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Abstract 

Štěpán Kučera: Evaluating the Impact of Infrastructure Investment on Regional Labor Markets 

This paper examines the effect of improvements in road transport infrastructure on the intensity of 
inter-municipal work commuting in the Czech Republic over the period 2011–2021. The study uses 
linked census data on commuting flows between more than 79,000 origin-destination municipality 
pairs, together with network-based estimates of travel times derived from OpenStreetMap. Using the 
Open-Source Routing Machine (OSRM), we estimate first-difference OLS models that relate changes in 
normalised commuting intensity to absolute changes in road travel time, while controlling for pre-
existing commuting linkages between municipalities and a set of controls variables. We find that a one-
minute reduction in travel time raises car-based commuting intensity by approximately 0.12 to 0.17 
car commuters per 1,000 economically active residents. This positive effect remains consistent across 
both intra-regional and intra-district spatial specifications. The analysis of heterogenous effects reveals 
a pronounced gender asymmetry. The travel time effect is negative, sizeable, and statistically 
significant for female commuters in all specifications, while it is statistically indistinguishable from zero 
for male commuters. For women, shorter travel time thus acts as a catalyst for work commuting across 
all model specifications. By contrast, for male commuters, the estimated effect is statistically 
indistinguishable from zero in the pooled national sample, while in alternative specifications the effect 
remains very weak. Education-stratified results indicate that the aggregate effect is driven primarily by 
workers with secondary education, whereas workers with either basic or tertiary education do not 
appear to respond to infrastructure improvements, or more specifically to reductions in commuting 
time. Stratification by sector of employment shows statistically significant results particularly in the 
primary and secondary sectors. While shorter commuting times in agriculture and manufacturing are 
associated with an increased intensity of work commuting, the results for the services sector are less 
clear-cut and vary across model specifications. Overall, the findings suggest that the labour market 
returns to road infrastructure investment are highly specific. Reductions in travel time increase car-
based commuting, but the magnitude of the effect is modest. Both the strength and direction of the 
effect depend on the population group considered and on the broader economic-geographical context. 
Road infrastructure may therefore operate as a potential mechanism for improving labour market 
access among selected sociodemographic groups, while primarily reinforcing existing commuting 
corridors rather than generating entirely new ones. 
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Republic 
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1 Introduction 

By facilitating the movement of people, goods and services, improvements in transport networks can 

strengthen economic integration and reshape the spatial organisation of economic activity (Eisler et 

al. 2011; Persyn et al. 2023; Rodrigue 2024; Taylor 2021; Zhang a Cheng 2023). One important channel 

operates through regional labour markets, as better connectivity can make employment opportunities 

beyond the municipality of residence easier to reach (Ottaviano 2008; Vickerman et al. 1999). Changes 

in accessibility may therefore influence regional economic outcomes not only through firm location 

and market access, but also by improving the spatial matching of labour supply and demand(Evers a 

Oosterhaven 2005; Evers et al. 1987). In particular, shorter road travel times can lower commuting 

costs and widen the range of jobs that can be reached without relocation. This may be especially 

relevant for municipalities with limited local employment, where improved connections can 

strengthen links to larger labour markets and support greater inter-municipal mobility. 

The consequences of improved connectivity are nevertheless unlikely to be spatially uniform. 

Transport improvements can strengthen integration between local economies, but they can also 

redistribute economic activity towards stronger centres, meaning that improved accessibility does not 

necessarily generate comparable benefits across territories (Banister a Berechman 2001; Adler et al. 

2020). The so-called “straw effect”, whereby improved transport connections may contribute to the 

outflow of economic activity from peripheral and economically weaker areas towards stronger 

economic centres, represents the dual nature of transport infrastructure investment. What increases 

interregional connectivity may simultaneously deepen spatial inequality and reinforce economic 

disparities(Ottaviano 2008; Kim a Han 2016b; Ciani et al. 2022). Existing evidence therefore emphasises 

that the effects of infrastructure depend on the characteristics of connected places and on the capacity 

of local labour and housing markets to respond to improved accessibility (Habrman a Žúdel 2017; 

Kučera et al. 2025). 

A critical and still insufficiently explored area of this debate concerns the mechanisms through which 

improved transport accessibility affects labour mobility and labour market participation. Although 

changes in travel times between municipalities may influence the attractiveness of commuting, expand 

the effective reach of labour markets, and alter the spatial distribution of job seekers and job 

vacancies, the effects of travel-time changes on labour market participants are not necessarily 

homogenous across all socio-demographic groups. Responses in commuting behaviour to changes in 

infrastructure may be constrained to a considerable extent by housing-market rigidities, pre-existing 

spatial patterns of commuting and economic activity, as well as by a range of socio-demographic 

factors, including gender, occupational skill level, family responsibilities, and socioeconomic status 
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(Gobillon a Selod 2007; Minkus et al. 2022; Martín-Barroso et al. 2022). The extent to which these 

factors mitigate or reinforce the labour market effects of improved accessibility remains an open 

empirical question, particularly in settings where transport network development has been relatively 

rapid but territorially uneven.  

This paper examines how changes in road travel time are associated with changes in inter-municipal 

commuting intensity in the Czech Republic between 2011 and 2021. The country provides a useful 

setting because its highly fragmented municipal structure allows commuting and accessibility to be 

observed at a fine spatial scale. Census data on inter-municipal commuting are combined with road-

network data from OpenStreetMap and calculate municipality-to-municipality travel times using the 

Open Source Routing Machine (OSRM). This approach captures changes in road accessibility between 

municipalities and provides a direct basis for examining how improved connectivity relates to 

commuting behaviour. 

Against this background, the main research question addressed in this paper is whether the commuting 

response to improvements in road accessibility differs across labour-market groups. First, the 

relationship between reductions in road travel time and changes in inter-municipal commuting is 

examined, together with the role of pre-existing commuting links between municipalities. The analysis 

is then extended to differences by gender, education and sector of employment. Such differences may 

arise because the same reduction in travel time does not necessarily reduce commuting constraints to 

the same extent for all workers. Greater effects may be observed among groups whose employment 

choices are more strongly limited by travel time, local job availability or other constraints on mobility. 

Particular attention is therefore given to the question of which labour-market groups show the 

strongest commuting response to reductions in travel time. 

The paper contributes to the literature in three ways. First, it links changes in commuting flows to 

changes in network-based travel time observed for individual municipality pairs. Second, it examines 

whether the response to improved accessibility differs by gender, education and sector of 

employment. Third, combining comprehensive municipality-level commuting-flow data with OSRM-

based travel-time estimates provides a more detailed measure of accessibility than approaches based 

on self-reported or aggregated indicators. 

The remainder of the paper is organised as follows. Section 2 reviews the theoretical and empirical 

literature on transport infrastructure, regional development and labour mobility, with particular 

attention to the spatial mismatch framework and to heterogeneity in commuting responses by gender, 

education and sector of employment. Section 3 describes the data sources, the construction of the 
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analytical dataset, and the empirical methodology. Section 4 reports the baseline and stratified results 

and discusses their implications for labour-market policy. Section 5 concludes. 

2 Literature review 

2.1 Transport accessibility and spatial labour-market integration 

Transport infrastructure can influence regional economies through several channels, including firm 

productivity, market access, agglomeration and labour mobility. This paper focuses on the latter 

mechanism. The extent to which reductions in travel time alter the spatial matching of workers and 

jobs. Lower travel times increase the number of employment opportunities that can be reached within 

a given amount of time and may therefore increase commuting between municipalities. However, the 

effects need not be evenly distributed across space or across workers. They depend both on the 

geography of economic activity and on individual constraints that determine the willingness and ability 

to commute. This distinction is particularly important when infrastructure improvements connect 

smaller municipalities with stronger employment centres (Ottaviano 2008; Redding a Turner 2015; 

Gibbons et al. 2019; Ciani et al. 2022). 

Commuting provides the main behavioural channel through which changes in road accessibility can 

affect local labour markets. Workers compare the benefits of employment opportunities with the 

monetary and time costs required to reach them. Longer commuting times therefore reduce the set 

of jobs that are economically or practically feasible, whereas faster connections enlarge the effective 

labour market available from a given place of residence. Better job accessibility has consequently been 

associated with shorter unemployment spells and improved labour-market outcomes (Korsu a 

Wenglenski 2010; Habrman a Žúdel 2017). From this perspective, infrastructure improvements can 

increase inter-municipal commuting even without changing the residential location of workers or the 

location of firms. The adjustment of commuting flows is unlikely to be instantaneous or independent 

of existing spatial relationships. Commuting patterns show considerable persistence because 

residential relocation is costly, job search is partly localised, and workers acquire information about 

employment opportunities through established spatial and social networks (Martín-Barroso et al. 

2022). Travel-time reductions may therefore have stronger effects along municipality pairs where 

commuting links already exist. Infrastructure may in this sense intensify established labour-market 

connections rather than create entirely new ones. 
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2.2 Heterogeneous commuting constraints 

These aggregate patterns of persistence, however, need not apply uniformly across all workers. The 

spatial mismatch framework provides a useful explanation for why the effects of improved accessibility 

may differ across workers. Spatial separation from employment opportunities can restrict job access 

when commuting costs or other mobility constraints limit the range of jobs that workers can feasibly 

reach (Gobillon a Selod 2021; Gobillon et al. 2007; Bastiaanssen et al. 2020). 

Gender is one of the most consistently documented dimensions of commuting behaviour. Women 

tend to commute shorter distances and for shorter periods than men, even after differences in labour-

market characteristics are taken into account (Martín-Barroso et al. 2022; Casado-Díaz et al. 2023). 

Household and childcare responsibilities can impose tighter daily time constraints on women, while 

occupational segregation and the structure of local labour markets may further limit the set of suitable 

employment opportunities within feasible commuting distance (Hanson 2010; Wachter a Holz-Rau 

2022; OECD 2025). These constraints imply that reductions in travel time may have different marginal 

effects for women and men. Le Barbanchon, Rathelot and Roulet (2021) show that women place a 

higher value on shorter commutes when making job-search decisions, while evidence on commuting 

well-being similarly suggests that long journeys are particularly costly for workers with stronger 

household responsibilities (Avram 2025). Consistent with this asymmetry, causal estimates from the 

United States show that a ten-minute increase in commuting time reduces married women's labour-

force participation by over four percentage points, with no significant effect for men (Farré et al. 2023). 

Improved accessibility may therefore expand the feasible job-search radius more strongly for women 

when commuting time is a binding constraint. At the same time, the response need not be uniform 

among women. Family status, skills, local employment opportunities, and household time constraints 

together shape how much a given travel-time reduction actually widens the feasible job-search radius 

(Kwon a Akar 2022; Avram 2025; Chen et al. 2024). Infrastructure improvements may therefore 

increase women’s labour-market accessibility without producing the same behavioural response 

across all female workers.  

Spatial mismatch constraints may be particularly relevant for lower-skilled and lower-paid workers, for 

whom commuting costs represent a larger share of potential earnings and limited information about 

opportunities outside the local labour market may further narrow the scope of job search (Andersson 

et al. 2017). However, shorter travel times are likely to increase mobility only when transport costs 

represent a key constraint, as low expected wages, limited access to private transport, or the spatial 

concentration of suitable jobs may continue to restrict commuting. Educational attainment may 

therefore moderate the response to accessibility improvements in different ways. Lower-skilled 
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workers may benefit from improved transport accessibility when poor connections limit access to 

more distant employment opportunities, but the effect may remain limited when other barriers to 

mobility persist. By contrast, highly educated workers generally search across wider labour markets 

and accept longer commutes (Martín-Barroso et al. 2022), making an additional travel-time saving less 

likely to alter the feasibility of an existing origin-destination link. At the same time, evidence from 

Germany suggests a different pattern, indicating that improved transport accessibility may facilitate 

interregional commuting particularly among highly educated workers (Heuermann a Schmieder 2019). 

The relationship between improved accessibility and commuting may therefore be non-linear across 

educational groups rather than increasing systematically with education.  

The effect of travel-time reductions may also vary by sector of employment because jobs differ in their 

spatial distribution and dependence on road accessibility. Manufacturing and related secondary-sector 

activities are frequently located outside the largest urban cores and rely on access from surrounding 

municipalities, making commuting by car an important component of labour-market integration. 

Direct evidence on commuting patterns supports this distinction. Manufacturing workers commute 

systematically longer distances than service-sector workers across all education levels (Yue a O’Kelly 

2023). Service employment is more strongly concentrated in urban centres and includes a wider range 

of occupations with very different commuting patterns, while employment in the primary sector 

remains partly tied to the location of land and natural resources. Infrastructure improvements may 

therefore change commuting flows differently across sectors even when workers face the same 

reduction in travel time (Ghani et al. 2016; Gibbons et al. 2019; Redding a Turner 2015). The expected 

response is therefore likely to vary across sectors rather than follow a single monotonic pattern. 

2.3 Spatial concentration of employment and regional integration 

Improved accessibility can also change where economic activity takes place rather than simply increase 

its aggregate level. New economic geography predicts that lower transport costs strengthen 

interactions between core and peripheral areas and may reinforce agglomeration in larger economic 

centres (Krugman 1991; Ottaviano 2008). Empirical studies therefore report both local gains from 

improved road access and displacement effects. New infrastructure has been associated with higher 

employment, firm activity and market access in connected locations (Ghani et al. 2016; Gibbons et al. 

2019), but benefits may also become concentrated in larger centres at the expense of smaller 

surrounding municipalities (Faber 2014; Kim a Han 2016a; Ciani et al. 2022; Kučera et al. 2025). For 

labour markets, this distinction is important because stronger access to an employment centre does 

not require jobs to relocate towards peripheral municipalities. Instead, part of the adjustment can 

occur through increased commuting from workers’ places of residence to existing centres of 

employment. 
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The spatial redistribution perspective also highlights that infrastructure investment may function as a 

zero-sum game at the regional level. rather than creating new economic activity, it reallocates existing 

activity from disadvantaged peripheral municipalities to dominant (Ciani et al. 2022). Whether newly 

connected communities gain or lose relative to the urban cores to which they become linked depends 

on factors including their initial economic strength, the size of the local labour market, and the 

institutional and geographic conditions that shape firms' location decisions (Meersman a Nazemzadeh 

2017). 

2.4 Empirical implications and identification 

Two gaps follow from this review. First, most evidence on accessibility and commuting relies on 

proximity to major infrastructure or aggregate accessibility indices, rather than on observed changes 

in network-based travel time between specific origin–destination pairs. Second, while commuting 

patterns are known to differ across gender, education and sector, it remains unclear whether these 

same groups differ in how strongly they respond to a given improvement in accessibility. This paper 

addresses both gaps by linking municipality-pair-level changes in road travel time to changes in 

commuting intensity, and by testing whether the estimated relationship differs systematically across 

sociodemographic groups and across spatial scales (intra-regional versus intra-district pairs). This 

spatial dimension matters because infrastructure effects need not be scale-invariant: evidence from 

other settings shows that road capital can raise economic activity within the same county while 

simultaneously reducing it in neighbouring counties, and that regional and local accessibility can move 

in different directions (Boarnet 1998; Silva a Altieri 2022) 

Taken together, the literature suggests that reductions in travel time can increase commuting by 

enlarging the set of jobs that can be reached from a worker's place of residence. The magnitude of this 

response should not, however, be expected to be uniform. Workers differ in the time, financial and 

household constraints attached to commuting, while employment opportunities differ in their spatial 

distribution across skill groups and sectors. The empirical analysis therefore examines whether 

reductions in road travel time increase inter-municipal car commuting overall and then tests whether 

this relationship differs by gender, educational attainment and sector of employment. Particular 

attention is paid to groups for whom spatial or time constraints are more likely to restrict labour-

market access. 
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3 Data and methodology 

The empirical analysis draws on two primary data sources. The first is the Census, conducted by the 

Czech Statistical Office (ČSÚ) in 2001, 2011, and 2021, which provides detailed information on inter-

municipal commuting flows at the level of individual origin and destination pairs, disaggregated by 

mode of transport and by key sociodemographic and occupational characteristics of commuters such 

as a gender, education, and sector of employment. A full list of variables, their definitions, and their 

sources is provided in table 1. 

The second data source is the OpenStreetMap (OSM) road network, from which municipality-pair 

travel times and distances by private car were computed using the Open Source Routing Machine 

(OSRM). OSRM is a high-performance routing engine that calculates shortest-path travel times across 

the road network, taking into account road type, speed limits, and network topology (Huber a Rust 

2016). Travel times were computed for each origin and destination municipality pair in both 2011 and 

2021, using the OSM network snapshot corresponding to each respective year so as to capture the 

infrastructure changes, principally motorway openings that occurred between the two census years. 

This approach yields network-based travel time estimates that are free from real-time congestion 

noise and are fully replicable, as the underlying map data are publicly available. The two datasets were 

merged at the municipality-pair level. 

Table 1 Variable definitions and data sources 

Variable Definition Source 

Dependent variable 

d_share Change in car-based commuting intensity 
between municipality pair i, j, 2011–2021 
(commuters per 1,000 economically active 
residents of the origin municipality) 

Czech Statistical Office, 
Census, 2011/2021 

Main explanatory variable 

d_duration Absolute change in road travel time between 
municipality pair i, j, 2011–2021 (average of 
both directions, minutes) 

OpenStreetMap / OSRM, 
2011/2021 

Path-dependence controls 

log_flow2001 Logarithm of the total commuting flow 
between i, j (pre-treatment proxy for latent 
commuting demand) 

Czech Statistical Office, 
Census, 2001 
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distance Road distance between municipality pair i, j OpenStreetMap / OSRM, 
2011 

Push-pull controls 

Public transportation Share of commuters using public transport Czech Statistical Office, 
Census, 2011/2021 

Unemployment rate Unemployment rate Czech Statistical Office / 
MPSV, Public Database, 
2011/2021 

Completed dwellings Number of completed dwellings Czech Statistical Office, 
Public Database (housing 
construction), 2011/2021 

Accommodation 
establishments 

Number of accommodation establishments Czech Statistical Office, 
Public Database (tourism 
statistics), 2011/2021 

Mean age Mean age of residents Czech Statistical Office, 
Census, 2011/2021 

Share of children 0–14 Share of residents aged 0–14 Czech Statistical Office, 
Census, 2011/2021 

Share of seniors 65+ Share of residents aged 65+ Czech Statistical Office, 
Census, 2011/2021 

Mass Gravitational mass of the municipality pair Czech Statistical Office, 
Census, 2011/2021 

Push-pull variables are constructed as the origin-minus-destination differential of the listed characteristic and enter the 

model as the change in this differential between 2011 and 2021: 𝑑_𝑔𝑎𝑝𝑥,𝑖,𝑗 = (𝑥𝑖,2021 − 𝑥𝑗,2021) − (𝑥𝑖,2011 − 𝑥𝑗,2011). 

The 2021 census was conducted during the COVID-19 pandemic, when a segment of workers, 

particularly those in highly qualified professional occupations shifted temporarily to remote working. 

To assess whether this affected the commuting data, we examined the stability of commuting flows 

between 2011 and 2021. Only 12.2% of municipality pairs experienced a decline in commuting 

intensity, with the overall pattern moving towards increased commuting. This indicates that the 2021 

census data remain broadly representative of underlying commuting relationships, though a modest 

downward pressure on commuting counts in certain occupational segments cannot be fully ruled out. 

We expect that the pandemic reduced how often people commute, that is, the frequency of trips per 

week, rather than the number of people commuting along a given route, which increased overall. 
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Second, the gender-disaggregated commuting data are subject to statistical disclosure limitations, as 

gender information is anonymised for commuting flows involving very small numbers of commuters, 

typically only a single individual. These unidentified observations tend to occur primarily over relatively 

long commuting distances. Nevertheless, gender remains identifiable for 93.4% of commuters by 

volume, providing broad coverage for the analysis of gender differences. The estimated gender effects 

should therefore be interpreted with this limitation in mind. 

Third, travel times derived from OpenStreetMap reflect the road network configuration in each year 

and do not account for real-time traffic congestion. This approach ensures consistency and replicability 

of travel-time estimate across census years, while implying that the estimated effects primarily capture 

structural changes in transport infrastructure rather than variation in congestion levels. Given the 

focus of this study on long-term changes in transport accessibility, this represents an appropriate 

methodological simplification. 

The dependent variable captures the change in car-based commuting intensity between a pair of 

municipalities over the decade 2011–2021, expressed as the number of car commuters per 1,000 

economically active persons residing in the origin municipality: 

𝑑_𝑠ℎ𝑎𝑟𝑒𝑖,𝑗  =
𝑐𝑜𝑚𝑚𝑢𝑡𝑒𝑟𝑠𝑖,𝑗,2021

𝐸𝑐𝑜𝑛𝑜𝑚𝑖𝑐𝑎𝑙𝑙𝑦 𝑎𝑐𝑡𝑖𝑣𝑒𝑖,2021
−

𝑐𝑜𝑚𝑚𝑢𝑡𝑒𝑟𝑠𝑖,𝑗,2011

𝐸𝑐𝑜𝑛𝑜𝑚𝑖𝑐𝑎𝑙𝑙𝑦 𝑎𝑐𝑡𝑖𝑣𝑒𝑖,2011
 𝑥 1000 

where i indexes the origin municipality and j the destination municipality, 𝑐𝑜𝑚𝑚𝑢𝑡𝑒𝑟𝑠 are commuted 

by car identified in the dataset and 𝐸𝑐𝑜𝑛𝑜𝑚𝑖𝑐𝑎𝑙𝑙𝑦 𝑎𝑐𝑡𝑖𝑣𝑒 is the number of economically active 

persons in the origin municipality. Pairs for which both the 2011 and 2021 commuting flows are zero 

are dropped from the sample, as they carry no information about the direction of change.  

The main explanatory variable of interest is the change in road travel time between each origin-

destination pair across the two census years. The absolute change in travel time (in minutes) is defined 

as: 

𝑑_𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛𝑖,𝑗  =
 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛𝑖,𝑗,2021 +  𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛𝑗,𝑖,2021

2
 −  

 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛𝑖,𝑗,2011 +  𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛𝑗,𝑖,2011

2
 

we use an average of both commuting directions as it may differ (e.g. due to one-way routes). A 

negative value of 𝑑_𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛 indicates that the journey between a given pair of municipalities became 

faster between 2011 and 2021, most commonly due to the opening of a new motorway or expressway 

section along or near the relevant route.  

Control variables are used to capture other sources of variability. The model includes the 2001 

commuting flow as a pre-treatment proxy for the latent demand for commuting between each pair. 
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Pairs with a strong established commuting relationship in 2001 are likely to have been selected for 

infrastructure improvement precisely because of their high commuting potential, and controlling for 

this pre-existing demand reduces the risk of attributing to infrastructure what is in fact an 

extrapolation of a pre-existing trend. This concern reflects a broader empirical issue: infrastructure 

improvements are not randomly located, as new roads are more likely to be built where expected 

demand, economic potential, or strategic importance is already high (Crescenzi et al. 2016; Deng 2013; 

Redding a Turner 2015). Conditioning on pre-existing commuting flows therefore helps distinguish the 

effect of changes in accessibility from pre-existing spatial economic structure, although it does not fully 

eliminate the possibility of residual endogeneity. The logarithm of the total commuting flow in 2001 is 

included as an additional predictor (𝑙𝑜𝑔_𝑓𝑙𝑜𝑤2001𝑖𝑗). 

The choice of control variables is guided by a push-pull framework, which posits that commuting flows 

between two municipalities reflect the relative economic and demographic attractiveness of the 

destination compared to the origin. Variables that make the destination relatively more attractive–

better employment prospects, more housing availability, larger population mass–are expected to 

generate pull effects that increase commuting from the origin. Conversely, characteristics of the origin 

that reduce the availability of local employment generate push effects that stimulate outward 

commuting. 

Push-pull differentials are constructed as the origin value minus the destination value for each 

characteristic and each census year: 

𝑑_𝑔𝑎𝑝𝑥,𝑖,𝑗  = (𝑥𝑖,2021 − 𝑥𝑗,2021) − (𝑥𝑖,2011 − 𝑥𝑗,2011) 

Where x is one of the following indices: use of public transportation, unemployment rate, completed 

dwellings, accommodation establishments, mean age, share of children 0–14, share of seniors 65+ and 

a gravitational mass, which captures population size of the pair and, unlike others, is computed as the 

logarithm. 

The baseline regression model takes the following form: 

𝑑_𝑠ℎ𝑎𝑟𝑒𝑖,𝑗 = 𝛽0 + 𝛽1 · 𝑑_𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛𝑖,𝑗 + 𝛽2 · 𝑙𝑜𝑔_𝑓𝑙𝑜𝑤2001𝑖𝑗 + 𝛽3 · 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑖𝑗 + 𝑑_𝑔𝑎𝑝𝑥,𝑖,𝑗
′𝛾 + 𝜀𝑖𝑗  

All models are estimated by ordinary least squares (OLS) with heteroskedasticity-robust standard 

errors. This adjustment is necessary because the variance of the error term is not constant across 

municipality pairs. Commuting flows between larger municipalities tend to fluctuate more than flows 

between smaller ones, violating the homoskedasticity assumption of standard OLS inference. Robust 

standard errors correct for this heteroskedasticity without altering the point estimates, ensuring that 

the reported significance levels are not overstated. 
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4 Results and discussion 

Table 2 presents the results of the three baseline OLS models. The pooled sample covers 79,244 

municipality-pairs (Model 1), which is reduced to 66,870 intra regional pairs (Model 2) and 47,056 

intra-district pairs (Model 3) as the geographic restriction is tightened. Across all three specifications, 

the key coefficient of interest the effect of the absolute change in road travel time on the change in 

normalised car-based commuting intensity is negative and statistically significant. In the base model, 

a one-minute reduction in travel time is associated with an increase of approximately 0.12 car 

commuters per 1,000 economically active residents of the origin municipality. This effect becomes 

somewhat larger in absolute terms for intra regional pairs and attains its greatest magnitude for intra-

district pairs, though the latter estimate is significant only at the ten percent level, reflecting the 

reduced sample size and greater homogeneity of closely proximate municipality pairs. The consistency 

of the negative sign across all three specifications provides robust evidence that infrastructure 

improvements operationalised as reductions in network-based travel time translate into measurable 

increases in car based commuting intensity. 

The historical commuting flow is the strongest predictor in all three models and carries a large positive 

coefficient: each unit increase in the logarithm of the 2001 flow is associated with an increase of 

between 305 and 376 in the normalised commuting intensity change, reflecting the strong path-

dependence of spatial labour market integration. Pairs with established commuting linkages at the 

start of the observation period thus experience the largest absolute growth in commuting flows over 

the following two decades, consistent with the theoretical argument that infrastructure improvements 

reinforce rather than create commuting relationships. The initial road distance enters with a negative 

and highly significant coefficient across all specifications, indicating that more distant municipality 

pairs tend to experience smaller increases in normalised commuting intensity a result that is consistent 

with declining marginal accessibility gains from infrastructure for pairs separated by greater absolute 

distances. 

Turning to the push-pull controls, the change in the public transport commuting share enters with a 

large and highly significant negative coefficient, indicating that pairs in which public transport 

commuting grew relatively faster experienced weaker growth in car based commuting a mechanical 

substitution effect between modes. The gravitational mass variable is negative throughout, suggesting 

that pairs where the joint population product grew most rapidly did not necessarily exhibit the 

strongest gains in car commuting intensity. The unemployment rate differential is positively signed and 

significant, confirming that pairs in which the destination municipality experienced rising 

unemployment relative to the origin show smaller increases or larger decreases in commuting 

intensity, as weaker labour demand at the destination reduces the incentive to commute there. The 
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mean age and the share of children are both positively associated with commuting growth, while the 

share of seniors is insignificant throughout. 

Table 2. Baseline results 

 (1) (2) (3) 
 Base Model Intra-region Intra-district 

d_duration -0.120*** -0.135*** -0.170+ 
 (0.002) (0.003) (0.053) 
log_flow2001 304.588*** 327.158*** 376.384*** 
 (0.000) (0.000) (0.000) 
distance -0.012*** -0.015*** -0.012*** 
 (0.000) (0.000) (0.000) 
Public transportation -304.852*** -428.479*** -602.189*** 
 (0.000) (0.000) (0.000) 
Mass -482.608*** -399.631*** -453.026*** 

 (0.000) (0.000) (0.000) 
Unemployment rate 42.401*** 39.651*** 46.567*** 
 (0.000) (0.000) (0.000) 
Completed dwellings -0.180+ 1.946*** 3.548*** 
 (0.065) (0.000) (0.000) 
Accommodation establishments 0.561 16.189*** 35.433*** 
 (0.432) (0.000) (0.000) 
Mean age 119.704*** 120.861*** 123.092*** 
 (0.000) (0.000) (0.000) 
Share of children 0–14 30.137*** 31.142*** 31.810*** 
 (0.000) (0.000) (0.000) 
Share of seniors 65+   -5.380 -7.399 -6.746 
 (0.231) (0.128) (0.237) 
Constant 330.752*** 315.546*** 172.132*** 
 (0.000) (0.000) (0.000) 

N 79244.000 66870.000 47056.000 
R2 0.089 0.110 0.118 
F 456.020 432.807 338.497 

p-values in parentheses, robust standard errors 
+ p < 0.10, * p < 0.05, ** p < 0.01, *** p < 0.005 

 

Table 3 reports results for gender disaggregated commuting flows. For female commuters, the travel 

time coefficient is negative and statistically significant in all three specifications. Women's commuting 

behaviour thus responds strongly and consistently to changes in road travel time. For male commuters, 

by contrast, the base model coefficient is negative but statistically indistinguishable from zero. The 

magnitude of the female coefficient substantially exceeds that of the male coefficient in the base 

model, and the two-point estimates are statistically distinguishable. 

This finding is consistent with the spatial mismatch and household responsibility literatures reviewed 

in Section 2. Women's commuting decisions are more tightly constrained by the feasibility of the 

journey both in terms of absolute travel time and the predictability of arrival and departure because 
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domestic responsibilities create harder time constraints around the working day. Infrastructure 

improvements that reduce travel time therefore have a proportionally larger impact on the set of 

feasible job worker matches available to women, raising the effective labour market radius accessible 

to female workers and facilitating employment relationships that were previously too time costly to 

sustain. For men, who on average face looser time constraints, the marginal effect of a travel time 

reduction is smaller. Men are already commuting longer distances and the addition of further 

connectivity provides incrementally less new employment access. The R-squared values are uniformly 

higher for women (0.074–0.101) than for men (0.058–0.073), suggesting that the model captures a 

larger share of the variance in female commuting intensity, consistent with female commuting 

behaviour being more systematically related to the structural determinants included in the model. 

Table 3. Gender-disaggregated results 

 (1) (2) (3) 
 Base Model Intra-region Intra-district 

d_duration – women only -0.142*** -0.107*** -0.134* 
 (0.000) (0.002) (0.036) 

d_duration – men only -0.028 -0.074* -0.123+ 
 (0.385) (0.042) (0.065) 

p-values in parentheses, robust standard errors 
+ p < 0.10, * p < 0.05, ** p < 0.01, *** p < 0.005 

 

The education stratified results in Table 4 reveal a pronounced nonlinearity in the relationship between 

travel time and commuting intensity across the educational distribution. For secondary educated 

workers the largest group in the Czech labour market the travel time coefficient mirrors the baseline 

result closely in all model specifications. Secondary workers' commuting behaviour seem to be 

primarily responsible for the aggregate effect documented in Table 2. 

For workers with only basic education, the travel time coefficient is economically negligible and 

statistically insignificant in the base and intra-regional models, reaching marginal significance with a 

positive sign in the intra district model. This null result is consistent with two complementary 

explanations. First, low skilled workers are disproportionately employed in occupations that are 

geographically constrained agriculture, food processing, local retail and therefore less likely to respond 

to improved inter-municipal accessibility. Second, car ownership and regular commuting may be costly 

for low-skilled and lower income households, limiting the extent to which road infrastructure 

improvements translate into commuting flow changes for this group. For tertiary educated workers, 

the base model coefficient is positive, this estimate reverses to a small negative in the intra-regional 

subsample. However, all effects are far from being significant.  
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Table 4. Education-stratified results 

 (1) (2) (3) 
 Base Model Intra-region Intra-district 

d_duration – Primary education  0.004 0.007 0.022+ 
 (0.359) (0.238) (0.059) 

d_duration – Secondary 
education 

-0.130*** -0.115*** -0.149* 

 (0.000) (0.002) (0.038) 

d_duration – Tertiary education 0.007 -0.010 -0.005 
 (0.631) (0.443) (0.819) 

p-values in parentheses, robust standard errors 
+ p < 0.10, * p < 0.05, ** p < 0.01, *** p < 0.005 

Table 5 summarises the travel time coefficient for commuters disaggregated by economic sector. For 

primary sector workers (predominantly agriculture), the coefficient is negative and significant across 

all three specifications, indicating that even workers in rural, land-tied occupations respond positively 

to improved accessibility, possibly by accessing processing and distribution employment at larger 

nearby municipalities. The magnitude of the effect is, however, small relative to the baseline and is 

accompanied by a very low R-squared (0.008), reflecting the limited explanatory power of the 

structural model for this heterogeneous group. 

Secondary sector (manufacturing and construction) workers display a pattern analogous to the 

aggregate: the base model coefficient is negative and significant, while the intra district estimate is 

smaller and statistically imprecise. The tertiary sector result stands out in the base model, the 

coefficient is positive and large, but this is completely reversed in both geographic subsamples, 

indicating that the aggregate positive estimate is entirely driven by between region flows. The R-

squared for the tertiary sector base model (0.209) is more than twice that of any other specification, 

suggesting that service sector commuting is more strongly structured by the gravitational and push-

pull forces captured in the model. The possible interpretation is that tertiary sector flows 

predominantly follow economic geography patterns rather than being strongly reshuffled by road 

infrastructure improvements. Service workers are already commuting to destinations selected on the 

basis of economic opportunity, and marginal changes in travel time within already connected corridors 

do not substantially alter these flows. 

Table 5. Sector-stratified results 

 (1) (2) (3) 
 Base Model Intra-region Intra-district 

d_duration – Primary sector  -0.052*** -0.045*** -0.071*** 
 (0.000) (0.000) (0.000) 

d_duration – Secondary sector -0.076*** -0.051* -0.054 
 (0.000) (0.044) (0.305) 

d_duration – Tertiary sector 0.371*** -0.085* -0.078 
 (0.000) (0.019) (0.241) 

p-values in parentheses, robust standard errors; + p < 0.10, * p < 0.05, ** p < 0.01, *** p < 0.005 
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The baseline results presented in Table 2 establish the average relationship underlying the subsequent 

heterogeneity analysis. A one-minute reduction in road travel time is associated with an increase in 

car-based commuting intensity of approximately 0.12 to 0.17 commuters per 1,000 economically 

active residents, with the estimated effect becoming stronger as the geographical scope narrows from 

the pooled sample to municipality pairs within the same district. Two features of these baseline results 

merit particular attention before turning to the stratified estimates. First, the pre-treatment 

commuting flow in 2001 is by far the largest and most precisely estimated coefficient across all three 

specifications. This finding supports the mechanism of path dependence in historical commuting 

patterns. Municipality pairs with an established commuting relationship tend to exhibit the strongest 

subsequent response to improvements in accessibility, consistent with the notion that infrastructure 

primarily reinforces existing commuting corridors rather than creating entirely new ones. Second, the 

negative coefficient on initial distance indicates that this reinforcing effect diminishes with 

geographical separation, as improvements in accessibility generate progressively smaller commuting 

responses between more distant municipalities. Taken together, these findings suggest that the 

aggregate effect reported in Table 2 does not represent a uniform response to improved accessibility 

but rather depends on the pre-existing spatial relationship between origins and destinations. The 

group-specific results presented below provide further insight into this heterogeneity. 

The gender specific results provide the clearest evidence of heterogeneity. Female commuting 

responds strongly and significantly to reductions in travel time, whereas the corresponding effect for 

men is statistically indistinguishable from zero in the baseline model. This pattern is consistent with 

causal evidence from other settings. Farré, Jofre-Monseny and Torrecillas (2023) show that a ten-

minute increase in commuting time reduces labour-force participation among married women by 

more than four percentage points, while having no statistically significant effect on men. The results 

presented here extend this reasoning to changes in transport accessibility. Shorter travel times appear 

to relax time constraints associated with commuting, particularly among women, which is consistent 

with the role of household and childcare responsibilities. Improved accessibility therefore appears to 

affect commuting differently across genders rather than generating a uniform response. 

The results by educational attainment are more difficult to explain through a single mechanism, and 

the existing literature provides mixed evidence in this respect. The absence of a statistically significant 

response among workers with basic education is consistent with the possibility that car ownership 

costs and the predominantly local and non tradable nature of many low skilled jobs limit their ability 

to take advantage of improved accessibility. This interpretation is consistent with Andersson et al. 

(2017), who show that the labour-market benefits associated with improved accessibility tend to be 

concentrated among workers with greater capacity to search for employment across wider 
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geographical areas. At the same time, the insignificant response among tertiary educated workers 

contrasts with evidence from Germany, where infrastructure induced reductions in travel time were 

associated with commuting responses among highly educated workers (Heuermann a Schmieder 

2019). Against this background, the significant response observed among workers with secondary 

education may reflect the specific occupational composition of this group in the Czech labour market, 

where manufacturing and technical occupations are relatively prominent. These workers may have 

sufficient mobility to respond to improvements in accessibility while remaining sufficiently constrained 

by the spatial distribution of employment for reductions in travel time to affect their commuting 

behaviour. 

The specific results support this interpretation. The strong and consistent response among workers in 

the primary and secondary sectors contrasts with the less stable and largely insignificant coefficient 

for the tertiary sector outside the baseline specification. This pattern is consistent with evidence that 

manufacturing employment is associated with systematically longer commuting distances than 

service-sector employment across educational groups (Yue a O’Kelly 2023). By contrast, commuting in 

the service sector appears to be more strongly influenced by the preexisting spatial distribution of 

economic activity and less responsive to marginal changes in road travel time. 

The combined effects observed when moving from the pooled sample to the intra district specification 

are consistent with evidence that infrastructure effects are not invariant across spatial scales. 

Accessibility improvements observed at the regional level do not necessarily translate proportionally 

into effects at a more local level and may, in some cases, operate differently across geographical scales 

(Boarnet 1998; Silva a Altieri 2022). This variation highlights the importance of examining commuting 

responses across different spatial scales rather than relying on a single geographical specification. 

Taken together, the results point to targeted rather than uniform implications for economic policy. 

Road infrastructure investment does not increase commuting evenly across the workforce. Instead, 

the strongest labour market responses are concentrated among specific groups, including women, 

workers with secondary education, and those employed in manufacturing and agriculture, for whom 

travel time appears to represent a greater constraint on mobility. From a regional policy perspective, 

this suggests that the labour market benefits of road investment may be particularly pronounced in 

areas where these groups constitute a substantial share of the workforce. Improvements in transport 

accessibility should therefore be assessed not only as a general determinant of regional commuting, 

but also as a factor with the potential to alleviate specific constraints on labour mobility. 
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5 Conclusion 

This paper has examined the relationship between changes in road travel time and inter municipal 

commuting intensity in the Czech Republic over the decade 2011–2021, drawing on linked census data 

covering more than 79,000 municipality pairs and network-based travel time estimates derived from 

OpenStreetMap via the OSRM routing engine. Three main contributions emerge from the analysis. 

First, reductions in road travel time consistently increase car based commuting intensity across all 

geographic subsamples, with a one-minute saving associated with a rise of approximately 0.12 to 0.17 

car commuters per 1,000 economically active residents. The strong positive effect of the 2001 pre-

treatment flow confirms that infrastructure reinforces established corridors more than it creates new 

ones. Second, the effect is substantially larger and more consistent for women than for men, consistent 

with female commuting being more tightly constrained by absolute journey feasibility and domestic 

time budgets. Transport improvements thus serve as a partial equaliser of labour market access, 

expanding the set of viable job worker matches disproportionately for female workers. Third, 

secondary educated workers drive the aggregate result. Basic educated workers show no significant 

response, while the apparent positive effect for tertiary workers in the base model reverses within 

geographically restricted subsamples, reflecting metropolitan suburbanisation rather than a genuine 

infrastructure effect. 

The findings carry several policy implications. The strong response of female and secondary educated 

commuters to travel time reductions suggests that road infrastructure investment can contribute to 

reducing spatial mismatches in labour markets characterised by high shares of workers in these groups 

notably manufacturing regions in the Czech interior where a large secondary sector workforce resides 

in municipalities with limited local employment opportunities.  

Second, the strong dependence of the estimated effect on pre-existing commuting flows and on 

proximity between municipalities implies that road investment delivers the largest labour market 

returns when it reinforces already established commuting corridors rather than when it opens entirely 

new connections. This has a direct implication for project prioritization. Municipality pairs that already 

had an established commuting relationship, and pairs located close to one another within the same 

district, are more likely to generate measurable labour mobility gains than investments aimed at more 

distant locations with little pre-existing connection. 

Third, the pronounced gender asymmetry suggests that road infrastructure alone is unlikely to close 

existing gaps in labour market accessibility. The gender asymmetry documented above suggests that 

travel time is only part of what constrains women's commuting. Household and childcare 

responsibilities appear to constrain it as well, meaning that a shorter commute does not, by itself, 
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remove every barrier to a longer or more distant job search. Road infrastructure is therefore likely to 

be more effective at improving women's labour market access when paired with complementary 

measures such as childcare availability or flexible working arrangements than when treated as a stand-

alone policy tool. 

Several limitations of this analysis should be acknowledged. The identification strategy relies on 

conditioning on pretreatment commuting intensity rather than on a fully exogenous instrument for 

changes in travel time, and residual endogeneity arising from the non-random placement of 

infrastructure investments cannot be entirely ruled out. The 2021 Census was conducted during the 

COVID-19 pandemic, when some workers temporarily shifted to working from home. However, as 

discussed in the paper, the stability of commuting flows between 2011 and 2021 suggests that this 

shift did not systematically bias the estimated relationship, although a modest downward effect on 

commuting volumes in certain occupational segments cannot be entirely excluded. Finally, the analysis 

is restricted to car based commuting flows and does not capture potential substitution effects between 

improvements in road and rail transport. In areas that experienced substantial investment in rail 

infrastructure alongside motorway expansion, the estimated effect of road travel time may therefore 

partly reflect omitted improvements in rail accessibility. 
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