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16.1 Introduction

Latin American cities show deep sociospatial inequalities and urban segrega-
tion. Despite remarkable progress toward alleviating lower income inequality
and poverty (Lustig, Lopez-Calva, & Ortiz-Juarez, 2012; Székely & Mendoza,
2015), social inequality has proved to be a much more complex phenomenon.
Under the context of rapid urban change and globalization in Latin American
cities over the last three decades, spatial segregation has always been present,
both sociodemographically and functionally (Thibert & Osorio, 2014). Issues
of territory, gender, race, ethnicity, and age are key exclusion dimensions
(CEPAL, 2016), impeding equitable progress (Deneulin and Sanchez-
Ancochea, 2018) (see also Chapter 14). In a region whose population is mainly
urban (World Bank, 2018), Latin American cities show complex travel patterns
given the (usually peripheral) location of low-income inhabitants, their acces-
sibility to key opportunities, and low-quality transport systems (Hidalgo &
Huizenga, 2013; Rodriguez, 2008).

This unequal scenario raises key challenges regarding accessibility and
affordability of transport and housing, especially for the most vulnerable popu-
lations, which usually experience the consequences of spatial mismatch. In big
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cities like Santiago de Chile, an equitable public transport provision is highly
desirable, especially as 60% of the households do not own a car and depend
on public transport for daily mobility (SECTRA, 2015). Moreover, Santiago
shows a somewhat monocentric structure and has been expanding toward the
wealthiest neighborhoods for the last 40years, which could be exacerbating
the difficulty of accessing opportunities for some socio-economic segments
of the population (Suazo-Vecino, Mufioz, & Arce, 2020).

Metro and buses are the modes making up the public transport system in
Santiago. Users can ride both transport modes paying only one fare, which is
fixed all day for buses and period-based for Metro. In this chapter, this public
transport flat fare scheme is analyzed through the lens of accessibility, afford-
ability, and equity. The implication of a distance-based charge in the public
transport system is compared with the flat fare scheme for accessibility levels
in the current land use scenario and for equity outcomes to identify whether
either fare scheme could be a progressive policy, benefitting low- and
medium-income populations in the city, providing them more affordable access
to opportunities.

Two metrics are used to analyze the effect of the fare schemes. First, the fare
increment or reduction for each public transport trip from the flat fare to
distance-based scheme is estimated, using an extensive trip database obtained
from smart card records that include origins, destinations, and routes distances
for 2.9 million trips performed during April 2019. Then the results at a munic-
ipality level in Santiago are aggregated. Second the effect on accessibility con-
sidering a generalized travel cost accounting for travel time, waiting time,
walking time, and fare is estimated. For both metrics the impact on each socio-
economic quintile given the sociodemographic composition of each municipal-
ity is estimated. Based on these results accessibility, affordability, and equity
outcomes of the fare schemes under the current land use pattern are analyzed,
and the implications of a future land use scenario where activity subcenters
(decentralizing opportunities) are developed in Santiago are discussed.

This chapter is structured as follows. Section 16.2 provides a literature
review on the main sociospatial inequalities reported for urban development
in Latin America, especially for public transport implications on urban form,
accessibility, and equity issues. Section 16.3 describes the case study in Santi-
ago, its public transport system and its fare system. The methodology is
described in Section 16.4, while Section 16.5 shows the main findings obtained.
Finally, Section 16.6 discusses the implications of the results and the main
conclusions.

16.2 Accessibility, affordability, urban form, and equity:
A brief review focusing on Latin American settings

Urban form strongly affects citizens’ affordability; this concept alludes to finan-
cial stress faced by households to cover housing and transport expenditures,
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thus influencing the opportunities they can access. It is possible to define an
“affordability threshold” to identify households that struggle with these expen-
ditures, which usually shows an inverse relationship: the higher the cost of hous-
ing, the lower the cost of transport, and vice-versa (Glaeser, 2008; Mattingly &
Morrissey, 2014). For example, as several contexts demonstrate, people living
in the urban periphery, where land values and housing is typically cheaper, have
higher transport expenditures than more centrally located expensive housing
because of distance and poor public transport connections, which, in turn, leads
to a dependency on cars (Banister, 1994; Currie & Senbergs, 2007).

There has been an on-going concern about the impacts of urban form, espe-
cially in the United States and Europe (Dieleman & Wegener, 2004). Most
European metropolitan areas with high relative densities and more centralized
land-use patterns present low levels of car use whereas low-density urban
forms, as in some US cities, tend to have higher transport costs, since travel
distances increase, and access to services through public transport decreases
(Giuliano & Narayan, 2003; Horner, 2002; Low, Gleeson, Green, &
Radovic, 2005; Newman & Kenworthy, 1989). These low-density urban forms
could bring consequences as urban sprawl, with city center disinvestment and
decline, car dependence, a growing number of vehicle-kilometers traveled
(VKT) and a loss of open space (Ewing, Pendall, & Chen, 2002).

van de Coevering and Schwanen (2006) states that cities should adopt a
vision for city development tailored to their specific regional contexts. In the
Latin American case, cities are highly unequal and segregated. Residential
segregation reproduces socioeconomic inequalities and isolates the poor
(Rodriguez & Arriagada, 2004), so the inhabitants’ location, activity distribu-
tion, and transport provision play a key role. In this context, urban mobility can
be considered both a cause and an effect of such structural imbalances. In an
exhaustive review of socially oriented accessibility assessments in Latin Amer-
ican cities, Vecchio, Tiznado-Aitken, & Hurtubia (2020) highlight noticeable
accessibility gaps between socioeconomic groups, and that the public transport
projects devoted to reducing this gap have been still insufficient.

Rodriguez (2008) points out that the Latin American metropolitan cities
show many trips joining poor communes (usually periphery) and business cen-
ters (central and high-income communes). Given these mobility patterns, the
most relevant transport policies for segregation control are those that improve
public transport services (Sabatini, 2003). Better transport services allow
for better accessibility to the city, making residential segregation less harmful.
This way, providing public transport and a better distribution of key opportu-
nities would be helpful to overcome spatial mismatch, especially in cities like
Santiago where a high concentration of activities and services is placed in the
wealthiest sectors of the city (Suazo-Vecino et al., 2020).

Rodriguez (2008) and Sabatini, Caceres, & Cerda (2001) both show that
transport inequalities in Santiago are evident in terms of travel time and mon-
etary cost. Low-income people rely on walking and public transport: the two
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lowest quintiles made 65% of their trips by these two modes according to the
origin-destination survey of 2012 (SECTRA, 2015), and the economic impact
of using public transport in daily life can be huge, with vulnerable populations
spending approximately 30% of their monthly income on this item (Iglesias,
Giraldez, Tiznado-Aitken, & Mufioz, 2019). Recent trends in urban growth
in Santiago have produced several gated communities, located in peripheral
areas, and targeted at mid and mid-low-income households who are car owners.
These households end up experiencing financial stress and reduced time bud-
gets due to an even larger spatial mismatch, which, in addition to the lack of
adequate public transport services, makes them car-dependent (Caceres-
Seguel, 2015, 2017; Gainza & Livert, 2013). These accessibility and affordabil-
ity concerns make social integration across the space almost impossible
(Hidalgo, 2007; Rivera, 2012), highlighting the importance of creating a good
public transport fare Scheme.

A public transport fare system is defined by a collection method linked with
form, time and place of payment, a certain fare level, and a fare structure or
scheme (Batarce & Mulley, 2016). The latter has been the object of several
studies, focusing mainly on optimization problems to maximize profitability
considering dimensions as fare schemes, elastic demand, and profitability
(Chien & Tsai, 2007; Huang, Liu, Liu, & Chen, 2016; Lam & Zhou, 2000;
Tsai, Chien, & Spasovic, 2008). Nevertheless, the literature linking fare struc-
tures and equity implications is not extensive and has not been thoroughly
addressed in Latin American settings.

Different fare schemes (Table 16.1) have different effects on vulnerable
groups. Usually, flat fares are shown to be inadequate in pursuing equity
due to cross-subsidization from long-distance travelers to short trip ones
(Bandegani & Akbarzadeh, 2016; Batarce & Mulley, 2016; Cheng, Gao, &
Zhang, 2015; Nuworsoo, Golub, & Deakin, 2009). Like Cervero (1981)’s
findings, Brown (2018) concludes that noncapped distance-based fares plus
a time-based fare considering peak and off-peak periods is the most equitable
fare structure. Farber, Bartholomew, Li, Paez, and Habib (2014) show that in
Utah, distance-based fares have good results too. Still, the heterogeneous pop-
ulation distribution must be included in the analysis, especially for spatial
mismatch issues and those living in peripheral areas. Likewise, Rubensson
et al. (2019) in Stockholm found progressiveness in distance-based fares,
but they note that geography is a crucial dimension since flat fares could ben-
efit more peripheral areas.

Brown (2018) identifies three main paths to analyze fare equity in the lit-
erature: percentage differences in the costs paid by users, absolute gains for
different income groups, and the fare recovery, defined as the operating costs
that a particular trip covers through its fare. Inspired by Brown’s work, fare
equity in Santiago is analyzed using two main metrics, as described in the
next section.
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TABLE 16.1 Public transport fare schemes.

Fare schemes
Flat
Trip-based

Distance-
based

Period-based

Description
Same fare for all users

The average fare depends on the
number of trips. Usually known
as travel passes.

The fare depends on exact
distance traveled or approximate
distances through fare zones

The fare depends on (1) time of
day, charging differently in peak

Example
Metro system in Lima, Perd

SUBTE in Buenos Aires,
Argentina

London Underground, UK
(zones) and Metro system in
Tokyo, Japan and Valparaiso,
Chile (distance)

Metro/Train services in
Sydney, Australia

and off-peak hours or (2) trip

duration

Mode-based The fare depends on the transport Transmilenio and SITP (bus
mode, which offers different systems), Bogota, Colombia
services

Rider-based The fare depends on the rider Transantiago (bus and Metro

group. For example, the elderly,
students, or low-income
population.

system) in Santiago, Chile

Source: Adapted from Cervero, R. (1981). Flat versus differentiated transit pricing: What's a fair fare?.
Transportation, 10(3), 211-232; Bandegani, M., & Akbarzadeh, M. (2016). Evaluation of horizontal
equity under a distance-based transit fare structure. Journal of Public Transportation, 19(3), 10; Brown,
A. E.(2018). Fair fares? How flat and variable fares affect transit equity in Los Angeles. Case Studies on
Transport Policy, 6(4), 765-773.

16.3 Case study setting of Santiago, Chile

Chile is divided into 16 regions. The largest one, the Metropolitan Region
(RM), is composed of 6 provinces, with Santiago being, the most important
one, and also Chile’s capital. Greater Santiago is the main urban center in
the RM, with an urban footprint of 640 km2, divided into 34 municipalities,
and with a population of 6.12 million inhabitants (INE, 2017). As described
above Santiago is a highly segregated city with a very uneven distribution of
transport-related benefits across different population segments. Iglesias et al.
(2019) show that the wealthiest quintiles receive 2.5 times more investment
in both transport and service infrastructure when compared with the most
deprived quintile. Given this context, the provision of an efficient and equitable
public transport system that gives the possibility to access opportunities at an
affordable fare remains a primary challenge.
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In 2007, Santiago drastically changed its public transport system. Previously
the city had a deregulated, competition-based, semiinformal, and polluting bus
system called “Micros Amarillas” (yellow buses). Buses operated along with
the Metro system which was much more efficient but barely accessible for
lower-income population since buses and Metro had independent and noninte-
grated fares. The system evolved in 2007 to a modern and integrated-fare public
transport system called Transantiago, comprising both Metro and buses. In this
system the user pays only one period-based flat fare to use both buses and
Metrolf a trip uses buses and Metro, the user pays the most expensive fare,
and the flat fare changes with different time periods (Table 16.2).

Since its launch, the system has grown significantly: the Metro network
grew from 85 to 140km between 2007 and 2019, becoming the largest in Latin
America. In the same period the number of bus services grew from 276 to 382
routes, reaching 3000 km coverage approximately (Fig. 16.1). According to the
last origin-destination survey in 2012 (SECTRA, 2015), 26% of the trips in San-
tiago are made by public transport: 52% of them being bus only, 22% Metro
only, and 26% involving bus-Metro combinations. There is a remarkable var-
iation in the number of trip-legs involving these public transport trips. Since it is
often necessary to travel long distances, users must make several transfers to
reach their final destination. Those who have the privilege of working or study-
ing in municipalities close to their residential location are more likely to expe-
rience single-leg trips. Fewer trip-legs are linked with higher average incomes
(Table 16.3).

These factors indicate that a distance-based fare should be regressive. In the-
ory, a flat fare implies a cross-subsidy of short-trips in favor of long-distance
trips, benefitting low-income workers that have to locate in the periphery

TABLE 16.2 Transantiago fare [Costs for April 2019, using the average US
dollar (USD) value = 667.4 Chilean pesos (CLP)].

Public transport fare Time period Fare (USD)
Bus-only trips All-day 1.05
Trips involving a Metro leg Off-peak hour (06:00-06:59 and 1.00
20:45-23:00)
Flat hour (09:00-17:59 and 1.08
20:00-20:44,
All weekends and holidays)
Peak hour (07:00-08:59 and 1.20
18:00-19:59)

Source: Own elaboration, based on EMOL. (2019). Precio del Transantiago aumenta $20 en todas sus
tarifas: Metro en horario punta llegara a los $800. https://www.emol.com/noticias/Nacional/2019/01/
25/935593/Metro-y-Transantiago-suben-de-precio.html.
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TABLE 16.3 Trip stages in Transantiago trips sample of the Origin Destination
Survey (2012).

Trip legs Total trips % of total trips Average income (CLP)
1 6,147,152 57.8% $334.658
2 3,784,139 35.6% $332.309
3 678,310 6.4% $304.887
4 16,486 0.2% $257.908

USD=486.5 CLP (2012).

Source: Based on SECTRA, 2015. O-D survey from 2012. Planning and Development Coordination,
Transport and Telecommunications Ministry, Government of Chile. http://www.sectra.gob.cl/
encuestas_movilidad/encuestas_movilidad.htm.

(Morandé & Dona, 2007). Preliminary analysis using the last Origin-
Destination Survey of 2012 in Santiago shows that a flat fare benefits
middle-income people and pericentral zones, reducing the fare they would
pay in a distance-based fare scheme (Pineda, 2018). This chapter aims to under-
take a more sophisticated analysis using an extensive smart-card database, to
identify and quantify winners and losers under a distance-based fare scheme,
when compared with a flat fare scheme, and to measure the impact on gener-
alized travel costs, which affects accessibility levels within the city.

16.4 Methods

In the following subsections, the data used, and the methods used to calculate
the variables analyzed are presented in turn.

16.4.1 Who benefits from a distance-based fare scheme?

To estimate the fare increase or decrease for each public transport trip, the data-
base obtained from an extensive Automated Fare Collection (AFC) database
from the public transport system in Santiago is used. These data are retrieved
from smartcard records of the time and place of each validation in both buses
and Metro stations. Since there is no card validation when people alight from
any public transport service in Santiago, the methodology proposed by
Munizaga and Palma (2012) is used to estimate the time and station in which
each trip stage ends and connecting sequential trip stages belonging to the same
trip. From the destination estimation, routes distances are inferred.

The information from 3 days of 1 week in April 2019 is used, filtering morn-
ing trips between 06:00 and 10:00, corresponding to 2.9 million trips. The total
revenues obtained for all the trips analyzed are estimated. For this purpose,
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given the inability to distinguish between users, the analysis did not consider the
elderly and students who pay a discount fare (230 CLP all day for using buses
and Metro for students, and only for Metro use for the elderly), that is, it is
assumed that all users pay the full fare of the corresponding time period. Fur-
thermore, only the trips paid and, therefore, observed in the database are con-
sidered. The system has a relatively stable fare evasion between 24% and 35%
since 2014 (MTT, 2019), mainly by users that make short trips using only bus
and from lower-income households (Gallegos, Munizaga, & Gschwender,
2015; Guarda, Galilea, Paget-Seekins, & Ortizar, 2015).

Using route distances, the new distance-based fare that would be required to
collect the same total revenue as in the flat fare scheme is estimated. Thus the
unit distance charge is calculated by dividing total revenue by the total distance
traveled across all trips. The impact of this policy on each socioeconomic quin-
tile is estimated, given the sociodemographic composition of each municipality
(MDS, 2015) and average income according to Unemployment Insurance 2017
(MDS, 2019). The results are shown in the next section.

16.4.2 How much does a distance-based fare affect the
accessibility levels?

The effect on accessibility is estimated using a similar methodology to that pro-
posed by Tiznado-Aitken, Hurtubia, & Mufioz (2017), which accounts for sev-
eral of the attributes that drive the level of service received by the user. An
average total generalized travel cost across all trips generated at each munici-
pality is computed, monetizing travel time, waiting time, and walking times
(Table 16.4) and considering the monetary cost for the current fare scheme
and the distance-based fare scheme.

To do this both AFC data and Automated Vehicle Location (AVL) data are
used. Besides the data described earlier for buses, Global Positioning System
(GPS) information every 30s is obtained, estimating the exact arrival time at
each stop. For Metro, the trains’ schedules are inferred from arrival and depar-
ture times for every train at every network station. Using these data, it was

TABLE 16.4 Social value of time defined by MDS (2018) for in-vehicle time,
waiting time, and walking time.

Social value of time Dollars per hour per passenger®
In-vehicle time 2.87

Waiting time 5.74

Walking time 8.6

“Average US dollar (USD) value=615.22 chilean pesos (CLP).
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possible to estimate waiting times and in-vehicle times after the user arrives at
the public transport stop. To compute walking times to public transport stops,
OpenTripPlanner was used dividing the city into a grid of cells of 200 x 200 m.
The results were aggregated at the “Transantiago-Zoning” level, consisting of
804 traffic analysis zones defined by the Public Transport Agency (DTPM). The
results are shown in the next section.

The impact of this policy on each socioeconomic quintile is estimated, given
the sociodemographic composition of each municipality (MDS, 2015) and aver-
age income according to Unemployment Insurance 2017 (MDS, 2019).

16.5 Findings

When analyzing public transport trip distances, disaggregated by municipality,
significant but predictable differences are observed which are explained by San-
tiago’s spatial distribution of residential density, income, and employment
opportunities (Fig. 16.2). On the one hand, residents of Puente Alto and La Pin-
tana, southern peripheral municipalities, have to travel on average almost three
times the distance than Providencia and Santiago’s residents, usually to central
municipalities that concentrate a high density of opportunities and services. On
the other hand a significant distance variability is observed within trips origi-
nating in each municipality. The 5% shortest trips originating from every
municipality are relatively similar, between 1 and 2.5 km. However, their lon-
gest trips are very different. For example, the trip associated with the 5% longest
trips in Providencia is shorter than the average trip originating in Puente Alto,
where 5% of the trips are longer than 29km. Such long distances should be a
concern since the time period analyzed (6—10 AM) reflects that a large portion
of residents from peripheral zones commute extremely long distances to satisfy
their mandatory activities (usually work or study). Meanwhile, for example, res-
idents from Providencia (a high-income and central municipality) commute
much shorter distances, explaining the high modal share of walking and bicycle
trips (SECTRA, 2015).

Such disparity across municipalities reveals that a distance-based fare
scheme would likely treat residents from different municipalities very differ-
ently. To quantify these differences, the distance-based scheme is compared
with the current fixed fare scheme used by Transantiago, computing the total
amount to be paid by all trips emanating from each municipality in both fare
schemes. Fig. 16.3 presents the average percentual fare variation in each munic-
ipality. Unsurprisingly, seven peripheral zones of the city (shown in dark in the
Figure), located mainly in the south are the most disadvantaged, paying an aver-
age of 57% extra per each public transport trip. In contrast, the municipalities in
the area expanding from downtown to the northeast where most activities are
concentrated (depicted in white in the figure) would benefit, allowing their res-
idents to save on average 25% of the fares they currently pay. The remaining
outer zones situated in the north and several pericentral zones located in
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Percentage of fare variation:
from fixed fare to distance-based fare
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FIG. 16.3 Percentage of fare variation by municipality. (Source: Based on DTPM. (2019). Travel
matrix for Santiago, April 2019. Ministry of Transport and Telecommunications, Government of
Chile. http:/lwww.dtpm.gob.cllindex.phpldocumentos/matrices-de-viaje.)

between these two regions show mixed results, from —10% to 35% fare
variation.

As shown in Fig. 16.4 on average, residents from 21 of the 34 municipalities
would pay more with the distance-based scheme than in the current fixed fare.
The figure also shows that despite the high variability of trip distances, one-
third of those 21 municipalities have more than 70% of their trips paying more
than in the current fare scheme. Six municipalities show a relatively even dis-
tribution among “winners” and “losers” of the scheme change, with no clear
spatial pattern. Nevertheless the aggregate effect on these municipalities is
an increment of 7.5% of the average fare per trip.

An important issue, moving beyond the geographical dimension, is to ana-
lyze the affordability effects of a distance-based fare scheme. To study the
socioeconomic composition of the municipalities affected, the percentual fare
variation is plotted along with the percentage of the population belonging to the
two lowest income quintiles per municipality (Fig. 16.5), and the average
household income per municipality (Fig. 16.6). This way, it can be shown if
the cross-subsidy between short trips and long trips would contribute to a more
equitable scenario where the most deprived populations would have less eco-
nomic stress related to transport expenditures.
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The results in Fig. 16.5 show 15 of the 34 municipalities have over 50% of
their population in the two lowest income quintiles. In only three municipalities,
the residents would, on average, benefit from a distance-based fare scheme, sav-
ing 6.5% of their current expenditure. The remaining 12 municipalities would
be disadvantaged by the distance-based fare scheme, with expenditure increas-
ing on average, by approximately 30%.

Households belonging to municipalities with a low-income majority
(i.e., households in the two first quintiles representing more than 50% of the
population) earn, on average, 1056 USD per month. In contrast, households
in the remaining 19 municipalities make, on average, 50% more (1580
USD). The distance-based fare scheme would hit the affordability of residents
quite differently. For example, La Pintana households make, on average, 866
USD per month. One of its residents traveling 50 times per month at the
distance-based fare would spend over 10% of the household income on these
trips. However, 50 trips from a resident from Lo Barnechea municipality, which
on average, earns 2321 USD per month, would spend just over 3% of the
income. The different affordability impacts on residents from different munic-
ipalities could be even more significant if more complex household structures
are considered.

Finally, it must be recognized that the fare is just one element affecting
the level of service experienced by a public transport user. All the attributes
affecting the level of service are usually aggregated into a single indicator
identified as the generalized travel cost. In this chapter, a generalized travel
cost considering in-vehicle, waiting, and walking times and fares (with each
of the two fare scenarios: fixed and distance-based) is considered. As
Fig. 16.7 shows, the distance-based fare exacerbates the current accessibility
problems in the city. As expected, residents from peripheral zones would
experience higher generalized travel costs and, therefore, lower accessibility
levels. It is observed that the fare increase or decrease creates an impact of
between +25% and —15% of the generalized travel cost at the municipality
level (Fig. 16.8).

16.6 Discussion and further research

Accessibility and affordability are critical dimensions for socially sustainable
development. In Latin American cities, characterized by urban segregation
and social inequalities, public policies oriented to counterbalance transport-
related inequalities and provide a better quality of life, especially for the most
deprived populations, are highly desirable. This chapter analyzed if the current
public transport fare scheme in Santiago, which is fixed for given time periods
and mode combinations, is desirable over a distance-based fare scheme. The
analysis focused on equitable outcomes, analyzing how a distance-based fare
scheme would affect accessibility and affordability to urban opportunities for
low-income populations.
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FIG. 16.7 Generalized travel cost considering the two analyzed fare schemes. (Source: Based on
DTPM. (2019). Travel matrix for Santiago, April 2019. Ministry of Transport and Telecommunica-
tions, Government of Chile. http://lwww.dtpm.gob.cl/index.php/documentos/matrices-de-viaje.)
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FIG. 16.8 Percentage of fare variation and its effect on generalized travel costs. (Source: own elaboration, Based on DTPM. (2019). Travel matrix for Santiago,
April 2019. Ministry of Transport and Telecommunications, Government of Chile. http://www.dtpm.gob.cllindex.php/documentos/matrices-de-viaje.)
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The results show that the current fare scheme in Transantiago is preferable
over a distance-based scheme. In Santiago, those living in the central zones tend
to make significantly shorter trips than those living in the periphery and, on
average, tend to have higher income levels. This scenario is coherent with
the observed trend of central areas presenting a more mixed land use allowing
its residents to perform key activities at a convenient distance. Medium-high
and high-income people dominate most of these zones. By paying a flat fare,
they cross-subsidize the more extended trips made by medium-low and low-
income people living in pericentral and peripheral areas of the city. It is essen-
tial to recognize that these results would not apply to many cities with a different
land use structure or income distribution spatial pattern. In effect, if wealthy
neighborhoods are mostly in the periphery, the distance-based fare scheme
may show a more progressive effect, as indicated by the literature.

This research shows how the excessive concentration of opportunities
around the northeast sector of Santiago (Suazo-Vecino et al., 2020) forces
the usually lower-income inhabitants of pericentral and peripheral sectors to
travel long distances by public transport. This segregation becomes even more
worrying in economic, planning, and equity terms due to the current COVID-19
pandemic. For long trips in closed and crowded places and involving several
transfers that do not allow the physical distancing recommended by the
WHO (2020) the risk increases due to prolonged exposure to the virus
(Nishiura et al., 2020; Prather, Wang, & Schooley, 2020). The conditions in
which these trips are carried out mainly affect the most vulnerable who must
continue to expose themselves due to the inability to use other modes, to make
online purchases from home and stronger restrictions to perform telecommuting
(Tirachini et al., 2020).

This segregation also represents a significant short-term challenge for the
operation of public transport, which despite strong drops in the travel demand
(Google Mobility Reports, 2020) has also been forced to reduce its supply due to
economic issues. If trips were shorter, the intensity of public transport use
would drop reducing crowdedness inside the vehicles. Under such context, pol-
icies aiming at reducing trip length would be preliminarily attractive. However,
this work shows that in the case of Santiago, urban segregation prevents an eco-
nomically rational policy, as charging travelers depending on the distance they
travel, from being implemented.

Our findings question the urban development of Santiago over the last four
decades, with no integrated transport and land use planning policies and
experiencing an important, gated-community-based and socially segregated
urban sprawl, with poor public transport standards (Cox & Hurtubia, 2020).
In the 1980s, during the dictatorial period in Chile, most of the low-income
settlements—by then located in central and well-provided areas—were dis-
placed to the periphery (Morales & Rojas, 1986; Tapia, 2011), which nowadays
implies longer commuting times to reach job and educational opportunities.
Real estate developments need to focus on spreading key opportunities
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(including jobs) to each municipality to improve accessibility. Likewise, land
use incentives for the private sector could change the current pattern of Santi-
ago, homogenizing the opportunity distribution across space. If the city were to
develop in such a polycentric fashion, a distance-based fare structure would
become more attractive.

However, such an urban policy requires a long-term vision to promote more
sustainable development, considering economic impacts, environmental
effects, and social inclusion. Given the climate and social emergency that most
of Latin American cities face, in addition to the COVID-19 pandemic scenario,
reducing distances and promoting an ecology of modes where the sustainable
trio (public transport, walking, and bicycle) have priority (Sagaris, Tiznado-
Aitken, & Steiniger, 2017), could reduce trip distances, vehicle-kilometers trav-
eled and car use. The current pandemic offers an unprecedented opportunity to
change things in this regard. For example, the economic crisis and massive
adoption of telecommuting are likely to increase land and built space vacancy
in central districts, which nowadays concentrate offices and services. Mecha-
nisms promoting a different use for this vacant space could help to increase land
use mixture and even reduce social segregation.

Two directions for future research are proposed. First, understanding how
accessibility conditions could be improved by simultaneously providing better
public transport connections and encouraging local opportunities in every
municipality. This may require evaluating the impact of new transport projects
and considering their effects in terms of seeking a more even distribution of
opportunities across the city. Developing such indicators could help to promote
a more equitable city, complementing the social cost-benefit analysis that every
project in Chile must go through. Second, exploring new fare schemes that
could enhance affordability conditions for the most vulnerable groups. A more
comprehensive assessment of subsidies focused on low-income people and the
elderly could be performed. Furthermore, new ways to finance public transport
as local taxes or parking charges (see Ubbels, Nijkamp, Verhoef, Potter, and
Enoch (2017) for an overview of different case-studies), especially considering
the high rates of fare evasion in the Santiago system would be especially inter-
esting to study.
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