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Abstract
Long-distance commuting (LDC) as a strategy of labor factor mobility has become 
relevant in recent decades, mainly in those economies characterized by a significant 
relative weight of extractive activities. The phenomenon is key to understanding 
the current structure and dynamics of these labor markets, although little is known 
about self-selection in LDC. This document addresses this knowledge gap by ana-
lyzing the case of Chile using functional areas. Chile is a country where LDC has 
become the principal strategy of labor mobility and is closely linked to the min-
ing and construction sectors. The results obtained show a pattern of negative self-
selection, meaning that it is the least qualified who have the highest probability of 
commuting between functional areas. Commuting could therefore be more than just 
a mechanism for accessing qualified labor, allowing less qualified individuals access 
job opportunities when the labor market where they come from is more qualified.

1 Introduction

Long-distance commuting (LDC)1 is a phenomenon that has gained relevance as a 
form of labor mobility in countries where extractive activities such as mining or 
hydrocarbon exploitation are central to overall production (Gramling et  al. 1995; 
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Storey and Shrimpton 1988; Houghton 1993). Improvements in transportation and 
communication infrastructure have allowed more workers to use LDC (Coombes 
and Casado-Díaz, 2005), paving the way for this strategy of labor mobility to be 
implemented in economic activities other than extractive industries.2 LDC has there-
fore become a fundamental element in understanding the dynamics and equilibrium 
of these labor markets.

The objective of this research is to analyze the possibility of negative self-selec-
tion in long-distance commuters since the characteristics of commuters are not ran-
dom. However, a great part of studies in this field indicate that long-distance com-
muters tend to have a high level of education and therefore receive a wage premium 
compared to non-commuters (Sandow 2011; Paredes et  al. 2017). In addition, the 
tendency for highly qualified individuals to spatially concentrate in places with a 
high provision of amenities would make it possible to obtain a wage premium in 
places with a shortage of qualified labor (Paredes et  al. 2017). Self-selection has 
been developed more extensively within the context of migration. Building off of 
Roy (1951), works provide evidence for negative self-selection in migration, par-
ticularly when the returns to skill differ between the country of destination and the 
country of residence (Borjas 1987; 1991). We should note that conditions that lead 
to negative self-selection in migration could also be present in commuting.

The importance of studying this phenomenon lies in the implications that it has 
on regional development. Melzer and Hins (2019) indicate that the presence of posi-
tive self-selection patterns, if maintained over time, can lead to polarized develop-
ment paths, meaning regions with highly qualified human capital would be nega-
tively affected. The emergence of a pandemic such as COVID-19 limits population 
mobility (Fang et al. 2020; Klein et al. 2020) and could reveal the dependence on 
LDC that some regions have as a mechanism for obtaining qualified labor, given that 
several authors indicate that LDC allows regions to access it (Storey 2001, 2010; 
Eilmsteiner-Saxinger 2011; Becker and Soosay 2013). On the other hand, negative 
self-selection could generate imbalances in the local labor market when host regions 
suffer economic shocks, increasing unemployment among low-skilled workers in 
LDC regions of origin, especially in those areas with a poor economic performance 
(Green and Owen 2006).

Self-selection in commuting is less developed than for migration, having pri-
marily been studied using administrative areas, which, as Magrini (2004) indicates, 
are the result of historical or political processes that are not related to socio-eco-
nomic factors, and which may conceal regional dynamics such as the dependence 
on income between areas (Niebuhr 2001) and processes of economic convergence 
(Magrini 2004). Additionally, in the Chilean context where this research is carried 
out, several authors have shown that functional areas are more appropriate to ana-
lyze labor markets than administrative regions, as they better economic and social 
dynamics considering the space where they are developed. Therefore, we use func-
tional areas to analyze self-selection in commuting (Berdegué et  al. 2015, 2019; 

2 In the USA, between 2006 and 2010 about 41% of commuters belonged to the administration sector 
and 25% were employed in the business sector; 9% belonged to the primary and construction sectors 
(Rapino and Fields, 2013).
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Casado-Díaz et al. 2017; Rowe et al. 2017), and a commuter is defined as someone 
who moves from their area of residence to another different, functional area of work 
(Pérez et al. 2020).

The variables schooling and wages are used to approximate the qualification of 
workers. Following the developments proposed by Chiquiar and Hanson (2005), 
which are based on the work of Borjas (1991) and Roy (1951), we introduce some 
new features into the analysis of self-selection process by comparing the distribu-
tions for both variables, schooling and wages, between residents and commuters. 
We also carry out the analysis separately for residential and commuting zones. The 
results for schooling indicate the existence of negative self-selection. The results 
when using wages indicate intermediate self-selection. The difference between the 
self-selection patterns could be explained because the salary would include other 
unobservable factors in addition to the skill level of commuters.

The rest of the document is divided as follows: Sect.  2 contains the literature 
review, Sect. 3 contextualizes LDC in Chile, Sect. 4 presents the theoretical frame-
work, Sect. 5 covers the empirical methodology and the data used, Sect. 6 presents 
the results, and Sect. 7 concludes.

2  Literature review

The relevance of LDC at a global level can be illustrated by the fact that it has 
become a substitute for migratory flows in a large number of economies such as 
Chile and Australia (Storey 2001, OECD 2005, see Chapter 2). This expansion of 
the phenomenon makes its study relevant in understanding the current (and future) 
structure and dynamics of a labor market. Among the factors that favor this form of 
labor mobility are: (1) the reduction in costs for companies, i.e., having to develop 
infrastructure for worker accommodations since commuters are housed in sites near 
extraction areas (Rolfe 2013; Manky 2017), (2) commuters can obtain a higher wage 
and better job opportunities (So et  al. 2001; van Ommeren and van der Straaten 
2008; Paredes et al. 2017), and (3) it improves a company’s access to skilled labor 
(Storey 2001, 2010; Eilmsteiner-Saxinger 2011; Markey et  al. 2011; Becker and 
Soosay 2013).

O’Faircheallaigh (1995) mentions that because extractive industries are capital- 
and technology-intensive, they require specialized labor. In the case of Australia, 
Storey (2001) indicates that finding skilled and experienced labor in the country’s 
western regions is increasingly complex, which has furthered the use of LDC by 
companies. In 2010, as part of the development of a sustainability strategy for Aus-
tralian communities there, nearly 50% of miners practiced LDC, and companies 
highlighted it as one of the reasons they were able to quickly attract qualified work 
(DSEWPAC 2011, p. 40). However, Becker and Soosay (2013) argue that in some 
cases that LDC has not been sufficient in meeting the demand for skilled labor. This 
is because the lack of amenities in the regions where extractive activity is carried 
out does not compensate for the perceived wages.

Several studies have linked a higher educational level with a worker’s willingness 
to commute further distances (Gerstel and Gross 1984; Hogarth and Daniel 1988; 
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Green et al. 1999; van Ham 2001; Paredes et al. 2017). This could be explained by 
the fact that a greater distance implies a higher opportunity cost for individuals with 
low levels of education (Ong and Blumenberg 1998; Öhman and Lindgren 2003). 
Highly qualified individuals face an opportunity cost for their education; therefore, 
they seek a job with an income that compensates for this cost, including in labor 
markets other than where they come from.

Among the studies that further address the possible self-selection of workers in 
commuting is that of Sorek (2009), who develops a theoretical model to analyze the 
effect of a reduction in commuting time on the urbanization process of cities where 
migration and commuting are expensive. The wage for the least qualified worker is 
similar between regions, and the only difference between individuals in each city 
is their productive capacity. The results indicate that the most qualified individu-
als migrate to the metropolis, those of intermediate ability commute between cities, 
and the rest work and reside in the suburbs. However, a limitation in the analysis is 
assuming that individuals with different skill levels face the same costs of commut-
ing and migrating, which might obscure other types of results.

Huber (2014) extends Sorek’s analysis by allowing differences in wages between 
cities for the least qualified, which could encourage them to commute, and also con-
siders age as a factor of selection when commuting. Their results indicate the exist-
ence of positive self-selection of commuters when using schooling as a proxy for 
qualification. Additionally, the positive self-selection of commuters is more marked 
when they commute to capitals, which Huber (2014) indicates is consistent under 
the assumption that returns to education are higher in this type of city. On the other 
hand, when considering the distances traveled, Huber (2014) finds that people with 
more education are more likely to commute less than 50 km. This paper, however, 
will assume that individuals with different levels of education have equal commut-
ing costs.

Wrede (2013) shows that individuals with low levels of qualification do not com-
mute long distances, but those with intermediate levels do, results that are simi-
lar to those of Sorek (2009). Melzer and Hins (2019) analyze the phenomenon in 
Germany, and unlike Huber (2014), they jointly analyze the decision to commute, 
migrate, or work from the place of residence. Their results show that people with 
less education tend to commute, but the greater the distance, the greater the prob-
ability that the worker has more education. It should be noted that Melzer and Hins 
(2019) indicate commuting can be done daily or weekly (remaining a certain num-
ber of days outside their residence) and so there is no distinction between urban and 
regional commuting.

The self-selection of workers has also been addressed within literature on migra-
tion. The analysis of self-selection is based on the Roy model (1951), which ana-
lyzes the distribution of income and the optimization that individuals perform based 
on their heterogeneous endowment of skills when choosing between two economic 
activities. In this model, individuals practice positive selection in that the economic 
activity that requires a higher level of skill pays a higher salary. Negative self-selec-
tion will occur for those activities requiring lower qualifications, as less-skilled 
workers may have a better income in that activity relative to the activity that requires 
higher skills.
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Borjas (1987; 1999) formalizes Roy’s model to analyze self-selection in migra-
tion to the United States, assuming that the costs of migrating are constant among 
individuals (they do not depend on skill level), which determines the negative 
self-selection of migrants, which occurs when the returns to skill is greater in the 
host country than in the country of origin. On the other hand, Chiquiar and Han-
son (2005) and Borjas (1991) extend the model assuming that the cost of migrating 
depends negatively on the skill level, with which a positive, negative, or interme-
diate self-selection can occur, depending on the difference between the returns to 
schooling in the country of origin and the country of destination.

It should be noted that both the analysis of self-selection in long-distance com-
muting (Huber 2014; Wrede 2013; Sorek 2009) and the analysis of commuter char-
acteristics such as qualification (Eilmsteiner-Saxinger 2011; Sandow 2011; Storey 
2010, among others) have primarily been carried out considering administrative 
areas. We therefore add to the literature on commuting self-selection by addressing 
an important factor in empirical analysis, the use of labor market functional areas. 
Using this configuration, worker flows are more representative as those commut-
ers who make frequent trips between adjacent administrative areas that belong to 
the same labor market are not counted as such. Additionally, our study focuses on 
directly comparing education and salary distributions between commuters and resi-
dents in Chile, a Latin American country that stands out as one of the main min-
ing countries worldwide and where LDC has close ties to the industry. We should 
also note that this type of analysis has predominantly been carried out for European 
countries.

3  Long‑distance commuting in Chile

In order to better capture integrated labor markets, the proposed analysis is carried 
out using functional areas. Functional areas better capture the dynamics of labor 
markets, specifically in regard to the “zoning effect” (Wicht et al. 2020) which can 
produce inconsistent results when different zoning systems are used (Wong 2004). 
Klapka et al. (2016) also find that functional areas are more suitable for spatial anal-
ysis, particularly in the labor market. These results would indicate that functional 
areas better capture mobility patterns in the labor market because they are better at 
defining the economic zones where labor markets develop. In the Chilean context, 
Berdegué et al. (2015) use functional areas to analyze the dynamics of income, pov-
erty, and inequality, which allows capturing the relationships between urban centers 
and the surrounding rural areas. In turn, Rowe et al. (2017) highlight the relevance 
of using functional areas of labor markets (along with other techniques) to analyze 
how labor market adjustments occur in the face of changes in employment, inter-
nal migration and commuting, which can guide the development of regional labor 
policies.

In this research, we follow the proposal of functional areas developed by Berde-
gué et  al. (2019), which use nighttime satellite images to identify conurbations in 
Chile. They make use of a dissimilarity index obtained with data from the bidirec-
tional flow of commuters to create conurbation clusters. The result is 135 functional 
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areas rather than the 346 counties which correspond to the basic unit of the coun-
try’s local administration. Figure  1 shows the functional areas for the Region of 
Antofagasta, in comparison with the counties, and Fig. 2 shows the distribution of 
commuters as a function of the distance traveled, where a significant proportion of 
commuters travel short distances between functional areas.

LDC in Chile is closely linked to the mining and construction sectors (construc-
tion being highly dependent on mining) (Aroca and Atienza 2008), with the two sec-
tors responsible for approximately one in three long-distance commuters (between 
functional areas nationwide) in the year 2009, according to CASEN (Table 1). Other 
sectors where an important share of commuters´ work includes social services and 
agriculture.

The concept of a mining settlement (a permanent residence for workers in a city 
built near the exploitation) and migration has been replaced by that of accommoda-
tion (a temporary or overnight stay) (Minería Chilena 2011), which allows workers 
to keep their original zone of residence. Labor legislation has also played a fun-
damental role in this dynamic by promoting labor mobility toward extraction areas 
through the establishment of exceptional working hours, a shift system widely used 
in the extractive industries and which has had a greater relevance in Chile since 
the 1990s. This has made it possible for workers to accumulate rest days, reduc-
ing the opportunity cost of the travel time to their zones of residence over the total 
rest period and therefore facilitating LDC (Manky 2017). Naturally, this has resulted 

Fig. 1  Counties and functional areas in the Antofagasta region. Source: Self-elaborated according to 
CASEN 2009
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in the number of workers commuting between functional areas to increase, which 
indicates that the practice is becoming more relevant as a form of worker mobil-
ity (approximately 5.4% of those employed nationwide). However, commuting flows 
tend to be concentrated in specific areas. For example, about 15% of commuters 
in Chile travel to functional areas in the Region of Antofagasta,3 which represents 
on average 17% of the regional total4 between 2015 and 2019, or the Metropolitan 
Region of Santiago, which has the greatest weight in economic activity and employ-
ment at the national level (Fig. 3).

When analyzing the commuter flows between functional areas, we can see that 
functional areas in the Metropolitan Region of Santiago, Bío Bío, Valparaíso, 
and Antofagasta are the principal recipients of commuters. However, it should be 
noted that the functional areas in the Metropolitan Region receive many commut-
ers from the neighboring regions of Valparaíso and Libertador O’Higgins, and 
that these areas produce daily commuting flows to and from Santiago. The com-
muters arriving to functional areas in Antofagasta, however, come from far away 
areas in the center of the country such as the Metropolitan Region and Bío Bío 
(Fig. 4). This is more evident when analyzing the range of distances traveled by 

Fig. 2  Cumulative distribution of the share of commuters based on distance traveled. Source: Self-elabo-
rated according to CASEN 2009

3 The Antofagasta Region alone is responsible for approximately 16% of the global copper produc-
tion and is where the Chuquicamata mine (the largest open pit copper mine by excavated volume in the 
world) is located.
4 Data from the Chilean National Employment Survey.
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the commuters in these flows. The commuter flows that reach functional areas in 
Antofagasta travel between 212 and 2254 km on average, depending on the region 
of origin.

Figure  5 shows that it is toward the northern and southern regions of the 
country that commuters travel the farthest, which can be explained by Chile’s 
linear geography. On average, the distance traveled by these commuters (those 
that reach functional areas in the regions of Arica and Parinacota, Tarapacá, 

Table 1  Commuters per 
economic sector, 2009. Source: 
Self-elaborated according to 
CASEN 2009. Commuters 
represent 6% of the employed 
population

Total Commuters 245,465

Agriculture, livestock, and fishing 13.33%
Mining and quarrying 11.03%
Manufacturing industries 10.32%
Electricity, gas, and water 1.62%
Construction 16.68%
Business 11.18%
Transportation, storage, and communications 7.65%
Financial services 5.08%
Social services 21.79%
Unspecified activities 1.33%

Fig. 3  Commuting flows between functional areas. Source: Self-elaborated according to the Chilean 
National Employment Survey (2010–2019)
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Antofagasta, Aysen and Magallanes and Antarctica) is greater than the distance 
traveled to work in other areas.

The schooling level of commuters and residents is also compared and shows 
that commuters have, on average, less schooling than residents (Table  2). This 
result is similar to that found by Huber (2014) for 14 countries in the European 
Union, where less qualified workers tend to commute.

Commuting in Chile is primarily long distance when the area of work is 
located at the extreme end of the country (mining is located in the far north). 
Although a significant share of commuters is employed in extractive activities, 
activities such as construction and other services also stand out, which leads us to 
consider that commuting in Chile is not exclusively a phenomenon of extractive 
activities. It also illustrates that the average commuter between functional areas 
in Chile has less education than those that work in their residence area.

4  Theoretical framework

The theoretical framework for identifying the existence of self-selection in commuting 
is supported by: (1) the job search theory and (2) the commuting and migration mod-
els. Job search theory models the decision of individuals to not participate in the labor 
force (those unemployed or otherwise occupied) by assuming that there are frictions in 
the labor market that do not allow a perfect match between supply and demand. This 

Fig. 4  Commuting flows between functional areas, by regions, 2009. Source: Self-elaborated according 
to CASEN 2009. Statistically representative commuting flows are shown
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Fig. 5  Average commute distance (kilometers) between functional areas, by region, 2009. Source: Self-
elaborated according to CASEN 2009. The map shows the average distance traveled by a commuter 
whose destination is a functional area within each region. The map is obtained from http:// www. diva- gis. 
org. The distance is obtained from the Chilean Ministry of Public Works (http:// www. viali dad. cl/ produ 
ctosy servi cios/ Pagin as/ Dista ncias. aspx)

http://www.diva-gis.org
http://www.diva-gis.org
http://www.vialidad.cl/productosyservicios/Paginas/Distancias.aspx
http://www.vialidad.cl/productosyservicios/Paginas/Distancias.aspx
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results in a search cost for individuals, which can be affected by labor market condi-
tions (van Ommeren et al. 1998). Therefore, the fact that an individual has little chance 
of obtaining a job in the local labor market will incentivize them to expand (geographi-
cally) their job search (Roberts and Taylor 2016).

To simplify the model, it will be assumed that the individual has already decided to 
participate in the workforce. The decision of interest to this study is therefore whether 
you choose to be employed in the job market where you live or somewhere else (to 
which you must commute). Because long-distance commuting implies that the place 
of residence is different from that of the workplace, it is assumed that if the individ-
ual decides to work somewhere else that they will not change their residence. How-
ever, changes of residence could be made to other, closer labor markets with the aim 
of reducing commuting costs. However, since these movements cannot be determined, 
they are not considered, which means that the job search framework will not be fully 
implemented in this analysis.

Therefore, the individual will choose to commute if their net income is greater 
than if they were working in their local labor market. We define the expression for net 
income (wit) in the local labor market ( i ) at time t as follows.

where Yit represents income in the labor market i at time t , which depends posi-
tively on the qualification level of the individual k , skt . The cost of living that the 
individual faces in place i is represented by Iit , while �kit represents the cost of the 
job search that the individual faces in that market. Given that the individual resides 
and works in the same market, we assume that she does not have significant long-
distance commuting costs, since her trip from the place of residence to the place of 
work is within the same area. Therefore, these are not represented in Eq. (1). The net 
income (wjt) in labor market j is determined by the following expression.

where Yjt represents income in the labor market j , Cijt is the cost of commuting from 
the place of residence (i) to the place of work (j) and �kjt is the cost of the job search 
in region j . The decision to commute will be made if the expected net income of 
region j is greater than the expected net income of region i , considering the costs 
of commuting and the increase in the cost of the job search, since we assume that 
𝜑kjt > 𝜑kit due to these costs depending on distance. Note that in both expressions 
that the cost of living is the same since the individual does not change their place of 
residence. Thus, the decision to commute 

(
Lkt

)
 is defined by:

(1)wit = Yit
(
skt
)
− Iit − �kit

(2)wjt = Yjt
(
skt
)
− Cijt − Iit − �kjt

Table 2  Schooling according 
to group, 2009. Source: Self-
elaborated according to CASEN 
2009

Note: *** Significant at 1%; **significant at 5%; *significant at 10%

Commuter (a) Resident (b) (a)–(b) t-test 
(a–b)

Schooling 11.9500 12.5785  − 0.6285***  − 5.26
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where Δ�kijt is the variation in the search cost because it is carried out in a place 
other than one’s residence. At this point we consider the migration models devel-
oped by Borjas (1991) and Chiquiar and Hanson (2005) for analyzing selection, both 
of which are based on the Roy (1951) model, where it is argued that individuals will 
choose the economic activity that brings them the highest expected income, based 
on a heterogeneous endowment of skills, and where the activities that require greater 
skill have a positive selection and lower skill activities will have negative selection, 
which has been extended to decisions to migrate and commute.

An important assumption in these models is that highly qualified (foreign) 
migrants face lower migration costs because they can complete any bureaucratic 
requirement more easily (in that they are migrating legally). As mentioned at the 
beginning of this section, commuting costs would also be lower for higher-qualified 
individuals (Ong and Blumenberg 1998; Öhman and Lindgren 2003), so Cijt will be 
defined by using schooling (as a proxy for skill) and the commute distance.

where dijt is the distance between the place of residence and the place of work, and 
it is assumed that commuting costs increase with distance and decrease with school-
ing. The job search cost also depends positively on distance and negatively on qual-
ification. A more qualified individual has better access to information that allows 
her to find better job openings in less time, reducing this cost (Lippman & McCall, 
1979). Additionally, searching in different labor markets increases the distance that 
must be traveled, which increases the search cost.

In Eq.  (5), dijt represents the distance between region i (the place of residence) 
and region j (the place of work) and it is assumed that there is a base search constant 
( �) that is greater than zero. Considering Eqs. 3, 4 and 5, the decision to commute 
will depend positively on the level of education, provided that  𝜕Yjt

𝜕skt
>

𝜕Yit

𝜕skt
 as observed 

in (6):

The proposed theoretical model therefore indicates that as the level of schooling 
increases so do the possibilities to commute, as long as the return to education is 
greater in the destination area, which would determine a positive self-selection. This 
differential must offset the cost of commuting and the increase in the job search cost. 
On the other hand, if the return to education is greater in the area of residence, the 
people with the highest qualifications will stay there to work, which would imply 
that the flows of commuters are made up of people with low qualifications. The 
rationale behind this is that commuting may be the only alternative for these indi-
viduals to obtain a suitable job (Melzer and Hins, 2019). At this point, we find that 

(3)Lkt = Yjt
(
skt
)
− Cijt −

(
Δ𝜑kijt

)
− Yit

(
skt
)
> 0

(4)Cijt = �dijt − �skt

(5)Δ�kijt = � + �dijt − �skt

(6)
𝜕Lt

𝜕skt
=

𝜕Yjt

𝜕skt
+ 𝛿 + 𝛾 −

𝜕Yit

𝜕skt
> 0
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the self-selection of commuters depends on regional differences in the returns to 
education.

Distance also affects the decision to commute. Longer commutes mean that both 
the cost of commuting and the cost of the job search will increase, which ultimately 
discourages it.

It is important to consider this effect in the methodology since it could condition 
the effect of schooling and subsequently the self-selection analysis. This is because 
longer commutes will mean less willingness to do so, regardless of your level of 
qualification.

5  Methodology and data

To analyze self-selection in commuting, Chiquiar and Hanson (2005) propose com-
paring the distribution of wages and schooling between residents and commuters. 
The distribution of wages is used since these are determined, among other factors, 
by individual characteristics such as education, experience, and ability, the last of 
which is not directly observable. The wage level will vary as a function of the indi-
vidual characteristics and the valuation of said characteristics between different 
areas. It is proposed to compare the distribution of wages and schooling between 
residents and commuters by considering the zone of residence, defined as those in 
which the flows of commuters leaving are greater than the flows of commuters arriv-
ing, and commuter host zones, where the incoming commuter flows are greater than 
the outgoing ones.

The distribution of wages for commuters and residents may be different either 
because the qualifications between these groups are themselves different or because 
the market values their qualifications differently. To determine whether there are dif-
ferences in the qualifications of commuters and residents in the commuters´ zone of 
origin, a counterfactual distribution of commuter wages must be constructed. That 
is, a proxy of the wage that the commuters would receive if they had worked in their 
region of origin. The counterfactual distribution will be built based on observable 
characteristics and there may be unobservable factors that influence the distribution 
of wages that are not captured in this methodology.

Let f i(w|x) be the density function (d.f.) of wages in zone i , conditioned to the 
observable characteristics x (education level and experience amongst others). The 
d.f. of the observable characteristics of the employed in said zone i will be defined 
as h

(
x|i,Di = 1

)
 where Di is a variable that takes the value of 1 if the individual is 

employed and 0 otherwise. Therefore, the d.f. of wages observed for employed resi-
dents would be:

(7)
𝜕Lt

𝜕dijt
= −𝜃 − 𝜇 < 0



268 V. Carriel et al.

1 3

Similarly, the d.f. of wages observed for commuters is determined by:

The difference between  f i(w|x) and f j(w|x) captures the price difference of the 
individual characteristics between regions i and j , while the difference between 
h
(
x|i,Di = 1

)
 and h

(
x|j,Dj = 1

)
 captures the difference in characteristics between 

residents and commuters.
To construct the counterfactual of commuter wages had they been employed in 

their zone of residence, their characteristics must be valued at the price defined in 
zone i . Therefore, the d.f. of counterfactual wages is given by:

At this point, it will be assumed that the probability that a commuter is employed 
is one, which follows the assumption in the theoretical model that the individual had 
already decided to participate in the workforce. The counterfactual wage distribution 
will be obtained using the Coarsened Exact Matching (CEM) technique between 
residents and commuters based on their observable characteristics.

Matching techniques have been widely used in impact evaluation, when the con-
trol group and the treated group are not identical before the treatment is assigned. In 
these cases, the matching techniques aim to find, for each unit that is treated, a unit 
in the control group that is similar in the covariates, and the difference between dif-
ferent techniques is the definition of similarity used (Blackwell et al. 2009). Within 
this group of techniques, there are those that perform an exact match in the val-
ues of the covariates of both groups, and others such as Propensity Score Matching 
that perform an approximate match using distance measures on the propensity score 
(which is nothing more than the probability of belonging to the treated group given 
the covariates) (Rosenbaum and Rubin 1983). The downside is that exact matching 
is data-rich and produces few matches, whereas approximate matching by distance 
measurements requires the distance threshold to be defined (Blackwell et al. 2009).

The CEM technique takes each of the covariates and groups them temporarily 
according to significant strata, retaining the original values of those observations 
(controls and treated) that coincide within the strata of each variable. Thus, the 
CEM technique produces more matches than using exact matching. A disadvantage 
of the technique is that having few strata in each variable will lead to less balance 
between the treated and control group variables; however, the CEM has an algo-
rithm that allows the strata to be defined in such a way as to limit the imbalance 
between the groups (Iacus et al. 2011). Another advantage of CEM is its computa-
tional efficiency when working with large data sets (Blackwell et al. 2009).

To determine the counterfactual wage of commuters, consider individuals who 
commute C∗ and individuals who do not commute NC∗ ; the CEM groups these indi-
viduals based on strata of similar characteristics which are determined by a set of 

(8)g
(
w|i,Di = 1

)
= ∫ f i(w|x)h

(
x|i,Di = 1

)
dx

(9)g
(
w|j,Dj = 1

)
= ∫ f j(w|x)h

(
x|j,Dj = 1

)
dx

(10)gi
j
(w) = ∫ f i(w|x)h

(
x|j,Dj = 1

)
dx
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observable variables X (Iacus et al 2012). This technique allows us to obtain a more 
accurate counterfactual of the wage that an individual would have earned if she had 
not commuted. The variables used in the CEM and that influence the decision to 
commute are set following Paredes et al. (2017). We consider potential experience 
and its square, measured as years of participation in the labor market (we assume 
that an individual works without interruptions after finishing their education). We 
also consider whether the individual is the head of their household, whether they 
reside in an urban area, their gender, the sector in which they work, the income of 
the household (deducted from the individual’s wage), the occupation group5, and the 
contractual relationship (direct or subcontracted). The CEM is applied separately by 
functional areas and so commuters leaving functional area j are paired with residents 
in functional area j and not with residents from another area. It should be noted that 
by performing the CEM per functional area that pairing was only achieved in 75 of 
the 135 functional regions due to the scarcity of data. However, these 75 areas repre-
sent 93% of all commuters at the national level (245,465).

Table 3 shows the average wage per hour for these commuters. The average wage 
for commuters between functional areas is higher than their contrafactual wage. In 
general, we observe that commuters receive a wage premium when commuting. 
However, it is also evident that the average salary of commuters is not significantly 
different from that of residents in functional areas.

To determine the commuters’ type of self-selection, the relative density of the 
salary distributions of commuters and residents will be analyzed, for which the R 
“Reldist” package is used to estimate the relative density via a Gaussian estimator 
and via an Anscombe transformation in order to stabilize the variances (Handcock 
2016). Relative density is derived following Handcock and Morris (2006), so Y0 
is a random variable for the reference population, F0(Y) is a cumulative distribu-
tion function (c.d.f), and f0(Y) is the density function (d.f.). Y  is also observed for 

Table 3  Wage per hour, comparison between commuters and residents. Source: CASEN, 2009

Note: *** Significant at 1%; **significant at 5%; *significant at 10%

Variable (means) Commuters Residents Commuter wage—
Residents wage

T test (Commuter 
wage—Residents 
wage)

Wage $ 3897.12 $ 3459.32 $437.80 1.15
Contrafactual wage $ 2352.42 –
Wage–Contrafactual wage $1544.70***
T test (wage—Cwage) 3.35

5 Occupations were established in accordance with the International Standard Classification of Occu-
pations (ISCO 08). These are: armed forces; members of the executive branch and legislative bodies; 
professionals, scientists and intellectuals; mid-level professional technicians; office employees; service 
workers and shop vendors; farmers and skilled agricultural and fishing workers; officers, operatives and 
artisans of mechanical arts and others; plant and machine operators and assemblers; and, unskilled work-
ers.
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another population, which we will consider the comparison population, where the 
c.d.f. and the d.f. are F(Y) and f (Y) , respectively. The relative distribution of Y  to Y0 
is defined by:

where Q0(r) denotes the quantile of F0 and r represents the proportion of values in 
said quantile. The relative density is obtained by deriving G(r):

In this way, the relative density can be interpreted as a ratio, where if it has a 
value greater than 1, then the comparison distribution will have a higher frequency 
of observations. If it has a value less than 1, the comparison distribution will have a 
lower frequency of observations. If the relative density has a value of 1, both distri-
butions will have the same frequency of observations.

In this analysis, residents are considered to be the reference population and com-
muters the comparison population. Therefore, in the case of a positive self-selection 
of commuters, the relative density function should have a value greater than 1 in the 
highest quantiles. Negative self-selection would imply a value greater than 1 in the 
relative density function for the lowest quantiles. The same analysis will be applied 
for the distribution of schooling considering that it is a discrete variable (Handcock 
and Morris 2006).

5.1  Schooling as a proxy for qualification

As already mentioned, the distribution of wages is used to analyze whether LDC is 
guided by a criterion of self-selection in individuals. We use wages because they are 
determined, among other factors, by the skill level of the workers. However, there 
are external factors that can increase labor productivity, in turn increasing wages, 
without necessarily having higher worker qualification. Given that commuting is 
strongly associated with extractive activities, including mining, and that Chile is a 
country where copper mining is particularly relevant to its economy, there could be 
factors associated with this specific activity that are affecting wages. De Solminihac 
et al. (2018) show that labor productivity in the mining sector is positively associ-
ated with the price of copper. More specifically, an increase in the price of copper 
would result in higher wages in the sector by influencing labor productivity, without 
necessarily having an increase in the qualification of the workers.

Additionally, salary may be influenced by amenities. Authors such as Roback 
(1988) find that wage disparities between territories disappear when controlling 
for amenities. In the Chilean context, Paredes (2013) analyzes the role of ameni-
ties in the spatial wage differential, determining that amenities better explain the 
wage differential than the market access proposed in the New Economic Geography 
approach. Given that the salary can include other characteristics in addition to the 
qualification and this could mean that the salary is not so adequate to measure the 

(11)G(r) = F
(
F−1
0
(r)

)
= F

(
Q0(r)

)
0 ≤ r ≤ 1

(12)g(r) =
f
(
Q0(r)

)

f0
(
Q0(r)

) 0 ≤ r ≤ 1
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qualification of individuals, especially in contexts such as Chile, the analysis is car-
ried out on the distribution of schooling as a proxy for qualification. When analyz-
ing schooling, it is not necessary to apply the CEM technique since this variable 
is observed for both commuters and residents. Therefore, the analysis of the rela-
tive density of the schooling distributions of residents and commuters is carried out 
directly.

5.2  Data

In Chile, there are two sources of information that identify an individual’s place of 
residence and place of work and which allows us to determine the commuting flows. 
One of these sources is the National Employment Survey (ENE), which is carried 
out quarterly and collects information on the employment situation of individuals, 
with certain basic individual characteristics. In this survey, salary information is col-
lected with an additional module in the last quarter of each year. The second source 
of information is the National Socioeconomic Characterization Survey (CASEN), 
which, in addition to collecting labor information, also includes socioeconomic 
information on the individual and their home.

In this work, we use the CASEN database because its main advantage over the 
ENE is that the sample size is larger, which adds more precision to our estimates. 
The disadvantage of the CASEN data is that the individual’s workplace is only iden-
tified for 2009, and so we can only analyze commuting for that year. Following the 
work developed by Berdegué et al. (2019), 135 functional areas are obtained, which 
are used to identify the commuting flows. The sample contains a total of 52,514 
observations, of which approximately 7% are commuters between functional areas 
(3425). Table 4 shows the descriptive statistics of the two main variables used in the 
analysis, observing a high variability in hourly wages. It is important to note that 
since salary is usually sensitive information, not all respondents report these values, 
therefore there are less data available for analysis. Additionally, Appendix 1 shows 
the variables used to implement the CEM technique and their descriptions.

Table 4  Descriptive statistics 
of salary and schooling in the 
sample, 2009. Source: Self-
elaborated according to CASEN 
2009

Wage Schooling

Mean $ 2134.24 9.70
Standard Dev $ 4935.38 4.01
Min $ 0.94 0
Max $359,450.10 20
Obs 50,404 52,514
Residents 47,094 49,089
Commuters 3310 3425
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6  Results

This section presents the results of the relative density analysis for the distribu-
tions of wages and schooling between commuters and residents. This analysis is 
carried out considering both zones of residence, defined as those in which the 
flows of commuters leaving are greater than the flows of commuters arriving, and 
commuter host zones, where the incoming commuter flows are greater than the 
outgoing flows. The results for estimating the relative densities are those obtained 
using the Gaussian method. The method for stabilizing the variances leads to 
very similar results.

Fig. 6  Relative density of wage distribution, comparison between residence and commuting zones. 
Source: Self-elaborated according to CASEN 2009
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6.1  Salary

Using functional areas of the labor market (LMFA), the relative density of the 
salary distributions between commuters and residents is not statistically differ-
ent from 1 for the zones of residence (upper panel in Fig.  6). Therefore, there 
is no evidence of self-selection in commuting in these zones. In the case of the 
commuting zones, a slight pattern of intermediate self-selection is evident in the 
lower panel. It should be noted that clearer intermediate self-selection patterns 
are evident when including the method to stabilize the variances. However, these 
results could be affected by the fact that salary captures not only the qualification 
and ability of the individual, but also amenities and factors that influence the cop-
per market (for mining regions).

Fig. 7  Relative density of schooling distribution, comparison between residence and commuting zones. 
Source: Self-elaborated according to CASEN 2009
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6.2  Schooling

We observe a clear pattern of negative self-selection when analyzing functional 
areas by using the distribution of schooling instead of the distribution of wages. The 
upper panel of Fig. 7 shows that in residence zones there is a higher share of com-
muters with low schooling in relation to residents. However, high levels of school-
ing mean that the share of commuters leaving these areas is less than the share of 
residents (with this level of education) that do so. This pattern is accentuated in the 
commuting areas, which is an indication of negative self-selection in commuting. It 
should be noted that these patterns remain unchanged when using the variance sta-
bilization method.

As already observed, in the context of functional areas residents have more years 
of schooling (on average) than commuters, resulting in an increase on the left side 
of the distribution and the negative selection pattern that we observe in Fig. 7. These 
results might indicate that the functional areas in Chile represent more competi-
tive labor markets in terms of worker qualification, and so less qualified individuals 
choose to commute to nearby functional areas due to their limitations in commuting 
further. Commuting between said functional areas could therefore be a strategy for 
these individuals with lower than average qualifications.

7  Conclusion

The existing literature on self-selection in commuting indicates that there are sev-
eral factors that influence these patterns, primarily the level of schooling and the 
distance traveled as well as the wage premium that commuters would receive in the 
work areas. Wage and schooling are also typically used as approximations for the 
qualification or ability of individuals. We find evidence of intermediate self-selec-
tion when analyzing the wage distributions between commuters and residents results 
in line with the theoretical developments of Sorek (2009) and Wrede (2013). How-
ever, when we use schooling, the result is negative self-selection in line with Huber 
(2014) and migration theory. The differences in our results may be due to the fact 
that wage picks up other factors, in which case schooling would be a better approxi-
mation of the individual’s skill level. De Solminihac et  al. (2018) mention this in 
that the price of copper is related to the productivity of the mining sector, which 
means higher wages without necessarily higher qualifications.

Something that the literature has not done is a self-selection analysis using func-
tional instead of administrative areas. This document addresses this knowledge gap, 
and evidence of negative self-selection is found when analyzing schooling. The cre-
ation of functional areas means that the least qualified individuals have the highest 
probability of commuting. This could be explained by the fact that individuals with 
a low educational level face limitations when moving long distances (Green and 
Owen 2006), partly due to the higher relative cost of commuting and the low prob-
ability of finding a job that compensates them for it (Ong and Blumenberg 1998; 
Öhman and Lindgren 2003).
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This fact is linked to the theoretical framework since people with lower qualifica-
tions face restrictions to commuting further. Roy’s model is directly applicable to 
commuting and shows that individuals seek to maximize their income by aligning 
their skills with the highest paying activity. Further, the evidence that low-skilled 
commuters receive a wage premium for commuting leads us to believe that it could 
be a strategy for improving their working conditions and their chances of finding a 
job, reducing the mismatch between skill and the return to skill in the labor market 
of residence.

This evidence is relevant in the Chilean context, where authors such as Pellandra 
(2015) indicate that the boom in the price of copper between 2003 and 2011 caused 
the wages of less-skilled workers to experience higher growth than in other groups 
of workers. This effect in turn had negative repercussions on school enrollment rates 
in mining areas, which may have had an impact on the accumulation of human capi-
tal and the employability of school dropouts at the end of the copper price boom 
(Pérez and Rodríguez 2021). Our results are in line with these findings and would 
indicate that the boom in copper prices during this period had an impact on the 
negative self-selection of commuters, since it was the people with fewer skills who 
obtained the highest salary increases, thus obtaining a higher return for their skills in 
the host zones of commuters that are typically specialists in the mining sector.

This result is key to understanding the current structure and dynamics of labor 
markets, where the situation caused by the Sars-Cov-2 pandemic in Chile has 
imposed different mobility restrictions between counties that belong to the same 
functional area within a context of restricted mobility. This “job opportunity equal-
izer” mechanism is restricted since it would prevent relatively less-qualified people 
residing in more qualified labor markets from having more job opportunities since 
their potential market area is reduced, having been expanded from the possibility 
of commuting. Education and training are key to improving not only individual 
employability but also the long-term competitiveness of a region (Malecki 2004). 
Likewise, shocks that restrict the participation of less-skilled individuals in the host 
labor market (like the end of the copper price boom) could lead to an increase in ine-
qualities in local markets, as these individuals might have to settle for lower-paying 
jobs or face limitations to participating in their labor market. Therefore, LDC is a 
mechanism that improves the efficiency of the market, providing both low- and high-
skilled workers to labor markets where they are needed.

Appendix 1: Description of variables used in the CEM

Variables Description

Potential experience Measured as the difference between the person’s age and the years of 
schooling plus 6

Potential experience squared The potential experience squared
Head of household Indicates if the person is the head of the household
Urban area Indicates if the person lives in an urban area



276 V. Carriel et al.

1 3

Variables Description

Gender Indicates the gender of the person
Economic sector A categorical variable that reflects the economic sector in which the 

person works (agriculture, mining, manufacturing, etc.)
Household income Reflects household income excluding individual’s income
Occupation group It is a categorical variable that reflects the occupation group in which the 

person works in accordance with the International Standard Classifica-
tion of Occupations (ISCO 08)

Contractual relationship Indicates if the person has a direct contract with the company or is sub-
contracted

Source Self-elaborated according to CASEN 2009
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