 

   iqtiqqiqiqiqitqitiqt vZXDZXV υρλδλβ ++++++= 1
*       (4.7) 

 

Following Mroz (1999), we assume that the probability distribution of iqµ  can be approximated by a 

discrete factor distribution with a finite number of support points. Assuming a discrete distribution for 

the unobserved factors implies that the cumulative distribution function is approximated by a step 

function. In particular, the distribution of iqv is given by: 

       ( ) MmvvP m
m
qiq ,...,2,1, === π         (4.8) 

where, each    0≥mπ       (4.9) 

 mπ  is the probability that the unobserved factor takes on the values of miqv . To be specific, there are m 

types of individuals and each individual, i, at any quartiles of q is endowed with a set of unobserved 

characteristics, miqv .  

To estimate simultaneously the parameters ( ),,...,,,, 1 m
iqiqqqq vvδγβ and ( )mpp ,...,1   we use a logistic 

transformation as:                       

( )
( )∑ =

=
M

m j

m
m

p

p

1
exp

expπ       (4.10) 

where,  

10 << mπ       (4.11) 

and 

                                                 
17 As mentioned earlier in this paper, for the usual identification purpose, quartile zero has been taken as the reference 
group. 
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     1
1

=∑
=

M

m
mπ       (4.12) 

  

To select the number of support points, we calculate the value of the AIC (Akaike Information Criteria) 

and the BIC (Bayesian Information Criteria)18 when an additional point of support is added. We stop 

adding more support points to the model when either values start decreasing.  

    

The likelihood contribution for individual i with observed quartile states Tqq ,...,1  given all observed 

and unobserved effects can be written as: 

     ( ) ( )∏
=

=
T

t
ititii vqPvL

2

     (4.13) 

Where iv is a vector of iqv for .4,...,1,0=tq  

qqt = if **
iltiqt VV > for lq ≠ . This results in a five-state multinomial logit with the random effects as: 

( ) ( )
( )∑

=
+++++

+++++
==

4

0
1

1

exp

exp

j
iqjijijijitjit

iqqiqijiqitqit
itit

vZXDZX

vZXDZX
vqqP

ρλδγβ

ρλδγβ
 (4.14) 

As earlier mentioned there are m types of individuals i with the set of unobserved characteristics, 

m
iv that is a vector of( )m

iqiq vv ,...,1 . We can write the unconditional log-likelihood function as  

( )∑= m
iimi vLL πloglog      (4.15) 

and therefore we have  

    ( )∏∏∑
= = =

==
T

t

N

i

M

m
ititmTN vqqPL

2 1 1

π     (4.16) 

 
                                                 
18 AIC and BIC   are measures of goodness of fit. In fact, they show how well the model fits the data. AIC penalizes free 

parameters less strongly than does BIC: 

 AIC  : -2*f + 2*npar     

BIC  : -2*f + log(n)*npar    

 where 

 f is the value of the objective function, n is the number of individuals, and npar is the number of parameters. 
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7. Empirical Results   
 

In this section, we report estimation results from maximizing19 the likelihood function20 of the 

multinomial logit model controlling for the endogenous initial conditions problem and unobserved 

heterogeneity. To show the efficiency of the model specification, as well as to distinguish between 

spurious and structural state dependence, we estimate the model when there is no control for the 

endogenous initial conditions problem and unobserved heterogeneity factors.  

  

We experimented with different support points to find the best fitted models. We stopped adding more 

support points when either AIC or BIC stopped decreasing. The results are presented in Tables A5-A8 

in the appendix. For both Canada and Denmark, we found that models with three and four21 support 

points (unobserved types) for immigrants and natives respectively fit the data quite well.  

 

As expected, assuming that the initial conditions are exogenous while ignoring unobserved factors 

generates inflated estimates of the degree of state dependence. When the model ignores the effects of 

unobserved factors, it erroneously assumes that the correlation between state dependence variables and 

time-invariant unobserved factors is zero. This invalid assumption overestimates state dependence 

parameters.  Comparison of parameter estimates of the state dependence variables (theqγ ’s) in the 

models with and without controlling on these factors confirms the argument (Table 4). This is in line 

with many other studies on dynamic analysis frameworks of discrete choice modeling, see for example, 

Brodaty (2007), Stewart (2007), Hansen et. al. (2006), and Henley (2004).  

 

In order to get the identification in the multinomial logit model, we need to drop one equation (or 

state), so in this paper we used unemployment as our reference state. The models presented in this 

paper have a non-linear nature; the magnitudes  of the  coefficient estimates  provide  little  information  

 

                                                 
19 We tried with many different starting values to get the converged estimates of the parameters and to avoid multiple local 
optima. 
20 The likelihood function for Canadian data is weighted with weight variables provided by statistics Canada. 
21 The model with five support points for Danish natives did not converge. Hence, we stopped adding more support points 
after four support points. 
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about the size of the effects of the observable covariates. Therefore, our attention in this study focuses 

on the estimated transition probabilities, downward and upward mobility rates, proportion of spurious 
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and structural state dependence, and type specific transition matrices. However, we found that all state 

dependence parameters and their initial values are statistically significant. For example, almost all 

coefficients in Table 4 are positive and statistically significant; indicating that transition towards the 

unemployment state is less probable. The detailed estimation results are reported in Tables A9-A16 in 

the appendix. 

 

7.1 Structural Transitional Matrices  

 

Table 5 and 6 report estimated conditional probabilities of leaving previous year's quartile with control 

for endogenous initial conditions problem and unobserved heterogeneity factors. Table A17 and A18 in 

the Appendix report the estimated conditional probabilities without controlling for the initial condition 

and unobserved heterogeneity22.   

 

As expected, when controls for these factors are incorporated in the model, there is a reduction in 

estimated stability rates and an increase in the transition probabilities for all earnings quartiles. This 

reduction in the stability rates is due to the fact that some portion of observed persistence is attributed 

to unobserved serial correlations (Heckman, 1981b). For earning mobility process, Brodaty (2007) 

found that stability will be reduced when the model controls for these factors.  This fact has been 

confirmed by various studies with different applications. For example, Hansen et. al. (2006) found this 

pattern in analyzing transitions into and out of social assistance in Canada. Arulampalam et.al (1998) 

also found the same results for modeling the unemployment incidence of British men. 

 

Table 5 reports transition matrices for Danish immigrants and natives after controlling for spurious 

effects, so this table can be interpreted as the structural part of the transition probabilities. Compared to 

Table A17 (transition matrices without controlling for initial conditions and unobserved heterogeneity), 

structural stability rates in table 5 are lower. For example, the stability rate in state zero for immigrants 

decreased from 48.6% (in Table A17) to 43.3% (in Table 5), a decline of about 10%. This reduction is 

due to the serial correlation of unobserved characteristics with initial observations of state dependence 

variables.   

                                                 
22 We have used bootstrap method to test the statistical difference between two probabilities. 
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Structural stability rates for immigrants in Table 5 are higher in the lower and upper quartiles (quartiles 

one and four) compared to the middle quartiles (quartiles two and three).  For example, the stability 

rates in quartiles one and four are 62.6 % and 68.7% respectively, whereas the equivalent figures in 

quartiles two and three are 40.5% and 59.7%. This is in line with Brodaty (2007), who explain that 

individuals who are in the lowest quartile today could face a deterioration of their human capital (skills 

and abilities) that would make their rise more difficult in the future.  Unlike stability rate for 

immigrants, the structural stability rate for natives is higher in the middle two quartiles. Another 

important observation about this table is that immigrants have higher stability rates in state zero 

compared to natives. The higher persistence of immigrants in state zero is consistent with the fact that 
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immigrants in Denmark have a higher tendency to stay unemployed (or non-employed) possibly due to 

the higher unemployment or welfare benefits relative to a low wage (Pedersen and Smith, 2002).   

 

The probability of moving up into the next quartile from any of the earning quartiles is higher for 

natives compared to immigrants. We also note that all movements for both immigrants and natives 

have the higher probabilities of reaching the adjacent quartiles. For example, for natives the probability 

of moving from quartile one to quartile two is 30.8% higher than that of a transition from one to three, 

which is 10.5%. Overall upward mobility is higher for natives compared to immigrants. This result is 

opposite what we find in the raw data. It means that after controlling for observed and unobserved 

effects, Danish natives have overall higher upward mobility. Downward mobility is also lower for 

immigrants compared to natives in Denmark.   
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Table 6 reports the transition matrices for Canadian immigrants and natives after controlling for 

unobserved heterogeneity factors and endogenous initial conditions problem. The structural state 

dependence is lower in any earnings quartiles including state zero, compared to the equivalent figures 

in Table A18 (estimated transition without controlling the effects). Structural state dependence in state 

zero is 15.8% for immigrants and 22.3% for natives, much lower than equivalent figures in Table A18, 

which are 73.4% and 84.8%. There are relatively lower proportions of structural effects in all quartiles 

compared to the equivalent figures we found for Denmark.   

 

Like the structural stability rates for Danish natives, the structural stability rates for Canadian natives 

are lower in the upper and lower quartiles than in the middle part. One reason for this pattern is the 

higher upward and downward movements in quartile one and four. Workers in the middle of the 

distribution appear to have relatively stable earnings and hence more persistence. Overall stability rates 

are slightly higher for immigrants than for natives in every quartile.   

 

The overall upward mobility rate for Canadian immigrants (28.6%) is higher than the downward 

mobility rate (23.4%). Natives have a higher downward mobility rate (32.8%) than the upward mobility 

rate (29.8%). Immigrants in any earnings quartile have more chances to move up to the next quartiles, 

compared to the natives. For example, the probability of moving up from quartile one to quartile two 

for immigrants is 43.9% whereas the equivalent figure for natives is 29.2%.  

The above discussion about transitional matrices can be summarized as follows:  

• Natives in both countries have slightly higher upward and downward mobility compared to 

immigrants in the respective country. 

• Natives in both countries have higher stability in the middle parts (quartiles two and three) 

compared to lower and upper parts (quartiles one and four) of the earnings distribution, which is 

opposite what we found in the observed transition matrices for the two countries. 

• The probability of moving up into the next quartile from any of the earning quartile is higher for 

Danes compared to immigrants in Denmark. The opposite is true for Canadian natives and 

immigrants. 

• Canadian Immigrants and Natives have a higher proportion of spurious effects compared to 

Danish immigrants and natives. 
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7.2 Structural and Spurious Effects 

 

Distinction between structural and spurious effects is crucial for economic policy making. Therefore, to 

find the proportion of structural effects in the observed persistence, we decompose stability rates into 

two parts, i.e., structural and spurious. Structural effects are the ratio of state dependence probabilities 

with and without controlling for unobserved effects. Table 7 reports the percentage of structural and 

spurious state dependence.  

 

As seen in Table 7, in Denmark structural state dependence for immigrants is quite high compared to 

natives in every earnings quartile except quartile two. Immigrants and natives in Canada have a very 

low structural state dependence in quartile zero compared to their Danish counterparts. The difference 

is higher among immigrants. For example, structural state dependence for Danish immigrants in 

quartile zero is 89.1%, whereas the equivalent figure for Canadians is 21.5%. Sources of spurious state 

dependence are due to some unobserved heterogeneity factors that are different between immigrants 

and native in both countries. Some portions of these spurious effects can be due to the labour market 

preferences, labour market discrimination, cultural attitudes, abilities, and market demand for labour 

which are not observed in the data. Policies such as changing benefit rules or introducing labour market 

programs for unemployed immigrants in Denmark can be more effective in pushing immigrants to the 

earnings distribution or encouraging them to work.   

 



 61 

Differences between Canadian immigrants and natives in structural state dependence in the lower parts 

of the earnings distribution are not that high, compared to the Danish immigrants and natives.  This 

distinction is more prominent in the upper most parts of the earnings quartiles in which Canadian 

immigrants have a dramatically higher proportion of structural state dependence. This indicates that 

Canadian immigrants in the uppermost part of the earnings quartiles might be more affected by 

economic policy reforms.  

 
In Denmark, we note that the immigrant-native differences in proportion of structural and spurious 

state dependence are more prominent in the state of unemployment and lower part of the earning 

distribution. One reason for such differences can be that immigrants in Denmark mostly immigration 

for the reasons other than working. In order to reduce these differences, the Danish government should 

continue facilitating skilled immigrants to the labour market, which will reduce the proportion of non-

skilled immigrants in Denmark.  

 

7.3 Unobserved Types 

 

In our estimation results, we found that there are three and four unobserved types for immigrants and 

natives respectively for both countries. To analyze how immigrants and natives behave on the basis of 

their unobserved types, we constructed type-specific transition matrices, with the help of estimated 

parameters, for immigrants and natives for both Denmark and Canada. These matrices are reported in 

tables A19 to A22 in the Appendix. Individuals with different unobserved characteristics might have 

different tendencies to be at the specific part of the earnings distribution. As an example, a type two 

Canadian native has the highest probability to stay or to move into quartile two. The probability of 

staying in or moving into quartile two is 53.3%, 61.2%, 77.8%, 54.1% and 42% if an individual is 

initially in state zero, one, two three or four respectively. As a result, the earnings distribution can be 

highly segmented in the long-run.  

 

To observe more precisely the zones individuals are attracted to in a stationary equilibrium, it is useful 

to find quartile stationary distribution of each type. This distribution helps us understand the 

segmentation of earnings distribution on the basis of unobserved heterogeneity factors. These 

stationary distributions are reported in Table 8 for immigrants and natives in both countries. We can 
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see that each unobserved type has a specific long run stationary equilibrium23. For example, the 

stationary equilibriums of Canadian natives with type one, two, three, and type four are in quartiles 

one, two, three, and four respectively. The highest probability mass for type one, two, three and four is 

28.9%, 46.4%, 46.1% and 42.5% in quartile one, two, three and four respectively. By looking at the 

stationary distribution of Danish immigrants, we observe that a type three individual has a relatively 

higher probability (25.5%) of staying unemployed, compared to type one and two (8.5%, and 7.6% 

respectively). 

 

Finally, Table A23 in the appendix shows the predicted and observed distributions of earnings 

quartiles. The predicted distributions are calculated for each year for Denmark and Canada. Overall, the 

                                                 
23  Equilibrium in a sense that a specific type has the highest mass at a specific quartile. 
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predicted distributions are almost similar to the observed frequencies, indicating that the empirical 

models fit the data well. One measure of goodness of fit in discrete choice modeling is a likelihood 

ratio test. This measure is defined as ( ) ( )[ ]0ˆ1 LLLL β− , where ( )β̂LL  is the value of the log-likelihood 

function at the estimated parameters and ( )0LL  is the value with all parameters equal to zero. The 

index ranges from zero (no model) to one (perfect model). Table A23 reports the likelihood ratio 

indices for the final models. 

 

 8. Summary and Conclusions   
 

This paper analyzes transitions into and out of any of the four earnings quartiles, and quartile zero 

(accounting for unemployment and non-employment state). We analyze the dynamic structure of the 

model as a first-order Markov process. To take into account the effect of the endogenous initial 

conditions problem and unobserved heterogeneity factors, we use administrative registered data for 

Denmark (1994-2003) and longitudinal levels of SLID data for Canada (1993-2004). The model is a 

dynamic multinomial logit model with discrete factor approximation for the specification of 

unobserved individual heterogeneity and Wooldridge’s approach for controlling initial conditions 

problem. To avoid the effect of secular increase in labour market participation or school attendance, the 

data is restricted to males aged 25 to 55 years old. For Denmark, a random sample of 40,000 

individuals is used for the analysis. For Canada all estimation results and descriptive statistics are 

weighted with the weight variables provided by Statistics Canada. 

  

The observed data shows that immigrants in Denmark are more observed in the lower parts of the 

earnings distribution, while natives are evenly distributed. In Canada, immigrants are more observed in 

the lower and upper parts of the earnings distribution; while natives are more attracted to the middle 

quartiles. Comparison of natives in the two countries reveals that natives in Denmark are less likely to 

be unemployed (or non-employed). However, the earnings distribution for natives is similar in both 

countries. Observed transitional matrices show that immigrants in Canada have higher stability in any 

earnings quartiles than their Danish counterparts. Upward mobility is higher than downward mobility 

for immigrants in both countries, but with higher magnitude for Danish immigrants.  
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Estimation results show that models with three and four support points fit the data well for immigrants 

and natives respectively in both countries. For identification, state zero is used as a reference group. All 

state dependence parameters are positive and statistically significant; indicating that transition towards 

the quartile zero is less probable. Not all observed persistence in earnings quartiles is structural. Some 

portion of this persistence stems from unobserved heterogeneity factors and spurious effects. Ignoring 

unobserved effects and endogenous initial conditions problem overestimate the degree of state 

dependence and underestimate mobility. Our estimation results confirm this argument.  Structural state 

dependence for Danish immigrants is quite high compared to natives in every quartile except quartile 

two. Differences in structural state dependence between immigrants and natives in Canada are not that 

high, in comparison with the differences in Denmark. Unlike immigrants in Canada, immigrants in 

Denmark have quite high structural state dependence in any of the earnings quartiles except quartile 2.  

 

Our results show that immigrants in Denmark have a very high proportion of structural state 

dependence (89.1%) in quartile zero (unemployed or non-employed) compared to natives (58.8%). In 

this case, as suggested by Hansen et. al. (2006), changes in benefit rules or introducing labour market 

training programs are more likely to meet their objectives. As mentioned earlier, immigration in 

Denmark is dominated by the family class or refugees, especially from non-western countries. As a 

result, these immigrants are less skilled compared to Danish natives. Therefore, immigrants have fewer 

prospects of getting employed compared to natives.  

 

Sources of spurious state dependence are due to some unobserved heterogeneity factors that are 

different between immigrants and natives in either country. Some portions of these spurious effects can 

be due to the labour market preferences, labour market discrimination, cultural attitudes, and abilities 

which are not observed in the data. Our results show that immigrant-native differences in proportion of 

structural and spurious state dependence, as well as upward and downward mobility rates are more 

prominent in Denmark than in Canada. One reason for such differences can be that immigrants in 

Denmark mostly come for non-work related reasons. The current Danish government policy to increase 

skilled immigrants will help to reduce differences between immigrants and natives.   

 

In Canada, the huge portion of observed persistence in the state of being unemployed (or non-

employed) is because of the factors which are not observed. Labour market policies which improve 
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unobserved heterogeneity factors may lead unemployed people into employment. Sources of spurious 

effects can be different between immigrants and natives and can be difficult to be identified. For 

immigrants, some portion of this effect can be caused by lack of information on behalf of employers 

(statistical discrimination), language skills. Canadian immigrants have a higher structural state 

dependence in the uppermost part of the earnings quartiles compared to natives. This makes 

immigrants be more affected by economic policy reforms.  

 

To improve overall mobility, active labour market programs such as on-job training, apprenticeships, 

education, labour market information, mobility, and credential recognition could enable individual to 

move from low-wage jobs into higher paying jobs. This is in contrast to passive income maintenance 

programs like unemployment insurance, which discourage such mobility and encourage people to stay 

unemployed (Gunderson, 2007). The effectiveness of these policies is not addressed in this paper, but is 

of great interest for future research. 
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Appendix 
 

Table A1: Classification of Danish Immigrants By Purpose of Entry (Economic , Refugee and Family Class) 
  1999 2000 2001 2002 2003 2004 2005 

Quota refugees 0 1 0 0 0 0 0 
Other refugees 10 6 14 9 1 2 1 
Family reunification to refugees 31 20 26 8 6 3 5 
Family reunification to others 882 763 818 621 382 419 376 
Wageearner and independent businessmen (occupation and studies) 86 86 76 187 251 236 217 
Persons from the new EU Member States (occupation and studies) 0 0 0 0 0 368 497 
Job-card scheme (occupation and studies) 0 0 0 25 49 37 41 
Education (occupation and studies) 1491 1555 1853 1945 2241 1753 1529 
Interns (occupation and studies) 513 788 795 789 587 415 396 
Au pair (occupation and studies) 299 450 423 384 340 268 206 
Other cases on occupation and studies 778 867 832 740 696 617 605 
Employed persons (EC/EEA) 1753 1722 1596 1416 1345 1316 1607 
Education (EC/EEA) 1487 1593 1592 1858 1980 2706 3257 
Other EC/EEA residence certificates 784 902 927 943 985 1013 1141 

Western 
countries 

Unknown 5857 5531 5718 5903 5835 7026 8532 

Quota refugees 278 473 443 351 464 371 468 
Other refugees 1916 2905 3859 2172 1406 943 592 
Family reunification to refugees 1988 2746 3294 2717 1744 1012 485 
Family reunification to others 3689 3929 4023 3431 1955 1933 1910 
Wageearner and independent businessmen (occupation and studies) 129 105 70 100 161 245 245 
Persons from the new EU Member States (occupation and studies) 0 0 0 0 0 0 2 
Job-card scheme (occupation and studies) 0 0 0 28 62 150 240 
Education (occupation and studies) 1149 1216 1102 1706 2636 2055 2428 
Interns (occupation and studies) 174 257 352 503 474 583 1020 
Au pair (occupation and studies) 100 164 202 294 380 645 748 
Other cases on occupation and studies 1185 1311 1578 1254 1130 1272 1324 
Employed persons (EC/EEA) 8 3 7 3 9 6 4 
Education (EC/EEA) 0 1 0 1 4 1 1 
Other EC/EEA residence certificates 105 121 112 103 94 104 106 

Non-western 
countries 

Unknown 2188 2133 2247 1546 993 813 605 
Economic class 1976 1917 1749 1760 1878 2359 2853 
Family class and Refugees 8801 10856 12514 9383 6056 4832 4006 
Total 10777 12773 14263 11143 7934 7191 6859 

All Immigrants 

Percentage of Economic Class 18,3 15,0 12,3 15,8 23,7 32,8 41,6 
Economic class 129 105 70 128 223 395 487 
Family class and Refugees 7871 10053 11619 8671 5569 4259 3455 
Total 8000 10158 11689 8799 5792 4654 3942 

Non- Western 
Immigrants 

Percentage of Economic Class 1,6 1,0 0,6 1,5 3,9 8,5 12,4 

Sources: For Denmark, Statistics  Denmark, website www.dst.dk
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Table A2: Mean Characteristics for Males by Persistence in Earnings Quartiles, Immigrants and 
Natives  
Denmark  

Immigrants Natives 

Persistence in Quartiles Persistence in Quartiles 
Observed 

Characteristics 
Q0

1 Q1 Q2 Q3 Q4 Q0 Q1 Q2 Q3 Q4 

Educated2  0.617 0.622 0.674 0.786 0.914 0.580 0.608 0.738 0.827 0.906 

Married 3 0.591 0.636 0.709 0.739 0.741 0.398 0.574 0.692 0.761 0.831 

Origin (Developed)4 0.269 0.284 0.288 0.399 0.585 - - - - - 

Age ( 25 – 35) 0.449 0.333 0.250 0.239 0.169 0.378 0.349 0.328 0.288 0.230 

Age (35 – 45) 0.395 0.466 0.504 0.494 0.485 0.410 0.417 0.456 0.467 0.510 

Age (45 – 55) 0.156 0.200 0.245 0.267 0.347 0.212 0.235 0.216 0.245 0.259 

Experience < 8 years 0.842 0.533 0.235 0.216 0.193 0.474 0.123 0.041 0.044 0.048 

Experience 8 -16 years 0.140 0.374 0.445 0.463 0.455 0.413 0.435 0.403 0.368 0.391 

Experience >16 years 0.018 0.093 0.319 0.321 0.352 0.114 0.441 0.555 0.588 0.561 

Number of Observations  998 2482 1338 1046 1391 4976 47180 53824 57191 72363 

Canada 

Immigrants  Natives 

Persistence in Quartiles Persistence in Quartiles 
Observed 

Characteristics 
Q0

1 Q1 Q2 Q3 Q4 Q0 Q1 Q2 Q3 Q4 

Educated2  0.814 0.710 0.708 0.875 0.916 0.330 0.652 0.795 0.850 0.927 

Married 3  0.661 0.751 0.885 0.830 0.889 0.391 0.643 0.783 0.842 0.872 

Origin (Developed) 4 0.340 0.333 0.405 0.594 0.678 - - - - - 

Age ( 25 – 35) 0.339 0.335 0.259 0.222 0.148 0.244 0.387 0.301 0.263 0.181 

Age (35 – 45) 0.210 0.420 0.444 0.418 0.405 0.372 0.421 0.489 0.469 0.532 

Age (45 – 55) 0.451 0.245 0.297 0.360 0.447 0.284 0.192 0.210 0.268 0.287 

Experience < 8 years 0.628 0.323 0.150 0.125 0.104 0.483 0.094 0.072 0.062 0.038 

Experience 8 -16 years 0.196 0.339 0.393 0.264 0.260 0.184 0.324 0.261 0.252 0.215 

Experience >16 years 0.176 0.338 0.457 0.611 0.636 0.333 0.582 0.667 0.686 0.747 

Number of Observations  133 708 627 511 822 1775 5076 4775 4717 4623 

Data Source: For Denmark, Registered Administrative Datasets, 1994-2003, supplied by Statistics Denmark to Labour Market 
Dynamic Growth (LMDG). For Canada, Survey of Labour and Income Dynamics (SLID), 1993-2004, based on a sample of 
males aged 25 to 55. The figures for Canada are weighted with longitudinal weight variables provided by Statistics Canada. 
The figures are rounded to three decimal points. 
1- This excludes the people who are retired, getting education or on leaves. 
2- Having at least 14 years of formal education. 
3- Married or Registered Partner 
4- If an immigrant was born in  any  High-Income  countries i.e. OECD  countries or  Hong Kong,  Israel,  Singapore,  Taiwan, 
    Andorra, Bermuda, Faroe Islands, Liechtenstein, and San Marino (World Development Indicators, 2008) 
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Table A4: Quartile Mobility Rates, Conditional Probability of Leaving Previous Years 
Quartile by Country (Origin Developed and Less Developed Countries)  
 
Denmark  

Country of Origin (Developed) 

Destination Quartile Direction 
Origin 

Quartile Q0 Q1 Q2 Q3 Q4 Down Stable Up 
Q0 0.625 0.301 0.042 0.016 0.016 0.000 0.625 0.375 

Q1 0.071 0.770 0.117 0.030 0.012 0.071 0.770 0.159 

Q2 0.032 0.169 0.619 0.166 0.014 0.201 0.619 0.180 

Q3 0.013 0.036 0.125 0.690 0.135 0.175 0.690 0.135 

Q4 0.015 0.009 0.012 0.068 0.895 0.105 0.895 0.000 

Distribution  0.115 0.313 0.166 0.162 0.244 0.111 0.745 0.144 

Country of Origin (Less Developed) 

Q0 0.532 0.409 0.032 0.019 0.007 0.000 0.532 0.468 

Q1 0.106 0.710 0.141 0.037 0.006 0.106 0.710 0.184 

Q2 0.038 0.205 0.582 0.163 0.012 0.243 0.582 0.175 

Q3 0.023 0.055 0.240 0.569 0.112 0.318 0.569 0.112 

Q4 0.022 0.017 0.035 0.127 0.799 0.201 0.799 0.000 

Distribution  0.170 0.398 0.203 0.137 0.092 0.155 0.641 0.204 

 
Canada 

Country of Origin (Developed) 

Destination Quartile Direction 
Origin 

Quartile Q0 Q1 Q2 Q3 Q4 Down Stable Up 
Q0 0.817 0.136 0.030 0.018 0 0 0.817 0.184 

Q1 0.044 0.803 0.114 0.035 0.004 0.044 0.803 0.153 

Q2 0.007 0.114 0.699 0.159 0.020 0.121 0.699 0.179 

Q3 0.002 0.014 0.158 0.720 0.106 0.894 0.720 0.106 

Q4 0 ~0 0.009 0.079 0.912 ~0.088 0.912 0 

Distribution  0.058 0.194 0.196 0.215 0.338 0.100 0.802 0.098 

Country of Origin (Less Developed) 

Q0 0.858 0.118 0.023 0 0 0 0.858 0.141 

Q1 0.023 0.860 0.098 0.010 0.009 0.023 0.860 0.117 

Q2 0.007 0.126 0.759 0.100 0.008 0.133 0.759 0.108 

Q3 0.005 0.007 0.138 0.689 0.162 0.148 0.689 0.162 

Q4 0 0.009 0.022 0.140 0.829 0.171 0.829 0 

Distribution  0.100 0.34 0.249 0.145 0.166 0.091 0.805 0.104 
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Table A5: Discrete Factor Model (DFM) Specification for Danish Immigrants, Information 
Criteria (AIC and BIC), Number of Parameters, and Value of Objective Function 
 

Model Specification 

Control for 
Unobserved 

Heterogeneity 

Control for 
Endogenous 

Initial Condition 

Number of 
Support 
Points 

AIC BIC 
Number of 
Parameters 

Value of 
Objective 
Function 

No No 1 20715.1 20984.4 52 -10305.5 

No Yes 1 20459.4 20915.1 88 -10141.6 

Yes Yes 2 20274.2 20755.8 93 -10044.1 

Yes Yes 3 20174.3 20681.8 98 -9989.1 

Yes Yes 4 20167.9 20701.3 103 -9980.9 

 
 
 
Table A6: Discrete Factor Model (DFM) Specification for Danish Natives, Information 
Criteria (AIC and BIC), Number of Parameters, and Value of Objective Function 
 

Model Specification 

Control for 
Unobserved 

Heterogeneity 

Control for 
Endogenous 

Initial Condition 

Number of 
Support 
Points 

AIC BIC 
Number of 
Parameters 

Value of 
Objective 
Function 

No No 1 556897.7 557308.7 48 -278400.8 

No Yes 1 546534.8 547219.9 80 -273187.4 

Yes Yes 2 538787.6 539549.7 89 -269304.8 

Yes Yes 3 535851.4 536656.3 94 -267831.7 

Yes Yes 4 534330.5 535178.3 99 -267066.2 
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Table A7: Discrete Factor Model (DFM) Specification for Canadian Immigrants, 
Information Criteria (AIC and BIC), Number of Param eters, and Value of Objective Function 
 

Model Specification 

Control for 
Unobserved 

Heterogeneity 

Control for 
Endogenous 

Initial Condition 

Number of 
Support 
Points 

AIC BIC 
Number of 
Parameters 

Value of 
Objective 
Function 

No No 1 4717.6 4936.5 48 -2310.8 

No Yes 1 4539.2 4922.2 84 -2185.6 

Yes Yes 2 4485.4 4891.2 89 -2153.7 

Yes Yes 3 4459.5 4888.1 94 -2135.7 

Yes Yes 4 4459.9* 4911.3* 99 -2130.9 

 
 
 
Table A8: Discrete Factor Model (DFM) Specification for Canadian Natives, Information 
Criteria (AIC and BIC), Number of Parameters, and Value of Objective Function 
 

Model Specification 

Control for 
Unobserved 

Heterogeneity 

Control for 
Endogenous 

Initial Condition 

Number of 
Support 
Points 

AIC BIC 
Number of 
Parameters 

Value of 
Objective 
Function 

No No 1 33239.0 33553.9 48 -16571.5 

No Yes 1 31745.8 32296.9 84 -15788.9 

Yes Yes 2 31385.3 31969.2 89 -15603.6 

Yes Yes 3 31192.8 31809.5 94 -15502.4 

Yes Yes 4 31010.5 31660.5 99 -15406.2 

Yes Yes 5 31048.4* 31730.7* 104 -15399.9 
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Table A9: Dynamic Multinomial Logit Model of Earnin gs Quartiles for Danish 
Immigrants , (No Control for Endogenous Initial Conditions and Unobserved Heterogeneity) 
 

Estimated Equations  
 

Explanatory Variables Q1 Q2 Q3 Q4 

Q1(t-1) 2.263 
  (0.077)** 

3.221 
  (0.189)** 

2.608 
    (0.288)** 

1.613 
  (0.469)** 

Q2(t-1) 1.912 
  (0.164)** 

5.759 
  (0.230)** 

 5.252        
  (0.311)** 

1.879 
  (0.680)** 

Q3(t-1) 0.868 
  (0.292)** 

5.188 
  (0.310)** 

7.426        
  (0.365)** 

6.507 
  (0.481)** 

State 
Dependence 

Q4(t-1) -0.611 
  (0.412)** 

2.408 
  (0.420)** 

5.100        
  (0.391)** 

8.663 
  (0.483)** 

Educated 0.124 
  (0.076) 

0.344 
  (0.092)** 

0.625        
(0.122)** 

1.016 
(0.200)** 

Married  -0.015 
  (0.076) 

0.055 
  (0.098) 

0.161        
  (0.118) 

0.114 
  (0.167) 

Origin (Developed) -0.029 
  (0.087) 

-0.123 
  (0.109) 

0.116               
(0.124) 

0.588  
  (0.159)** 

Age ( 25 – 35) 0.482 
  (0.112)** 

0.846 
  (0.146)** 

1.001        
  (0.174)** 

1.057 
  (0.247)** 

Age (35 – 45) 0.327 
  (0.101)** 

0.646 
  (0.126)** 

0.706        
  (0.145 )** 

0.632 
  (0.190)** 

Experience < 8 years -1.146 
  (0.185)** 

-2.105 
  (0.198)** 

-1.968        
  (0.217)** 

-1.438   
(0.275)** 

Experience >16 years -0.394 
  (0.186)** 

-1.101 
  (0.195)** 

-0.944        
(0.206)** 

-0.823 
  (0.239)** 

Unemployment Rate -0.135 
  (0.021)** 

-0.115 
  (0.027)** 

-0.067        
  (0.124)** 

-0.054 
  (0.045)** 

Observed 
Covariates 

Intercept 1.230 
  (0.240)** 

-1.417 
  (0.325)** 

-3.151 
  (0.414)** 

-4.893 
  (0.588) 

Number of Observation 13110 Log Likelihood -10305.56 

Number of Individuals 1311 AIC 20715.1      

Number of Parameters 48 BIC 20984.4 

 Note: Figures inside the parentheses are the Standard errors. 
         ** Parameter estimate is significant at 5 % level of significance.  
         *   Parameter estimate is significant at 10% level of significance. 
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Table A10: Dynamic Multinomial Logit Model of Earni ngs Quartiles for Danish 
Immigrants, (Control for Endogenous Initial Conditions and Unobserved Heterogeneity) 
 

Estimated Equations 
Explanatory Variables 

Q1 Q2 Q3 Q4 

Q1(t-1) 1.558 
(0.098)** 

2.788 
(0.208) ** 

2.597 
(0.330) ** 

1.015 
(0.489) ** 

Q2(t-1) 1.399 
(0.190) ** 

4.562 
(0.259) ** 

4.697 
(0.352) ** 

1.408 
(0.771)  

Q3(t-1) 1.001 
(0.350) ** 

4.681 
(0.372) ** 

7.093 
(0.418) ** 

6.333 
(0.483) ** 

State 
Dependence 

Q4(t-1) -0.509 
(0.485)  

2.779 
(0.452) ** 

5.094 
(0.428) ** 

7.535 
(0.464) ** 

Educated 0.187 
(0.096) ** 

0.380 
(0.128) ** 

0.619 
(0.137) ** 

1.115 
(0.233) ** 

Age ( 25 – 35) 0.235 
(0.262)  

0.475 
(0.326)  

0.446 
(0.371) ** 

0.511 
(0.515)  

Age (35 – 45) 0.227 
(0.184)  

0.625 
(0.225) ** 

0.726 
(0.251) ** 

0.806 
(0.329) ** 

Married  -0.130 
(0.155)  

-0.258 
(0.204)  

-0.339 
(0.241)  

-0.376 
(0.361)  

Experience >16 years 0.457 
(0.360)  

0.523 
(0.372) 

0.406 
(0.391)  

0.535 
(0.449)  

Experience < 8 years 0.766 
(0.408)  

0.746 
(0.438)  

0.649 
(0.473)  

0.814 
(0.585)  

Unemployment Rate -0.281 
(0.029) ** 

-0.322 
(0.038) ** 

-0.244 
(0.045) ** 

-0.192 
(0.062) ** 

Observed 
Covariates 

Origin (Developed) 0.277 
(0.123) ** 

0.005 
(0.149)  

0.352 
(0.149) ** 

0.948 
(0.202) ** 

Pr 1 0.418 Type 1 3.825 
(0.450) ** 

0.121 
(0.540) 

-1.987 
(0.662) ** 

-3.675 
(0.848) ** 

Pr 2 0.456 Type 2 3.615 
(0.450) ** 

2.200 
(0.535) ** 

-0.894 
(0.616) 

-5.153 
(0.895) ** 

Pr 3 0.126 Type 3 1.179 
(0.463) ** 

-0.164 
(0.547) 

-1.572 
(0.581) ** 

-4.301 
(0.783) ** 

Number of Observation 13110 Log Likelihood  -9989.16 

Number of Individuals 1311 AIC  20174.3 

Number of Parameters 98 BIC 20681.8 

Note: Figures inside the parentheses are the Standard errors. 
         ** Parameter estimate is significant at 5 % level of significance.  
         *   Parameter estimate is significant at 10% level of significance. 
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Table A11: Dynamic Multinomial Logit Model of Earni ngs Quartiles for Danish Natives, 
(No Control for Endogenous Initial Conditions and Unobserved Heterogeneity) 
 

Estimated Equations 
Explanatory Variables 

Q1 Q2 Q3 Q4 

Q1(t-1) 2.408 
(0.031) ** 

3.062 
(0.057) ** 

2.026 
(0.090) ** 

0.472 
(0.121) ** 

Q2(t-1) 2.216 
(0.051) ** 

5.836 
(0.069) ** 

5.537 
(0.096) ** 

2.856 
(0.116) ** 

Q3(t-1) 0.653 
(0.077) ** 

5.094 
(0.086)v 

7.774 
(0.107) ** 

6.440 
(0.119) ** 

State 
Dependence 

Q4(t-1) -1.299 
(0.091) ** 

1.526 
(0.091) ** 

5.486 
(0.103) ** 

8.150 
(0.113) ** 

Educated2 0.155 
(0.027) ** 

0.502 
(0.029) ** 

0.831 
(0.031) ** 

1.289 
(0.037) ** 

Age ( 25 – 35) 0.923 
(0.039) ** 

1.261**  
(0.042) 

1.356 
(0.045) ** 

1.383 
(0.050) ** 

Age (35 – 45) 0.402 
(0.034) ** 

0.566 
(0.036) ** 

0.599 
(0.038) ** 

0.697 
(0.040) ** 

Married 3 0.416 
(0.030) ** 

0.586 
(0.031) ** 

0.709 
(0.032) ** 

0.853 
(0.035) ** 

Experience >16 years -1.028 
(0.037) ** 

-1.301 
(0.038) ** 

-1.270 
(0.040) ** 

-0.998 
(0.043) ** 

Experience < 8 years -1.880 
(0.044) ** 

-2.362 
(0.050) ** 

-1.742 
(0.056) ** 

-1.035 
(0.066) ** 

Unemployment Rate 0.022 
(0.008) ** 

0.053 
(0.009) ** 

0.045 
(0.009) ** 

0.031 
(0.010) ** 

Observed 
Covariates 

Intercept 0.509 
(0.066) ** 

-2.246 
(0.084) ** 

-3.742 
(0.109) ** 

-4.796 
(0.125) ** 

Number of Observation 386890 Log Likelihood  -278400.8 

Number of Individuals 38689 AIC 556897.7      

Number of Parameters 48 BIC  557308.7 

Note: Figures inside the parentheses are the Standard errors. 
         ** Parameter estimate is significant at 5 % level of significance.  
         *   Parameter estimate is significant at 10% level of significance. 
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Table A12: Dynamic Multinomial Logit Model of Earni ngs Quartiles for Danish Natives, 
(Control for Endogenous Initial Conditions and Unobserved Heterogeneity) 
 

Estimated Equations 
Explanatory Variables 

Q1 Q2 Q3 Q4 

Q1(t-1) 1.588 
(0.039)** 

2.356 
(0.065)** 

1.930 
(0.093)** 

0.856 
(0.134)** 

Q2(t-1) 1.343 
(0.060)** 

4.120 
(0.079)** 

4.347 
(0.100)** 

2.698 
(0.128)** 

Q3(t-1) 0.489 
(0.082)** 

3.717 
(0.093)** 

6.036 
(0.110)** 

5.320 
(0.131)** 

State 
Dependence 

Q4(t-1) -1.102 
(0.110)** 

1.292 
(0.109)** 

4.180 
(0.116)** 

5.999 
(0.130)** 

Educated 0.059 
(0.034)* 

0.554 
(0.038)** 

1.032 
(0.042)** 

1.577 
(0.053)** 

Age ( 25 – 35) 0.493 
(0.088)** 

0.601 
(0.093)** 

0.671 
(0.098)** 

0.801 
(0.108)** 

Age (35 – 45) 0.283 
(0.058)** 

0.498 
(0.061)** 

0.650 
(0.064)** 

0.944 
(0.071)** 

Married  0.289 
(0.065)** 

0.353 
(0.068)** 

0.408 
(0.071)** 

0.488 
(0.077)** 

Experience >16 years 0.397 
(0.060)** 

0.365 
(0.062)** 

0.303 
(0.065)** 

0.220 
(0.702)** 

Experience < 8 years 0.469 
(0.096)** 

0.007 
(0.105) 

-0.247 
(0.114)** 

-0.662 
(0.127)** 

Observed 
Covariates 

Unemployment Rate -0.157 
(0.011)** 

-0.144 
(0.011)** 

-0.118 
(0.012)** 

-0.076 
(0.013)** 

Pr 1 0.262 Type 1 3.676 
(0.126)** 

-0.538 
(0.142)** 

-4.600 
(0.167)** 

-7.634 
(0.213)** 

Pr  2 0.252 Type 2 3.481 
(0.132)** 

1.598 
(0.149)** 

-2.050 
(0.172)** 

-8.224 
(0.215)** 

Pr  3 0.275 Type 3 1.877 
(0.111)** 

-1.243 
(0.132)** 

-3.211 
(0.154)** 

-7.613 
(0.195)** 

Pr  4 0.211 Type 4 3.236 
(0.151)** 

1.771 
(0.163)** 

0.210 
(0.183) 

-2.163 
(0.211)** 

Number of Observation 386890 Log Likelihood  -267066.2 

Number of Individuals 38689 AIC  534330.5 

Parameters 99 BIC 535178.3 

Note: Figures inside the parentheses are the Standard errors. 
         ** Parameter estimate is significant at 5 % level of significance.  
         *   Parameter estimate is significant at 10% level of significance. 
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Table A13: Dynamic Multinomial Logit Model of Earni ngs Quartiles for Canadian 
Immigrants, (No Control for Endogenous Initial Conditions and Unobserved Heterogeneity) 
 

Estimated Equations  
 

Explanatory Variables Q1 Q2 Q3 Q4 

Q1(t-1) 5.144 
(0.284)** 

5.268 
(0.601)** 

4.085 
(0.853)** 

- 

Q2(t-1) 4.975 
(0.614)** 

8.983 
(0.798)** 

7.976 
(0.977)** 

- 

Q3(t-1) - 10.092 
(2.579)** 

12.349 
(2.626)** 

13.433 
(4.000)** 

State 
Dependence 

Q4(t-1) - 8.363 
(3.677)** 

11.271 
(3.712)** 

16.447 
(4.563)** 

Educated -0.256 
(0.319) 

-0.124 
(0.350) 

0.383 
(0.390) 

0.705 
(0.469) 

Married  0.765 
(0.330)** 

1.297 
(0.376)** 

0.994 
(0.414)** 

1.405 
(0.475)** 

Origin (Developed) -0.239 
(0.302) 

-0.125 
(0.330) 

0.240 
(0.355) 

0.493 
(0.393) 

Age ( 25 – 35) 0.949 
(0.388)** 

0.968 
(0.430)** 

0.978 
(0.469)** 

1.059 
(0.542)** 

Age (35 – 45) 0.638 
(0.316)** 

0.727 
(0.350)** 

0.568 
(0.378)** 

0.463 
(0.417) 

Experience < 8 years 0.911 
(0.324)** 

1.093 
(0.372)** 

0.780 
(0.432)** 

-0.214 
(0.527)** 

Experience >16 years 1.697 
(0.377)** 

1.947 
(0.424)** 

1.845 
(0.475)** 

1.104 
(0.564)** 

Observed 
Covariates 

Unemployment Rate 0.119 
(0.129) 

0.194 
(0.143) 

0.098 
(0.156) 

0.043 
(0.172) 

 Intercept -4.366 
(1.281)** 

-7.987 
(1.516)** 

-8.019 
(1.708)** 

-10.482 
(3.453)** 

Number of Observation 4236 Log Likelihood -2310.8 

Number of Individuals 706 AIC 4717.6 

Number of  Parameters 48 BIC 4936.5 

Note: Figures inside the parentheses are the Standard errors. 
         ** Parameter estimate is significant at 5 % level of significance.  
         *   Parameter estimate is significant at 10% level of significance. 
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Table A14: Dynamic Multinomial Logit Model of Earni ngs Quartiles for Canadian 
Immigrants, (Control for Endogenous Initial Conditions and Unobserved Heterogeneity) 
 

Estimated Equations 
Explanatory Variables 

Q1 Q2 Q3 Q4 

Q1(t-1) 2.740 
(0.450)** 

2.909 
(0.789)** 

2.915 
(1.066)** 

- 

Q2(t-1) 1.161 
(0.790)** 

3.337 
(0.930)** 

4.127 
(1.217)** 

- 

Q3(t-1) - 7.737 
(6.853)** 

10.316 
(6.888)** 

19.141 
(8.365)** 

State 
Dependence 

Q4(t-1) - 5.665 
(11.533)* 

10.115 
(11.544)* 

20.946 
(12.271)* 

Educated -0.247 
(0.384) 

-0.279 
(0.452) 

0.351 
(0.478) 

-0.090 
(0.617) 

Age ( 25 – 35) 0.479 
(1.371) 

-0.036 
(1.494) 

0.867 
(1.590) 

0.050 
(1.804) 

Age (35 – 45) 0.137 
(1.068) 

0.814 
(1.145) 

0.625 
(1.208) 

0.771 
(1.325) 

Married  -0.412 
(1.569) 

-0.809 
(1.699) 

-1.868 
(1.784) 

-1.361 
(1.881) 

8<Experience >16 
years 

2.726 
(0.734)** 

2.125 
(0.805)** 

2.125 
(0.894)** 

1.853 
(1.063)** 

Experience > 16 years 5.802 
(0.965)** 

4.872 
(1.075)** 

5.429 
(1.172)** 

6.161 
(1.452)** 

Unemployment Rate 0.512 
(0.173)** 

0.539 
(0.190)** 

0.365 
(0.201)** 

0.353 
(0.227)** 

Observed 
Covariates 

Origin (Developed) -0.298 
(0.391) 

-0.507 
(0.470) 

0.244 
(0.461) 

0.503 
(0.555) 

Pr 1 0.20 Type 1 -6.231 
(1.738)** 

12.370 
(2.106)** 

-8.308 
(2.193)** 

-14.655 
(3.669)** 

Pr 2 0.28 Type 2 -7.476 
(1.813)** 

-8.735 
(2.058)** 

-8.991 
(2.235)** 

12.199 
(3.653)** 

Pr 3 0.52 Type 3 -8.683 
(1.763)** 

-13.206 
(2.101)** 

11.123 
(2.181)** 

12.570 
(3.548)** 

Number of Observation 4236 Log Likelihood  -2135.8 

Number of Individuals 706 AIC  4459.5 

Number of Parameters 94 BIC 4888.1 

Note: Figures inside the parentheses are the Standard errors. 
         ** Parameter estimate is significant at 5 % level of significance.  
         *   Parameter estimate is significant at 10% level of significance. 
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Table A15: Dynamic Multinomial Logit Model of Earni ngs Quartiles for Canadian 
Natives, (No Control for Endogenous Initial Conditions and Unobserved Heterogeneity) 
 

Estimated Equations  
 

Explanatory Variables Q1 Q2 Q3 Q4 

Q1(t-1) 6.581 
(0.163)** 

5.893 
(0.256)** 

4.241 
(0.375)** 

2.991 
(0.376)** 

Q2(t-1) 5.967 
(0.253)** 

9.116 
(0.314)** 

8.155 
(0.400)** 

5.083 
(0.389)** 

Q3(t-1) 3.725 
(0.280)** 

7.373 
(0.318)** 

9.902 
(0.398)** 

7.816 
(0.367)** 

State 
Dependence 

Q4(t-1) 2.351 
(0.408)** 

4.653 
(0.382)** 

8.519 
(0.425)** 

9.953 
(0.391)** 

Educated 0.414 
(0.135)** 

0.879 
(0.139)** 

0.990 
(0.146)** 

1.474 
(0.159)** 

Married  0.290 
(0.141)** 

0.608 
(0.145)** 

0.759 
(0.151)** 

0.931 
(0.161)** 

Age ( 25 – 35) 1.788 
(0.225)** 

2.043 
(0.232)** 

2.048 
(0.239)** 

2.062 
(0.250)** 

Age (35 – 45) 1.098 
(0.161)** 

1.292 
(0.165)** 

1.144 
(0.168)** 

1.248 
(0.174)** 

Experience < 8 years 0.894 
(0.208)** 

0.785 
(0.222)** 

0.673 
(0.236)** 

0.843 
(0.260)** 

Experience >16 years 1.869 
(0.226)** 

1.984 
(0.240)** 

1.767 
(0.254)** 

1.778 
(0.280)** 

Unemployment Rate -0.139 
(0.062)** 

-0.083 
(0.064)** 

-0.105 
(0.065)** 

0.162 
(0.068)** 

Observed 
Covariates 

Intercept -4.242 
(0.532)** 

-6.704 
(0.588)** 

-7.270 
(0.649)** 

7.101 
(0.652)** 

Number of Observation 31338 Log Likelihood -16571.5 

Number of Individuals 5223 AIC 33239.0 

Number of Parameters 48 BIC 33553.9 

 Note: Figures inside the parentheses are the Standard errors. 
         ** Parameter estimate is significant at 5 % level of significance.  
         *   Parameter estimate is significant at 10% level of significance. 

. 
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Table A16: Dynamic Multinomial Logit Model of Earni ngs Quartiles for Canadian 
Natives, (Control for Endogenous Initial Conditions and Unobserved Heterogeneity) 
 

Estimated Equations 
Explanatory Variables 

Q1 Q2 Q3 Q4 

Q1(t-1) 3.713 
(0.239)** 

3.556 
(0.299)** 

2.472 
(0.373)** 

1.393 
(0.549)** 

Q2(t-1) 3.519 
(0.296)** 

5.497 
(0.345)** 

4.846 
(0.385)** 

2.958 
(0.502)** 

Q3(t-1) 2.649 
(0.347)** 

4.895 
(0.371)** 

6.387 
(0.395)** 

5.150 
(0.460)** 

State 
Dependence 

Q4(t-1) 1.894 
(0.538)** 

3.858 
(0.500)** 

6.139 
(0.481)** 

6.500 
(0.480)** 

Educated 0.177 
(0.170) 

0.715 
(0.174)** 

0.761 
(0.174)** 

1.122 
(0.215)** 

Age ( 25 – 35) 0.082 
(0.581) 

0.488 
(0.588) 

0.268 
(0.597) 

0.080 
(0.623) 

Age (35 – 45) 0.031 
(0.404) 

0.215 
(0.408) 

0.091 
(0.411) 

0.054 
(0.426) 

Married  -0.070 
(0.482)** 

-0.131 
(0.493)** 

0.008 
(0.509)** 

0.058 
(0.542)** 

Experience >16 years 0.395 
(0.542) 

1.247 
(0.547)** 

1.313 
(0.566)** 

2.306 
(0.619)** 

Experience < 8 years 0.672 
(0.743) 

1.837 
(0.750)** 

1.551 
(0.768)** 

2.438 
(0.820)** 

Observed 
Covariates 

Unemployment Rate -0.016 
(0.072) 

0.034 
(0.072) 

-0.007 
(0.073) 

-0.079 
(0.079) 

Pr 1 0.528 Type 1 -9.903 
(2.006)** 

-15.344 
(2.079)** 

-14.067 
(2.128)** 

-14.903 
(2.132)** 

Pr 2 0.183 Type 2 -3.257 
(0.787)** 

-5.833 
(0.829)** 

-6.364 
(0.884)** 

-9.578 
(1.485)** 

Pr 3 0.177 Type 3 -11.367 
(2.047)** 

-14.000 
(2.119)** 

-11.334 
(2.156)** 

-15.796 
(2.588)** 

Pr 4 0.528 Type 4 -9.903 
(2.006)** 

-15.344 
(2.079)** 

-14.067 
(2.128)** 

-14.903 
(2.132)** 

Number of Observation 31338 Log Likelihood  -15406.23 

Number of Individuals 5223 AIC  31010.5 

Number of Parameters 99 BIC 31660.5 

Note: Figures inside the parentheses are the Standard errors. 
         ** Parameter estimate is significant at 5 % level of significance.  
         *   Parameter estimate is significant at 10% level of significance. 
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Table A17: Transition Matrix for Danish Immigrants and Natives, Estimated 
Conditional Probabilities of Leaving Previous Year's Quartile 
       (No Control for Endogenous Initial Conditions and Unobserved Heterogeneity) 

Immigrants 

Destination Quartile Direction 
Origin 

Quartile Q0 Q1 Q2 Q3 Q4 Down Stable Up 

Q0 0.486 0.459 0.034 0.015 0.006 0.000 0.486 0.514 

Q1 0.087 0.745 0.132 0.031 0.005 0.087 0.745 0.168 

Q2 0.035 0.197 0.608 0.158 0.003 0.232 0.608 0.161 

Q3 0.020 0.035 0.178 0.667 0.100 0.233 0.667 0.100 

Q4 0.023 0.011 0.015 0.077 0.874 0.126 0.874 0.000 

Distribution 0.078 0.367 0.242 0.164 0.149 0.145 0.698 0.157 

Natives 

 Q0 Q1 Q2 Q3 Q4 Down Stable Up 

Q0 0.260 0.622 0.077 0.025 0.016 0.000 0.260 0.740 

Q1 0.031 0.767 0.178 0.021 0.003 0.031 0.767 0.202 

Q2 0.008 0.153 0.669 0.163 0.007 0.162 0.669 0.170 

Q3 0.004 0.016 0.153 0.711 0.116 0.173 0.711 0.116 

Q4 0.006 0.004 0.007 0.105 0.879 0.121 0.879 0.000 

Distribution 0.023 0.246 0.245 0.242 0.244 0.119 0.745 0.136 
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Table A18: Transition Matrix for Canadian Immigrant s and Natives, Estimated 
Conditional Probabilities of Leaving Previous Year's Quartile 
       (No Control for Endogenous Initial Conditions and Unobserved Heterogeneity) 

Immigrants 

Destination Quartile Direction 
Origin 

Quartile Q0 Q1 Q2 Q3 Q4 Down Stable Up 

Q0 0.734 0.210 0.028 0.016 0.011 0.000 0.734 0.266 

Q1 0.025 0.840 0.116 0.019 0.000 0.025 0.840 0.135 

Q2 0.005 0.119 0.731 0.144 0.000 0.124 0.731 0.144 

Q3 0.003 0.000 0.157 0.714 0.126 0.160 0.714 0.126 

Q4 0.005 0.000 0.013 0.098 0.884 0.116 0.884 0.000 

Distribution 0.045 0.248 0.205 0.235 0.268 0.100 0.796 0.105 

Natives 

 Q0 Q1 Q2 Q3 Q4 Down Stable Up 

Q0 0.848 0.086 0.031 0.014 0.021 0.000 0.848 0.152 

Q1 0.017 0.832 0.134 0.012 0.005 0.017 0.832 0.151 

Q2 0.005 0.106 0.749 0.132 0.009 0.111 0.749 0.141 

Q3 0.005 0.011 0.129 0.730 0.125 0.145 0.730 0.125 

Q4 0.005 0.003 0.007 0.152 0.834 0.167 0.834 0.000 

Distribution 0.077 0.227 0.241 0.239 0.216 0.101 0.789 0.110 
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Table A 19: Type Specific Estimated Transition Matrices for Canadian Natives 

Type 1 

Destination Quartile Direction 
Origin 

Quartile Q0 Q1 Q2 Q3 Q4 Down Stable Up 

Q0 0.487 0.286 0.079 0.051 0.098 0.000 0.487 0.513 

Q1 0.131 0.575 0.156 0.058 0.080 0.131 0.575 0.294 

Q2 0.095 0.294 0.328 0.156 0.128 0.389 0.328 0.284 

Q3 0.083 0.206 0.175 0.325 0.212 0.464 0.325 0.212 

Q4 0.088 0.181 0.101 0.284 0.347 0.653 0.347 0.000 

Distribution 0.086 0.289 0.189 0.199 0.237 0.358 0.417 0.225 

Type 2 

 Q0 Q1 Q2 Q3 Q4 Down Stable Up 

Q0 0.056 0.207 0.533 0.107 0.097 0.000 0.056 0.945 
Q1 0.008 0.297 0.612 0.058 0.025 0.008 0.297 0.695 
Q2 0.005 0.086 0.778 0.110 0.022 0.090 0.778 0.132 
Q3 0.005 0.051 0.541 0.331 0.073 0.596 0.331 0.073 
Q4 0.007 0.053 0.420 0.351 0.169 0.831 0.169 0.000 

Distribution 0.050 0.153 0.464 0.198 0.136 0.274 0.498 0.229 

Type 3 

Destination Quartile Direction 
Origin 

Quartile Q0 Q1 Q2 Q3 Q4 Down Stable Up 

Q0 0.441 0.057 0.162 0.305 0.035 0.000 0.441 0.559 

Q1 0.128 0.170 0.331 0.344 0.028 0.128 0.170 0.703 

Q2 0.080 0.046 0.389 0.468 0.017 0.126 0.389 0.485 

Q3 0.070 0.017 0.141 0.739 0.033 0.227 0.739 0.033 

Q4 0.074 0.013 0.076 0.733 0.105 0.895 0.105 0.000 

Distribution 0.090 0.121 0.243 0.461 0.084 0.226 0.505 0.269 

Type 4 

Destination Quartile Direction 
Origin 

Quartile Q0 Q1 Q2 Q3 Q4 Down Stable Up 

Q0 0.083 0.157 0.061 0.133 0.566 0.000 0.083 0.917 

Q1 0.057 0.258 0.136 0.160 0.389 0.057 0.258 0.685 

Q2 0.040 0.116 0.194 0.296 0.354 0.156 0.194 0.650 

Q3 0.019 0.028 0.042 0.379 0.532 0.089 0.379 0.532 

Q4 0.012 0.007 0.009 0.164 0.808 0.192 0.808 0.000 

Distribution 0.066 0.184 0.117 0.209 0.425 0.129 0.498 0.373 
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Table A20: Type Specific Estimated Transition Matrices for Danish Natives 

Type 1 

Destination Quartile Direction 
Origin 

Quartile Q0 Q1 Q2 Q3 Q4 Down Stable Up 

Q0 0.134 0.755 0.066 0.011 0.034 0.000 0.134 0.866 

Q1 0.034 0.791 0.139 0.016 0.021 0.034 0.791 0.176 

Q2 0.022 0.422 0.414 0.081 0.061 0.444 0.414 0.142 

Q3 0.022 0.235 0.283 0.251 0.210 0.539 0.251 0.210 

Q4 0.071 0.210 0.107 0.118 0.494 0.506 0.494 0.000 

Distribution 0.027 0.389 0.220 0.111 0.253 0.299 0.555 0.146 

Type 2 

 Q0 Q1 Q2 Q3 Q4 Down Stable Up 

Q0 0.105 0.473 0.328 0.080 0.014 0.000 0.105 0.895 

Q1 0.021 0.389 0.499 0.085 0.006 0.021 0.389 0.591 

Q2 0.006 0.097 0.696 0.193 0.007 0.104 0.696 0.200 

Q3 0.005 0.042 0.390 0.531 0.032 0.437 0.531 0.032 

Q4 0.031 0.061 0.250 0.468 0.191 0.809 0.191 0.000 

Distribution 0.016 0.173 0.408 0.290 0.113 0.264 0.529 0.208 

Type 3 

Destination Quartile Direction 
Origin 

Quartile Q0 Q1 Q2 Q3 Q4 Down Stable Up 

Q0 0.324 0.413 0.097 0.102 0.065 0.000 0.324 0.676 

Q1 0.100 0.482 0.211 0.160 0.047 0.100 0.482 0.417 

Q2 0.042 0.165 0.358 0.380 0.055 0.207 0.358 0.436 

Q3 0.025 0.048 0.126 0.667 0.134 0.199 0.667 0.134 

Q4 0.084 0.044 0.052 0.397 0.423 0.577 0.423 0.000 

Distribution 0.058 0.216 0.183 0.329 0.214 0.248 0.498 0.253 

Type 4 

Destination Quartile Direction 
Origin 

Quartile Q0 Q1 Q2 Q3 Q4 Down Stable Up 

Q0 0.050 0.247 0.192 0.174 0.338 0.000 0.050 0.951 

Q1 0.010 0.211 0.325 0.221 0.232 0.010 0.211 0.779 

Q2 0.003 0.040 0.357 0.388 0.212 0.043 0.357 0.600 

Q3 0.001 0.007 0.086 0.536 0.370 0.094 0.536 0.370 

Q4 0.002 0.004 0.019 0.167 0.808 0.192 0.808 0.000 

Distribution 0.009 0.109 0.226 0.290 0.366 0.108 0.555 0.337 
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Table A 21: Type Specific Estimated Transition Matrices for Canadian Immigrants 

Type 1 

Destination Quartile Direction 
Origin 

Quartile Q0 Q1 Q2 Q3 Q4 Down Stable Up 

Q0 0.295 0.386 0.250 0.069 0.000 0.000 0.295 0.705 

Q1 0.060 0.471 0.368 0.102 0.000 0.060 0.471 0.470 

Q2 0.079 0.221 0.444 0.255 0.000 0.300 0.444 0.255 

Q3 0.000 0.000 0.148 0.394 0.459 0.148 0.394 0.459 

Q4 0.000 0.000 0.023 0.234 0.744 0.256 0.744 0.000 

Distribution 0.058 0.262 0.166 0.189 0.326 0.177 0.531 0.293 

Type 2 

 Q0 Q1 Q2 Q3 Q4 Down Stable Up 

Q0 0.371 0.492 0.108 0.024 0.005 0.000 0.371 0.629 

Q1 0.103 0.518 0.312 0.064 0.004 0.103 0.518 0.380 

Q2 0.044 0.187 0.597 0.170 0.002 0.231 0.597 0.172 

Q3 0.016 0.052 0.270 0.606 0.055 0.338 0.606 0.055 

Q4 0.052 0.043 0.174 0.292 0.439 0.561 0.439 0.000 

Distribution 0.035 0.138 0.452 0.140 0.235 0.240 0.560 0.200 

Type 3 

Destination Quartile Direction 
Origin 

Quartile Q0 Q1 Q2 Q3 Q4 Down Stable Up 

Q0 0.101 0.548 0.141 0.210 0.000 0.000 0.101 0.899 

Q1 0.015 0.570 0.166 0.249 0.000 0.015 0.570 0.415 

Q2 0.021 0.295 0.169 0.515 0.000 0.315 0.169 0.515 

Q3 0.000 0.000 0.054 0.864 0.082 0.054 0.864 0.082 

Q4 0.000 0.000 0.008 0.780 0.212 0.788 0.212 0.000 

Distribution 0.031 0.318 0.062 0.460 0.129 0.151 0.619 0.230 
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Table A 22: Type Specific Estimated Transition Matrices for Danish Immigrants 

Type 1 

Destination Quartile Direction 
Origin 

Quartile Q0 Q1 Q2 Q3 Q4 Down Stable Up 

Q0 0.362 0.595 0.015 0.009 0.020 0.000 0.362 0.638 

Q1 0.121 0.768 0.061 0.031 0.019 0.121 0.768 0.111 

Q2 0.093 0.517 0.217 0.153 0.020 0.610 0.217 0.173 

Q3 0.031 0.133 0.082 0.425 0.330 0.245 0.425 0.330 

Q4 0.030 0.035 0.019 0.069 0.847 0.153 0.847 0.000 

Distribution 0.085 0.500 0.100 0.125 0.192 0.181 0.651 0.168 

Type 3 

 Q0 Q1 Q2 Q3 Q4 Down Stable Up 

Q0 0.371 0.492 0.108 0.024 0.005 0.000 0.371 0.629 

Q1 0.103 0.518 0.312 0.064 0.004 0.103 0.518 0.380 

Q2 0.044 0.187 0.597 0.170 0.002 0.231 0.597 0.172 

Q3 0.016 0.052 0.270 0.606 0.055 0.338 0.606 0.055 

Q4 0.052 0.043 0.174 0.292 0.439 0.561 0.439 0.000 

Distribution 0.076 0.312 0.326 0.186 0.100 0.226 0.541 0.232 

Type 2 

Destination Quartile Direction 
Origin 

Quartile Q0 Q1 Q2 Q3 Q4 Down Stable Up 

Q0 0.787 0.128 0.033 0.032 0.021 0.000 0.787 0.214 

Q1 0.414 0.244 0.163 0.152 0.028 0.414 0.244 0.342 

Q2 0.196 0.088 0.299 0.401 0.017 0.284 0.299 0.418 

Q3 0.037 0.011 0.062 0.679 0.211 0.109 0.679 0.211 

Q4 0.052 0.004 0.021 0.163 0.760 0.240 0.760 0.000 

Distribution 0.255 0.144 0.166 0.269 0.166 0.176 0.594 0.230 
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Table A23: Fit of the Model (Likelihood Ratio Index) 
 

 LL ( No Model ) LL (Full Model ) Likelihood Ratio I ndex 

Immigrants -14639.21 -9989.16 0.318 
Denmark 

Natives -455679.04 -267066.2 0.414 

Immigrants -5448.5 -2135.7 0.608 
Canada 

Natives -52829.6 -15406.2 0.708 
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Table A24 Yearly Observed and Predicted Probabilities 
Danish Natives Observed Predicted  

Year Q0 Q1 Q2 Q3 Q4 Q0 Q1 Q2 Q3 Q4 
1995 0.049 0.233 0.239 0.24 0.239 0.04 0.242 0.245 0.232 0.241 
1996 0.039 0.234 0.242 0.242 0.242 0.032 0.238 0.255 0.237 0.238 
1997 0.03 0.237 0.243 0.245 0.245 0.027 0.235 0.261 0.242 0.236 
1998 0.026 0.238 0.244 0.246 0.246 0.022 0.233 0.266 0.245 0.234 
1999 0.028 0.237 0.244 0.245 0.246 0.019 0.232 0.269 0.248 0.232 
2000 0.025 0.239 0.244 0.246 0.246 0.019 0.231 0.27 0.25 0.23 
2001 0.026 0.239 0.244 0.246 0.246 0.019 0.228 0.271 0.253 0.229 
2002 0.034 0.237 0.241 0.244 0.244 0.02 0.227 0.271 0.254 0.229 
2003 0.043 0.235 0.239 0.241 0.242 0.025 0.225 0.269 0.253 0.229 

Danish Immigrants Observed Predicted 
Year Q0 Q1 Q2 Q3 Q4 Q0 Q1 Q2 Q3 Q4 
1995 0.254 0.336 0.156 0.119 0.134 0.267 0.346 0.133 0.126 0.128 
1996 0.202 0.376 0.153 0.134 0.135 0.213 0.37 0.146 0.136 0.135 
1997 0.16 0.374 0.184 0.146 0.137 0.169 0.396 0.155 0.145 0.136 
1998 0.108 0.399 0.198 0.156 0.14 0.123 0.408 0.177 0.156 0.137 
1999 0.105 0.399 0.204 0.151 0.14 0.091 0.414 0.192 0.163 0.139 
2000 0.087 0.38 0.218 0.164 0.151 0.087 0.415 0.198 0.161 0.14 
2001 0.083 0.372 0.229 0.166 0.15 0.079 0.399 0.203 0.172 0.146 
2002 0.082 0.367 0.242 0.16 0.15 0.08 0.391 0.207 0.175 0.148 
2003 0.111 0.362 0.225 0.158 0.143 0.1 0.378 0.199 0.176 0.147 

Canadian Natives Observed Predicted 

Year Q0 Q1 Q2 Q3 Q4 Q0 Q1 Q2 Q3 Q4 
1994 0.051 0.218 0.258 0.260 0.214 0.060 0.231 0.256 0.265 0.214 
1995 0.055 0.204 0.264 0.256 0.221 0.060 0.229 0.257 0.267 0.221 
1996 0.081 0.215 0.247 0.240 0.218 0.060 0.226 0.256 0.270 0.218 
1997 0.081 0.215 0.243 0.248 0.213 0.071 0.231 0.245 0.255 0.213 
1998 0.084 0.207 0.238 0.251 0.220 0.071 0.231 0.245 0.256 0.220 
1999 0.100 0.191 0.223 0.247 0.240 0.081 0.226 0.232 0.251 0.240 
2000 0.087 0.209 0.223 0.229 0.253 0.082 0.229 0.228 0.252 0.253 
2001 0.089 0.204 0.230 0.233 0.245 0.081 0.229 0.232 0.249 0.245 
2002 0.077 0.204 0.223 0.241 0.256 0.081 0.226 0.232 0.251 0.256 
2003 0.082 0.208 0.222 0.238 0.250 0.084 0.226 0.224 0.254 0.250 
2004 0.078 0.203 0.221 0.246 0.252 0.081 0.227 0.229 0.251 0.252 

Canadian Immigrants Observed Predicted 

Year Q0 Q1 Q2 Q3 Q4 Q0 Q1 Q2 Q3 Q4 
1994 0.092 0.235 0.252 0.129 0.292 0.061 0.264 0.205 0.184 0.285 
1995 0.092 0.221 0.231 0.189 0.267 0.054 0.262 0.209 0.200 0.275 
1996 0.077 0.293 0.223 0.180 0.227 0.056 0.252 0.217 0.203 0.273 
1997 0.083 0.300 0.204 0.183 0.230 0.050 0.268 0.218 0.208 0.257 
1998 0.072 0.277 0.218 0.192 0.241 0.051 0.265 0.208 0.221 0.254 
1999 0.082 0.267 0.216 0.192 0.243 0.040 0.273 0.201 0.239 0.248 
2000 0.076 0.253 0.223 0.203 0.245 0.052 0.240 0.206 0.241 0.262 
2001 0.071 0.276 0.220 0.184 0.250 0.044 0.239 0.206 0.240 0.270 
2002 0.069 0.257 0.229 0.176 0.269 0.044 0.229 0.221 0.223 0.283 
2003 0.066 0.265 0.258 0.146 0.265 0.040 0.230 0.218 0.227 0.284 
2004 0.068 0.276 0.216 0.204 0.236 0.035 0.241 0.217 0.227 0.281 
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Abstract 

 

This paper simultaneously investigates the effectiveness of benefit sanctions and active 
labour market programmes on the exit rate from unemployment using Danish data. In 
the data about one third of the individuals who are sanctioned also participate in some 
active labour market programmes (ALMPs). Hence, modeling only one of them as 
treatment might over or underestimate the true effect. Therefore, by using a multivariate 
mixed proportional hazard model (MMPH), we model the hazard rate out of 
unemployment along with the sanction rate and hazard rate into active labour market 
programmes. We optimally select the number of supports point for the distribution of 
unobserved heterogeneity. Results show that pre-specifying two support points 
underestimates the effect of sanctions and active labour market programmes. Failing to 
control for selectivity for sanctions not only underestimates the treatment effect of 
sanctions but also biases the treatment effect of ALMPs.  
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1 Introduction 

 

There are two basic components of active labour market policies (ALMP). The principal component 

is the right and duty of all unemployed individuals to participate in an active labour market 

programme (ALMPs) if they do not find employment sufficiently fast. The second component is the 

area of monitoring and sanctions, which ensures that unemployed individuals are available for 

employment and also they make an effort to obtain employment. In the evaluation literature on 

active labour market policies, these two components are considered as treatment on the unemployed 

individuals. However, majority of these studies have used non-experimental data. The effect of the 

treatment is identified using different identification strategies, for example, matching estimators, 

timing of events method. A comprehensive recent review is presented in Kluve (2006).  

 

Treatments like participation into active labour market programmes or being sanctioned are 

simultaneously used depending upon the personal characteristics, unemployment duration or search 

behavior of the unemployed individual. For example, the observed sample shows that about one 

third of the individuals being sanctioned also participate in some active labour market programmes 

(ALMPs).  Hence, in order to correctly identify the effect of one treatment, it is important to 

effectively control for the other treatment(s). Otherwise, there might be either under or over 

estimation of the true effect of a treatment. For example, if we are evaluating the effect of 

participation into ALMPs on the exit rate out of unemployment, then the natural control group 

includes unemployed individuals who do not have any other treatment. But if the control group also 

includes unemployed individuals who are sanctioned, then the average hazard rate out of 

unemployment for this group is expected to be higher compared to the average hazard rate when the 

control group does not include any person being sanctioned. If we do not control for this effect in 

empirical specification, then the effect of participation into active labour market programmes will 

be underestimated. On the other hand, if only the treated group (participation into ALMPs) includes 

individuals who are also being sanctioned then we will end up overestimating the effect of ALMP. 

This is purely an empirical question which will be addressed in this paper. Therefore, by using a 

multivariate mixed proportional hazard model (MMPH), we model the hazard rate out of 

unemployment along with the sanction rate and hazard rate into active labour market programmes.  
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As far as we know, there is only one recent study by Røed et al. (2007) on Norwegian data that 

simultaneously evaluates both participation into ALMPs and benefits sanctions. Røed has used 

multivariate mixed proportional hazard rate model with six competing events, i.e., employment, 

another benefit, education, ALMP, a benefit sanction, and part time work. The first three events 

terminate the spell, whereas last three events do not terminate the spell, but are assumed to have 

causal effects on future hazard rates. The results show that activity oriented UI regimes (regimes 

with high likelihood of participation in ALMP, duration limitation on unconditional UI entitlements 

and high sanction probabilities) deliver substantially shorter unemployment spells then pure 

income-insurance regimes. Results also show that mild sanctions (temporary benefits terminations 

for inadequate job search) cause a significant rise in job hazard. 

 

Svarer (2007) has controlled for participation into ALMP while evaluating the effect of benefit 

sanctions, but this is only done by including programme participation variables in the specification 

of the hazard rate out of unemployment and the sanction rate. However, participation into labour 

market programmes is clearly endogenous, in the sense that it depends on the outcome of the 

statistical process under consideration, and, hence, on unobserved heterogeneity. So it should be 

modeled along with the hazard rate out of unemployment and sanction hazard. The results of the 

study show that the exit rate out of unemployment increases by more then 50 percent following the 

imposition of a benefit sanction for both men and women. Svarer’s study will provide a nice 

comparison with our finding since we have used the same data set.   

 

In this paper we use timing of events method for the identification of the treatment effect, which is 

developed and discussed in detail by Abbring & van den Berg (2003). In this setting, all 

unemployed individuals who get the treatment (either participating in labour market programmes or 

being sanctioned) are considered in the treated group and the natural control group consists of 

individuals who are unemployed during the same period but who do not get any other treatment. 

For meaningful comparison of the treated group and the control group, it is assumed that there is 

some randomization in the assignment of treatment. In duration models, this randomization is 

allowed by way of the rate of imposition of treatment(s). Therefore, hazard rate out of 

unemployment, sanction hazard, and hazard rate for participation into labour market programmes 

are simultaneously modeled.  

 

In timing-of-events method, the standard practice is to pre-specify a (relatively low) number of 

support points for the specification unobserved heterogeneity, see for example Van den Berg et al. 
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(2004), Lalive et. al. (2005), Svarer (2007), Rosholm and Svarer (2008). Gaure et al. (2007) shows 

that a pre-specified number of mass points may result in substantial bias. Following Guare et at. 

(2007), we impose no priori restriction on the number of support points of the mixture distribution. 

To select the number of support points, we calculate the value of the AIC (Akaike Information 

Criteria) when an additional point of support is added. We stop adding more support points to the 

model when AIC stops decreasing. Gaure et. al. (2007) also shows that the most reliable 

information criterion is the likelihood itself, or the likelihood based AIC, especially for large 

samples.   

 

Results show that failing to control for selectivity for sanctions not only underestimates the 

treatment effect of sanctions but also substantially biases the treatment effect of ALMPs. 

Furthermore, pre-specifying two support points underestimates the effect of sanctions and active 

labour market programmes.  

 

The rest of the study is organized as follows. A review of some recent studies on active labour 

market policy is presented in section 2. Section 3 gives brief introduction of labour market policies 

in Denmark. The data and descriptive analysis are presented in section 4. Section 5 explains the 

econometric framework. The summary and conclusion are presented in section 6. 

 

2 Existing Literature on Evaluation of Active Labour Market Policies 

 

There exists a huge literature on the evaluation of active labour market policies, especially on the 

participation into skill enhancing labour market programmes. These studies differ in identification 

strategies, design, and methodology. A recent review on the effectiveness of active labour market 

policies is presented in Kluve (2006). In this section we would like to review some of the recent 

studies on the evaluation of active labour market policies, especially Danish studies. Our study will 

provide a comparison with the existing literature on both sanctions and participation into labour 

market programmes. 

 

Lalive et. al. (2005) investigates the effectiveness of benefit sanctions in reducing the 

unemployment duration of unemployed Swiss workers. The paper focuses on the quantitative 

importance of both ex ante and ex post effects of benefit sanctions. The Swiss data allows Lalive to 

separate the effect of warning from the actual effect of the enforcement of benefits sanctions. The 

results of the study show that both warning and enforcement of benefit sanctions have a positive 
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effect on the exit rate out of unemployment. Specifically, increasing the strictness of the sanction 

policy by one standard deviation will reduce the duration of unemployment by one week. In another 

paper, Lalive et. al. (2008) have analyzed Swiss active labour market programmes on job chances of 

unemployed workers. They have compared the results using two different estimators, i.e., matching 

estimator and timing of events method. They have shown that both of these estimators generate 

different treatment effects. Using the timing of events method, none of the Swiss active labour 

market programme shortens unemployment duration, whereas the matching estimator only shorten 

unemployment duration for temporary subsidized jobs.  

 

Using Danish data, Rosholm and Svarer (2008) have estimated the threat effect (prior to actual 

participation) of active labour market programmes for unemployed men in Denmark. The timing of 

events method is used for identification. The results of the study show that locking in effect is 

overestimated, whereas, the post programme effect is underestimated if the threat effect of 

participation in ALMP is not controlled for. Using a matching estimator, Jespersen et. el. (2008) 

have estimated long run treatment effects of active labour market programmes for the period 1995-

2005 for Denmark. The important aspect of the paper is that it performs a cost and benefit analysis 

of the active labour market programmes.  They find that job training programmes generate a very 

high social surplus. Public job training also generates significant social surplus, whereas class room 

training generates significant deficit.  

 

We would like to mention two recent studies which are also the only ones on the Danish data to 

evaluate the effect of benefits sanctions on exit rate out of unemployment. Both studies have used 

the same methodology but on different types of unemployed individuals. The study by Svarer 

(2007) is on the recipients of unemployment insurance, whereas the study by Qureshi (2008) is on 

recipients of social welfare or assistance. Both studies show that benefits sanctions have a positive 

effect on the exit rate out of unemployment.  

 

3 Active Labour Market Policies (ALMP) in Denmark 

 

Unemployed individuals in Denmark are either eligible to receive unemployment insurance benefits 

(henceforth UI benefits) or social assistance. Due to data constraints, this paper focuses on 
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unemployed individuals who are insured1. To qualify for UI benefits, membership of a UI fund is 

required. Membership is voluntary and requires that the individuals pay a monthly tax deductible 

fee to the UI funds. Entitlement to disbursement is obtained after at least 1 year’s membership and a 

minimum of 52 weeks of employment within the last three years. The UI funds cover only a part of 

the UI benefit payments, the rest is paid by the state. Around 80% of the labour force are members 

of a UI fund and hence qualify for UI payments.  

 

As mentioned earlier there are basically two components of ALMP. The principal component is the 

right and duty of the unemployed individual to participate in labour market programmes if he is 

unable to find a job sufficiently fast. The second component is the area of monitoring and sanctions, 

which ensures that unemployed individuals are available for employment and make an effort to 

obtain employment. In the following section, a brief introduction of these policies is presented. 

 

3.1 Active Labour Market Programmes (ALMPs) 

 

Under the current regulations, an unemployed individual can receive UI benefits for a maximum 

duration of 4 years. This duration can be divided into two periods. The first period, the passive 

phase, lasts for 9 months with voluntary participation into active labour market programmes; 

however participation is quit low in this phase. If an unemployed individual is unable to find a job 

during this first phase, then he is required to participate in active labour market programmes in the 

second period, the active phase, which starts after 9 months of continuous unemployment. If a 

person remains unemployed even after 26 weeks of the programme completion, then he has to 

participate in another type of active labour market programme.  

 

Labour market programmes are design to enhance the skills of unemployed individuals with the 

objective of bringing them out of unemployment. These programmes are categorized into 4 types. 

The first of these is subsidized employment (private firms), private firms are paid roughly 50% of 

the minimum wage if they employ an unemployed individual on a short term contract typically 

lasting for 6-9 months. The second one is subsidized employment programmes (public employers), 

an individual is offered a temporary (6-12 months) job in the public sector institutions.  The third is 

education/training programmes, these programmes offers a training programme based on the 

background of the unemployed individual. All programmes other then first three types of 

                                                 
1  Sanctions data for individuals on social assistance is only available from 2007 and we do not have access to that 
dataset. 
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programmes are classified as other programmes, for example job search assistance, specialized job 

training.  

  

3.2 Benefits and Sanctions  

 

There are a number of eligibility criteria that the unemployed person has to fulfill in order to receive 

UI benefits. If the right to UI benefits stops, the unemployed can apply for social assistance, which, 

however, is also conditional on a set of eligibility criteria. UI benefits constitute up to 90% of the 

previous wage. There is a rather low cap on the total payments; on average the level of 

compensation is around 60%. Social assistance is means tested and is typically around 20% lower 

than UI benefits. The remainder of this section describes the eligibility criteria for unemployed 

people who receive UI benefits.  

 

Basically, the eligibility criteria can be divided into two sets of requirements. The first set is based 

on the individual initiative and states that the unemployed actively have to seek employment and 

undertake measures to increase the possibility of obtaining employment. These measures are quite 

difficult to verify, and case workers assess whether the obligations are sufficiently fulfilled. The 

second set of requirements is related to initiatives by the public employment service (henceforth 

PES). The PES can ask the unemployed to accept a given employment opportunity, require that the 

unemployed submit and maintain a CV on the internet based job bank, and require that the 

unemployed participate in active labour market programmes. 

 

When the PES observes that an unemployed individual is not fulfilling the eligibility criteria it 

submits a notification to the relevant UI fund2. The UI fund evaluates the notification and decides 

whether to impose a sanction and what kind of sanction is relevant. It is potentially important to 

note that the UI funds decide on the sanctions3. 

To sum up, the eligibility criteria are: 

• Register at a PES. 

• Submit electronic CV to internet based job bank. 
                                                 
2 There are 32 different UI funds in Denmark. They each represent different levels and types of education. Recently UI 

funds that operate across types of education and industries have emerged. The main part of the UI recipients are 

however still organised according to their main education and occupation (National Directorate of Labour, 2006a).  
3 The UI funds are under supervision by the National Directorate of Labour, which may imply minor differences in the 

administration of the rules. There are, however, still rather larger discrepancies, as will be clear later in the paper. 
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• Update CV each quarter. 

• Apply for jobs suggested by PES. 

• Actively search for jobs. 

• Accept job offers arranged by PES. 

• Attend meetings with PES to discuss job plans and plans for participation in active labour 

market programmes etc. 

• Participate in other activities initiated by PES. 

 

If any of these criteria are violated, the UI fund may initiate a sanction. These can be summarized 

by three categories: 

• Loss of UI benefits for 2-3 days (temporary exclusion). 

• Loss of UI benefits for 3 weeks. 

• Loss of UI benefits until the unemployed individual has worked for 300 hours within a 10 

week period. 

Not all non-compliance results in a sanction. If there are sufficiently good reasons for non-

compliance, the UI fund may reject the notification from the PES. 

 

According to the law4 the mapping from non-compliance to sanction is clear. Failure to attend 

meetings with the PES not related to the job plan is sanctioned until the unemployed contacts the 

PES. In these circumstances the PES notifies the UI fund. The UI fund stops UI payments and 

informs the unemployed that UI benefits are stopped until they contact the PES. These sanctions are 

normally of a duration of 2-3 days, but can last longer if the unemployed person does not contact 

the PES. 

 

If the unemployed individuals do not attend meetings related to the job plan or a specific job 

opportunity or if they decline job offers or interviews, their status as unemployed is classified as 

self-inflicted and they are consequently sanctioned for 3 weeks. The possibility of sanctioning 

someone who is unemployed until they have accumulated 300 hours of paid work within a 10 week 

period is enforced when the PES regards the unemployed person as being non-eligible for 

employment. This enforcement can be used in relation to all possible actions of non-compliance if 

the PES assesses that the individual is not available for employment opportunities. 

 

                                                 
4 In Danish: Bekendtgørelse om rådighed and Bekendtgørelse om selvforskyldt ledighed, June 17 2003. 
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4 Data and Descriptive Analysis 

    

The analysis uses data from two administrative registers. The first data set, which is collected by the 

Danish Labour Market Authority, contains detailed information on individual labour market 

histories. This is the same data that the employment offices have access to. It has the advantage that 

it is updated with a very short time lag. The disadvantage is that it basically only contains labour 

market data. The register is called DREAM (Danish Register for Evaluation Of Marginalization), 

and it is basically an event history file, which includes weekly information on each individual's 

receipt of public transfer incomes, unemployment registrations, and participation in active labour 

market programmes. Based on these information, a weekly event history is constructed, where the 

individual each week either occupies one of a number of public transfer states or is not receiving 

public transfers. When an individual is not registered as receiving public transfers, the person can 

either be employed or be outside the labour force without receiving transfer income. In the Danish 

welfare state, the latter is very unlikely5. Hence, the assumption that not receiving public transfers 

in a given week corresponds to employment is innocuous6. From DREAM, we sample the inflow to 

unemployment in the UI system in the period January 2003 to November 20057. All exits from 

unemployment to states other than (what we assume to be) employment are treated as independently 

right censored observations. 

    

The second data set entails information on sanctions. This information is collected from a database 

containing information on the interaction between case workers and unemployed (AMANDA). 

When the public employment office submits a notification to the relevant UI fund it is registered in 

AMANDA. More specifically, the date of notification, the type of violation and the sanction type (if 

given) is registered. In practice, the date of notification coincides with the sanction date, since UI 

payments stop when the UI-fund receives the notification only to begin again when the right to 

benefits is re-earned. If the notification does not give rise to a sanction, the unemployed individual 

gets the lost UI payments reimbursed. 

                                                 
5 Danish labour directorate tried to map individuals who leave public income transfer to employment and they found 

that more than 90% move to employment.  
6 In practice an individual is registered to have become employed, when the individual has not collected benefits for 4 

consecutive weeks. 
7 January 2003 is chosen as the starting point due to changes in the regulations on monitoring and sanctions. These 

changes imply a more strict set of requirements and that the number of sanctions per unemployed individual increases 

afterwards. To have a period of comparable rules we disregard the period prior to 2003. 
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We follow all UI recipients who enter unemployment in the period from January 2003 to November 

2005. They are followed until they leave unemployment or the sampling period ends, in which case 

the spell is treated as right censored. We have weekly information on labour market status and also 

transform information on sanctions on a weekly frequency. That is, we measure weeks until a 

sanction occurs. We only look at the effect of the first sanction (this is the common approach in the 

literature (van den Berg et al., 2004, Abbring et al., 2005, and Lalive et al., 2005)) and the 

advantage is that we only have to model time until the first sanction in the empirical part of the 

paper. We right-censor spells that experience a second sanction. Due to data collection issues we 

also ignore the most severe sanctions in the analysis. 

 

In order for unemployed individual to collect UI benefits they need a UI card from their UI fund. As 

long as they have a valid UI card they are registered as UI recipients and are visible in the data set. 

If they are sanctioned with the toughest sanction and have to collect 300 hours of paid work within 

a 10 week period, they should have their valid UI card revoked. Unfortunately, some UI funds do 

not withdraw the UI card, which implies that the individuals are registered as UI benefit recipients 

and therefore unemployed, although they do not collect benefits. The date they are observed to 

leave unemployment for employment is then based on the date the UI fund cancels the UI card, and 

accordingly this date is not informative on the actual length of unemployment. The number of 

sanctions of this type basically corresponds to the amount of sanctions of 3 weeks duration. The 

main bulk of sanctions are therefore still the very short ones and it is also these sanctions that drive 

the main results8. The sample is split according to gender. In addition, we discard unemployed 

individuals under the age of 26. For this group of individuals the rules are particularly strict. After 6 

months of unemployment they have a right and a duty to participate in active labour market 

programmes and they are more actively monitored. For an investigation of this group of individuals 

see Jensen et al. (2003). 

 

The data set samples individuals between 26 and 65 years of age. The UI recipients younger than 26 

are subject to a special youth programme that has much stricter requirements and regulations9. We 

include 5 age group dummies and the section of unemployed people below 30 serve as the reference 

group. An indicator variable is used for marital status, which is defined if an individual is unmarried 
                                                 
8 We also carried out an analysis including the 10 weeks sanction. The main results are unaffected by this, but not 

surprisingly the magnitude of the effects is somewhat smaller when they are left out. 
9 For details on the Youth programme see Jensen et al. (2003). 
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and does not cohabit either. We have two indicators for whether the individual is an immigrant from 

more or less developed countries. The reference category is native Danes. For the UI-funds, we 

have a set of indicators for unemployment insurance fund membership. There are 32 UI-funds in 

Denmark, and membership is in most cases categorized according to education/skills and/or by 

industry. These funds may be seen as broad proxies for the missing information concerning 

education and skills. Most UI-funds only accept members with certain types of educations or people 

who work in certain types of industries. Take for example a trained economist. She will qualify for 

membership of the UI-fund for academics, but not for the metal workers UI-fund. This observation 

is important in the subsequent analysis.  

 

The rather large differences in sanction propensity have inspired the National Directorate of Labour 

to look closer at the administration of the eligibility criteria by different UI-funds (National 

Directorate of Labour, 2006c). They find that some of the differences in sanction rates are driven by 

differences in the labour market situation for the members of the particular UI-fund. There is a 

tendency that UI-funds with lower unemployment rates are tougher on their members. To 

accommodate this pattern, we include the unemployment rate for the UI-funds in the analysis. 

 

For active labour market programmes, we have a set of time-varying variables indicating whether 

the individual is currently in a labour market program, and whether the individual has completed a 

labour market program during the past 26 weeks. We distinguish between 4 types: private job 

training, public job training, education, and other. Regarding labour market history, we have rather 

detailed information on the history of past labour market performance. We include, for each of the 

two years preceding the current unemployment spell, the fraction of the year spent on some kind of 

income transfer (UI, SA, temporary leave schemes including parental leave, or other public transfer 

schemes). Moreover, we use the number of unemployment spells the individual has had over the 

same period. Finally, we include a variable for accumulated tenure in the UI system. If an 

unemployed individual has been unemployed for, say, 3 months and then gets a job for less than 12 

months his tenure when he reenters the UI system is 3 months. This information enables us to test 

whether the imposition of sanctions are less effective for individuals with longer UI experience and 

hence who are expected to have a weaker attachment to the labour market.  

 

The final data set consists of 85,628 women and 79,334 men, who experience a total of 109,872 and 

109,476 unemployment spells respectively. Table 1 shows the distribution of unemployed 
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individuals in each type of labour market programmes and sanctions. Descriptive statistics of all 

variables for both women and men are presented in appendix Table A1. 

 

Table 1 Distribution of Treatments in the Sample   

Number of Individuals Men          79334  Women 85628  
Number of Spells                  109476  109872  

 Active Labour Market Programmes Sanctions 

 
Private-Sector 

Employment Subsidy 
Public-Sector 

Employent subsidy 
Other 

Programmes 
Education Total  

Men 1131 1107 8928 11344 22510 3410 
% 5.02 4.92 39.66 50.4 100  

Women 546 2060 10891 12602 26199 1940 
%  2.47 7.86 41.57 48.1 100  

 

Timings of the sanctions and participation into ALMPs might determine the interdependence of the 

treatment effects. Figure 1 shows the sanction rate along with ALMPs participation rate for men. 

The sanction rate and rate of participation in ALMPs are Kaplan-Meier hazard rates for the 

transition into a sanction and an ALMPs respectively over the course of the unemployment spell. 

The  figure  shows  that sanction  rate is  relatively  higher in the early stages of  the unemployment  
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spell, whereas participation rate in ALMPs is higher in the later stages of the spell. Given this 

pattern, one can say that both sanctions and participation in ALMPs occur at different time of the 

unemployment spell so they might be independent but this is an empirical question. 

 

5 Econometric Model 

 

The theoretical foundation of the empirical model comes from the theoretical job search model. 

Several authors have presented more formal models to discuss the expected effects of benefit 

sanctions and participation into ALMPs. See for example, van den Berg et al. (2004), Abbring el al. 

(2005),  Boon & van Ours (2006), and Lalive et al. (2005).  

 

In order to identify the effect of both sanction and participation into ALMP programmes, we 

simultaneously model the transition rate out of unemployment, the participation rate into the active 

labour market programmes, and the sanction rate using a multivariate mixed proportional hazard 

model. We define a separate transition for each type of labour market programme. In total there are 

six hazard rates to be modeled simultaneously. These hazards are allowed to be interdependent 

through error structure and identification is achieved through the timing of events method, 

developed by Abbring & van den Berg (2003). The effect of each treatment (being sanction or 

participation in ALMPs) is identified non-parametrically under the assumption of mixed 

proportional hazards and a non defective distribution of time until being sanctioned or participation 

is required into ALMPs. As a result, there is no need for an exclusion restriction. In simple words, 

variation in the timing events (being sanctioned or participation into ALMPs) separates the 

treatment effect from the distribution of unobserved heterogeneity.  

 

Let Tu(uemployemnt), Ts(sanction), and Tpj(programme participation) where j=1,…4 denote duration of unemployment, 

duration until an agent receives a sanction, and duration until an agent participate into one of the 

four types of labour market programmes respectively. These durations are non-negative random 

variables and are allowed to correlate through unobservable and through a possible treatment effect 

of being sanctioned or participation into ALMPs on the unemployment hazard. We are interested in 

the effect of the realization of sT  and pjT , j =1,…4,  on the distribution of uT . Conditional on 

observed and unobserved variables, we can therefore ascertain that the realization of Ts affects the 

shape of the hazard of Tu from ts onwards in a deterministic way. This independence assumption 

implies that the causal effect is captured by the effect of ts on unemployment hazard for t > ts: This 
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rules out that ts affects unemployment hazard for t < ts, i.e. anticipation of the sanction has no effect 

on the unemployment hazard. This assumption is likely to be fulfilled in the current analysis since 

the date of sanction is when the public employment office notify the UI-fund and hence when the 

sanction is imposed. The distribution of random variables is expressed in terms of their hazard rates 

kH  where k=1,…6. We modeled these hazard rates using a multivariate mixed proportional hazard 

model (MMPH) with six competing events: employment (k=1), a benefit sanction (k=2), 

participation into one of the four ALMPs (k=3, 4, 5, 6). 

 

The integrated period-specific hazard rates,kitH , conditional on observed time variant,kitw , and 

unobserved time constant individual characteristic, kiv , can be written as: 

∫
−

=+==
t

t

kikitkiskit kvwdsHH
1

6,...1),exp(   (1) 

We assume that sanctions and participation into ALMPs have a casual effect on the exit rate out of 

unemployment. Moreover, participation into ALMPs may have effect both during the programme 

(locking in) and after the completion of the programme (post programme). These effects are kept track 

of in ongoing as well as completed events by time varying dummy variables. kitw  also includes 

other explanatory variables explained in the previous section.  

  

Intuitively, the timing-of-events method uses variation in unemployment duration and duration until 

a sanction or participation into ALMPs (conditional on observed characteristics) to identify the 

unobserved heterogeneity distribution. The selection effect is captured by the correlation between 

unobserved components,kiv where k = 1,…,6 while the causal effects of the sanction and participation 

into ALMPs on unemployment duration are captured by the effect of being sanctioned and 

participation is required into ALMPs conditional on the observables and unobservable components. 

The advantage of this identification strategy is that it does not require an exclusion restriction. The 

data do not contain any obvious candidate as instrument. In addition, it is hard to imagine that 

policy makers would conduct a social experiment where unemployed individuals are sanctioned or 

participated into ALMPs at random , although such an experiment could provide a cleaner picture 

of the effects of treatments on the exit rate from unemployment10. 

 

                                                 
10 There have been some recent experimental studies focusing Danish ALMPs, for example Rosholm (2008) 
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The unobserved heterogeneity terms,kiv where k = 1,…,6 , are assumed to follow a discrete 

distribution with no priori restrictions on number of mass points. They capture time constant 

individual specific effects. To select the number of support points, we calculate the value of the AIC 

(Akaike Information Criteria) when an additional point of support is added. We stop adding more 

support points to the model when AIC stops decreasing. Gaure et. al. (2007) shows that the most 

reliable information criterion is the likelihood itself, or the likelihood based AIC, especially for 

large samples.   

 

If itK is the set of feasible transitions for an individual i at period t then the transition probability for 

state k can be written as follows11:  
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Let ikit Yy ∈  be an indicator variable for a transition to state k, then likelihood contribution by 

particular individual i, conditional on observed and unobserved characteristics can be written as  
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Following Gaure et al. (2007), the unknown distribution of unobserved heterogeneity is 

approximated in a non-parametric way with the help of discrete distribution. Let M denote the 

number of mass points (M types of individuals) in this distribution. The associated location 

parameter (intercept) is denoted by lv  with the probability mass lp  , where l = 1,…,M. The joint 

likelihood function is then given as 
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lp    (4) 

This likelihood function is maximized with respect to all model and heterogeneity parameters 

repeatedly for alternative values of mass points M. We start with M=1, which corresponds to no 

unobserved heterogeneity, and then add more points until the value of AIC stops decreasing. The 

detailed maximization procedure, using alternative methods for verifying the maximization process, 

is discussed in Gaure et al. (2007).  

 

                                                 
11 This section is based on Røed et al. (2007) and Gaure et al. (2007). Detailed derivations can be found in these papers. 
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6 Results 

 

In this section, we report estimation results from maximizing the likelihood function given in 

equation 4 controlling for unobserved heterogeneity. First, we compare the results with different 

support points to show how biased the results would be to pre-specify number of support points.  

Second, we carry out a sensitivity analysis with respect to modeling selection into ALMPs and 

sanctions.  

 

The estimation starts with only one intercept (one support point) and maximizes the likelihood 

function. After this has been done, we add another point and continue until AIC no longer 

decreases. New support points are found by using simulated annealing. The maximization 

procedure uses alternative algorithms to find the maximum of the likelihood function, i.e., BFGS, 

the newton-method or the trust-region (eigenvector) method12. We end up with four support points 

for men and three for women. In total there are 24 location parameters (4x6) for men and 18 (3x6) 

for women in the full model with all six transitions. 

 

Tables 2 reports the estimation results for men showing the effect of sanctions and ALMPs on exit 

rate out of employment. The detailed results on other transitions and all explanatory variables can 

be found in Table A2 in the appendix. Column one shows the results with only one mass point of 

the unobserved heterogeneity. In this case, the effect of sanctions and ALMPs are extremely biased 

and most of them are statistically insignificant. Column two shows the results with two support 

points of unobserved heterogeneity. The results in this column correspond to the results in earlier 

studies where researchers pre-specify two support points in modeling sanctions or ALMPs, see for 

example, Van den Berg et al. (2004), Lalive et al. (2005), Abbring et al. (2005), Svarer (2007), 

Rosholm and Svarer (2008).  

 

At this point (with two support points), the results show that the exit rate out of unemployment is 

increased by 56.7% after the imposition of a sanction. Since we are using the same data set as 

Svarer (2007), our results are almost similar to his study (equivalent figure of 55% in his study).  

Regarding the effect of ALMPs we find a statistically positive locking in effect for private sector 

employment subsidy and other programmes, whereas, public sectors employment subsidy and 

education have a negative locking in effect. The post programme effect  is only positive  for  private 

                                                 
12 The detail about the maximization routine can be found in this document 
http://www.frisch.uio.no/NPMLE_files/joeapp.pdf  



 109 

Table 2 Effect of sanctions and ALMP on Exit Rate out of Unemployment for Men 

Both Sanctions and  ALMPs are Endogenous 

                                    Mass Points 1 2 3 4 5 
Sanctions -0.027 0.449 0.526 0.538 0.537 
Locking in effect      
    Private-sector employment subsidy   -0.044* 0.226 0.216 0.216 0.216 
    Public-sector employent subsidy   -0.041* -0.352 -0.257 -0.246 -0.243 
    Education   -0.025* -0.232 -0.187 -0.185 -0.186 
    Other programmes   -0.042* 0.112 0.112 0.113 0.112 
Post Program Effect      
    Private-sector employment subsidy   -0.020* 0.362 0.446 0.444 0.444 
    Public-sector employent subsidy   -0.001* -0.305 -0.167 -0.145 -0.140 
    Education -0.032   -0.032*    0.021*    0.023* 0.023* 
    Other programmes -0.036 -0.384 -0.372 -0.369 -0.369 

                                                       AIC 683144.33 618206.62 617350.33 617316.7 617327.16 

                                            Likelihood -341247.84 -308776.97 -308342.77 -308321 -308320.1 

                                     # of Parameters 323 330 337 344 351 

     * Statistically insignificant at 5% level of significance  

 

sector employment subsidy. The exit rate out of unemployment increases by 25.3% during private 

sector employment subsidy and by 43.6% after the completion of the programme. The magnitude of 

these effects differs from the earlier studies. For example, the equivalent figures in Lauzadyte 

(2008) are -17.5% and 60%, and in Rosholm and Svarer (2008) they are -24% and 61% 

respectively. These differences might be caused by the different sample period used by these studies 

and the fact that they did not control for sanctions while evaluating the effect of the ALMPs. 

 

In column three, we allow third support point for unobserved heterogeneity and we can see a 

substantial improvement in the likelihood function and a reduction in AIC. As a result, the 

parameter estimates change as well. We then experiment with 4th and 5th support point but the AIC 

started to increase after the 4th one and the parameter estimates do not change. So we ended up with 

the best results in column four of Table 2. The estimate of mass (support) points literally implies 

that for a given observed characteristics there are four groups of unemployed individuals, which 

differ substantially in terms of re-employment, participation into ALMPs and sanctions rates. These 

four groups represent 36, 28, 18, and 18 per cent of the sample.  

 

The parameter estimate of sanctions now shows that the imposition of a sanction increases the exit 

rate out of unemployment by 71.2%. This treatment effect of sanctions is clearly underestimated in 

column two (56.7%). Regarding participation into ALMPs, the locking in effect of private sector 

employment subsidy, public sector employment subsidy, education and other programmes are 24.1, 

-21.8, -16.9, and 12 percent respectively. If we compare these figures with column two, then the 
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locking in effect of private sector employment subsidy is slightly overestimated, whereas the 

locking in effects for public sector employment subsidy, education and other programmes are 

underestimated. The post programme effects of  private sector employment subsidy, public sector 

employment subsidy and other programmes are 55.9, -13.5, and -30.9 percent respectively. These 

effects are underestimated in column two. The post programme effect of education is positive but 

statistically insignificant.   

 

Table 3 shows the results for women. The model with three support points fitted the data best. 

Again, we can clearly see that the model with two support points underestimates the effect of the 

sanctions and the ALMPs. In the best fitted model (column three), the imposition of sanctions 

increases the hazard rate out of unemployment by 63.9%. Private sector employment subsidy 

increases the exit rate out of unemployment by 27.8% during programme and by 47.1% after the 

completion. Rest of the labour market programmes have negative effects both during and after the 

programme completion.   

 

Table 3 Effect of sanctions and ALMP on the Exit Rate out of Unemployment for Women 

Both Sanctions and  ALMPs are Endogenous 

                                    Mass Points 1 2 3 4 5 
Sanctions 0.225 0.408 0.494 0.494 0.503 
Locking in effect      
    Private-sector employment subsidy 0.041* 0.237 0.246 0.246 0.246 
    Public-sector employent subsidy -0.535 -0.272 -0.247 -0.247 -0.246 
    Education -0.792 -0.530 -0.497 -0.497 -0.496 
    Other programmes -0.039* -0.115 -0.123 -0.123 -0.122 
Post Program Effect      
    Private-sector employment subsidy 0.015* 0.349 0.386 0.386 0.387 
    Public-sector employent subsidy -0.457 -0.159 -0.126 -0.126 -0.128 
    Education -0.367 -0.040* -0.010* -0.010* -0.010* 
    Other programmes -0.269 -0.397 -0.378 -0.378 -0.379 

                                                       AIC 659705.34 652025.33 651455.03 651459.03 651466.78 

                                            Likelihood -329546.57 -325699.52 -325408.33 -325404.28 -325402.11 

                                     # of Parameters 305 312 319 326 333 

     * Statistically insignificant at 5% level of significance 

 

So we conclude that two pre-specified support points generally underestimate the causal effect of 

the benefit sanctions and participation into ALMPs on the exit rate from unemployment. 
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6.1 Sensitivity Analysis (with respect to modeling selectivity into ALMPs and Sanctions) 

 

This subsection reports the sensitivity analysis if we do not control the endogeneity of either 

sanctions or ALMPs. Table 4 shows the results of such analysis for men. Column one shows the 

results when sanctions are considered as exogenous in the model, whereas column three reports the 

results when both sanctions and ALMPs are endogenous. By comparing these two columns, we 

notice that ignoring the selectivity for sanctions substantially underestimates the actual treatment 

effect of sanctions. For example, imposition of sanctions increases the hazard rate out of 

unemployment by 35.5% without modeling selectivity into sanctions. This treatment effect of 

sanctions increase by more then 100% after we control for endogeneity of sanctions. This suggests 

that based on unobservable those who are less likely to leave unemployment are more likely to 

receive a sanction. Svarer (2007) found the same result.  

 

One of our objectives in this paper is to highlight the importance of modeling the endogeneity of 

sanctions while evaluating the effect of active labour market policies and vise versa. Column three 

(both sanctions and ALMPs endogenous) shows that the locking in and post programme effects of 

private sector employment subsidy increases the hazard rate out of unemployment by 24.1% and 

55.9% respectively. The equivalent figures in column one (sanctions assumed exogenous) are 

15.1% and 46.8%. Similarly, the locking in and post programmes effects of public sector 

employment subsidy and education are underestimated if we do not model the selectivity into 

sanctions. On the other hand, the locking in and post programmes effects of other programmes are 

overestimated if sanctions are assumed exogenous. The results are even more biased if one ignores 

the sanctions while evaluating the treatment effect of active labour market policies. For example, 

Svarer and Rosholm (2008) and Lauzadyte (2008) do not control for sanctions while evaluating the 

effect of ALMPs. Table A.4 in the appendix reports the treatment effect of ALMPs when sanctions 

are ignored completely.  

 

Column two in Table 4 reports the results where participation into ALMPs is assumed to be 

exogenous. We can see that failure to account for selectivity into ALMPs has very little effect on 

the treatment effect of sanctions. This might be due to the fact that both sanctions and participation 

into ALMPs occurs at different stages of the unemployment spells as shown in figure 1 section 4.  

On the other hand, ignoring selectivity into ALMPs biases the treatment effects of ALMPs. For 

example, private sector employment subsidy shows a negative locking in effect on the exit rate out 

of unemployment but it becomes positive after we control for selectivity for ALMPs.  
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Table 4  Sensitivity Analysis  (with respect to modeling selection into Sanctions and ALMPs) for Men 

                                     Sanctions Exogenous  
ALMPs Endogenous 

Sanctions Endogenous 
ALMPs Exogenous 

Both Sanctions and 
ALMPs Endogenous 

Sanctions 0.304 0.522 0.538 
Locking in effect    
    Private-sector employment subsidy 0.141 -0.149 0.216 
    Public-sector employent subsidy -0.395 -0.728 -0.246 
    Education -0.242 -0.731 -0.185 
    Other programmes 0.236 -0.295 0.113 
Post Program Effect    
    Private-sector employment subsidy 0.384 0.449 0.444 
    Public-sector employent subsidy -0.319 -0.240 -0.145 
    Education -0.041* -0.004* 0.023* 
    Other programmes -0.192 -0.158 -0.369 

* Statistically insignificant at 5% level of significance 
 

 
We conclude that failure to account for selectivity in the sanction process not only underestimates 

the causal effect of benefit sanctions on the exit rate from open unemployment but also biases the 

treatment effects of ALMPs. Ignoring sanctions completely further biases the results. On the other 

hand, failure to account for selectivity into ALMPs has very limited effect on the treatment effect of 

sanctions.   

 

7 Conclusion 

 

The objective of this paper is to simultaneously evaluate the effect of sanctions and active labour 

market programmes on exit rate out of unemployment. We use the Akike information criterion to 

optimally select the number of support points for unobserved heterogeneity. We performed 

sensitivity analysis with respect to controlling for selectivity into sanctions while evaluating the 

treatment effect of active labour market programmes and vise versa.  

 

The results show that the imposition of sanctions increases the exit rate out of unemployment by 

71.2%. The locking in effect of private sector employment subsidy, public sector employment 

subsidy, education and other programmes are 24.1, -21.8, -16.9, and 12 percent respectively. The 

post programme effects of  private sector employment subsidy, public sector employment subsidy 

and other programmes are 55.9, -13.5, and -30.9 percent respectively. The Post programme effect of 

education is positive but statistically insignificant.   
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The pre-specification of two support points underestimates the treatment effects of sanctions and 

ALMPs. The sensitivity analysis shows that failure to control for selectivity for sanctions not only 

underestimates the treatment effect of sanctions but also substantially biases the treatment effect of 

ALMPs. On the other hand, failing to control for selectivity for ALMPs has very little effect on the 

treatment effect of sanctions. 
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Table A.4  Treatment effect of ALMPs without control of Sacntions 
                    Without Sanctions  Both Sanctions and 

ALMPs Endogenous 

Sanctions  0.494 
Locking in effect   
     Private-sector employment subsidy 0.139 0.246 
     Public-sector employent subsidy -0.397 -0.247 
     Education -0.244 -0.497 
     Other programmes 0.235 -0.123 
Post Program Effect   
    Private-sector employment subsidy 0.384 0.386 
    Public-sector employent subsidy -0.319 -0.126 
    Education -0.043* -0.010* 
    Other programmes -0.194 -0.378 

* Statistically insignificant at 5% level of significance 
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