
Citation: Chen, Y.; Jiao, J. Are There

Transit Deserts in Europe? A Study

Focusing on Four European Cases

through Publicly Available Data.

Sustainability 2022, 14, 13182.

https://doi.org/10.3390/

su142013182

Academic Editors: Fausto Cavallaro

and Luca D’Acierno

Received: 3 August 2022

Accepted: 11 October 2022

Published: 14 October 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

sustainability

Article

Are There Transit Deserts in Europe? A Study Focusing on Four
European Cases through Publicly Available Data
Yefu Chen and Junfeng Jiao *

Urban Information Lab, The School of Architecture, The University of Texas at Austin, Austin, TX 78705, USA
* Correspondence: jjiao@austin.utexas.edu

Abstract: Public transit has been proven as an affordable travel method, while the inequitable
distribution is a rising concern among practitioners and researchers. A transit desert, based on the
demand and supply concept in measuring the mismatch in allocating the level of public transit
service, has proved its ability to be applied in cases across countries. According to this concept, this
study investigated transit deserts in four cases in Europe. Results indicate that the public transit
system in Grand Paris and Madrid are superior due to a smaller population living in areas where
public transit cannot meet the demand. Moreover, we noticed that the spatial distributions of transit
deserts were significantly different, and the public transit accessibility of green spaces in Greater
London and Madrid requires attention. These findings prove the potentials of the transit desert
concept in generally evaluating and comparing the performance of different regional public transit
systems which can guide the public transit investments by regional/cross-national agencies.

Keywords: transit desert; transit equity; land use; demand and supply; regional analysis

1. Introduction

Public transit has been proven affordable and sustainable and plays a significant role
in Europe. According to a report, there are 60 billion passenger journeys annually through
public transit [1], and the extensive usage of public transit can benefit traffic efficiency,
economy, health, and sustainability [2]. Furthermore, public transit can provide a mobility
option for the economically disadvantaged [3]. Given the advantages of public transit,
policymakers have dedicated enormous investments in the public transit system during
the post-pandemic stage [4].

Although public transit is critical, it is hard to identify the areas needing improvements
in public transit services since there lacks a method that can be generally used. Although
there is a large variability in the transit equity measurements, most studies are sensitive to
empirical cases. Due to the limitations in methodology and data, they pay little attention to
building a commonly usable framework to quantify public transit equity from the cross-
case perspective [5,6]. For instance, some studies focused on using connectivity to measure
transit equity [7,8], while others measured it based on demands [9]. These limitations
cause barriers to exploring public transit equity from a macro and holistic perspective [10].
Hence, this research gap is critical in transportation planning since planners without this
knowledge could not prioritize the budget for areas with high public transit demand and
low public transit supply.

To solve this gap, we considered the transit desert concept in this study. It refers
to areas with high transit demand but low transit supply [11]. As a comparative index,
the transit desert index is calculated by measuring the transit demand and supply and
subtracting the demand from the supply. Transit demand is a measurement of the transit-
dependent population, including those who can travel alone but find difficulty in driving
alone. The transit supply refers to public transit services covering public transit facilities and
accessibility. The transit gap is the difference between transit supply and demand. Positive
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values of transit gap mean that local public transit services can meet residents’ demands;
otherwise, the transit-dependent population is underserved. In general, residents living
in transit deserts suffer from low levels of transit services, and these areas should be the
priority areas for public transit investments. Moreover, this concept has proven its ability
to be applied in cases in different nations [11,12].

Given the potential of the transit desert concept in comparing the performances of
public transit and the potential of the transit desert concept, we applied it to provide a
regional and comprehensive perspective on public transit equity in four European cases. We
explored the relationship between these public transit equities and land use characteristics.
This study has two research questions: (1) Where are the transit deserts in Grand Paris,
Greater London, Madrid, and Milan? (2) What are the disparities in distribution and
land-use characteristics of transit deserts between these regions/cities? By answering both
questions, we compared the performances of public transit systems in general. In detail,
we investigated the differences in the spatial distribution of transit deserts and pointed out
which types of land use that gathered in transit deserts. Findings prove the potentials of
the transit desert concept in comparing cases across countries and can be used by regional
public transit agencies, such as the Directorate-General for Mobility and Transport. The
layout of the remainder of this article is as follows. Section 2 presents a literature review of
previous studies and research gaps. Section 3 describes the data, methodology, and analytic
framework. Section 4 mentions the results of mapping and analysis of land use, and in
Section 5, we discussed our findings and policy implications suggestions, and this study
ends with a conclusion.

2. Literature Review

Previous studies regarded public transit equity based on riders’ attributes and con-
nectivity [8,13–16]. First, as a method of directly collecting user attributes, surveys about
riders’ attributes, including cost, frequency, accessibility, safety, and comfortability are
commonly used in transit equity studies. For instance, Gao et al. surveyed bus riders and
pointed out that passengers’ perceptions can be critical [13]. Li et al. monitored bus riders
using a smartphone-based travel survey system. They pointed out that the frequency of
public transit service was significant [14]. Second, connectivity was another important
dimension in measuring transit equity. Some studies measured the difficulty of traveling
through public transit based on publicly available datasets, such as General Transit Feed
Specification (TransitFeeds) [8,15,16]. They claimed that the public transit routes, stops,
walkability surrounding facilities, and built environment factors should be critical. Both
measurements have been used in empirical studies, while they only present one perspective
instead of a holistic view, lacking the ability to measure the inequitable distribution and
mismatches of service, which should be critical in transit equity [6].

Researchers have applied gap analysis to measure transit equity to fix this
limitation [6,11,17,18]. These studies considered the riders’ attributes as a demand mea-
surement and the connectivity as a supply measurement. By calculating the difference
between demand and supply, researchers can measure the inequitable distribution of ser-
vices representing the issues in transit equity. In general, transit demand is defined as the
populations who need public transit for traveling, containing children, teenagers, the old
generation, and those who cannot access vehicles [17,19]. The transit supply represents the
capacity of local public transit and accessibility, measured from criteria including transit
facilities, infrastructure, and public transit service [20].

The concept of the transit desert is worth noting in the gap analysis measuring transit
equity. It was introduced as the difference between transit supply and demand. According
to its initial concept [11], transit supply refers to the z-scored sum of z-scores of four supply
density factors, including the number of transit facilities, frequency of transit services, count
of transit routes, and length of bike lanes accessing transit services. Transit demand contains
teenagers, the population without vehicles, and the non-institutionalized population in
multi-family properties. It is presented as the z-scored sum of teenagers, the population
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without vehicles, and squares of the non-institutionalized population. Then, the difference
between transit demand and supply represents the transit gap. Residents who lived in areas
with a positive transit gap experienced a higher transit service level and more satisfaction
with public transit. Those who lived in areas with a negative transit gap were likely to
experience a low public transit level and be underserved with public transit.

Based on the concept, there are studies involving transit deserts applied in U.S. cases.
Most of them applied the travel demand from the initial concept while modifying the
criteria in transit supply. There is a study applying the transit desert concept in three cases in
Texas [21]. The authors kept the measurement of transit demand. They added intersections,
sidewalks, and low-speed roads into the criteria of transit supply, resulting in seven-criteria
transit supply measurement, which proves the effectiveness of the transit desert concept
in comparing cities’ transit equality within the same region. In addition, a previous study
investigated transit deserts in 52 major American cities [22]. They divided the frequency of
transit service into total trips per day and average trips per hour and added total transit
routes and road length to the criteria. Their findings suggested that transit supply gathered
in downtown or central business districts (CBDs) of cities while transit demand had a
scattered distribution. It can be the first study applying the transit desert concepts across
regions. Moreover, a study that applied the transit desert concept through multiple domains
is worth noting. Jomehpour and Smith-Colin focused on transit deserts in Dallas [17]. They
comprehensively measured transit demand through two domains, socioeconomic factors
(e.g., car ownership, emigration status, education, etc.) and mobility need factors (e.g.,
seniors, youths, the disabled, etc.). For the transit supply, they introduced spatial-temporal
factors representing origin-connectivity, destination-connectivity, frequency, flexibility, and
reliability. Their findings have proved the robustness of the transit desert framework and
its potential for transportation practitioners.

Additionally, the transit desert concept has been applied in other international cases.
Cai et al. focused on the transit deserts in Wuhan and added the capacity of transit service
based on the seven-criteria measurement [23]. They claimed that transit infrastructure
should be critical in modeling transit inequality. Vanderschuren et al. applied the transit
desert concept in Cape Town [18]. Based on the seven criteria, they considered the ineligible
drivers in transit demand and the impacts of bus rapid transit on the transit supply. Their
results were consistent with the findings in U.S. transit deserts in the periphery of the
city. Additionally, there was a study in Seoul measuring transit demand as the density of
individuals without vehicles and considering land use and other transit modes (e.g., city
buses and metro) in transit supply [24].

In terms of these studies, the generalizability of transit deserts in measuring transit
inequality is worth noting. Given this advantage, we applied it in European cases to
explore whether it can work in European cases, and there are different findings from the
cases in other regions. Furthermore, we intended to compare the transit equity in these
European cases and concluded practical suggestions such as where the next focal point of
transit investment should be and used the seven criteria as the transit supply and residents
without vehicles as the transit demand [21,24]. Although there are limitations, this study
can contribute to public transit planning from a macro level in Europe. Moreover, this
study can advise European researchers to work on cross-countries public transit studies by
providing a macro-level method.

3. Materials and Methods
3.1. Study Area

The study areas include Grand Paris, Greater London, Madrid, and Milan (Figure 1).
They are the major European political and economic centers with large populations, well-
developed transportation systems, and representatives for geographic regions. In detail,
we collected data from Grand Paris and Greater London as the representatives of the
metropolitan statistical areas (MSAs). Furthermore, there were two, Madrid and Milan, at
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the city level, as shown in Table 1. The reason for this study design is we want to explore
using the transit desert concept at different scales to test its generalizability.
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Table 1. A comparison of population and area in four regions.

Name Population (Area)

MSAs
Grand Paris 7.02 million (314.62 square miles)
Greater London 8.91 million (791.19 square miles)

Cities
Madrid 3.18 million (232.38 square miles)
Milan 1.30 million (70.18 square miles)

3.2. Data and Measurements

To explore the generalizability of the transit desert concept, we focused on two groups
of cases. Data is aggregated into census block group equivalences for Grand Paris and
Greater London [25,26]. For the other group, Madrid versus Milan, data was aggregated
into census block equivalences [27,28]. All data related to public transit were captured in
2019 to represent the public transit services before the pandemic, and the built environment
data were downloaded on 20 July 2020, since it is the earliest historical data we have.

In measuring the transit deserts, first, we modified the transit-dependent population
as the residents without access to personal vehicles. To quantify it, we introduced vehicle
ownership rates of each region/city and calculated the non-vehicle persons by multiplying
the non-vehicle rates and the number of residents referencing a published study [24]. Then,
we calculated its density as transit demand. We acknowledged the limitations in the one
variable measurement [6,17], but it is the most common variable in the study areas.



Sustainability 2022, 14, 13182 5 of 16

The transit supply is measured according to seven criteria shown in Table 2. Each
factor is measured as the densities (i.e., per square kilometer) at the spatial units. We
captured the facilities data from two publicly available datasets, OpenStreetMap and
TransitFeeds. From OpenStreetMap [29], and we calculated the length of footways, living
streets, residential streets, and pedestrian lanes as the sidewalk and intersections. The bike
routes contain cycleways, residential streets, and tertiary roads as the sidewalks. We defined
low-speed limit roads as roads with less than 50 km per hour (around 31.06 miles per hour).
Intersections were based on intersections of a primary road, secondary road, motorway,
sidewalk, and bike routes. We captured the number of public transit facilities, bus routes,
and frequency (i.e., the total number of transit services) from the OpenMobilityData [30].
Notably, it provided a poor quality of TransitFeeds data in Greater London, so we collected
the data from Transport of London as the alternative [31]. Furthermore, we considered the
equal shares of the seven criteria according to the previous studies but acknowledged the
limitations in this measure.

Table 2. Criteria of transit supply and demand.

Transit Supply Transit Demand

Jiao & Dillivan,
2013 [11]

Transit facilities, frequency, transit
routes, and bike lanes

Teenagers, the population
without vehicles, and the
non-institutionalized population

Jiao, 2017 [21]
Public transit facilities, frequency,
transit routes, sidewalks, bike routes,
low-speed limit roads, and intersection

Teenagers, the population
without vehicles, and the
non-institutionalized population

Jiao & Bischak,
2019 [22]

Public transit facilities, frequency,
transit routes, sidewalks, bike routes,
low-speed limit roads, and intersection

Teenagers, the population
without vehicles, and the
non-institutionalized population

Jomehpour &
Smith-Colin,
2020 [17]

Factors of origin connectivity,
destination connectivity, frequency,
flexibility, and reliability

Socioeconomic and mobility need
factors

Cai et al., 2020
[23]

Public transit facilities, frequency,
transit routes, sidewalks, bike routes,
low-speed limit roads, intersections,
and capacity of transit service

Public transit riders and
low-income population

Vanderschuren
et al., 2021 [18]

Public transit facilities, frequency,
transit routes, sidewalks, bike routes,
low-speed limit roads, and intersection

Teenagers, the population without
vehicles, the non-institutionalized
population, and ineligible drivers

Lee et al., 2021
[24]

Public transit facilities, parking lot, bike
lanes, ridership Residents without vehicles

This study
Public transit facilities, frequency,
transit routes, sidewalks, bike routes,
low-speed limit roads, and intersection

Residents without vehicles

Additionally, we introduced land-use factors to investigate the distribution of transit
deserts among land-use characteristics to answer the second research question. There are
four land-use factors in this study based on the OpenStreetMap data. The commercial
and retail include commercial areas and retail areas. Green spaces and recreational areas
include forests, grass, park, and recreational ground. In addition, industrial areas and
residential areas are based on the basic definitions [29].

3.3. Analytic Framework

Figure 2 presents the workflow, and we processed data preparation, modeling, and
visualizations in RStudio 2022.02.3, Excel by Microsoft, and ArcMap 10.8.1 by Esri. In
detail, first, we downloaded and cleaned the data. Then, to transfer TransitFeeds data
to shapefiles, we applied the TransitFeeds data to the Network Dataset Transit Sources
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function. If the data is not available, we turned to the data portal by local transportation
authorities to capture related information. The final step of data collection is that we
dropped those observations where population density is lower than 100 people per square
mile in four cases.
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After the data preparation, we applied z-scores to standardize transit demand and
supply. There are three indexes calculated in this study: transit supply, transit demand,
and transit deserts. As shown in Equation (1), in measuring the final transit supply, we
first standardized the spatial density of seven criteria for transit supply and summed the
standardized values. Then, we standardized the sum as the final transit supply scores. As
shown in Equation (2), the z-scored transit-dependent population density was the final
transit demand. The transit deserts index (Equation (3)) is the difference between final
transit demand and supply scores. If the transit desert index is negative, the transit supply
cannot satisfy the transit demand. The areas with negative indexes are transit deserts, and
residents who live in transit deserts may face difficulties traveling by public transit [21].

Transit supply = zscored
(
zscored(∑ supply factor densityi)

)
(1)

Transit demand = zscored(density of residents without vehicle) (2)

Transit desert index = Transit supply − Transit demand (3)

In the results, we defined the transit deserts in the study area and calculated the
portion of transit deserts among regions/cities. Moreover, we compared the transit desert
indexes among land-use factors to investigate the disparities in transit deserts among land-
use characteristics. The portions of transit deserts across the four land-use factors were
measured. At last, we visualized and summarized these results in the following section.

4. Results
4.1. Comparison between Areas and Population in Transit Deserts

Table 3 demonstrates the portions of area and population in transit deserts by re-
gions/cities. This table also introduces the observations of four cases in this study. Before
summarizing the results, we acknowledge the differences between these observations. The
observations in both metropolitan-level cases are census tract level equivalence, while
those in city-level cases are the census block group level (Madrid) and block level (Milan)
equivalence. Although there are differences, it should be noted that these can affect the
resolution of visualization while not significantly affecting the results.

First, focusing on the metropolitan-level cases, both portions of areas and the transit-
dependent population in transit deserts in Greater London (58.8%, 54.5%) are larger than in
Grand Paris (40.6%, 48.1%). This indicates that the inequitable distribution of public transit
services in Greater London could be severe, which is consistent with research published
before the pandemic [31,32]. Moreover, in the city-level group, the portion of areas such as
transit deserts in Milan (33.0%) is lower than in Madrid (48.3%). In comparison, its portion
of the transit-dependent population is larger (61.9% vs. 45.1%). This result indicates that
the inequitable distribution in Madrid can be more critical, while the affected population in
Milan should be much larger. Finally, we acknowledge the inappropriate cross-comparison
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between groups. Still, we observed that the portion of the transit-dependent population in
Milan is significantly higher than in the other three cases, which can be evidence that the
public transit distribution in this city requires attention [33].

Table 3. Portions of areas/people in transit deserts within four regions/cities.

Description (Number of
Spatial Units)

Portion of the
Area in Transit

Deserts

Portion of the
Transit-Dependent

Population in
Transit Deserts

Grand Paris
IRIS represents the basic

unit for distributing
municipal data. (2841)

40.6% 48.1%

Greater London

The lower super output
area is a hierarchical

geographic structure used
to improve statistical

information reporting in a
small area. (4969)

58.8% 54.5%

Madrid

The census section has an
operational character and
must always be defined by

fixed sizes. (2409)

48.3% 45.1%

Milan

The census section defines
the minimum survey unit
based on which the census
survey is organized. (6079)

33.0% 61.9%

4.2. Comparison between Spatial Distributions of Transit Deserts

This section demonstrates the spatial distribution of transit desert indexes in the study
area. For better visualization, we set the legend of transit demand as descending and
the legend of transit supply and gap as ascending. Hence, the red means high transit
demand, low public transit service, and high dissatisfaction. Additionally, we set four
categories of these indexes, less than −1, between −1 and 0, between 0 and 1, and larger
than 1, to represent the severality of transit demand, supply, and deserts [34]. In describing
the spatial distributions, we referenced the principal distributions, uniform distribution,
random distribution, and clumped destitution in geography to categorize the distributions
of transit services in the study area [35].

Figure 3 shows these distributions of transit demand, transit supply, and transit desert
index in Greater London and Grand Paris. In Greater London, all three distributions resem-
ble clumped distribution. The transit-population density is relatively high surrounding
the central areas and relatively low in the outer ring. Figure 3c shows the distribution
of transit supply in Greater London. The distribution boundaries are clear. Areas with
good public transit services gather in the inner circle, while the services are poor in the
outer circle. As the difference between transit demand and supply, the transit deserts
are shown in Figure 3e. It indicates that the areas surrounding downtown London have
high public transit satisfaction, while the satisfaction is low in periphery areas such as
Loughton and Barnet. These results are consistent with the public transport accessibility
levels by Transport for London [31]. Moreover, given the results of transit supply (Figure 3c)
distribution, we claimed that the overwhelming demand causes dissatisfaction with public
transit service in periphery areas around the downtown.
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The distribution in Grand Paris is worth noting. Figure 3b shows that the transit-
population density is high in the central areas, a key difference from Greater London.
Figure 3d presents the public transit supply distribution. The public transit service is
relatively good in central areas, while the transit service is relatively deficient in outside
areas. Figure 3f presents the transit desert index distribution in Grand Paris. There are no
precise concentric circles of transit deserts in Grand Paris where distributions are close to
random distribution. Furthermore, results indicate that allocating public transit facilities
to meet public transit demand in Grand Paris can be better than in Greater London. The
underserved public transit neighborhoods do not gather in general. It can be evidence that
Grand Paris has a relatively minor inequitable transit distribution issue.

Figure 4 demonstrates the spatial distributions of transit demand, transit supply, and
transit deserts in Madrid and Milan. In Madrid, the transit-dependent population gathers in
the Centro neighborhood and surrounding areas as belts (Figure 4a). There are two “green”
belts longitudinally (e.g., Paseo de la Castellana) and latitudinally (e.g., Avenida de la
Ciudad de Barcelona) crossing the Centro neighborhood. Figure 4c shows the distribution
of public transit supply, and Figure 4e presents the distribution of transit desert, similar to
the distribution of transit supply. These results confirmed the success of transit corridor
developments, showing that these developments promote the level of transit services along
corridors [36]. Moreover, the areas with a high transit-dependent population have relatively
high public transit supply. Finally, although there are transit deserts, the results show the
efforts of governments to ease the public transit inequity [37].

Additionally, the situations in Milan are worth noting. Figure 4b shows the transit-
dependent population in Milan. The distribution of transit demand in Milan resembles
clumped distribution [38]. In central areas, the demand is low, while the areas from the
central areas have a relatively high trans-dependent population. Figure 4d presents the
transit supply distribution. In the central areas, the public transit services are high, while
the public transit services outside are low. Hence, not surprisingly, the transit deserts follow
the distribution of transit-dependent populations. Results may indicate that there could
be significant mismatches in Milan. Transit demand in the center is low, while supply is
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high, which meets the requirement of Milan as a traveling hotspot since there are many
attractions in the center. However, it also indicates that residents may not benefit from
these services as expected since few live in the center. What’s more, the transit supply out
of the center is relatively low, which can suggest the difficulty of residents living in the
periphery areas around the downtown taking public transit.
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4.3. Comparison between Land Use Characteristics in Transit Deserts

Figure 5 presents the land-use factors in the transit desert. We noticed that residential
areas are the most dominant land-use factors in transit deserts across the study area,
followed by green spaces and recreational areas, which indicates that public transit access
to and from these areas can be a general problem in European cases. Specifically, this
result proves that it could be challenging for residents to travel from home to green spaces
through public transit [39,40].
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The land use distributions in different cases are worth noting. First, we found that
portions of residential and greenspaces land use in transit deserts in Greater London
(35.49%, 17.84%) are larger than in Grand Paris (28.99%, 5.42%). This is consistent with
the findings in the last section, arguing that the inequitable distribution of public transit
services in London is more severe than in Paris. Moreover, the Greater London government
needs to put more effort into improving public transit accessibility in green spaces [39]; the
level of public transit services surrounding green spaces in Grand Paris works well [41].
Second, we found that the portion of residential land use in transit deserts in Madrid
(55.49%) and Milan (52.90%) are similar; however, the portion of green spaces in Madrid
(30.81%) is much larger than in Milan (6.08%). This rate in Madrid is the highest among the
cases. Although previous studies indicated that the green space accessibility in Madrid is
better than in other cities [42], we claimed that public transit accessibility to green spaces
could not be sufficient as expected.

5. Discussion

Public transit equity has been a rising concern recently due to the increases in living
costs and gasoline prices. Government agencies are working on improving the public
transit service and easing inequitable distributions. The transit desert concept can provide
a regional and comparative perceptive for the regional transportation planning agencies.
Based on the concept, this study evaluates public transit performance in four regions/cities
and identifies underserved areas. Results identify the neighborhoods that need extra transit
services, and the spatial distributions of transit underserved areas can be significantly
different across cases. Then, we examined the land-use attributes within these underserved
areas. We found that most of them are residential land use followed by green spaces.

The limitations are worth noting. First, this study is based on publicly available
datasets. We acknowledged that the quality of the data across countries could be different.
For instance, the TransitFeeds data in Grand Paris and Madrid were completed, while
they missed public transit frequency in Milan and some facilities in Greater London.
Although we fixed these issues by referencing local transportation agencies, it is worth
noting this limitation and calling future studies to be aware of them. Second, as shown in
Table 2, the bias in spatial units of observations can be significant. The census definitions
in different countries are varied. We noticed these differences and converted them into
the census equivalent definitions in the U.S. [43]. Future studies need to consider these
differences and be aware of the modifiable area unit problem [44]. Third, we noticed
the limitation in variables. In measuring transit supply, we applied seven criteria and
considered them equally. Although it references the published studies, it would be better to
give reasonable shares on this measurement [45]. Moreover, in measuring transit demand,
we measured the transit-dependent population as the non-vehicle population, which can
cause ignore demands from other vulnerable populations [6,17]. Hence, we called for
future investigations on improvements in measuring transit demand (e.g., weight system
according to empirical studies) and supply (e.g., teenagers and old generations) of non-
vehicle populations.

Albeit the limitations, this study has several important research and policy impli-
cations. After several pandemic waves and increasing living costs, residents need an
affordable travel mode to save on living costs, so public transit could be critical. To help
transportation planners fulfill the essential travel needs, we summarize the takeaways from
this study as the following.

First, implementation suggestions can be generated for Greater London and Milan
with the severest transit inequitable distribution. The results suggest that more than half
of the transit-dependent population in both cities live in areas where the existing public
transit services cannot meet the demand. In Greater London, unsurprisingly, the transit
agencies have noticed this issue. They applied interventions including improving the metro,
buses, commuter train system (e.g., Docklands Light Railway), and overground light rail
transit [46]. These improvements undoubtedly can increase the capability and satisfaction
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of the transit system; however, it may not solve the issues since our study argued that the
main cause is overwhelming demand. In other words, neighborhoods with high rates of
non-vehicle residents are gathering. Hence, we suggest London agencies identify these
neighborhoods, given our results, and provide extra public transit services to them.

Additionally, the issue in Milan could be different. Our results suggest that the transit
service is numerous in the center, where few transit-dependent residents live. This mis-
match leads to concerns about transit equity in Milan. Furthermore, the Milan government
announced an ambitious plan to reduce car use and improve transit facilities [47,48]. Local
agencies claimed that this plan could dramatically decrease driving alone. These efforts
are appreciated, but there are worries that the residents who need public transit to travel
around may not benefit as expected since they face barriers to accessing high-quality transit
services. Therefore, before launching ambitious transit planning, it is critical to implement
a study to identify the neighborhoods that need further transit support to ensure transit
service is equitably distributed.

Second, European transit agencies must focus on improving transit services to and
from residential areas and green spaces. The results suggest that this underserved popula-
tion should be a general issue among cases. The portions of residential areas and green
spaces in transit deserts are higher than 25% and 5%. Although the later rate seems smaller,
it is significantly higher than other land uses (i.e., commercial and retail, and industry).
Hence, we call on local governments to work on improving transit connectivity in both
types of areas. For instance, transit agencies can provide multi-module choices connecting
significant residential places and green spaces [49]. Given our results, researchers and
practitioners can apply other methods, such as social network analysis, to evaluate and
optimize the transit services to and from these areas [50].

Third, the spatial distributions of transit deserts in the study areas differ across coun-
tries. According to previous studies, transit deserts are most likely located in the periphery
or suburbs in low-density regions and downtown in high-density regions [12,22]. Our
findings are consistent with this statement, suggesting that downtown areas have relatively
high satisfaction with public transit, but the causes can be different. In Greater London,
both transit demand and supply are high downtown. It is similar to the cases in China [12].
In comparison, the supply is high while demand is low in the other three cases, which is
similar to the cases in the U.S. [22]. We assumed these phenomena are consistent with the
land use regulations (e.g., Green Belt) [51] and historical building locations. Therefore, it is
worth taking the next step by looking at the causes, which can be an exciting topic in the
urban geography discipline.

Finally, the combination of the transit deserts concept and publicly available data has
proven its ability to handle European cases. Given the studies in the U.S., China, and South
Africa, it can be interesting to evaluate the transit system further internationally [12,18,22].
For instance, there can be a study evaluating the transit services in developing countries, so
that international non-government organizations (e.g., World Bank) can allocate budgets to
those who need transit to travel. When launching the analysis and given the barriers we
faced in collecting data from agencies in different countries, we encourage researchers to
pay attention when using publicly available datasets because the quality of these datasets
cannot be as efficient as expected. Therefore, we suggest a platform integrating international
planning data, such as combining OpenStreetMap and TransitFeeds, which can make the
studies across different countries doable. What’s more, when setting the criteria of transit
demand and supply, agencies need to be aware of shares based on empirical studies.

6. Conclusions

Due to the increases in living costs and gasoline prices, policymakers need to promote
public transit systems as an alternative and sustainable choice for people who cannot afford
to drive alone. Based on the transit desert concept, we evaluated the transit systems in
four European cities and identified the underserved transit areas. Then, we examined
the land use attributes within areas. Our findings identify the region/city facing severe
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transit inequitable distribution and point out the concerns about transit services to and
from residential areas and green spaces. Moreover, these findings prove the potentials of
the transit desert concept in international urban planning practice. Analysis and decision
support methods based on the transit desert concept can contribute significantly to transit
evaluation and underserved neighborhood identifications, which can help transit agencies
promote sustainable and equitable public transit systems.
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