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Abstract: Mid-sized cities are usually considered in the literature to be shrinking cities. Some
policies promote right-sizing and others promote revitalization. The relationship between land-use
planning and mobility having been established, the present research issue is focused on whether a
policy of revitalizing the centers of mid-sized cities is favorable to low-carbon mobility. Our study
investigates commuting trips through two indicators: commuting trip distance and car modal share.
The increase in total population, the increase in the number of jobs per resident, the decrease in the
unemployment rate, the increase in the rate of executives, the increase in the rate of working people
in the population and the decrease in the residential vacancy rate all come from the censuses of 2006
and 2016. Statistical models based on individuals in 113 mid-sized cities, in which sociodemographic
variables are introduced, show that at the level of agglomerations, no indicator has a simultaneously
positive effect in the center and in the urban periphery. No indicator is entirely positive or negative
on GHG emissions from commuting trips. While the increase in GHG emissions from commuting
trips between 2006 and 2016 is significant in mid-sized cities (18%), a shift toward shrinking city
centers is insufficient to change this trajectory.

Keywords: mid-sized cities; commuting; revitalization

1. Introduction

The dependency of residents not living in major cities on their private cars is a social
and environmental issue that is increasingly central in urban policies [1]. Mobility is
becoming a central public policy issue in mid-sized cities, since the near-exclusive use
of private cars in such cities is not compatible with reducing greenhouse gas emissions.
However, the difficulty of providing alternative modes and the resulting car dependency
limit the scope of action for urban policies. Moreover, mid-sized cities in developed
countries are often challenged by social and economic issues [2] as well as significant
devitalization. Their economic attractiveness is limited compared to the major cities
offering the largest number and variety of jobs [3]. Policies to encourage “right-sizing”
shrinkage are being studied, mainly in the United States [4], where land use is changing
more quickly than in Europe. Béal et al. [4] studied two French cities in economic difficulty
where this policy was implemented, though without being named as such. Conversely,
other types of actions aim to reverse these shrinkage trajectories. Such is the case of the
French government, which decided in 2018 to help 222 cities to revitalize their centers
through the “Action Coeur de ville” program [5], under which they receive sizable financial
and legal support to refurbish residential and retail areas.

Urban policies lead in the more or less long term to significant changes in urban forms.
Numerous studies show that the denser a city is or the stronger its functional mix, the lower
the GHGs from residents’ mobility [6–9]. As the link between urban forms of cities and
GHG emissions from residents’ trips is no longer established, it is questionable whether the
revitalization of city centers can reduce car use. Could a policy of revitalizing central towns
reduce the distance traveled by car and, therefore, the environmental impact of mobility?
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The literature on urban dynamics, such as “shrinking cities” or “urban renewal”,
is quite rich. Similarly, the link between urban forms and GHGs from daily mobility
is the subject of many studies. However, the impact of urban dynamics on mobility
behavior is much less studied, especially in mid-sized cities, which remain relatively
unstudied. The dynamics of mid-sized cities are often observed through the prism of
shrinking cities. The classical definition of shrinking cities is that the population of these
cities is decreasing [10]. In the French case, even if the population of the city or urban
area does not shrink, the transfer of the population from the center to the surrounding
areas represents a different form of shrinkage [11]. In analyzing the phenomenon of
shrinkage in several developed countries, Martinez-Fernandez et al. recommend focusing
on the social aspect: diversifying economic activities for more resilience and attracting
people by being flexible and creative [2]. Over the last 30 years, American cities have
experienced a continuity of growth or decline trajectories, with no surprises along the
way [12]. On the other hand, economically, cities can have trajectories that are totally
unrelated to population variations. In Europe, this relationship seems clearer. Cities that
continually lost their population between 1990 and 2010 are mainly Eastern European
cities in economic difficulty [13]. In France, at the urban area level, there are few shrinking
cities [14]. The authors highlight five city profiles; except for cities with a very high
unemployment rate, the other profiles remain socially or economically attractive.

The study of the opposite type of policy-induced dynamics is widely documented
using different terms in the literature. Some speak of regeneration or renewal with, for
example, the following definition: “aims at improving the physical, socioeconomic and eco-
logical aspects of urban areas through various actions” [15]. Others use the same definition
to speak of revitalization [16,17] whose objective is to reverse a shrinkage dynamic [18].
We focus on some of the much less numerous studies that explore the connections between
this dynamic and mobility. The first study calculates the probabilities of modal shift and
decreasing commuting distance according to the jobs/household ratio and to density, but
only at the scale of the urban renewal district [19]. The second study analyzes the effect of
gentrification on commuting behaviors in the urban centers of large American cities [17].
Bereitschaft [17] shows the link between gentrification and the increase in active modes
and public transport. According to Florida [20], gentrification is at the foundation of the
usual process of wealth creation in a shrinking territory and is, therefore, a frequent step
in the revitalization process, whether this process is planned or not. Criticisms of this
gentrification are numerous, especially regarding the expulsion of poorer populations,
who are thus evicted to less central areas. These poor people who move to less densely
populated areas are thus the populations that increase their distance from the center the
most [21]. These studies [17,19] have limited themselves to assessing changes in behavior
only within the perimeters of changes in population. However, the interactions between
the districts of a city are such that from an environmental point of view, urban evolution
can only be evaluated at the scale of the whole urban area. On the link between residential
vacancy and mobility, research has highlighted that in England, the regulation of residential
vacancy has had the effect of increasing commuting distances [22]. Other studies have
focused more specifically on the CO2 emissions of shrinking cities. In China, it has been
found that shrinking cities have difficulty reducing their CO2 emissions compared to cities
that continue to grow, largely due to the fact that the remaining industries are the most
polluting [23]. Focusing on carbon emissions from residences and travel, a study shows
that Chinese shrinking cities tend to reduce their efficiency compared to other cities [24].
Interaction effects highlight the complexity of the relationship between the economy, car-
bon emissions and shrinkage. These studies focus on discussions about industry, the main
Chinese issue in terms of GHG emissions, rather than on mobility.

Revitalization actions can be evaluated based on indicators of urban dynamics. How
does the recent evolution of these indicators for 113 cities influence commuting? This
question leads to an overview of the impact of future revitalization. We then focus on
the recent evolution of city center vitality. Vitality is complex to evaluate. This study
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uses several indicators to define the activity of residents, such as the unemployment rate
or the ratio of jobs in the working population. It draws on data on 113 mid-sized cities
from the 2006 and 2016 French national censuses to compare the changes in their vitality.
Commuting, which is well documented and directly affected by revitalization, and changes
in urban forms [15] are studied through modal shift and distance to the workplace. An
initial analysis looks at modal choice and distance between home and workplace in relation
to the urban context and the evolution of vitality. Next, CO2 emissions from commuting
trips are assessed with distances traveled in different modes. A multivariate analysis
isolates the impact of the vitality of central towns and its evolution over 10 years from the
socio-demographic characteristics of households in each city.

2. Data and Method
2.1. Study Area

This research focuses on the territories of French mid-sized cities. There is obviously no
precise definitional boundary separating mid-sized cities, larger conurbations with a more
regional influence and what we call small towns that are more dependent on mid-sized
cities. That is why there are numerous coexisting definitions for the mid-sized city [25,26].
The one most commonly used by geographers who study the links between home and
work considers a population segment around the urban area [3,27]. However, this is not the
definition used by the authorities responsible for setting subsidies and taxes. In particular,
the rates of business contributions increase when the size of the urban population exceeds
100,000 (Article L. 2333-65 of the French “Code des colletivités territoriales”). Indeed, it is
noticeable that cities which do not receive the transport subsidy have not developed tram
systems (with the exception of Aubagne with a 2.5 km network, and Avignon which is in
the process of building one). In France, bus networks do not play a structuring role, and the
modal share of public transport in conurbations does not exceed 6% for commuter journeys.
Therefore, it seems consistent with mobility practices to apply a more political definition.
For this reason, we choose to identify a mid-sized city by means of population size. We use
the definition employed by the Fédération Villes de France, which encompasses all towns
in the center of an urban area with a population of between 20,000 and 100,000: it excludes
towns that fall within this population bracket but are located within the urban area of a
larger conurbation. This categorization is also used by the government to define the cities
which are eligible for the “Action Coeur de Ville” revitalization plan.

In order to assess mid-sized cities and their evolution since 2006, the whole urban area
of a city has to be considered. According to the National Institute of Statistics and Economic
Studies (INSEE) definitions, an urban area is a continuous group of municipalities within
which 40% of the resident working population is employed in an urban ring. This urban
ring is a group of municipalities, each having more than 2000 inhabitants and 1500 jobs,
in which the largest locality is the central town. In the rest of this article, the part of the
urban area that does not fall within the urban center will be called the suburban ring.
The boundaries of these urban areas, defined in terms of work activity, are not fixed and
can evolve over time. The division applied is, therefore, that of 2010. The urban ring and
the suburban ring are grouped in the “periphery”, as opposed to the central town.

Our study focuses on 113 urban areas (Figure 1). The study area as a whole encom-
passes 12.8 million inhabitants, 4.7 million of whom live in a central town and 3.8 million
in the suburban ring, representing in total 19% of the population of metropolitan France.
These inhabitants hold 5 million jobs across this territory, 2.7 million of them in the central
towns, 1.5 million in the rest of the urban area, i.e., 16% of total jobs across metropolitan
France. In 2006, 4.3 million workers resided in the study area and 1.3 million were surveyed
in the census, compared with 4.55 million in 2016, 1.3 million of whom were surveyed.
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Figure 1. Selected mid-sized French cities with their urban area.

2.2. Characterization of Revitalization

We do not know what the potential impact may be of a revitalization process for
mid-sized cities in France, nor what specific form it will take. However, the literature
helps us to predict what a possible revitalization of these city centers could look like.
The first meaning of revitalization is a change in population trajectory after shrinkage.
Since the most common definition of shrinkage is a decrease in population, our first
indicator is the change in total population. In France, revitalization is often synonymous
with a densification of the urban ring close to the city center [28]. This phenomenon is
frequently associated with gentrification [17,29], the substitution of the existing population
by a more highly educated population. Population renewal is generally reflected by an
increase in the proportion of executives in the active population. Trajectories of mid-sized
cities are currently heading towards an increase in the unemployment rate among the
active population, a loss in the number of inhabitants, commercial desertification and an
increase in the number of vacant housing units [30]. It can, therefore, be assumed that the
objective of revitalizing centers is to reverse the trajectory of these shrinking centers [31].
The indicators selected thus correspond to a selection of indicators that correspond to
the criteria of many urban renewal or revitalization policies [32]. They also directly or
indirectly modify commuting distances and the main commuting modes. The following
six indicators chosen to characterize revitalization correspond to a rate of change between
2006 and 2016 and are available in the French census:

(i) Total population;
(ii) Share of working people between 15 and 64 years of age in the population between

15 and 64 years of age;
(iii) Share of unemployment people between 15 and 64 years old among the total popula-

tion between 15 and 64 years old;
(iv) Number of jobs per 100 employees;
(v) Number of executives per 100 employees;
(vi) Number of vacant units out of the total number of units.

2.3. CO2 Emissions from Commuting Trips

To evaluate mobility behavior in each city, the data used come from the INSEE survey
on commuting from 2006 and 2016. The table includes a sample of working-age people.
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For each working-age person of 15 or above, the municipality of residence and the job, the
method of travel (modal choice?), as well as the different sociodemographic characteristics
of the individual and his or her household are available. As suggested by other research [33],
a maximum threshold of 200 km for commuting distances was applied in order to limit
anomalous values in the survey. The “Metric” distance calculator designed by INSEE
allows an estimate of commuting distances to be traveled using the French road network.
This tool uses map collections provided by the national geographical institute (IGN) to
find out the nature of the road segments, their length, their slope and bends, as well as
information on density. The instrument’s supra-municipal scale is thus used to estimate
the distances between the center of gravity of the municipality in which people live and
the primary center of the municipality in which they work. For people who live and work
in the same municipality, the distance provided by the calculator is zero. In this study, its
value was estimated as the length of the municipality’s hypothetical radius, taking the
latter to form a circle. The distances assessed by the Metric calculator were compared
with the straight-line distance between the centers of gravity of the municipalities where
people work and where they live, again taking the radius of the municipality in the case of
intra-municipal journeys. The mean value of the commuting distance of all the workers
in the territory corresponds to 1.25 times the straight-line distance with a quasi-linear
relationship.

Census data also indicate the main commuting mode. This allows us to determine
the car modal share for commuting. It is assumed that the chosen working place is that
reported in the census. In order to specify the distances actually traveled, additional data
were used. Data from 12 household travel surveys in mid-sized cities were used to calculate
coefficients to adjust the number of commuting loops (1.23), the share of working drivers
among those who make the trip by car (94.7%) and the share of working people who have
worked the day before (91.6%). This share takes into account teleworking, but is constant
and does not depend on the distance to the workplace, which is a key factor in the rate of
teleworkers [34]. Due to the lack of data on each of the mid-sized cities in the study, these
average values were applied to all the cities studied. The daily commuting distance d_d is,
therefore, d_d = 2.(0.947).(0.916).(1.23).d_w, d_w defined as the commuting distance using
the method of Bouzouina et al. [35]. Only the distances traveled by car were evaluated. This
mode of transport is the most CO2-emitting mode for daily journeys. The 2008 National
Transportation and Travel Survey attributed 96% of CO2 emissions to cars used for daily
mobility. Every year, the French Environment and Energy Management Agency (ADEME)
estimates the carbon footprint, i.e., the direct CO2 equivalent-emissions for a one-kilometer
trip with an average French vehicle. In 2006, the average value was 181 g/km of CO2 eq.
In 2016, the emissions were reduced to 163 g/km.

2.4. Statistical Models

To analyze the impact of the various revitalization indicators for the central city on
CO2 emissions due to commuting, statistical models were applied to the data. In order
to get an estimate of the general trends of these environmental impacts, the distances
traveled by car and their modal share were analyzed through the different characteristics
of the central city. It is possible to compare these two values between 2006 and 2016,
as they remained homogeneous. The distribution of age, gender, and the proportion of
socio-professional categories are equivalent. A model applied to a sample from both census
years can thus be consistent.

A linear regression model was applied to the commuting distances of each worker
who uses a car as his or her main mode of transport. The distances and car modal shares
were expressed according to the characteristics of the workers (gender, socio-professional
category, type of work contract, type of housing and household status). Changes in
population characteristics are not independent of revitalization variables. Therefore, we
chose to add these variables to the model so that the revitalization variables could be
analyzed independently of changes in the population structure. The interaction effect
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of each indicator with the year of the census (2006 or 2016) and the area of residence
highlighted the impact of the indicator on different types of residence and showed whether
the magnitude of the impact changed over these 10 years. The logarithm of the commuting
distance (D) was then expressed according to different qualitative and quantitative socio-
demographic explanatory variables Xi, i ∈ N [36]. The revitalization variables Zj, j ∈ J,
the year Y, and the urban type U were added to the models. The interaction effects
of key nonindependent variables (the revitalization variable, the year, and the urban
type) were also included in the different models, with M as the set of all interaction
effects between these variables. The coefficients

(
βi, ∂j, ρj, σj, τi

)
were calculated from the

following reference situation: a woman from a dual-income household with one child
living in the suburban ring in 2006.

ln(D) = β0 + ∑
i∈N

βiXi + ∂jZj + ρjY + σjU + ∑
k∈M

τiZjk, Yk, Uk, j ∈ J (1)

The probability of a worker using his or her car was estimated by a logit model con-
sidering the same explanatory variables, those specific to the individual and the interaction
effects of the year, the place of residence and the indicator. The aim was to estimate the prob-
ability of a worker commuting by car. A binomial logit model was then constructed, the
variable to be explained as 1 if the worker uses the car most often, 0 otherwise. Probability
P was then calculated as:

P =
1

1 + e∑i∈N βiXi+∂jZj+ρjY+σjU+∑k∈M τiZjk ,Yk ,Uk
(2)

3. Presentation of Mid-Sized Cities and Mobility Behavior of Their Residents
3.1. A Relative Decline in the Attractiveness of Mid-Sized Cities since 2006

In 2016, two vitality indicators highlighted the economic difficulty and low attrac-
tiveness of the centers of mid-sized French cities. The unemployment rate per worker
was double the national average of 10%, and the housing vacancy rate was 11% (8% in
France). On average, among the 113 cities considered in the study, central cities have
lost 3% of their jobs and 6% of their workers. In addition, there has been a significant
increase in the unemployment rate, which has risen from 15% to 20% in ten years, while in
France, the share has risen from 8.7% to 9.8%. This unemployment rate must be related to
population changes. If the population decreases, the unemployed who tend to stay will
be over-represented. However, the correlation coefficient between both indicators in the
cities studied is very low, which implies that unemployment dynamics are not very closely
linked to population growth. The vacancy rate follows the same trend, rising from 8%
in 2006 to nearly 12% in 2016, with a much faster increase (nearly 50%) than the national
average. As the rate of new housing in these cities is low, this increase in vacancy reflects
the significant decline in the attractiveness of central communities in mid-sized cities [37].

However, when considering the average of all urban areas, different conclusions
emerge. The total number of jobs appears stable (−1%) as does the number of workers.
Unemployment in the urban area has also increased but remains lower than in the central
city, rising from 12% to 15% in ten years. In total, 35% of cities gained jobs in the central city
and 44% in the entire urban area. The pattern is the same for the number of working people,
with 74% of centers losing workers and only 40% of peripheries. If the trend of job losses in
cities is identical to that of their centers, this is not the case for the active population, with
35% of cities having a central town that lost workers and a periphery that gained workers.
Only one city gained workers in the central town and lost some in the periphery. While
the definition of a shrinking city is a net loss of population, most mid-sized cities are not
considered as shrinking because the urban population has continued to increase for most
of them [4,14].

The conclusions are also moderate when the 113 mid-sized cities are considered
separately. Cities that lose jobs are also those that lose workers. However, when looking
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at the number of jobs relative to the number of working people, in most cities, the loss of
working people is greater than the loss of jobs, which means that the employment rate per
working person is increasing in many central towns. Figure 2a–f show the evolution of
mid-sized cities between 2006 and 2016 according to the selected revitalization indicators.
We also added to the color graphs the average CO2 emissions per worker for each mid-sized
city. The size of the circle depicts the distance to the nearest metropolis in Figure 2a and
the population of the urban area in the other figures.

Figure 2. Cont.
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Figure 2. Evolution of the various indicators studied between 2006 and 2016 for the 113 French
mid-sized cities. (a) Population by central town. (b) Rate of workers among the population. (c)
Employment rate per worker. (d) Unemployment rate. (e) Rate of executives among workers. (f)
Vacancy rate for housing.

As shown in Figure 2c, only 15 cities have a declining employment to working pop-
ulation ratio. These figures show the evolution of the average indicators for each of
the mid-sized cities studied between 2006 and 2016. The slope indicates the status quo
reference.

Thus, on the one hand, only 4 central cities have an unemployment rate that has
declined in relation to the national trajectory, and 57% of central cities have seen an increase
of more than 40% in housing vacancy over 10 years, while only 5 cities have seen a decrease
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(Figure 2d,f). On the other hand, some indicators illustrate a certain dynamism. While the
total population has increased by only 15% in mid-sized cities, 25% have experienced an
increase in both working population and number of executives that is above the national
average (Figure 2a,b,e). The surface area of the central city and its evolution have no
obvious link with the CO2 emissions of the workers. There is also no obvious link between
the population of the urban area or other indicators of revitalization and the CO2 emissions
of workers. Figure 2c clearly shows that cities with the lowest rate of job places per worker
are associated with the lowest CO2 emissions per worker. Statistical models are, therefore,
indispensable to go further in the analysis.

3.2. Increase in CO2 Emissions from Commuting since 2006

Mobility behavior in mid-sized cities is characterized by a strong dominance of private
car use. In 2016, the modal share of private cars for commuting trips was more than 80%.
The average commuting distance of drivers was 13.7 km. In the center of mid-sized
cities, 68% of working residents work in the center, with only 20% in the suburban ring.
However, those who travel the longest distances are evenly distributed among the different
urban contexts, with 6% of the working population living more than 40 km away from
their workplace. Between 2006 and 2016, the car modal share increased by 3.6%, with a
stagnation of 71% in the central town and a consolidation of the greater distance from
the center with an increase of 4.5%, reaching 89% in the suburban ring in 2016. Distances
traveled by car increased even more sharply between 2006 and 2016 throughout the study
area. The commuting distance for working people living in the study area and using a car
was 10.8 km in 2006, rising to 13.7 km in 2016.

The gap has widened more in suburban rings of municipalities, where the average
travel distance is 26% greater than in the mid-sized city centers. The number of workers
also increased the most in these areas, and carbon emissions increased accordingly. We
calculated a 40% increase in the total distances potentially traveled by all active people if
91% go to work (percentage explained previously). Despite technological progress enabling
the reduction in carbon quantities emitted, CO2 emissions per worker in the territory have
increased from 1.55 kg to 1.83 kg per home-work trip. We then obtained the potential daily
CO2 emissions related to commuting trips per worker: 3.98 kg of CO2 in 2006 and 4.69 kg
in 2016, i.e., an 18% increase. The average gap between residents of the mid-sized city and
the suburban ring decreased from 70% in 2006 to 54% in 2016.

Figure 3 confirms that all the mid-sized cities studied have experienced an increase
in car use in their urban area. No obvious link between workers’ CO2 emissions or their
evolution and the surface area of urban areas in mid-sized cities or the distance to the
nearest metropolis emerges from Figure 3. It remains to be investigated whether this
increase is partly explained by changes in the urban characteristics of the central city
between 2006 and 2016.
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Figure 3. Comparison of CO2 emissions per worker in the 113 urban areas in 2006 and 2016

4. Impact of the Change in Attractiveness of the Central City between 2006 and 2016

Further analysis serves to isolate indicators of the city’s economic and urban dynamics
from the socio-demographic characteristics of its residents. Tables 1 and 2 show the results
of the models for the 2006 and 2016 censuses simultaneously. Table 1 explains the distances
traveled by private car users for commuting with linear models, and Table 2 explains
the modal share of private cars for this trip with logit models as described in part 2.4.
The revitalization indicators were tested in separate models because, as we saw in the
previous section, they are not necessarily correlated. Indeed, only the changes in the rate
of workers and the number of jobs per worker in the central city are slightly correlated
(R2 = 0.16). This means that the evolution of one indicator in one direction or the other
does not drive the other indicators focused on the central city level along with it. This
was confirmed by Wolff et al. [14], who categorized the processes of decline of mid-sized
cities in France. The impact of each indicator on mobility must, therefore, be analyzed
independently. Our hypothesis can be formulated as follows: “The revitalization of the city
center implies a concentration of activities and workers and thus a decrease in car use”.

Table 1. Private car distance models for commuting.

Population Jobs–Housing
Ratio

Dwelling
Vacancy Rate Worker Rate Unemployment

Rate Executive Rate

(Intercept) 1.88 ***
(4.5 × 10−3)

2.15 ***
(1.4 × 10−2)

2.30 ***
(6.3 × 10−3)

2.64 ***
(3.7 × 10−2)

2.34 ***
(8.5 × 10−3)

2.2 ***
(8.2 × 10−3)

Full-time work

Partial-time
work

−0.12 ***
(1.8 × 10−3)

−0.12 ***
(1.8 × 10−3)

−0.12 ***
(1.8 × 10−3)

−0.12 ***
(1.8 × 10−3)

−0.12 ***
(1.8 × 10−3)

−0.12 ***
(1.8 × 10−3)

Employee

Executive and
intellectual

function

0.24 ***
(2.3 × 10−3)

0.25 ***
(2.3 × 10−3)

0.24 ***
(2.3 × 10−3)

0.24 ***
(2.3 × 10−3)

0.24 ***
(2.3 × 10−3)

0.24 ***
(2.3 × 10−3)

Labor 0.07 ***
(1.9 × 10−3)

0.07 ***
(1.9 × 10−3)

0.07 ***
(1.9 × 10−3)

0.07 ***
(1.9 × 10−3)

0.07 ***
(1.9 × 10−3)

0.07 ***
(1.9 × 10−3)
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Table 1. Cont.

Population Jobs–Housing
Ratio

Dwelling
Vacancy Rate Worker Rate Unemployment

Rate Executive Rate

Family composed
of a couple of two

workers

Single parent −0.11 ***
(3.1 × 10−3)

−0.10 ***
(3.1 × 10−3)

−0.11 ***
(3.1 × 10−3)

−0.12 ***
(3.1 × 10−3)

−0.12 ***
(3.1 × 10−3)

−0.12 ***
(3.1 × 10−3)

Family with
one parent and

children

−0.08 ***
(5.2 × 10−3)

−0.08 ***
(5.2 × 10−3)

−0.08 ***
(5.2 × 10−3)

−0.08 ***
(5.2 × 10−3)

−0.08 ***
(5.2 × 10−3)

−0.08 ***
(5.2 × 10−3)

Family
composed of a

couple with
only one
worker

−0.10 ***
(3 × 10−3)

−0.10 ***
(3 × 10−3)

−0.10 ***
(3 × 10−3)

−0.10 ***
(3 × 10−3)

−0.10 ***
(3 × 10−3)

−0.10 ***
(3 × 10−3)

House

Apartment −0.05 ***
(1.7 × 10−3)

−0.05 ***
(1.7 × 10−3)

−0.05 ***
(1.7 × 10−3)

−0.04 ***
(1.7 × 10−3)

−0.05 ***
(1.7 × 10−3)

−0.05 ***
(1.7 × 10−3)

No limit jobs.
Public service

worker

Placed by a
temporary

employment
agency

0.07 ***
(4.5 × 10−3)

0.07 ***
(4.5 × 10−3)

0.07 ***
(4.5 × 10−3)

0.07 ***
(4.5 × 10−3)

0.07 ***
(4.5 × 10−3)

0.07 ***
(4.5 × 10−3)

Female

Male 0.10 ***
(1.7 × 10−3)

0.10 ***
(1.7 × 10−3)

0.10 ***
(1.7 × 10−3)

0.10 ***
(1.7 × 10−3)

0.10 ***
(1.7 × 10−3)

0.10 ***
(1.7 × 10−3)

2006

2016 0.19 ***
(5.5 × 10−3)

0.24 ***
(1.3 × 10−3)

0.16 ***
(8.3 × 10−3)

0.10 **
(4.9 × 10−2)

0.12 ***
(1.2 × 10−2)

0.15 ***
(1.4 × 10−2)

Suburban ring

Urban ring −0.46 ***
(6.1 × 10−3)

−0.46 ***
(1.6 × 10−2)

−0.49 ***
(8.3 × 10−3)

1.15 ***
(4.8 × 10−2)

−0.87 ***
(1.1 × 10−2)

−0.33 ***
(1.3 × 10−2)

Center town −0.58 ***
(5.7 × 10−3)

0.30 ***
(1.7 × 10−2)

−0.25 ***
(8.3 × 10−3)

−0.95 ***
(5.2 × 10−2)

−0.43 ***
(1.1 × 10−2)

−1.19 ***
(1.3 × 10−2)

Indicator . . −1.10 ***
(7.2 × 10−2)

−0.62 ***
(5.3 × 10−2)

−0.84 ***
(5.5 × 10−2) -

Indicator *
Urban ring

1.6 × 10−6 ***
(1.4 × 10−7)

. 1.00 ***
(9.8 × 10−2)

−2.30 ***
(7.0 × 10−2)

2.9 ***
(7.3 × 10−2)

−0.13 ***
(2.0 × 10−2)

Indicator *
Center town

2.6 × 10−6 ***
(1.2 × 10−7)

−0.6 ***
(1.1 × 10−2)

−3.05 ***
(1.0 × 10−1)

0.65 ***
(7.5 × 10−2)

−0.4 ***
(7.3 × 10−2)

−1.04 ***
(2.0 × 10−2)

Indicator * 2016 . . 0.38 ***
(8.7 × 10−2) - 0.4 ***

(7.0 × 10−2) .

Urban ring *
2016 - 0.10 ***

(2.1 × 10−2) . −0.66 ***
(6.7 × 10−2) . .

Center town *
2016

−0.1 ***
(7.9 × 10−3)

−0.25 ***
(2.1 × 10−2) . −0.89 ***

(7.0 × 10−2)
0.26 ***

(1.7 × 10−2)
0.16 ***

(1.7 × 10−2)
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Table 1. Cont.

Population Jobs–Housing
Ratio

Dwelling
Vacancy Rate Worker Rate Unemployment

Rate Executive Rate

Indicator *
Urban ring *

2016
. . - 1.03 ***

(9.7 × 10−2)
−1.08 ***

(9.3 × 10−2) -

Indicator *
Center town *

2016

1.1 × 10−6 ***
(1.7 × 10−7)

0.14 ***
(1.5 × 10−2)

0.71 ***
(1.2 × 10−1)

1.18 ***
(1.0 × 10−1)

−1.57 ***
(9.5 × 10−2)

−0.33 ***
(2.6 × 10−2)

Adjusted R2 0.111 0.114 0.113 0.112 0.113 0.116

*** p < 0.001; ** p < 0.01; * p < 0.05. “-“: not statistically significant or confidence interval not totally positive or negative at 95%. “.”: the
estimated parameter has a negligible effect on the explained variable; value under bracket (standard error); the attributes in italics are the
reference attributes.

Table 2. Logit models of modal share of car for commuting.

Population Jobs–Housing
Ratio

Dwelling
Vacancy Rate Worker Rate Unemployment

Rate Executive Rate

(Intercept) 1.89 ***
(1.4 × 10−2)

1.38 ***
(1.2 × 10−2)

1.86 ***
(8.2 × 10−3)

2.21 ***
(3.6 × 10−2)

2.14 ***
(9.7 × 10−3)

1.76 ***
(9.5 × 10−3)

Full-time work

Partial-time
work

−0.26 ***
(4 × 10−3)

−0.25 ***
(4 × 10−3)

−0.25 ***
(4 × 10−3)

−0.25 ***
(4 × 10−3)

−0.25 ***
(4 × 10−3)

−0.25 ***
(4 × 10−3)

Employee

Intermediary
businesses,

senior
executives

0.39 ***
(1.2 × 10−2)

0.37 ***
(1.2 × 10−2)

0.37 ***
(1.2 × 10−2)

0.38 ***
(1.2 × 10−2)

0.38 ***
(1.2 × 10−2)

0.38 ***
(1.2 × 10−2)

Executive and
intellectual

function

0.39 ***
(6.1 × 10−3)

0.38 ***
(6.1 × 10−3)

0.38 ***
(6.1 × 10−3)

0.37 ***
(6.1 × 10−3)

0.37 ***
(6.1 × 10−3)

0.38 ***
(6.1 × 10−3)

Labor 0.32 ***
(5 × 10−3)

0.33 ***
(5 × 10−3)

0.33 ***
(5 × 10−3)

0.33 ***
(5 × 10−3)

0.33 ***
(5 × 10−3)

0.33 ***
(5 × 10−3)

Family composed
of a couple of two

workers

Single parent −0.18 ***
(7.2 × 10−3)

−0.18 ***
(7.2 × 10−3)

−0.18 ***
(7.2 × 10−3)

−0.18 ***
(7.2 × 10−3)

−0.18 ***
(7.2 × 10−3)

−0.18 ***
(7.2 × 10−3)

Family with
one parent and

children

−0.12 ***
(6.5 × 10−3)

−0.12 ***
(6.5 × 10−3)

−0.12 ***
(6.5 × 10−3)

−0.12 ***
(6.5 × 10−3)

−0.12 ***
(6.5 × 10−3)

−0.12 ***
(6.5 × 10−3)

Family
composed of a

couple with
only one
worker

−0.34 ***
(6.9 × 10−3)

−0.34 ***
(6.9 × 10−3)

−0.34 ***
(6.9 × 10−3)

−0.34 ***
(6.9 × 10−3)

−0.34 ***
(6.9 × 10−3)

−0.34 ***
(6.9 × 10−3)

House

Apartment −0.54 ***
(4.1 × 10−3)

−0.54 ***
(4.1 × 10−3)

−0.54 ***
(4.1 × 10−3)

−0.54 ***
(4.1 × 10−3)

−0.55 ***
(4.1 × 10−3)

−0.54 ***
(4.1 × 10−3)
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Table 2. Cont.

Population Jobs–Housing
Ratio

Dwelling
Vacancy Rate Worker Rate Unemployment

Rate Executive Rate

3 people

2 people −0.07 ***
(4.7 × 10−3)

−0.07 ***
(4.7 × 10−3)

−0.07 ***
(4.7 × 10−3)

−0.07 ***
(4.7 × 10−3)

−0.07 ***
(4.7 × 10−3)

−0.07 ***
(4.7 × 10−3)

4 people 0.02 ***
(5.1 × 10−3)

0.02 ***
(5.1 × 10−3)

0.02 ***
(5.1 × 10−3)

0.02 ***
(5.1 × 10−3)

0.02 ***
(5.1 × 10−3)

0.02 ***
(5.1 × 10−3)

5 people −0.13 ***
(7 × 10−3)

−0.14 ***
(7 × 10−3)

−0.14 ***
(7 × 10−3)

−0.14 ***
(7 × 10−3)

−0.14 ***
(7 × 10−3)

−0.14 ***
(7 × 10−3)

6 people or
more

−0.27 ***
(4.9 × 10−2)

−0.28 ***
(4.9 × 10−2)

−0.28 ***
(4.9 × 10−2)

−0.28 ***
(4.9 × 10−2)

−0.28 ***
(4.9 × 10−2)

−0.28 ***
(4.9 × 10−2)

No limit jobs.
Public service

worker

Placed by a
temporary

employment
agency

−1.13 ***
(1 × 10−2)

−1.20 ***
(1 × 10−2)

−1.20 ***
(1 × 10−2)

−1.20 ***
(1 × 10−2)

−1.20 ***
(1 × 10−2)

−1.20 ***
(1 × 10−2)

Other
short-term

work

−0.31 ***
(5.4 × 10−3)

−0.33 ***
(5.4 × 10−3)

−0.34 ***
(5.4 × 10−3)

−0.34 ***
(5.4 × 10−3)

−0.34 ***
(5.4 × 10−3)

−0.33 ***
(5.4 × 10−3)

Female

Male 0.07 ***
(4.5 × 10−3)

0.07 ***
(4.5 × 10−3)

0.07 ***
(4.5 × 10−3)

0.07 ***
(4.5 × 10−3)

0.07 ***
(4.5 × 10−3)

0.07 ***
(4.5 × 10−3)

2006

2016 0.28 ***
(2.0 × 10−2)

0.31 ***
(6.0 × 10−2)

0.18 ***
(3.0 × 10−2) - 0.17 ***

(4.4 × 10−2)
0.38 ***

(3.2 × 10−2)

Suburban ring

Urban ring −0.16 ***
(1.8 × 10−2)

0.23 ***
(4.9 × 10−2)

−0.47 ***
(2.5 × 10−2) - −0.55 ***

(3.4 × 10−2)
−0.17 ***

(3.1 × 10−2)

Center town −0.58 ***
(1.5 × 10−2)

0.14 **
(4.7 × 10−2)

−0.48 ***
(2.2 × 10−2)

−0.73 ***
(1.4 × 10−2)

−0.74 ***
(3.0 × 10−2)

−0.41 ***
(2.8 × 10−2)

Indicator - 0.38 ***
(3.0 × 10−2)

0.75 **
(2.3 × 10−1)

−0.45 **
(1.7 × 10−1)

−1.47 ***
(1.7 × 10−1)

1.29 ***
(1.9 × 10−1)

Indicator *
Urban ring

−1.9 × 10−6 ***
(4.0 × 10−7)

−0.3 ***
(3.4 × 10−2)

3.02 ***
(2.9 × 10−1) - 2.03 ***

(2.1 × 10−3) -

Indicator *
Center town

−1.0 × 10−6 ***
(3.3 × 10−7)

−0.5 ***
(3.3 × 10−2)

−2.47 ***
(2.6 × 10−1) - 0.85 ***

(2.0 × 10−3)
−2.13 ***

(2.3 × 10−3)

Indicator * 2016 - - 0.70 *
(3.1 × 10−1) - 0.93 ***

(2.4 × 10−3)
−0.85 ***

(2.4 × 10−3)

Urban ring *
2016

−0.2 ***
(2.7 × 10−2)

−0.52 ***
(6.9 × 10−2)

−0.15 ***
(3.8 × 10−2)

1.01 ***
(2.2 × 10−1)

−0.17 ***
(5.4 × 10−2)

−0.2 ***
(4.2 × 10−2)

Center town *
2016

−0.2 ***
(2.2 × 10−2)

−0.23 ***
(6.5 × 10−2)

−0.18 ***
(3.4 × 10−2)

−0.73 ***
(2.0 × 10−1) . −0.11 **

(3.8 × 10−2)

Indicator *
Urban ring *

2016

−1.8 × 10−6 **
(5.9 × 10−7)

0.3 ***
(4.8 × 10−2) - −1.6 ***

(3.2 × 10−1) - 0.66 *
(3.2 × 10−1)
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Table 2. Cont.

Population Jobs–Housing
Ratio

Dwelling
Vacancy Rate Worker Rate Unemployment

Rate Executive Rate

Indicator *
Center town *

2016
- - - 0.76 **

(2.9 × 10−1) - .

McFadden R2 0.0771 0.0776 0.0777 0.0773 0.0772 0.0775

*** p < 0.001; ** p < 0.01; * p < 0.05. “-“: not statistically significant or confidence interval not totally positive or negative at 95%. “.”: the
estimated parameter has a negligible effect on the explained variable; value under bracket (standard error); the attributes in italics are the
reference attributes.

In Table 1, the R2s of the models are low (0.11), as are most of the models in the
very large CENSUS samples that explain commuting distances [21,36]. A large share
of the distances is, therefore, not explained by the models, and in these models, a large
share is explained by individual variables. However, the aim of this research was not to
explain commuting distance but to understand the influence of certain significant variables.
Concerning the car modal share, MacFadden’s R2 was added in Table 2 to reflect how
well the logit model fits the data (0.077). Low values have the same origins as for the
commuting distance. The characteristics of cities are secondary but have an influence on
mobility behaviors and are often significant in our models. By controlling for the socio-
demographic variables of residents, we confirmed the results of the previous section: the
effect of the year variable “2016” is positive whatever the model for the modal share of car
and for commuting distances to the workplace, as estimated over the same periods in the
United States [36] and the United Kingdom [22]. To clarify the results, parameters whose
values were too close to zero were removed. Nonsignificant attributes of variables or of
poor interest were removed from Tables 1 and 2; thus, some attributes are in Table 2 but
not in Table 1. On the variables that characterize revitalization, the standard deviation was
added to better highlight the significance of the sign of the parameters, i.e., the positive or
negative influence of the parameter on the explained variable.

Regarding the characteristics of residents of mid-sized cities, the coefficients of these
individual variables are stable in all models because they are independent. Part-time
working is negatively related to distances and the modal share of cars. Adults in families
with several children use the car more and travel longer distances, controlling for the
effect of place of residence, with families more often living in suburban areas. As seen
in other studies, women use the car less than men and work less far away [36]. Insecure
employees, on the other hand, logically travel further than employees with stable contracts
because they do not necessarily choose their workplace. However, they use the car less.
It is interesting to note that executives travel further than employees and laborers [38],
who represent the majority in mid-sized cities. Mechanically, increasing the proportion
of executives in the mid-sized city should, therefore, mechanically increase the average
car distances. However, in the models on the rate of executives in the central city, the
parameters are slightly negative. This would mean that the increase in the executive rate is
correlated with a decrease in the use of cars by residents of the central city. The opposite
effect is observed in the peripheral municipalities, which could be explained by a different
socio-professional organization depending on the city. Cities that increase their executive
rate in the center would decrease it in the periphery. A higher proportion of employees
and workers in the suburban area would then be linked to lower car use in these areas.

To take into account changes in mobility behavior between 2006 and 2016, a year
variable was included in the model. This variable is not completely independent of the
other variables, so we added interaction effects to the model by crossing the key variables
of our model: the year, the urban type and the revitalization variable. Thus, the model
estimated a general effect for each variable and interaction effects between 2 variables and
3 variables. For the increase in the share of vacant dwellings in the central town, the effect
on distances is on average decreasing, in contrast to the car modal share. The difference
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in impact on distances and car use between the center and the periphery is significant.
Compared to the periphery, the increase in vacancy in the central city is negatively related
to the distances of central city residents, as is the case for car usage. However, this gap
decreased in the central city in 2016 compared to 2006. In summary, the effect of a decrease
in the share of vacant dwellings as an indicator of revitalization is not obvious. Cheshire
et al. [22] found the effect of an increase in distance in England, but as a collateral effect
of an increase in vacancy due to land use regulation policies. The effect of an increase in
the population of the central town is neutral on the car modal share of each worker. On
the other hand, the increase in population in 2016 was associated with shorter distances.
The distances are also shorter for the suburban ring than for the city center when the
population of the city center increases. The parameters of the variables in the commuting
distance model for this indicator are very small, but are associated with a population of
more than 10,000 workers. The rest of the indicators relate directly to workers. The increase
in the share of workers in the population aged 15–64 has a negative average effect on
distances to the workplace and the use of cars, but the effect was positive in 2016 compared
to 2006. The effect in the central town is positive in relation to the suburban ring for distance
and car use and negative in the urban ring. But in 2016, with the worker rate increasing,
the commuting distance in the suburban ring decreased more than in the central town.
The parameters of the unemployment rate are negative for distance and car use but were
positive in 2016. An increase in the unemployment rate is associated with greater distances
in the suburban ring but a lower modal share of the car. Regarding the jobs–housing ratio,
an increase in the number of jobs per worker increases commuting distances and the modal
share of the car. The effect on distances increased in 2016. The effect on the decrease in the
modal share is greater in the center than in the urban area. Woo [19] also showed a positive
effect of the jobs–housing ratio on distances traveled and on the modal choice, but only on
the new inhabitants of areas where this rate has increased. An increase in the executive rate
is positively related to the commuting distance and the car modal share, but negatively
in 2016. It is also associated with a shorter distance and a smaller car modal share in the
central town than in the rest of the urban area.

Table 3 summarizes the different effects for the different revitalization indicators on
the distances and modal share of the private car. A “+” corresponds to a benefit, i.e., a
reduction in distances or a decrease in the modal share of the car. The most significant
effects are obviously visible in the central town, but the indicators can have opposite effects.
For instance, growth in the jobs–housing ratio decreases commuting trip distances but
increases car use in the urban ring. The increase in the population in the central town
increases the commuting distances in the center of the urban areas. On average, for the 5
other indicators, the most beneficial effects seem to be in the urban ring.

Table 3. Summary of effects by urban type.

Central Town Urban Ring Suburban Ring

Population growth Distance − −
Modal shift

Jobs–housing ratio growth Distance ++ +

Modal shift −

Dwelling vacancy rate reduction Distance −− + −
Modal shift + +

Worker rate growth Distance − + +

Modal shift −
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Table 3. Cont.

Central Town Urban Ring Suburban Ring

Unemployment rate reduction Distance − + −
Modal shift + +

Executive rate growth Distance + −
Modal shift − −

Legend: white case: no significant effect. −−: important negative effect. −: negative effect. +: beneficial effect. ++: important beneficial
effect.

5. Discussion

Contrasting conclusions were obtained from the statistical models according to revi-
talization indicators and urban types. While mid-sized cities changed a lot between 2006
and 2016 in terms of employment dynamics and worker population, the effect of these
dynamics on car use in central towns is quite mixed. The results often show opposite
effects between residents of the central town and those of the periphery and opposite
effects between distances traveled and car use. Not every revitalization indicator has the
same influence on mobility behavior. Proposing a revitalization that cumulates benefits on
the six indicators studied does not have an obvious effect on practices and, therefore, on
GHG emissions.

The dynamics studied between 2006 and 2016 provide a perspective of urban policies
in shrinking mid-sized cities. If, as our results show, an increase in population is associated
with an increase in GHGs for each individual, right-sizing policies would be more virtuous
for GHGs than revitalization policies from this point of view. The other indicators studied
can be associated with both types of urban policies and must be studied separately accord-
ing to the policies of each territory. However, it can be considered that independently of the
effect of the revitalization factors, the effect of residing in the central town is, in most of the
models studied, associated with a practice of mobility with a lower carbon footprint than
in the rest of the agglomeration. The policy of increasing the number of workers residing in
the central city would, therefore, be positive in terms of commuting trip carbon emissions,
even if the gain is not directly due to the policy but to the urban context of the central town
(density, functional mix, etc.) [8].

An important conclusion of this study is also a better understanding of the increase
in GHG emissions from commuting between 2006 and 2016 in our study area. In view of
the very mixed results, this strong increase would be due to individual effects, structural
effects or effects of the extension of the agglomeration, but the increase due to effects of
reduced vitality in the central city would be very limited.

The first point of discussion of the results is our attempt to capture a phenomenon of
revitalization that was rare between 2006 and 2016 [14]. The model then risks estimating
the opposite of the devitalization effect by considering that the dynamics are perfectly
opposite. The lack of data does not allow us to isolate cities with a revitalization dynamic
without taking the risk of capturing other effects specific to these cities. A study in China,
where there are many shrinking cities and growth dynamics [24], would enable us to
compare the effects on mobility according to the city’s dynamics.

In France, commercial vacancy is the most visible manifestation of the difficulties of
mid-sized city centers [39,40]. The modernization of retail stores is at the heart of the city
center project. Competition with shopping malls on the periphery and the dispersal of
purchases, especially to areas accessible only by car, is obviously central for mid-sized
cities [41]. Shopping trips in mid-sized cities account for 13% of distances traveled by
car, while commuting trips account for 35% (French Household Travel Survey analysis).
The two purposes are partly linked, and a city center that is dynamic in terms of employ-
ment and attracts wealthy populations, such as executives, can be linked to the commercial
dynamics of the city.
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The aim of the revitalization of city centers is to renovate a certain number of insalu-
brious housing units that were a consequence, but also a cause, of the lack of attractiveness
of the city center [30]. The environmental benefit of this renovation for carbon emissions is
certainly much higher than for travel. However, if the principle of promoting the concen-
tration of jobs and populations in the city center tends to favor energy sobriety, a certain
number of pitfalls must be anticipated.

First of all, the absence of strict planning rules at the level of agglomerations and
catchment areas, particularly for the construction of housing and commercial spaces, does
not promote the revitalization of city centers or lead to energy sobriety [18]. Transportation
policies, which were not considered in this study because they are marginal in mid-sized
cities, should accompany these urban policies for greater efficiency. Modal policies in favor
of cycling or walking are relevant at the mid-sized city level.

Moreover, in mid-sized cities, the quality of life is often promoted [1] to attract
metropolitans in search of green spaces, whose residential space is restricted by exces-
sively high real estate prices. The current period of active diffusion of the COVID-19 virus
and the resulting measures to limit its spread in large metropolitan areas is encouraging
metropolitans to move to less dense areas, especially mid-sized cities [42]. If this move is
accompanied by a switch in their employment to the mid-sized city, the environmental ben-
efits of commuting can be positive. On the other hand, if employment in the metropolis is
maintained, the commuting distances can be quite significant and so are the CO2 emissions
associated with these trips. Studies have shown that an increasing proportion of interurban
commuters greatly increases the commuting distances covered by car [33]. Considering
that an interurban commuter is a worker who commutes by car over distances greater than
40 km, in our study area, there were 2.7% of them in 2006 and 5.1% in 2016.

Teleworking, also currently highly discussed and in full expansion, should limit the
modal share of the car. However, it encourages households to live in a mid-sized city while
keeping a job in a large metropolitan area. While the economic effects have often been
studied, particularly on the redistribution of wealth between large metropolitan areas and
the rest of the country [43], the impact of telework on the mobility of these interurban
commuters has been much less studied. Recent studies on telework have relativized its
impact on the distances traveled by considering the totality of individuals’ journeys [43].

To conclude, the dynamics of work organization with the development of telework
should be favorable to population growth in mid-sized cities. The reduction in GHG
emissions from commuting trips must be studied in light of these recent dynamics.
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