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Abstract 

Do labour inflows contribute to job opportunities for local residents? This question is analysed based on 

a three-step IV estimation procedure including two-way fixed effects to control for unobserved 

heterogeneity by using unique panel data for the period 2006-2011 in Denmark. The results show that 

labour inflows are crucial for employment opportunities in peripheral areas but appear to have no effects 

closer to the urban centres. The findings furthermore highlight the importance of inflows of specific skills 

and cross-sectoral dependencies in skill dynamics. This stresses the importance of considering policies 

promoting mobility to ensure the employment basis in peripheral areas. 
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1. Introduction  

 

The economic impact of labour mobility on the local economy is a recurring theme in the debate. 

According to the neoclassical approach, interregional labour mobility plays a vital role in solving for 

local unemployment and regional disparities (DEDING and FILGES, 2010). Though, mobility may tend 

to increase disparity due to, for example, local externalities, selective migration and locational 

differences (NIEBUHR et al., 2012; KANBUR and RAPOPORT, 2005; ARMSTRONG and TAYLOR, 

2000). Many studies examine job-related mobility decisions of an individual or a household. Only a few 

studies analyse the effects of labour mobility on the local employment of local residents, i.e. local resident 

workers. International labour inflows have been shown to have two general effects - substitution and 

complementarity (CARD and DINARDO, 2000; D’AMURI et al., 2010; PERI and SPARBER, 2011; 

SCHMIDT and JENSEN, 2012, 2013). A substitution effect dominates if a worker who commutes or 

migrates to the new place crowds out local resident workers. A complementary effect dominates, if labour 

inflows lower costs, expands production and creates new job opportunities for local resident workers, 

given that the elasticity of product demand is negative (WAGNER, 2009). We investigate the extent to 

which such substitution and complementarities analysed previously for international mobility also apply 

for interregional mobility. While we do not explicitly address regional disparity, the effects of 

interregional mobility on local jobs are an underlying component of spatial differences in regional job 

market performance. Interestingly, from the perspective of regional disparity, the results reveal that these 

underlying effects are particularly relevant for peripheral regions. 

 

This paper examines whether interregional inflows of labour to a locality lead to substitution or 

complementary effects. Inflows are studied within a taxonomy of mobility in the form of migration and 
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commuting. The main question analysed is how labour inflows affect the local employment of local 

residents. A test of this hypothesis is offered with additional evidence on whether interregional labour 

inflow either crowds in or crowds out local residents considering the taxonomy of mobility, skill levels 

and local characteristics. The paper emphasises the skill levels of mobile workers and local workers to 

detect whether substitution and complementary effects reflect skill upgrading, downgrading or skill 

dynamics across sectors. The effects of interregional labour mobility on local resident workers may 

furthermore vary according to the local characteristics of the receiving municipalities – specifically using 

a rural-urban typology – which is an aspect rarely dealt with in the literature. Other contributions have 

considered the importance of local characteristics in relation to inflows of human capital, general regional 

performance and disparity, but have not considered the labour market effects for local resident workers 

(MIGUÉLEZ and MORENO, 2013; 2015; TRIPPL, 2013; SLAVTCHEV, 2013).  

 

The study contributes to the literature in several dimensions. Firstly, it contributes to the scarce literature 

on local effects of labour inflows, focussing on local employment of local residents. Secondly, it analyses 

whether substitution or complementary effects are due to intra- or inter-sectoral skill upgrading, 

downgrading, or other skill dynamics. This builds on theories of Intersectoral Technology-Skill 

Complementarity (ITSC) and Skill-Biased Technological Change (SBTC) (VOIGTLÄNDER, 2014). 

Thirdly, the paper examines substitution and complementary effects of labour inflow using an urban-

rural typology of receiving localities with policy relevance. Fourthly, the paper considers issues of 

reverse causality – whether labour inflows cause local employment of local residents or vice versa – 

through an elaborate IV estimation strategy specific to the taxonomy of mobility. Finally, the analysis is 

based on Danish register data, which allows for a precise identification of local effects of labour inflows 

in changing local employment for local residents among 99 Danish municipalities. Using Danish data 
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from 2006 to 2011, covering the period of global financial crisis and macroeconomic restructuring, 

further motivates research on the importance of mobility, skill upgrading and complementary or 

substitution effects. 

 

Results suggest that in-commuting creates complementary effects and job opportunities for local 

residents, while in-migration tends to substitute. This validates the importance of considering a taxonomy 

of mobility in the study. Furthermore, labour inflows are particularly important for employment 

opportunities in peripheral areas. The findings also highlight the importance of inflows of specific skills 

and cross-sectoral dependencies in skill dynamics. A sectoral decomposition provides more specific 

evidence suggesting that some sectoral links lead to skill upgrading from ITSC, while other cases point 

to alternative skill dynamics. 

 

Section 2 offers a short review of the literature. A detailed presentation of the data is given in Section 3, 

while Section 4 presents the methodological approach to test the hypothesis. Section 5 presents the 

findings, and Section 6 concludes and discusses the results in a broader policy perspective. 

 

2. Complementary or substitution effects: taxonomies of mobility, skill upgrading and 

urban-rural divide 

 

The role of international labour mobility for development is studied in previous contributions (BORJAS, 

2003; CARD, 2007; CARRASCO et al., 2008; WAGNER, 2009; D’AMURI et al., 2010; PERI and 

SPARBER, 2011; SCHMIDT and JENSEN, 2013). These contributions analyse international labour 

mobility and how inflows contribute to complement or substitute local employment opportunities. In the 
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case of a substitution effect, mobile labour accepts lower wages and competes with incumbent workers. 

This effect is strong if incumbent workers and labour inflows are close substitutes (FONG and LIM, 

1982). In the case of a complementary effect, labour inflow increases demand and reduces costs under 

the assumption of a negative elasticity of product demand (WAGNER, 2009). Inflows may furthermore 

reduce bottlenecks in the local labour markets and increase employment (FONG and LIM, 1982). 

Theoretical arguments point to different outcomes from the influence of labour inflows on local 

employment depending on different factors, which are addressed in this study. 

 

The current paper further builds on contributions that focus on local outcomes of labour inflows 

considering a taxonomy of mobility. ELIASSON et al. (2003) analyse such a taxonomy of mobility and 

argue that a decision to commute or to migrate depends on, for example, job opportunities in the 

immediate surroundings. Other studies emphasise wage income differentials, employment opportunities 

and individual risk assessments (CӦRVERS and HENSEN, 2007). RUSSO et al. (2013) point out that a 

decision to commute can also vary depending on non-economic factors, such as social-demographic 

characteristics, education, age, gender and race. Moreover, VAN OMMEREN and FOSGERAU (2009) 

assume that people commute if the welfare gain from a job is higher than the marginal commuting cost. 

Therefore, a worker’s decision to either move or commute to another place depends on expected income, 

relevant transport costs and housing prices (SHIELDS and SWENSON, 2000; HAZANS, 2003). 

STUTZER and FREY (2008) re-examine the economic incentives of the mobility decision and argue that 

workers may choose to commute even if they experience a welfare loss. They describe this phenomenon 

as the commuting paradox - a discrepancy in the compensation for the disadvantages of daily travelling 

to the workplace. Taxonomy of mobility may accordingly be important, as the effect of labour inflows 

depend on wages accepted by in-commuters or in-migrants and the prevalence of substitution effects. In-
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migrants may have long-term expectations and a higher commitment to the local labour markets and 

local amenities. In-commuters may, on the other hand, be more flexible regarding job seeking in another 

location (BURDA, 1995). This paper analyses whether the crowding in or crowding out of local resident 

workers depends on either the flexibility of commuters or on locally committed migrants. 

 

Human capital theories point to skills and competencies as key factors for measuring the effect of labour 

inflows on the local labour markets. Inflows of high-skilled labour fills vacant positions faster and easier, 

lowers the cost of posting vacancies and generates positive labour demand externalities (ARMSTRONG 

and TAYLOR, 2000; PIERRARD, 2008; FRATESI, 2014). MOLHO (1986) combines human capital 

theory and labour market search theory and finds that high-skilled inflow has a positive impact on the 

receiving regions. GRANATO et al. (2014) study human capital mobility in a German context, while 

BOSCHMA et al. (2009, 2014) examine similar aspects for Sweden. Studies by KWON and MILGROM 

(2014) and TIMMERMANS and BOSCHMA (2014) distinguish between firm-specific and occupation-

specific human capital. Sectoral dynamics may also depend on human capital mobility. Skill-Biased 

Technological Change (SBTC) implies an increase in the demand for skilled labour from a shift in the 

production technologies of a sector. Intersectoral Technology-Skill Complementarity (ITSC) reflects 

sectoral spillover, as skills used in intermediate production are complementary to skills required in the 

value chain (KATZ and MURPHY, 1992; CARD and DINARDO, 2000; VOIGTLÄNDER, 2014). 

 

Local labour markets are positioned in an urban-rural divide and under varying influence of 

agglomeration economies (MYRDAL, 1957; KRUGMAN, 1991). Human capital inflow plays a 

significant role for regional development and economic performance (JACOBS, 1969; LAWSON, 1999; 

RODRIGUEZ-POSE and VILALTA-BUFI, 2005). In some types of local labour markets, labour inflow 
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with certain skill levels may substitute local workers but may complement them in other types (BORJAS, 

2006; BORJAS et al., 2008). MIGUÉLEZ and MORENO (2013, 2015) find that more prosperous regions 

have a higher return of inflows of knowledge workers, while poorer regions depend more on networks 

of technological cooperation. Regional contexts, as reflected in local institutions comprising such aspects 

as local cultures, codes and norms, are vital when receiving human capital and tacit knowledge through 

labour inflow (TRIPPL, 2013 and SLAVTCHEV, 2013). Labour scarcity and skill mismatch vary for 

different types of locations. Large pools of labour and skills prevail in urban centres, while peripheral 

labour markets, characterised by scarce labour supply and possible skills mismatches, may be more 

dependent on interregional mobility during periods of structural change (LONGHI et al., 2009; De 

HAAS, 2010; NEFFKE and HENNING, 2013; TIMMERMANS and BOSCHMA, 2014). Considering 

the importance of locational characteristics, this paper applies an urban-rural typology with high policy 

relevance. 

 

These previous studies point to the possible importance of complementary and substitution effects of 

interregional labour inflows, while considering taxonomies of mobility, skill and sector-specific effects 

and location characteristics. This is investigated next.  

 

3. Data structure 

 

The dataset consists of population, employment and mobility data derived from longitudinal register data 

of Statistics Denmark. It includes individuals between 16 and 70 years of age for the period from 2006 

to 2011. This period was particularly dynamic in Denmark following the financial crisis. It is, therefore, 

interesting from the perspective of studying labour market adjustments and structural change. i The 
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taxonomy of mobility is defined as follows. An in-commuter is a person whose residential municipality 

(k) differs from the working municipality (i) in a given year (t). An in-migrant is a person who changes 

residence from one municipality (k) to another (i) from a given year (t-1) to the following year (t) and is 

employed in receiving municipality (i) in year (t).ii A local resident worker, is a person employed and 

living in the same municipality (i) in year (t) that does not satisfy the condition of being an in-migrant. 

These three groups of persons are the core of the analysis in this paper. 

 

In-migrants, in-commuters and local resident workers may have different skill levels. Three skill levels 

are considered - high, medium and low. These skill levels are based on the International Standard 

Classification of Occupations. High-skilled labour is defined as individuals working in leadership 

positions, including researchers and experts. Medium-skilled labour includes individuals working as 

technical personnel, administrative staff, salespersons, teachers, nurses, etc. Low-skilled labour is 

predominantly consists of manual workers.iii  

 

Labour mobility is studied among Danish municipalities assigned to one of four types in a rural-urban 

typology. This typology has been the standard method for reporting to the Danish parliament and has 

accordingly a high policy relevance. Fourteen socio-economic indicators define the typology which 

describes the municipalities’ socio-economic functionality and connectedness. This renders a “rural area 

index”iv, which varies from 0 to 100. The “rural area index” is used to define four types of areas which 

are 1) city, 2) urban/middle, 3) rural and 4) peripheral (HANSEN et al. 2012). The spatial distribution of 

types of municipalities is shown in Figure A1 of Appendix 1 available online. 

 

Thirty-five municipalities belong to the city type and are located around the five largest cities in 
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Denmark. The urban/middle type includes 17 municipalities and comprises medium-sized towns 

connected to the larger cities reflecting a polycentric structure. The rural type includes 30 municipalities 

and encompasses a few medium-sized cities and smaller towns. These represent the hinterlands of the 

city and urban/middle municipalities. Finally, 17 municipalities are peripheral. These are the least 

connected to other municipalities. Peripheral municipalities include small islands and the western and 

northern coastlines of Denmark. 

  

4. Empirical strategy to test local effects of labour inflow 

 

The empirical strategy expands on a baseline two-way panel estimation approach offered in the literature.  

Following CARD and DINARDO (2000), D’AMURI et al. (2010), PERI and SPARBER (2011) and 

SCHMIDT and JENSEN (2013), equation (1) specifies the effect of interregional labour inflows on local 

resident workers:  

 

𝑔𝑁
𝑖𝑡

= 𝜀𝑖
𝑁 + 𝜑𝑡

𝑁 +
∆𝑁𝑀

𝑖𝑡

𝑁𝑖𝑡−1
𝛼1 +

∆𝑁𝐶
𝑖𝑡

𝑁𝑖𝑡−1
𝛼2 + 𝑥𝑖𝑡

𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝛽 + 𝜇𝑖𝑡    (1) 

 

where 𝑔𝑁
𝑖𝑡

 is the growth rate of total employment (N) for municipality 𝑖 in period 𝑡, 𝜀𝑖
𝑁 is a municipality 

specific fixed effect and 𝜑𝑡
𝑁 is a time fixed effect. The variables 𝑁𝑖𝑡

𝑀 and 𝑁𝑖𝑡
𝐶  measure the number of 

interregional in-migrants or in-commuters to jobs in a given municipality i in period t. The change is then 

denoted by ∆𝑁𝑀
𝑖𝑡 = 𝑁𝑀

𝑖𝑡 − 𝑁𝑀
𝑖𝑡−1 and ∆𝑁𝐶

𝑖𝑡 = 𝑁𝐶
𝑖𝑡 − 𝑁𝐶

𝑖𝑡−1. While previous contributions, using 

a similar empirical approach, focus on the effect of international mobility, the focus is here on 

interregional in-migration and in-commuting. The control variables 𝑥𝑖𝑡
𝑐𝑜𝑛𝑡𝑟𝑜𝑙 are listed and defined in 
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Table A2 of Appendix 1. Finally, 𝜇𝑖𝑡 is an error term with standard properties. 

 

The growth rate of total employment for municipality i in period t can be expressed by: 

 

𝑔𝑁
𝑖𝑡

=
∆𝑁𝐿

𝑖𝑡+∆𝑁𝑀
𝑖𝑡+∆𝑁𝐶

𝑖𝑡

𝑁𝑖𝑡−1
     (2)  

     

where the change in local resident workers for municipality 𝑖 from period 𝑡 − 1 to t is denoted by the 

term ∆𝑁𝐿
𝑖𝑡 = 𝑁𝐿

𝑖𝑡 − 𝑁𝐿
𝑖𝑡−1. Equation (1) can then be expressed as: 

 

∆𝑁𝐿
𝑖𝑡

𝑁𝑖𝑡−1
= 𝜀𝑖

𝑁 + 𝜑𝑡
𝑁 +

∆𝑁𝑀
𝑖𝑡

𝑁𝑖𝑡−1
(𝛼1 − 1) +

∆𝑁𝐶
𝑖𝑡

𝑁𝑖𝑡−1
(𝛼2 − 1) + 𝑥𝑖𝑡

𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝛽 + 𝜇𝑖𝑡  (3) 

 

With reference to the current hypothesis, the values of 𝛼1 and 𝛼2 determine the substitution (crowding 

out) or complementary (crowding in) effects. If 𝛼1 < 1, this implies that an increase in in-migrants 

crowds out local resident workers from local employment. If 𝛼2 < 1, this implies that in-commuters 

crowds out local resident workers. If the values of 𝛼1 or 𝛼2 exactly equal 1, this implies a neutral effect 

– one in-migrant or in-commuter replaces one local resident worker keeping total local employment 

unchanged. If 𝛼1 > 1 or 𝛼2 > 1, the effect is reversed and in-migrants or in-commuters crowd in the 

local resident workers, as suggested by WAGNER (2009). Estimating equation (3) accordingly renders 

complementary effects if the point estimates of the coefficient to 
∆𝑁𝑀

𝑖𝑡

𝑁𝑖𝑡−1
  or  

∆𝑁𝐶
𝑖𝑡

𝑁𝑖𝑡−1
  are positive and renders 

substitution effects if they are negative. Finally, the vector 𝛽 reflects the effects of a set of regional 

control variables 𝑥𝑖𝑡
𝑐𝑜𝑛𝑡𝑟𝑜𝑙. 
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The panel model controls for unobserved heterogeneity including time and municipal fixed effects. 

Observable heterogeneity is controlled for by, for example, gender, age, family type, education level, 

skill level and sectoral employment included in 𝑥𝑖𝑡
𝑐𝑜𝑛𝑡𝑟𝑜𝑙 of equation (3).  

 

The exogeneity assumptions for in-migrants and in-commuters in equation (3) must be considered. In-

migration or in-commuting may affect the local job growth through substitution or complementary 

effects. Migrants and commuters may, on the other hand, be attracted to jobs in economically prosperous 

regions with rapid job growth. The issue of a possible reverse causality must be dealt with. Instrumental 

variable (IV) estimation is the standard approach to handling such issues of identification. The challenge 

in IV procedures is to find a valid instrument, which is even more outspoken for equation (3), as in-

migration and in-commuting take place between one municipality and all other municipalities. A valid 

instrument for in-migration and in-commuting is correlated with these endogenous regressors but is 

uncorrelated with the error term 𝜇𝑖𝑡.v 

 

Homeownership is often used as an instrument in migration studies. Out-migration is a costly process 

and may be associated with selling real-estate. Homeownership should accordingly correlate with out-

migration in the municipality of origin, but not with employment growth in the municipality of 

destination (DOHMEN, 2005).vi The instrument used for in-commuting is car density in the municipality 

of origin. As out-commuting requires regular travel to work, such travelling is often undertaken by car. 

In-commuting to a municipality should, therefore, correlate with the car density in the municipality of 

origin. Evidence from Denmark points to car density fulfilling this relevance criterion for a valid 
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instrument, as car transportation is used for 66 percent of all commuting journeys and 82 percent of 

commuting distances.vii Car density in the municipality of origin should furthermore not correlate with 

employment growth in the municipality of destination. These instruments therefore arguably fulfil the 

exclusion restriction as valid instruments for the possibly endogenous regressor. viii 

 

Mobility takes place among 99 Danish municipalities included in the study. Labour inflow to one 

municipality mirrors labour outflow from at least one of the remaining 98 municipalities. Therefore 

constructing the instruments requires an elaborate set of calculations for 99x98 origin-destination links. 

The empirical strategy, therefore, builds on a three-step IV procedureix which derives the instruments 

applied in equation (3). In a first step, the total out-migrants or out-commuters from each municipality, 

regardless of their destination municipality, are regressed on shares of homeownership or car density in 

the municipality of origin (k), respectively, controlling for municipality and time fixed effects.  

 

In the second step, a set of weights are constructed measuring the share of in-migrants or in-commuters 

to municipality 𝑖 from municipality 𝑘 out of the total in-migrants or in-commuters, respectively, to 

municipality 𝑖. The calculations of weights are repeated for each origin-destination link (𝑘 to 𝑖). Finally, 

in the third step, the fitted values for out-migration or out-commuting from the first-step are allocated to 

the origin-destination links (k to i) of migration or commuting between any two municipalities of the 99 

municipalities. For each municipality i, the instrument is now calculated as the sum over the k other 

municipalities of the product of these allocated fitted values of out-migration or out-commuting for 

municipality k and weights for this particular k to i combination of municipalities.x  Applying the 

instruments for in-migrants and in-commuters, equation (3) becomes: 
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∆𝑁𝐿
𝑖𝑡

𝑁𝑖𝑡−1
= 𝜀𝑖

𝑁 + 𝜑𝑡
𝑁 +

∆𝑁�̂�
𝑖𝑡

𝑁𝑖𝑡−1
(𝛼1 − 1) +

∆𝑁�̂�
𝑖𝑡

𝑁𝑖𝑡−1
(𝛼2 − 1) + 𝑥𝑖𝑡

𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝛽 + 𝜇𝑖𝑡  (4) 

 

It was previously discussed that in-migrants and in-commuters equipped with different skill levels may 

have different impacts on the local resident workers with the corresponding or different skills reflecting 

ITSC or SBTC (VOIGTLÄNDER, 2014). We therefore in some specifications modify the IV augmented 

empirical model in equation (4) to include skill levels indexed by (𝑛, 𝑗): 

 

∆𝑁𝐿
𝑖𝑛𝑡

𝑁𝑖𝑛𝑡−1
= 𝜀𝑖𝑗

𝑁 + 𝜑𝑡𝑗
𝑁 +

∆𝑁�̂�
𝑖𝑗𝑡

𝑁𝑖𝑗𝑡−1
(𝛼1 − 1) +

∆𝑁�̂�
𝑖𝑗𝑡

𝑁𝑖𝑗𝑡−1
(𝛼2 − 1) + 𝑥𝑖𝑗𝑡

𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝛽 + 𝜇𝑖𝑗𝑡   (4´) 

 

where n and j is either a high, medium or low skill level.xi Equation (4´) allows for a test of whether in-

migration or in-commuting with a particular skill level (𝑗) directly crowds out local resident workers 

with the same or other skill levels (𝑛). Such effects may be sector-specific or specific to the typology of 

municipalities. The estimation procedure is therefore pursued at both the aggregate level and by sectors 

and types of municipalities. 

 

5. Local importance of labour inflows  

 

The first stage estimation resultsxii of the IV procedure indicate that homeownership and car density are 

appropriate and valid instruments for in-migrants and in-commuters. The regression for out-migrants 

shows the expected negative effect of homeownership, i.e., an increase in homeownership rates in the 
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origin municipality reduces out-migration. Positive estimates of car density from the regression for out-

commuters emphasise that a high share of car ownership positively influences the out-commuting 

decision. The first stage F-test in Table A6 in Appendix 2 available online indicates strong instruments. 

This is based on the rule of thumb that the F-test should be greater than 10 suggested in the literature 

(STAIGER and STOCK, 1997; STOCK and YOGO, 2005). The instruments, therefore, appear to fulfill 

both the exclusion restriction and the criterion of relevance for valid instruments. 

 

Tables 1 and 2 show that crowding in or crowding out effects of labour inflows vary by skill levels and 

the local context of the rural-urban typology, as reflected by the significant IV estimates. Based on 

equation (4), Table 1 shows the substitution and complementary effects of labour inflows across 

municipality types and underlines the importance of the characteristics of receiving labour markets.xiii 

 

[Table 1 here] 

 

The first column of Table 1 presents the aggregated effects of in-commuters and in-migrants across all 

municipalities disregarding the rural-urban typology. In-migrants lead to a substitution effect and in-

commuters to a complementary effect on local resident workers. The taxonomy of mobility is important 

when assessing the effects of inflow. More transient labour inflows, such as in-commuters, have a 

complementary role in building a local employment base. However, in-migrants, who have a long-term 

commitment to stay in the receiving municipality, seem to have a substitution effect on the local resident 

workers.xiv This reflects upon previous contributions to the literature on the behavioural differences of 

commuters and migrants. Columns (2) to (5) of Table 1 report effects of labour inflows considering the 

typology of municipalities. The results demonstrate that labour inflow has important effects in the 
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peripheries. Peripheral labour markets are often characterised by scarcity of labour and labour inflow 

seems to be one key mechanism to alleviate such during periods of structural change. These results point 

to the importance of adapting local and regional policies. In cities and urban areas with strong 

agglomeration economies (KRUGMAN, 1991), labour inflows appear less important in building the local 

employment base. Centripetal forces of agglomeration and cumulative processes lead to increasing 

returns and growth, and the effects of labour inflows quickly become absorbed in urban economic 

systems. In the peripheries, such cumulative processes have a limited influence, and the role of labour 

inflows become essential in shaping local employment. These results are suggestive to the importance of 

policies on in-commuting and in-migration to the peripheries. 

 

Table 2 demonstrates the varying effects of labour inflow by skill levels and municipality types, based 

on equation (4´). 

 

[Table 2 here] 

 

High-skilled in-migrants in rural areas create complementary effects for the medium-skilled local 

resident workers but substitute the low-skilled local resident workers. Inflows of medium and low-skilled 

labour have no significant effects in rural areas. Labour inflows appear even more crucial in the 

peripheries. Labour inflows of any skill level, except for high-skilled in-commuters, leads to 

complementary effects for high-skilled local resident workers in the peripheries. The latter results 

indicate that more transient high-skilled labour competes rather than complement high-skilled local 

resident workers in the peripheries. For medium-skilled local resident workers in peripheries, the effect 

of labour inflows varies by the taxonomy of mobility. High-skilled in-migration and low-skilled in-
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commuting lead to complementary effects, while medium-skilled in-commuters and low-skilled in-

migrants lead to substitution effects. Finally, low-skilled local resident workers in peripheries gain from 

the complementary effects of high-skilled in-migrants and low-skilled in-commuters, as shown in the 

last row of Table 2. In summary, inflow of most skill levels seems to result in complementarities in 

peripheries. Substitution effects prevail in some few instances, e.g. with respect to in-commuting of 

medium-skilled labour and medium-skilled local resident workers in peripheries. 

 

The skill-specific results demonstrate that interregional inflows at different skill levels can complement 

or substitute local resident workers. Are such effects relate to skill upgrading and downgrading processes 

within and across sectors? Intersectoral Technology-Skill Complementarity (ITSC) and Skill-Biased 

Technological Change (SBTC) point to the importance of such skill upgrading within and across sectors. 

Shifts in production technologies that move the demand towards skilled labour lead to SBTC. On the 

other hand, ITSC reflects cross-sectoral interdependency derived from the intermediate production in the 

value chain complementing the skills used in producing and redesigning final products (CARD and 

DINARDO, 2000; KATZ and MURPHY, 1992; VOIGTLÄNDER, 2014). Availability of register data 

allows for a disaggregation of the results for peripheries by economic sectorsxv, as demonstrated the OLS 

estimates in Table 3. 

 

[Table 3 here] 

 

In the processes of skill upgrading or downgrading associated with substitution and complementary 

effects, the patterns of sectoral links are diverse. Inflows of a certain skill level to a given sector often 

have a positive effect on the local resident workers with an equivalent skill level. Table 3 furthermore 
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shows that high-skilled in-commuters to the primary sector have a significantly positive effect on local 

resident workers with similar a skill level in the same sector. Such cases may indicate the importance of 

SBTC and possible associated complementary effects. Technological change in the primary sector may 

promote complementarities, which will require inflows of high-skilled labour to maintain job 

opportunities for high-skilled local resident workers. However, technological changes within a sector 

may also lead to skill upgrading. For instance, in-migration of medium-skilled labour to the service sector 

reduces job opportunities for local resident workers with similar skills but creates job opportunities for 

high-skilled local resident workers in the same sector. 

 

Cross-sectoral links may also be important for local resident workers in the primary sector in peripheries. 

For instance, in-migration of high-skilled labour to the public sector significantly complements low-

skilled local resident workers in the primary sector. In Denmark, the primary sector is subject to sizeable 

regulations and subsidies, which may explain why in-migration of high-skilled labour to the public sector 

upgrade knowledge that complements intermediate services and creates jobs for low-skilled local 

resident workers in the primary sector. Some results in Table 3 furthermore show that cross-sectoral links 

lead to skill upgrading. In-commuting of medium-skilled labour to the service sector complement high-

skilled local resident workers in the public sector. Low-skilled in-commuters to the service sector 

furthermore have significantly positive effects for local resident workers in the public sector at any skill 

level. 

 

A very diverse set of effects arrive from the sectoral decomposition for peripheries. The OLS estimates 

in Table 3 demonstrate that peripheral localities may face a scarcity of competencies, and firms try to 

compensate by employing available labour, even with lower skills. This can have two types of impacts 
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on the local labour market. One type of impact derives from SBTC and ITSC. Low-skilled inflows 

participate in the production of intermediary inputs for final products and services and therefore have 

complementary effects on local resident workers of all skill levels (VOIGTLÄNDER, 2014). Another 

related impact is that labour inflows increase the supply of labour in the receiving municipalities and 

provide additional production factors that prevent scarcities and generate more jobs through a supply-

side stimulus (FRATESI, 2014; PARTRIDGE and RICKMAN, 2003). For peripheral labour markets, 

these two types of impacts increase the demand for skills derived from sectoral technological change and 

lead to the complementary effects from low-skilled inflow on the job creation at the inter-sectoral and 

intra-sectoral levels. The scarcity of competencies in the peripheries and demand shift with respect to 

skills due to the technological change emphasise the importance of the transient labour inflows through 

in-commuters to support the restructuring processes. 

 

6. Conclusion  

 

How is it possible to maintain and build the employment of local resident workers in different types of 

areas? This is the question posed here. Mobility is a critical factor in ensuring an optimal allocation of 

labour market resources. The analysis offered here uses a taxonomy of mobility as a point of departure. 

The study builds on a unique dataset for Denmark over the period 2006-2011 comprising important years 

of restructuring in different types of Danish municipalities followed by the financial crisis. This study 

contributes to the literature on labour market dynamics through substitution and complementary effects 

of labour inflows by analysing how this relates to skill upgrading or downgrading considering a 

taxonomy of mobility and a rural-urban typology of receiving municipalities.  
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The mobility of competencies to peripheral regions in a period of restructuring appear particularly 

important. Complementary effects arrive at the aggregate level from in-commuting while substitution 

effects arrive from in-migration to peripheries. This emphasises the importance of mobility for such areas 

characterised by a weak influence from agglomeration forces. Importantly, this furthermore shows that 

the effects of interregional mobility in Denmark on local employment for local residents depend on local 

characteristics, as indicated by an urban-rural typology. In peripheries, the results demonstrate 

complementary effects of high-skilled in-migrants and low-skilled in-commuters on local resident 

workers at all skill levels. According to the taxonomy of mobility, the decision to move is a long-term 

commitment to the receiving municipality, which makes high-skilled in-migrants a key factor in building 

employment base in peripheral areas. The decision to commute, on the other hand, renders more transient 

inflows. However, low-skilled in-commuters demonstrated a vital role during the technological and 

structural changes in the peripheries as discussed by LONGHI et al. (2009), De HAAS (2010), NEFFKE 

and HENNING (2013) and TIMMERMANS and BOSCHMA (2014). From a broader perspective, the 

importance of considering interregional mobility to create local jobs in different types of regions is 

supported by the current analysis. This may be related to the issue of regional disparity, as maintaining 

and building local jobs provides crucial opportunities for generating income for local residents. The 

analysis arguably demonstrates the importance of interregional mobility from this broader policy 

perspective of regional disparity. 

 

A sectoral breakdown of the effects in peripheral municipalities points to even more diversity of impacts. 

Cross-sectoral skill upgrading indicates the relevance of ITSC. Skill upgrading through inflows of high-

skilled labour in, for example, the public sector may also create new jobs for low-skilled labour in other 

sectors in the peripheries. In other cases, technological development may require skill upgrading within 
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a sector. The nature of interregional mobility is accordingly important, which may relate to different 

processes of production planning and value chains management within regions and interregionally. 

Attracting specific types of labour through interregional mobility may be vital to maintain a locally 

anchored production structure by skill upgrading and cross-sectoral effects. While one may more 

generally discuss the extent to which such interregional mobility contributes to overall allocative 

efficiency across regions, our results indicate that for specific types of regions such mobility may be 

crucial for a sustained development by securing local jobs for local residents within specific sectors and 

intersectorally. 

 

This analysis emphasizes factors that ensure jobs for local resident workers in peripheral areas, especially 

during the restructuring associated with macroeconomic crises and technological change. Future research 

may follow several potential paths. One opportunity is to focus more on labour mobility and skill 

dynamics at the inter- and intra-firm levels. Our results on skill-specific upgrading in regional labour 

markets point to a promising avenue for future research considering the relationship between 

interregional mobility and ITSC and SBTC at the firm level. Such research would offer new firm-specific 

evidence on how firms adopt to structural and technological changes affecting regional outcomes. 

Another path would be to focus on the generational shift and ageing effects on the local labour market 

and analyse the complementary and substitution effects focussing on age groups. Such a study would be 

important considering the current population ageing in a number of countries. These different 

opportunities are beyond the scope of the current paper, and we leave these for future research. 
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i For a detailed presentation of variables and stylized facts on the restructuring over the period, see Appendix 1. 
ii This paper only focusses on mobility related to employment.  
iii For the variables descriptions, see Table A2 of Appendix 1. 
iv For the description of indicators, see Table A1 of Appendix 1. 

v See PEARL (2000); ANGRIST and KRUEGER (2001); HSIAO (2003); BALTAGI (2008) and WOOLDRIDGE (2010). 
vi HELDERMAN et al. (2006) argue that homeownership is a strong barrier for migration.  
vii See SKOUGAARD and CHRISTIANSEN (2015). 
viii Homeownership is the share of homeowners out of total inhabitants in each municipality. Car density is the number of 

cars per 1,000 inhabitants in each municipality. See RUSSO et al. (2013) and MOCETTI and PORELLO (2010). 
ix MOCETTI and PORELLO (2010) and RUSSO et al. (2013). 
x For details on the three step IV procedure, see Appendix 2. 
xi The IV augmented specification in equation (4’) implies that the three-step IV procedure described in equations (A1) to 

(A8) of Appendix 2 would also become skill-specific. 
xii See Table A5 of Appendix 2. 
xiii OLS results are in Table A8 of Appendix 2. The sign of the effects are not different from the IV results but the magnitude 

of the coefficient is. This can be interpreted in the context of up- or downward biases from possible endogeneity problems. 
xiv The results in Table 1 do not include control variables but similar specifications are used for the results in Tables A9 to 

A12 of Appendix 2 with control variables, which do not change the main conclusion about the effect of inflows. It also 

indicates that the results are robust to such different specifications and the strength of the instrument does not depend on the 

inclusion of different controls.  
xv The sectors are grouped into primary (including agriculture, energy and manufacturing), service (including all service-

related activities) and public (including all public services and other social activities). 
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List of tables  
Table 1: IV results for the growth rate of local resident workers (2006-2011)  

 

Employment growth of local 

resident workers from: 
All municipalities City area 

Middle/urban 

area 
Rural area Peripheries 

In-migrants -0.0039*** -0.141 -0.0523 -0.0376 -0.0039*** 

SE (0.0671) (0.1805) (0.0094) (0.0282) (0.0403) 

I-stage F-test 32.59 27.58 75.73 66.47 33.51 

prob > F (0.000) (0.000) (0.000) (0.000) (0.000) 

In-commuters 0.00123*** -0.0282 -0.0766 0.088 0.00123*** 

SE (0.0733) (0.0082) (0.0352) (0.1355) (0.0436) 

I-stage F-test 39.42 13.61 8.43 29.87 7.9 

prob > F (0.000) (0.000) (0.000) (0.000) (0.000) 

N 495 175 85 150 85 
Note: * p<0.05, ** p<0.01, *** p<0.001. All specifications include controls for municipal and time fixed effects. Results are based on equation (4). 
Different specifications including control for educational level, family type, skills and sectors can be found in Table A9 to A12 of Appendix 2. SE – 

are robust Standard Errors. The F-tests for both instruments indicate that the instruments are strong. 

 

 

Table 2: Skill-specific IV results for the growth rate of skill-specific local resident workers 

 

Employment growth of 

local resident workers 

with: 

1- High Skills 2-Medium Skills 3-Low Skills 

IM IC IM IC IM IC 

1 2 3 4 5 6 

  City areas (35 municipalities) 

1-High Skills -0.0034 0.0014 0.0073 -0.0019 -0.0378 0.0029 

  (0.0004) (0.0010) (0.0041) (0.0017) (0.0284) (0.0016) 

2-Medium Skills 0.0008 -0.0020 -0.0099 -0.0005 0.0102 0.0125 

  (0.0000) (0.0012) (0.0046) (0.0001) (0.0013) (0.0184) 

3-Low Skills 0.0117 -0.0009 -0.0185 -0.0004 0.0032 0.0059 

  (0.0059) (0.0004) (0.0274) (0.0001) (0.0002) (0.0069) 

I stage F-test 31.91 39.66 24.65 36.30 25.54 14.23 

  Middle/urban areas  (17 municipalities) 

1-High Skills -0.3990 -0.0030 -0.0376 0.0032 -0.1990 0.0087 

  (0.6823) (0.0034) (0.0150) (0.0029) (0.2547) (0.0036) 

2-Medium Skills -0.0217 0.0073 -0.0545 -0.0091 0.1070 -0.0080 
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  (0.0011) (0.0108) (0.0169) (0.0128) (0.0385) (0.0017) 

3-Low Skills -0.0962 0.0028 -0.0804 -0.0043 -0.1940 0.0049 

  (0.0308) (0.0023) (0.0547) (0.0044) (0.1940) (0.0009) 

I stage F-test 56.58 240.12 67.97 58.48 60.93 18.62 

  Rural areas (30 municipalities) 

1-High Skills -0.0218 -0.0348 -0.0039 -0.0046 0.0135 0.0207 

  (0.0382) (0.0525) (0.0014) (0.0027) (0.0078) (0.0201) 

2-Medium Skills 0.0542* 0.0143 -0.0029 0.0057 -0.0421 -0.0097 

  (0.1279) (0.0049) (0.0004) (0.0023) (0.0413) (0.0024) 

3-Low Skills -0.0370* -0.0369 0.0161 0.0064 -0.0684* -0.0218 

  (0.0792) (0.0428) (0.0179) (0.0038) (0.1477) (0.0164) 

I stage F-test 52.33 285.99 56.25 84.81 60.02 43.75 

  Peripheral areas (17 municipalities) 

1-High Skills 0.00237*** -0.0008 0.0233*** 0.0000764** 0.000429* 0.00121*** 

  (0.0132) (0.0001) (0.0944) (0.0002) (0.0010) (0.0261) 

2-Medium Skills 0.00749*** -0.0114 0.0013 -0.000124* -0.000701* 0.00502*** 

  (0.0330) (0.0040) (0.0002) (0.0003) (0.0017) (0.2895) 

3-Low Skills 0.00743*** -0.0095 0.0060 0.0000 0.0000 0.00457*** 

  (0.0354) (0.0030) (0.0027) (0.0000) (0.0000) (0.1787) 

I stage F-test 26.87 37.76 30.29 17.58 31.70 9.46 

Note: Robust Standard Errors in parentheses. * p<0.05, ** p<0.01, *** p<0.001. Results are based on equation (4’). Estimates are without control except 

municipal and time fixed effects. Estimates with controls have been undertaken but the results are in general consistent with those reported here. The 
results are available on request to the corresponding author. IM and IC are in-migrants and in-commuters respectively. 

 

Table 3: Sector and  skill-specific OLS-FE results in peripheral municipalities 

Employment 

growth of local 

resident 

workers in 

sectors: 

Locals in primary  Locals in service  Locals in public  

HSK  MSK  LSK HSK  MSK  LSK  HSK  MSK LSK 

H
ig

h
-s

k
il

le
d

 I
n

fl
o

w
 

IM-

primary  

-1.074 -1.237 -0.002 -2.359** -2.516 -1.398 0.493 2.329 -0.857 

(0.597) (1.048) (0.001) (0.749) (1.878) (2.255) (1.494) (1.925) (1.207) 

IC-

primary  

0.346* 0.299 -0.357 0.032 -0.211 0.068 0.059 -0.420 -0.036 

(0.162) -(0.285) (0.811) -(0.202) (0.502) -(0.619) -(0.391) (0.519) (0.329) 

IM-

service  

0.050 0.071 0.823 0.576 0.002 1.819 1.734 -0.512 1.233 

(0.459) (0.787) (2.166) (0.594) (0.001) (1.732) (1.051) (1.422) (1.072) 

IC-

service  

-0.327* 0.511* 0.075 0.480* 0.442 -0.040 -0.140 -0.056 -0.582 

(0.15) (0.254) (0.745) (0.203) (0.486) (0.569) (0.359) (0.468) (0.364) 

IM-

public  

-0.003 -0.445 1.245* -0.469** -0.781*** -1.914*** 0.512*** 0.135 -0.153 

(0.127) (0.224) (0.616) (0.171) (0.138) (0.457) (0.121) (0.147) (0.115) 

IC-

public  

-0.213* 0.029 0.520 0.230 0.521* 0.034 -0.084 0.472 -0.439* 

(0.089) (0.155) (0.419) (0.116) (0.261) (0.308) (0.227) (0.278) (0.217) 
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IM-

primary  

0.009 0.741 1.868 0.334 -0.097 0.847 0.076 1.242 -0.476 

(0.312) (0.541) (1.506) (0.439) (1.079) (1.228) (0.953) (1.911) (3.4) 

IC-

primary  

0.125 0.067 -0.305 -0.064 -0.435 -0.106 0.039 -0.055 -0.034 

(0.077) (0.131) (0.363) (0.106) (0.247) (0.294) (0.217) (0.459) (0.85) 

IM-

service  

-0.334 -0.311 -0.091 -0.439 -1.129* 0.096 0.961* -0.823 0.534 

(0.17) (0.293) (0.827) (0.232) (0.518) (0.683) (0.38) (0.531) (0.42) 

IC-

service  

0.016 -0.166 0.376 -0.121 0.482 0.177 0.474* -0.304 0.049 

(0.089) (0.152) (0.432) (0.121) (0.271) (0.347) (0.198) (0.276) (0.221) 

IM-

public  

0.165 0.401** -0.107 0.425*** 0.423 0.539 -0.485** -0.440* 0.047 

(0.086) (0.14) (0.412) (0.109) (0.215) (0.331) -(0.166) (0.189) (0.161) 

IC-

public  

0.046 -0.121 -0.224 -0.020 -0.303 0.151 0.166 0.156 0.095 

(0.05) (0.081) (0.241) (0.063) (0.159) (0.191) (0.122) (0.139) (0.118) 

L
o

w
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k
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n
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o
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IM-

primary  

-0.116 -0.078 -0.368 -0.196 0.036 -0.571 0.054 0.273 -0.470* 

(0.083) (0.141) (0.372) (0.113) (0.273) (0.314) (0.199) (0.26) (0.196) 

IC-

primary  

-0.001 -0.042 0.541** -0.049 0.013 -0.033 0.097 -0.043 0.033 

(0.059) (0.075) (0.199) (0.06) (0.149) (0.164) (0.106) (0.14) (0.103) 

IM-

service  

0.251 -0.022 -0.870 -0.079 -4.049*** 0.004 -1.922** -5.255*** -8.156** 

(0.134) (0.249) (0.635) (0.193) (0.878) (0.446) (0.72) (1.424) (2.392) 

IC-

service  

-0.190* 0.115 0.925* 0.070 3.730*** 0.256 2.160*** 6.011*** 9.144*** 

(0.083) (0.147) (0.394) (0.12) (0.281) (0.145) (0.231) (0.455) (0.765) 

IM-

public  

-0.087 -0.422 3.447* -0.436 -0.647 -2.349 0.922* -0.478 -0.491 

(0.376) (0.612) (1.681) (0.49) (0.509) (1.35) (0.408) (0.509) (0.413) 

IC-

public  

0.060 -0.430 0.206 -0.410 -1.278** -0.920 0.549 0.931 0.168 

(0.173) (0.287) (0.792) (0.23) (0.479) (0.634) (0.387) (0.48) (0.391) 

Note: Robust Standard Errors in parentheses. * p<0.05, ** p<0.01, *** p<0.001. Results are based on equation (4’) by sector for peripheral areas. 
Estimates are without control except for municipal and time fixed effects. Estimates with controls have been undertaken but are in general consistent 

with those reported here. The results are available on request to the corresponding author. All estimates are based on a OLS-FE specification because 

the implementation of the IV procedure particularly in weighting and calculating the instrument is computationally infeasible. We though note the 
similarity of OLS and IV results in Table A8 and Table 2. IM, IC, HSK, MSK and LSK represent, in-migrants, in-commuters, high-, medium- and low-

skilled local resident workers respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



34 
 

                                                                                                                                                                                                       
 

 

 

Appendix 1 – Data and stylized facts 

 

Table A1 defines the variables used to classify municipalities into the urban-rural typology, Map A1 

shows the spatial distribution of types of municipalities, while Table A2 define the variables used in the 

analysis. For the development in Denmark after the financial crisis, the following should be noted. 

Between 2006 and 2011, Denmark experienced an economically dynamic period. In 2006, the Danish 

economy reached a growth rate of about 3.4 percent. Unemployment was low and the real estate prices 

were increasing. By 2007/2008, the global financial crisis led to a recession in the Danish economy with 

the growth rate dropping to -5.7 percent by 2009 (WORLD BANK REPORT, 2010).The financial crisis 

became the foundation for a process of economic restructuring. Between 2008 and 2010, approximately 

140,000 jobs disappeared. The skills and competencies of the labour force became a central factor in this 

process. From the perspective of a taxonomy of mobility, the growth contributions of in-migrants and in-

commuters show different trends. In-commuters contributed positively to the growth in most cities and 

urban/middle type municipalities and in a few rural municipalities (see Tables A3 and A4 and Figures 

A2-A5). This reflects upon the mobility decision of a worker and the importance of considering a 

taxonomy of mobility in a detailed empirical strategy.  

 

 

Table A1:  Socio-Economic Indicators for Municipality Typology 

 

Main field  Indicators 

Urbanity 1 Population density – per sq.km (2004) 

 

 2 Share of population in rural areas and towns with under 1000 inhabitants (2004) 

 3 Share of the agricultural zone within the municipality’s total areal 

Centre-Periphery 4 Average distance to the highway – km 

 

 5 Number of jobs in relation to the number of employed (2004) 
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 6 Average distance from one point in the municipality to the areas with the surplus 

of jobs – km (2004) 

Rurality 7 Share of residents employed in agriculture (2004) 

 

Development 8 Employment growth for 10 years (1994-2004) 

 

 9 Population growth for 10 years (1994-2004) 

 

Demography 10 Share of population aged 17-64 (2004) 

 

 11 Share of population aged 25-44 (2004) 

 

Education 12 Share of inhabitants with only primary education (subtracted from total 

inhabitants with completed education)  

 13 Share of inhabitants with minimum medium higher education (Bachelor’s level) 

(subtracted from total inhabitants with completed education) 

Economy 14 Tax base – per inhabitant (1000 Danish kroner) (2007) 

Source: HANSEN et al. (2012) 

 

 

 

 

Figure A1. Danish Municipality Types – Based on the Socio-Economic and Geographic  

Typology 
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Table A2:  Variables and Definitions 

Category Variables and definitions 

Dependent Var: 

Local workers (LEi) 

LEi: the number of in-migrants and in-commuters in the municipality subtracted from 

the total employed in each municipality  

In-migrants (Mi) 
Mi: the number of persons who changed the residence from municipality j to 

municipality i in the data year 

In-commuters (Ci) 
Ci: the number of persons with residence in municipality j and workplace in 

municipality i in the data year 

Family type 

1 = traditional family type (married) 

2 = couples living together (not-married) 

3 = single (living alone) 

Highest completed education 

1 = primary and high school education 

2 = professional school education 

3 = short high education (approx. 2 years that leads to the higher education) 

4 = medium high education (approx. 3-4 years and the Bachelor’s level) 

5 = long higher education (approx. 1-2 years at the Master’s level and 3-4 years of PhD 

studies) 

6 = not known/in education/dropped out 

Age 

1 = aged 16-34 

2 = aged 35-50 

3 = aged 51 and older 

Gender 
1 = male 

2 = female 

Economic Sector 

Based on the DB07 sector codes 

1 = primary/manufacturing/energy 

2 = construction/transport/finance/business services 

3 = public admin./education/health/organisations 

Skills 

Based on the DISCO-88 (International Standard Classification for Occupations) 

1 = high-skilled: Leaders/directors/experts/researchers 

2 = medium-skilled: technical workers/administration/education and care 

3 = low-skilled: salespersons/caretakers/handicraft workers/process and machine 

workers/cleaners and other manual work 

4 = unknown 

Year Years between 2006 and 2011 (November statistics)  

Municipality 98 municipalities in Denmark, 1 unknown (99 in total) 
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Table A3:  Summary Statistics by Municipality-Types for all Years (2006-2011) 
Municipality type Number of Municipalities Variable N Mean Std Dev Maximum Minimum 

City 

 LOC 210 18636.96 33682.2 165601 972 

35 In-migrants 210 3068 6009.69 61562 311 

 In-commuter 210 20607.19 28672.54 179740 1242 

Middle/Urban 

 LOC 102 13736.71 9475.37 36269 2346 

17 In-migrants 102 1626.39 1540.32 9144 439 

 In-commuter 102 8257.9 4689.47 18827 1744 

Rural 

 LOC 180 16182.81 9785.59 48414 710 

30 In-migrants 180 1415.83 1433.21 9733 61 

 In-commuter 180 6240.34 3135.04 15453 220 

Periphery 

 LOC 102 10136.63 6888.69 25291 12 

17 In-migrants 102 679.76 828.78 4261 0 

 In-commuter 102 2631.41 2086.56 7125 0 

Note: Mean, standard deviations, maximums and minimums are the number of locals (LOC: local resident workers), in-migrants and in-commuters 

across different municipality types. 

 

 

Table A4: Summary Statistics by each Year from 2006 to 2011 

Data year Variable Municipalities-(N) Mean Std Dev Maximum Minimum 

2006 

LOC 99 14419.38 18810.59 135175 33      

In-migrants 99 4488.313 7136.844 61562 11       

In-commuter 99 10835.37 18599.03 173507 11 

2007 

LOC 99 16873.83 22578.81 161735 38 

In-migrants 99 1623.293 2626.69 24293 6 

In-commuter 99 11190.23 18695.73 174433 10 

2008 

LOC 99 16246.11 22133.25 160936 12 

In-migrants 99 1441.505 2404.06 22328 3 

In-commuter 99 11292.82 19242.77 179740 0 

2009 

LOC 99 15565.58 21723.24 160193 14 

In-migrants 99 1294.707 2342.017 21777 4 

In-commuter 99 10961.69 18827.18 175633 0 

2010 

LOC 99 15374.41 21809.35 161502 33 

In-migrants 99 1305.808 2412.72 22427 0 

In-commuter 99 10952.6 18736.99 174496 0 

2011 

LOC 99 15310.96 22038.18 165601 36 

In-migrants 99 1309.455 2420.914 22619 2 

In-commuter 99 11012.32 18639.07 173272 1 

Note: Mean, standard deviations, maximums and minimums are the number of locals (LOC: local resident workers), in-migrants and in-commuters in 

all municipalities by each year. 
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Figure A2: Growth Contribution of Labour Inflow in City Type Municipalities (2006–2011) 

 

 

Figure A3: Growth Contribution of Labour Inflow in Middle/Urban Type Municipalities (2006–2011) 
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Figure A4: Growth Contribution of Labour Inflow in Rural Type Municipalities (2006–2011) 
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Figure A5: Growth Contribution of Labour Inflow in Periphery Type Municipalities (2006–2011) 

 

 

 

 

Appendix 2 – IV procedure and underlying estimation results 

 

The three step IV procedure specifically uses the following equations for calculating the two instruments 

for in-commuting (𝑁�̂�
𝑖𝑡) and in-migration (𝑁�̂�

𝑖𝑡) respectively. In the first step, the following two 

equations for total out-migrants or out-commuters from each municipality, regardless of their destination 

municipality, are regressed on shares of homeownership or car density in the municipality of origin (k), 

respectively, controlling for municipal and time fixed effects: 

 

𝑂𝑀𝑘𝑡 = 𝜌1𝑆ℎ𝑜𝑢𝑠𝑘𝑡 + 𝜆𝑘 + 𝜏𝑡 + 𝜀𝑘𝑡        (A1) 
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𝑂𝐶𝑘𝑡 = 𝜌2𝐶𝑎𝑟𝐷𝑘𝑡 + 𝜗𝑘 + 𝜔𝑡 + 𝜀𝑘𝑡         (A2) 

 

where 𝑂𝑀𝑘𝑡 is the sum of out-migrants from municipality 𝑘 at time 𝑡 and 𝑆ℎ𝑜𝑢𝑠𝑘𝑡 denotes the share of 

homeownership in municipality 𝑘 at time 𝑡. 𝑂𝐶𝑘𝑡  is the sum of out-commuters from municipality 𝑘 at 

time 𝑡 and 𝐶𝑎𝑟𝐷𝑘𝑡 denotes the car density in municipality 𝑘 at time 𝑡. Equations (A4) and (A5) describe 

the weights of the second step, and equation (A3) describes the sum of weighted fitted values in the third 

step for in-commuting to municipality i from any of the remaining k municipalities:  

𝑁𝑖𝑡
�̂� = ∑ 𝑊𝑘𝑖𝑡 × 𝑂𝐶𝑘�̂�

98
𝑘    (A3) 

where 

𝑊𝑘𝑖𝑡 =
𝑜𝑐𝑘𝑡

𝑖

𝐼𝐶𝑖𝑡
     (A4) 

𝐼𝐶𝑖𝑡 = ∑ 𝑖𝑐𝑘𝑡
𝑖98

𝑘     (A5) 

∀ 𝑖 = 1, … ,99 𝑎𝑛𝑑 𝑘 = 1, … ,99 (𝑚𝑢𝑛𝑖𝑐𝑖𝑝𝑎𝑙𝑖𝑡𝑖𝑒𝑠) 

 

where 𝑂𝐶𝑘�̂� in equation (A3) is the fitted value from the first-step regression in equation (A2) for the 

municipality of origin k, 𝑖𝑐𝑘𝑡
𝑖  is the number of in-commuters from municipality k to i,  𝑜𝑐𝑘𝑡

𝑖  is the 

number of out-commuters from municipality k to i and 𝑊𝑖𝑘𝑡 is the weight of in-commuters to 

municipality i from k. Correspondingly, the second and third step of calculating the instrument for in-

migration is described by the equations: 

 

𝑁𝑖𝑡
�̂� = ∑ 𝑊𝑘𝑖𝑡 × 𝑂𝑀𝑘�̂�

98
𝑘    (A6) 

where 

𝑊𝑘𝑖𝑡 =
𝑜𝑚𝑘𝑡

𝑖

𝐼𝑀𝑖𝑡
     (A7) 
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𝐼𝑀𝑖𝑡 = ∑ 𝑖𝑚𝑘𝑡
𝑖98

𝑘     (A8) 

∀ 𝑖 = 1, … ,99 𝑎𝑛𝑑 𝑘 = 1, … ,99 (𝑚𝑢𝑛𝑖𝑐𝑖𝑝𝑎𝑙𝑖𝑡𝑖𝑒𝑠) 

 

where 𝑂𝑀𝑘�̂� in equation (A6) is the fitted value from the first-step regression in equation (A1) for the 

municipality of origin k, 𝑖𝑚𝑘𝑡
𝑖  is the number of in-migrants from municipality k to , 𝑜𝑚𝑘𝑡

𝑖  is the number 

of out-migrants from municipality k to i and 𝑊𝑖𝑘𝑡 is the weight of in-migrants to municipality i from k. 

 

The following table’s offers supplementary information on estimation results as referred to in the paper 

based on either the three step IV estimation procedure presented in the paper and in detail above or 

based on panel OLS estimation. 

 

Table A5: First Stage Regression Based on Equation (A1) and (A2) 

 

All skills OM/OC High-skilled OM/OC Medium-skilled OM/OC Low-skilled OM/OC 

Shous CarD Shous CarD Shous CarD Shous CarD 

All 

municipalities 
-0.38 0.24 -0.03 0.2 -0.16 0.02 -0.12 0.47 

SE 0.14 0.03 0.01 0.03 0.06 0.04 0.04 0.04 

t-stat -2.68 6.37 -2.34 6.83 -2.58 0.42 -2.5 12.58 

prob > F (0.000) (0.000) (0.020) (0.000) (0.010) (0.673) (0.010) (0.000) 

obs. 594 594 594 594 594 594 594 594 

Note: OM - Out-migrant; OC - Out-commuter; Shous - Homeownership; CarD  – Car Density. 

 

Table A6: First Stage F-Test by Municipality Type and Skill Levels Based on Equation (A1) and (A2) 

F-test  High-skilled Medium-skilled Low-skilled 

Municipality type IM IC IM IC IM IC 

City area 31.91 39.66 24.65 36.3 25.54 14.23 

prob > F (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 

obs. 69 69 69 69 69 69 

Middle/urban area 56.58 240.12 67.97 58.48 60.93 18.62 

prob > F  (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 

obs. 79 79 79 79 79 79 

Rural area 52.33 285.99 56.25 84.81 60.02 43.75 

prob > F  (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 

obs. 144 144 144 144 144 144 

Periphery 26.87 37.76 30.29 17.58 31.7 9.46 

prob > F  (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 

obs. 79 79 79 79 79 79 

 

Table A7: First Stage F-Test by Municipality Type and Sectors Based on Equations (A1) and (A2) 

F-test  Primary sector Service sector Public sector 

Municipality type IM IC IM IC IM IC 

City area 23.13 22.39 27.17 21.93 27.07 29.25 
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prob > F (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 

obs. 69 69 69 69 69 69 

Middle/urban area 48.1 58.46 79.14 66.06 63.45 34.8 

prob > F (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 

obs. 79 79 79 79 79 79 

Rural area 52.29 116.12 65.63 154.21 64.84 27.64 

prob > F (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 

obs. 144 144 144 144 144 144 

Periphery 28.83 20.58 33.36 24.67 29.38 11.77 

prob > F (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 

obs. 79 79 79 79 79 79 

 

Table A8: OLS and IV Results for Local Employment Growth for Local Residents Based on Equations (3) and (4) 

 Dependent Variable: Growth rate of local employment 

OLS estimates 

Number of  municipalities  99 35 17 30 17 

  all 1 = city area 2 = middle area 3 = rural area 4 = periphery 

all in-migrants -0.892*** -0.741*** -1.287*** -0.986*** -2.407*** 

  (-5.73) (-10.76) (-10.36) (-7.08) (-7.38) 

all in-commuters 2.470*** 0.151* 0.170* 0.280** 3.504*** 

  (30.76) (2.48) (2.01) (3.19) (27.88) 

IV estimates 

all in-migrants -0.0039*** -0.141 -0.0523 -0.0376 -0.0039*** 

  (-17.21) (-1.28) (-0.18) (-0.75) (-10.34) 

all in-commuters 0.00123*** -0.0282 -0.0766 0.0880 0.00123*** 

  (59.60) (-0.29) (-0.46) (1.54) (35.44) 

N     495 175 85 150 85 

First stage F test 

 

Out-migrants and homeowner : 32.59     Prob    (0.000) 

Out-commuters and car density : 39.42     Prob    (0.000) 

Note: t statistics in parentheses.       * p<0.05     ** p<0.01     *** p<0.001. All estimates are controlled by municipal and time fixed effect.  

  

Table A9: Employment Effect of Labour Inflow on the Local Workers Including Control Variables and 

Municipality Types – IV-Estimation Controlling for Education Level Based on Equation (10´) 

  Two-way Fixed Effect: Time and Individual (IV) 

No. of municipalities  99 35 17 30 17 

  All 1 = city area 2 = middle area 3 = rural area 4 = periphery 

  (1) (2) (3) (4) (5) 

Depend. variable= growth rate and share of local employment in total employment by municipality type 

all in-migrants -0.00391*** -0.174 -0.415 -0.0380 -0.00443*** 

  (-20.51) (-1.55) (-1.34) (-0.74) (-14.22) 

all in-commuters 0.00105*** -0.00501 0.0164 -0.119* 0.00110*** 

  (24.55) (-0.05) (0.10) (-2.07) (12.48) 

primary edu. 1.100*** 0.395 0.772 1.407*** 1.329** 

  (6.10) (1.22) (1.79) (5.02) (3.34) 

professional edu. 1.121*** 0.676 1.421 -0.195 0.621 

  (4.53) (1.49) (2.00) (-0.51) (1.32) 

short high edu. 3.381*** 3.039* 2.634 -0.915 3.914*** 

  (6.53) (2.27) (1.12) (-0.96) (5.11) 

medium high edu. -1.389*** 0.786 2.700 1.354* -2.102** 

  (-4.08) (1.06) (1.84) (2.01) (-2.76) 

long high edu. 0.991 0.408 0.589 3.629** -2.145 
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  (1.45) (0.48) (0.26) (2.65) (-1.19) 

N 495 175 85 150 85 

Note: t statistics in parentheses.       * p<0.05     ** p<0.01     *** p<0.001. 
 

Table A10: Employment Effect of Labour Inflow on the Local Workers Including Control Variables and 

Municipality Types – IV-Estimation Controlling for Age, Gender and Family Type Based on Equation (4) 
  Two-way Fixed Effect: Time and Individual (IV) 

No of municipalities  99 35 17 30 17 

  All 1 = city area 2 = middle area 3 = rural area 4 = periphery 

  (1) (2) (3) (4) (5) 

Depend. variable= growth rate and share of local employment in total employment by municipality type 

all in-migrants -0.00580*** -0.191 -0.356 -0.143* -0.00590*** 

  (-24.32) (-1.60) (-1.18) (-2.04) (-23.54) 

all in-commuters 0.00133*** -0.0128 -0.0772 0.0486 0.00152*** 

  (23.90) (-0.13) (-0.50) (0.65) (24.95) 

age: 16-34 0.00683 -0.297 -1.990* -0.623 -0.816** 

  (0.03) (-0.50) (-2.45) (-1.28) (-2.98) 

age: 35-50 -0.373 0.889 -1.534 --- -0.777 

  (-1.30) (1.67) (-1.61) --- (-1.79) 

age: 51< -0.759** --- -1.110 -1.018** --- 

  (-2.79) --- (-1.97) (-3.03) --- 

married couples: living together -0.354 0.707 2.592** 1.231** -0.189 

  (-1.19) (1.40) (2.96) (2.70) (-0.43) 

unmarried couples: living together 0 0.901 2.864** 0.485 0 

  (.) (1.39) (3.07) (0.96) (.) 

single living persons 1.044*** 0.577 2.550** 1.252* 1.466*** 

  (3.96) (1.02) (2.80) (2.60) (4.88) 

female 2.050*** -0.419 -0.369 0.402 1.992*** 

  (9.65) (-0.82) (-0.50) (0.87) (9.05) 

N 495 175 85 150 85 

Note: t statistics in parentheses.       * p<0.05     ** p<0.01     *** p<0.001. 

 

 

Table A11: Employment Effect of Labour Inflow on the Local Workers Including Control Variables and 

Municipality Types – IV-Estimation Controlling for Skill Levels Based on Equation (4´) 

  Two-way Fixed Effect: Time and Individual (IV) 

No. of municipalities  99 35 17 30 17 

  all 1 = city area 2 = middle area 3 = rural area 4 = periphery 

  (1) (2) (3) (4) (5) 

Depend. variable= growth rate and share of local employment in total employment by municipality type 

all in-migrants -0.944*** -0.771*** -1.271*** -1.062*** -1.187** 

  (-7.41) (-11.85) (-10.20) (-8.82) (-2.87) 

all in-commuters 1.334*** 0.136* 0.174* 0.244** 2.019*** 

  (14.96) (2.40) (2.04) (3.03) (10.27) 

High-skilled (night population) -1.835*** 0.348** 0.0766 1.165*** -2.556*** 

  (-9.40) (2.77) (0.30) (5.46) (-5.83) 

Medium-skilled (night population) -1.070*** 0.322** 0.0938 0.834*** -1.682*** 

  (-7.10) (3.15) (0.42) (5.15) (-5.86) 

Low-skilled (night population) 1.903*** 0.724*** 0.387 0.416** 1.247*** 

  (12.07) (3.98) (1.93) (3.20) (4.13) 
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N 495 175 85 150 85 

Note: t statistics in parentheses.       * p<0.05     ** p<0.01     *** p<0.001. 

 

Table A12: Employment Effect of Labour Inflow on the Local Workers Including Control Variables and 

Municipality Types – IV-Estimation Controlling Economic Sectors Based on Equation (4´) 

  Two-way Fixed Effect: Time and Individual (IV) 

No. of municipalities  99 35 17 30 17 

  All 1 = city area 2 = middle area 3 = rural area 4 = periphery 

  (1) (2) (3) (4) (5) 

Depend. Variable = growth rate and share of local employment in total employment by municipality type 

all in-migrants -0.654*** -0.594*** -0.710*** -0.837*** -0.562*** 

  (-25.59) (-15.06) (-9.82) (-14.66) (-10.69) 

all in-commuters -1.018*** -1.111*** -0.838*** -0.990*** -0.961*** 

  (-32.02) (-13.61) (-10.29) (-15.58) (-14.70) 

Employeed in primary sector (night population) 1.083*** 1.128*** 0.950*** 0.975*** 1.054*** 

  (42.63) (16.29) (11.53) (20.81) (32.28) 

Employeed in business sector (night population) 1.064*** 1.115*** 0.883*** 0.909*** 1.043*** 

  (59.69) (17.25) (12.74) (21.89) (38.56) 

Employeed in public sector (night population) 0.865*** 0.907*** 0.857*** 0.916*** 0.845*** 

  (79.08) (12.65) (13.21) (19.51) (55.15) 

N 495 175 85 150 85 

Note: t statistics in parentheses.       * p<0.05     ** p<0.01     *** p<0.001. 
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