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ARTICLE INFO ABSTRACT
Keywords: Ridesourcing services have emerged as a major competitor and potential substitute for traditional
Ridesourcing taxi services. However, research investigating the effects of ridesourcing on the taxi market re-
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mains limited, with a focus on specific geographies. This empirical study aims to fill this research
gap by examining the impacts of ridesourcing on the taxi market in England and Wales. Using
biennial Taxi and Private Hire Vehicle (PHV) Statistics data from the Department for Transport
spanning 2005 to 2019, we investigate the impacts of ridesourcing on the number of Hackney
Carriages (HCs) and PHVs, as well as the employment patterns in the taxi sector. Our findings
indicate a gradual decline in the number of HCs following the introduction of ridesourcing. In
contrast, the number of PHVs, which are restricted to pre-bookings, gradually increased. How-
ever, we observed no statistically significant change in the number of taxi drivers on average.
Notably, our analysis reveals heterogeneous effects across different areas, including rural, urban,
and metropolitan districts. Furthermore, we explore the role of regulatory environments in the
evolution of ridesourcing and traditional taxi services. Our study highlights that regulation
change allowing PHVs to operate across borders may lead to a dramatic increase in the number of
PHVs and taxi drivers in specific local authorities. Our research has important implications for
policymakers and transportation authorities, particularly in terms of maintaining a competitive
taxi market. Furthermore, our findings can inform authorities when planning environmentally
sustainable mobility services through the implementation of appropriate regulatory frameworks.

1. Introduction

Ridesourcing is a mobility service provided by Transportation Network Companies (TNCs) (e.g., Uber, Ola, Didi and Lyft) that
utilise smartphone-based technology to match riders with drivers and enable passengers to follow and manage their trips. Since the
introduction of ridesourcing services into the taxi market, they quickly became popular in many countries. However, this rapid rise of
ridesourcing has been contentious because of its many impacts on more sustainable modes like public transit and active modes, the
environment, traffic, and traditional taxi services.

The competition between traditional taxis and ridesourcing has been discussed since the first introduction of ridesourcing. There is
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evidence across the world that ridesourcing has caused traditional taxi ridership to drop significantly (Brown and LaValle, 2021;
Fischer-Baum and Bialik, 2015; Nie, 2017; Vega-Gonzalo et al., 2023; Willis and Tranos, 2021; Zhang et al., 2020). This competition
between traditional taxi services and ridesourcing arises from the common characteristics of these two services. However, the ad-
vantages of ridesourcing over traditional taxis in terms of drivers’ and riders’ experiences constitute the primary reasons behind the
rise of ridesourcing services against traditional taxis. In that sense, ridesourcing services might complement traditional taxis by
reaching a wider range of passengers whose demand was unmet before.

Ridesourcing has indeed had implications on travel behaviour and, by extension, the demand for other transport modes, specifically
traditional taxis, as they are the major competitors. However, mostly due to the lack of meaningful data, studies remain limited to
specific geographies, such as the USA and China. Studies in the related literature regarding the interactions between ridesourcing
services and the traditional taxi market generally adopt two approaches. A substantial part of this literature relies on surveys and often
asks participants for a substitute alternative for a specific trip in question in the absence of ridesourcing services. At the very early
stages of ridesourcing, an intercept survey-based study in San Francisco found that about 40 % of respondents switched from tradi-
tional taxis to ridesourcing (Rayle et al., 2016). In Toronto, Canada, one-third of participants stated that if ridesourcing services were
not available, they would take a taxi as an alternative to ridesourcing (Loa et al., 2021). In Chengdu, China, if the ridesourcing services
are suspended, around 27 % of survey participants would choose taxis, while more than half would choose public transit (Yang et al.,
2022). In Bogota, Colombia, more than one-third of ridesourcing users transferred from public transit, while less than 30 % of ride-
sourcing demand comes from private car users and traditional taxi users (Oviedo et al., 2020). Lastly, 51 % and 36 % of the ride-
sourcing users in Ghana have shifted from traditional taxis and public transit, respectively (Acheampong et al., 2020). It is worth
noting that as opposed to the expectations that ridesourcing has replaced taxi trips, studies that rely on stated preferences revealed that
a substantial part of the ridesourcing demand is from prior public transit users, which is concerning from a sustainable transportation
and decarbonization point of view.

Another body of the literature focuses mainly on the trip characteristics of the two modes and often utilises GPS tracks or trip
records. Based on the spatial and temporal distribution of ridesourcing and taxi trips, researchers compare the service areas and times
of the two services to reveal whether ridesourcing competes with or complements traditional taxis. Studies in the USA show that
ridesourcing often seems to serve underserved areas located in the city periphery and complements taxi services, while in the
downtown area, its operation overlaps with traditional taxis (Bao et al., 2023; Lee et al., 2018; Lin et al., 2017; Pan et al., 2020; Roy
et al., 2020). A similar situation applies in China, where ridesourcing competes with traditional taxis under most circumstances, while
there is also evidence that ridesourcing complements traditional taxi services where the taxi demand was unmet before ridesourcing
(Tang et al., 2021; Wang et al., 2022; Zhang et al., 2020). Regarding temporal distributions, ridesourcing trips are concentrated in
morning and evening peaks, and at night when public transit services are not available or scarce. At the same time, there is a more
stable demand for traditional taxis during the day (Lin et al., 2017).

It is clear from the literature review that under most circumstances, ridesourcing services intensely compete with and substitute for
traditional taxi services because of the similar user and trip characteristics of the two services, which have often resulted in a reduction
in the taxi drivers’ income. Research shows that after the introduction of Uber into the 50 largest Metropolitan Statistical Areas in the
USA, the income of incumbent taxi drivers has reduced by around 10 % (Berger et al., 2018b). In China, the number of daily trips and
daily profit per traditional taxi have dropped by 18 % and 19 %, respectively (Jiang and Zhang, 2018). Similarly, in London, drivers of
iconic taxis (black cabs) complain about the reduction in demand for black cabs and, by extension, increased working hours and
reduced income (Wood et al., 2017).

Although concerns regarding the detrimental effect of ridesourcing on the traditional taxi market have been frequently raised on
different platforms, we have a limited understanding of the effects of ridesourcing on demand for traditional taxis and, by extension,
the effects on elements of the traditional taxi market. Existing studies in the literature have focused on the demand side and have
overlooked the supply side. These studies mostly investigate the substitute alternative to ridesourcing by conducting stated preference
surveys or spatiotemporal analysis of taxi and ridesourcing trips without paying attention to the potential changes in the supply side of
taxi services. Also, the crossectional nature of the data used in the existing studies may only reveal the association, but not the cau-
sality. Lastly, studies regarding the different aspects of ridesourcing services in the Great Britain (GB) context are limited to the impacts
of ridesourcing on road accidents (Kirk et al., 2020) and vehicle ownership (Bilgin et al., 2023), and policy implications in London
(Mohamed et al., 2019). However, to the best of our knowledge, there are no studies investigating their effects on the taxi market in GB.
Existing research in this field overwhelmingly focuses on the USA and China.

In contrast, GB is very different from these countries in terms of the transportation system, built environment characteristics,
demographics and culture and, more importantly, regulations as we discuss in Section 2 below. Therefore, this research aims to
contribute to the literature by modelling the effects of ridesourcing services on the taxi market in GB using the 2005-2019 Taxi and
PHV Statistics released by Department for Transport (DfT) biennially. We used the number of licensed taxi cabs and drivers as metrics
that represent the “supply side” of the taxi market. In addition to the average effect, we also consider the potential heterogeneous
effects as different characteristics of local authority districts (LADs) groups may potentially affect the outcome, as revealed in Bilgin
et al. (2023).

The remainder of the paper is organised as follows. Section 2 presents information about the taxi market and ridesourcing and the
taxi regulations in GB. Section 3 explains the modelling approach and design of this research, including the data and variables. Section
4 covers the empirical results of the case study conducted in England and Wales. Section 5 presents a discussion of the results. Finally,
Section 6 draws conclusions.
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2. Overview of the taxi market, ridesourcing and regulations in Great Britain

Taxis are one of the oldest licensed forms of public transport in GB. The first taxi services in GB reach back to the 17th century
(Cooper et al., 2010). From the horse-drawn taxis to the first motorized taxi in the late 19th century and then to the modern taxis that
we have today, taxis have had an important role in the GB’s transportation system historically (Cooper et al., 2010). Although they may
not be strictly comparable because of the differences in data sources, Fig. 1 gives insight into the modal share of taxi passenger trips
which is relatively high in England as compared to other European countries and the USA.

Today, HCs and PHVs (which include ridesourcing in addition to minicabs, limousines, and chauffeured luxury car services)
constitute the taxi market in GB. “Hackney Carriage” is the legal term used in the GB for private ride services that can be hailed on the
street or dedicated ranks commonly known as “taxis” (Cooper et al., 2010). PHVs provide private chauffeured rides like HCs but are
restricted to pre-booked trips only. The distinction between HCs and PHVs is discussed further in Section 3. For consistency, we use
legal terms which are “Hackney Carriage” and “Private Hire Vehicle” here, while we use “taxi” to refer to both HCs and PHVs in the GB
context.

Fig. 2 presents the evolution of licensed HCs and PHVs and taxi drivers in England and Wales. It can be observed that the number of
HCs remained relatively steady, in contrast to the number of PHVs and taxi drivers, which demonstrated an upward trend both in
London and other places in England and Wales. Following the emergence of ridesourcing services, a substantial increase in the number
of PHVs is observed both in London, where the ridesourcing services were introduced in 2012 and in other places where ridesourcing
services were introduced progressively starting from 2014. The increase in the number of PHVs and taxi drivers might be attributed to
the introduction of ridesourcing platforms. Notably, after the regulation change in 2015, the number of taxi drivers increased sub-
stantially across England and Wales.

Fig. 3 presents statistics about taxi use in England’ that may help understand the characteristics of taxi trips and taxi users. In
England, taxi trips constitute around 1 % of passenger trips made by all modes on average (Fig. 3a) (Department for Transport, 2022a).
Taxis constitute a larger part of urban transport when compared to rural areas. While taxi trips constitute 1 % to 1.65 % of all trips in
urban areas, this rate was only 0.5 % in rural areas in 2019 (Fig. 3b) (Department for Transport, 2022b). Taxis are often preferred for
leisure trips. In England, around half of the taxi trips are for leisure purposes, while only around 12 % of taxi passengers use them for
commuting (Fig. 3c¢) (Department for Transport, 2022a), and they are mostly used occasionally rather than as the main mode of
transport. Around 72 % of people in England rarely use a taxi (less than once a month), and only 9 % are frequent users (at least once a
week) (Fig. 3d) (Department for Transport, 2022c). Also, taxi trips tend to be short, as 68 % of taxi trips are under 5 miles (Fig. 3e)
(Department for Transport, 2022d). As opposed to the previous literature from other countries that presents a positive association
between household income and taxi and ridesourcing use (Aguilera-Garcia et al., 2022; Alemi et al., 2018; Conway et al., 2018; Grahn
et al.,, 2019; Clewlow and Mishra, 2017), in England households that belong to the lowest real income quintile use taxis as the main
mode of transport 50 % more when compared to other income groups (Fig. 3f) (Department for Transport, 2022¢). Low income is
generally negatively related to private car ownership, and access to a private car is among the important factors that affect taxi use, as
people without access to private cars often rely on taxis for their travel needs (Lucas et al., 2019). In 2019, in England, 45 % of people
who belong to the lowest income quintile have no access to private car (Department for Transport, 2022f). Consistently, in 2019,
people without car access made four times as many taxi trips as those with access to a car in England (Department for Transport,
2020a).

Ridesourcing started in the UK after the introduction of Uber in London in 2012 (Uber, 2017), and its popularity has increased
rapidly across the UK. Uber has reached 1 billion rides in total less than a decade after its introduction to the UK market (Uber, 2021).
There are various factors behind this rapid expansion of ridesourcing services. The regulatory environment is an important factor in the
evolution of both traditional taxis and ridesourcing. The taxi market is generally heavily regulated to maintain a certain level of service
in most countries. These regulations mainly aim to improve safety, quality, and price fairness as well as to control the number of
taxicabs and related externalities by imposing market entry restrictions (Cetin and Deakin, 2019). In such a regulated environment, the
introduction of ridesourcing services has caused debates regarding the regulation of these services. Incumbent taxi operators claim that
the introduction of ridesourcing services has caused unfair competition. In addition to the inability of traditional taxis to adjust fares
dynamically,” ridesourcing services are much less regulated than traditional taxis, which are often limited in number with a “medallion
system” or “supply cap” in most places (Harding et al., 2016). Therefore, the most prominent endeavour of taxi drivers and operators to
slow down the rise of ridesourcing has been to appeal to regulatory authorities to challenge the legality of ridesourcing services
(Geradin, 2015) and to restrict ridesourcing operations (Vega-Gonzalo et al., 2023; Wallsten, 2015). One of the most striking examples
of this effort has been the case of Uber in London, which has been taken to court several times (Dudley et al., 2017). However, TNCs
claim that they should not be imposed the same regulations as taxi companies because they describe themselves as a technology
platform that connects riders and drivers rather than a taxi company (Collier et al., 2018; Dudley et al., 2017). In a way, TNCs lower
entry barriers to the taxi market and allow ridesourcing vehicles to serve as taxis with fewer regulations and at lower prices.

However, TNCs have confronted legal and regulatory challenges in many countries, including in GB and each country has taken
different paths when responding to these disruptive services. For example, in the USA, where the traditional taxi market is heavily

! These figures are obtained from the National Travel Survey which is available for England only.

2 The pricing scheme constitutes one of the important differences, especially between HCs and ridesourcing services. While HCs are required to
apply the tariffs determined by the regulatory authorities, ridesourcing fares are market-led. Surge pricing which is one of the pricing strategies that
TNCs commonly apply is adjusting prices dynamically based on demand and supply.
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Fig. 1. The modal share of taxi passenger trips in England (Department for Transport, 2022a), USA Federal Highway Administration (FHWA), 2017
and selected European countries (Eurostat, 2021).
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Fig. 2. Evolution of the number of licensed (a) HCs, (b) PHVs, and (c) taxi drivers in London and England and Wales outside London (from data
table TAXI0101 released by the DfT (Department for Transport, 2019)).

regulated, the regulatory framework has been deregulated and adapted to accommodate ridesourcing services (Thelen, 2018). As a
result, the regulatory environment for ridesourcing services in the USA allows anyone to buy a car and become a ridesourcing driver.’
As opposed to the USA, ridesourcing services were banned in most European countries such as France, Italy, Spain, Germany, Denmark
and Hungary because of the reaction from the incumbent taxi operators and licensing, passenger safety and taxation concerns (Curry,
2021; Geradin, 2015; Thelen, 2018). On the other hand, Sweden has placed between the USA case and the European case in terms of its
regulatory response to ridesourcing services. Although the traditional taxi market is much less regulated in Sweden than in the USA
and aforementioned European countries, existing regulations were adjusted to allow ridesourcing operations without banning them
but by making sure they comply with the existing regulations (Thelen, 2018).

GB has taken a similar approach to Sweden when adjusting the regulatory framework for ridesourcing services. In GB, although
both types of taxi services are licensed as chauffeured private vehicles to carry passengers, different licensing regulations and re-
strictions imposed on HCs and PHVs separate them from each other. In GB, Local Authority Councils, except for Greater London Area
(GLA), where Transport for London (TfL) is the regulatory authority, are responsible for taxi regulations and operations. In addition to
the national minimum standards that aim to protect the public interest, these licensing authorities can set their own standards in their
region. Licensing authorities have two important regulatory functions in the taxi market, except for determining the licensing re-
quirements. The first is adjusting the pricing scheme for HCs. The second is limiting the number of HC vehicles, i.e. HC supply cap.
Licensing authorities are left to choose whether to apply an HC supply cap. However, they cannot impose limits on the number of PHVs

3 In the US, 36 out of 44 states in which ridesourcing services were available as of 2017, have required TNC permit, while only 6 states have
required license for the ridesourcing drivers or operators (Moran et al., 2017).
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Fig. 3. Statistics about taxi use in England. (a) The modal share of passenger trips (from data table NTS0409 released by the DfT (Department for
Transport, 2022a)), (b) the modal share of passenger trips by region types (from data table NTS9903 released by the DfT (Department for Transport,
2022b)), (c) the modal share of passenger trips by trip purpose (from data table NTS0409 released by the DfT (Department for Transport, 2022a)),
(d) taxi use frequency (from data table NTS0313 released by the DfT (Department for Transport, 2022c)), (e) the percentage of taxi trips per person
per year by trip length (from data table NTS0308 released by the DfT (Department for Transport, 2022d)) and (f) the number of taxi trips per person
per year by household income level (from data table NTS0705 released by the DfT (Department for Transport, 2022¢)) in England in 2019.

and hence ridesourcing vehicles in GB (Department for Transport, 2020a,b,c). The numerical limit of the HC supply cap is informed by
the “Unmet Demand Survey”, which is used to ascertain whether there is significant unmet demand for HCs and whether the licensing
authority should grant more licenses. These surveys collect data on activity at taxi ranks and from the public.

Regulation regarding the area of operation is another point that has played an important role in the rapid expansion of ridesourcing
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services as well as our research design. In the early stages of ridesourcing in GB, ridesourcing vehicles were limited to operating within
the licensing area, preventing business expansion across GB, as discussed in the Law Commission’s report (Law Commission, 2014).
With the change in the taxi and PHV regulations following the Law Commission’s report, ridesourcing vehicles have been allowed to
operate outside the licensing area, known as cross-border operations, as long as the ridesourcing operator, vehicle, and driver are
appropriately licensed by the same licensing authority (Triple License Rule). With Triple License Rule, TNCs have had an opportunity
to expand their operation areas and spread around GB.

In GB, most of the driver’s license requirements for HC drivers and PHV drivers are very similar. For example, HC drivers and PHV
drivers go through similar safety checks. However, in most places, becoming an HC driver requires additional training and qualifi-
cations, such as navigational and topological training. London is a good example where HC drivers are required to pass the test known
as “The Knowledge”, which requires much more effort, time and money to pass compared to PHV drivers’ topographical skills test
(Wood et al., 2017). However, this proves to be an advantage in some situations as there is evidence that HCs deal with negative traffic
conditions better than ridesourcing services thanks to the professional and experienced fleet of drivers (Etminani-Ghasrodashti and
Hamidi, 2019).

Then the next question is how the taxi market has reacted to these disruptive mobility services to maintain their competitiveness. In
GB, taxi drivers are considered self-employees and are free to sign up for any online booking platform without requiring permission
from the licensing authority. After the introduction of large global TNCs such as Uber, Ola, and more recently, Bolt, many taxi
companies have adopted app-based hailing either using in-house apps or aggregator platforms (e.g. Kabbee, Karhoo, Minicabit).
Addison Lee in London and Amber Cars in Leeds are examples of local PHV companies that successfully implemented app-based hailing
systems after global TNCs started operating in GB. In addition to the aforementioned platforms, GETT and Free Now are commonly
used HC-exclusive platforms in GB. However, online booking is not always the most convenient and quickest way to get a taxi (Nie,
2017). While HCs can be hailed either by plying for hire, from the taxi ranks or through pre-booking, PHVs are restricted to picking up
passengers by pre-booking only. Regulations determining the market forms of taxi services constitute the main differences between
HCs and PHVs and one of the major advantages of HCs over ridesourcing services.

Overall, taxis constitute an important part of GB’s transportation system. However, the advent of ridesourcing services has clearly
changed the way people travel and caused both taxi service providers and regulatory authorities to reconsider their operations. Then,
the question is how ridesourcing services have affected the long-standing taxi market in GB where the share of taxi trips is much higher
than in many countries and the regulatory environment is much different for TNCs than in the well-studied cases of the USA.

3. Methods and data

In this study, we aim to model the effects of the introduction of ridesourcing on the taxi market in GB. However, due to the data
availability, we limit our focus to England and Wales (see SI 1 for more information about the study area). When the aim is establishing
the effects of an intervention (in our case, the introduction of ridesourcing services) on the outcome of interests, the difference-in-
differences (DiD) method is commonly applied. Controlling for the potential impacts of other factors on the outcome of interest,
DiD methods establish the causal relationship between intervention and outcomes. We implemented the following fixed-effects model
specification:

Vi = o +ait + Z‘ijjit +pZuW + BZiL +vZi + i (€]
J

where yj is one of the three dependent variables” (number of HCs per 1000 people, number of PHVs, including ridesourcing vehicles,
per 1000 people, number of taxi driver’s licenses per 1000 people -all in logarithm) for LAD i and time t. The number of taxi driver’s
licenses is calculated as the summation of the number of HC-only driver’s licenses, the number of PHV-only driver’s licenses and the
number of dual driver’s licenses. Dual driver’s license enables the license holder to work both as an HC driver and PHV driver and
causes uncertainty in the determination of the number of active HC drivers and PHV drivers. Therefore, instead of taking the number of
HC drivers and PHV drivers separately, we take the total number of taxi drivers (HC and PHV drivers) to avoid any potential bias that
may result from this uncertainty. Z; represents the ridesourcing variable. We used three alternative ridesourcing variables. The first
alternative is the ridesourcing dummy which indicates whether ridesourcing services are available in LAD i at time t based on the
official ridesourcing entry dates (=1 if yes, =0 otherwise) and indicates the average change. The second ridesourcing variable is the 1-
year-lagged ridesourcing dummy which relies on the assumption that the effect of ridesourcing entry could only be effective one year
after the official entry date and uses the 1-year-lagged version of the first alternative. The last alternative ridesourcing variable is
ridesourcing years, which shows how many years ridesourcing services are available in LAD i at time ¢ and indicates the gradual
change. Xj;; is the jth control variable for LAD i and year t with corresponding coefficient é. The control variables we included in our
models are the number of private vehicles per 1000 people® (Department for Transport, 2021), vehicle price index (Office for National
Statistics, 2021a), gross disposable household income in real terms (GDHI) (Office for National Statistics, 2021b), GDP growth (Office
for National Statistics, 2021c), population density (Office for National Statistics, 2020a), job density (Office for National Statistics,

4 We obtained data from the data table TAXI0104 from Taxi and Private Hire Vehicles Statistics released by the Department for Transport (DfT)
biennially (Department for Transport, 2020b).
5 It is excluded from PHV number models because of multicollinearity.
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2020b), number of buses per 1000 people (Department for Transport, 2021), and metro, light rail or tram availability. We also
included dummy variables for dual driver’s license granting (=1 if respective LAD grants a dual license, =0 otherwise) and HC supply
cap (=1 if respective LAD imposes a limit on the number of HC vehicles, =0 otherwise).® Also, as the visual inspection of outcome
variables reveals, Wolverhampton presents an extreme case. Therefore, to control for its potentially dominant effect, an interaction
term- interaction of ridesourcing variable and a dummy variable for Wolverhampton (W) with corresponding coefficient p - is added in
the models. We also added an interaction term of a dummy variable for London (L) and ridesourcing variable with corresponding
coefficient 5, as London often differentiates from other LADs in many ways such as built environment charateristics and regulatory
environment. ; and a;t are the LAD-fixed effects and the LAD-specific time trends respectively. Lastly, ¢; is the unobserved error term.

In addition to the average effect of ridesourcing entry, we examined the heterogeneous effect across different groups of LADs by
adding interaction terms in the specification presented above. As such, we investigated the effect in different regions by adding
interaction terms with dummy variables for each group to reflect the area-group effects (rural LADs, Urban LADs, metropolitan dis-
tricts) as in Bilgin et al. (2023). In heterogeneous effects models, we followed the specification below:

Vi = o +ait + Z@'X;‘n +7Zy+pZiW + + pZ, L+ Zlgkziz Vii + €t (2)
J k

where Vj; is the dummy variable that represents the kth group that each LAD belongs to among three area-groups. y represents the
effect in the reference group, while 9% is the interaction coefficient and shows the difference between the reference group and the kth
group.

In contrast to standard DiD in which there are single intervention time and two groups- control and treatment-, in our case the
intervention times (i.e. ridesourcing entry times) differ across LADs. Hence, we exploited the heterogeneity in ridesourcing entry
dates.. We obtained ridesourcing entry date data from three main sources.” The first is the existing literature (specifically Kirk et al.,
2020) which is mostly based on the entry announcements of TNCs on their websites.® The second source is local newspapers that we
accessed through the British Newspaper Archive.’ Lastly, we made Freedom of Information (Fol) requests to licensing authorities.
However, due to the Triple License Rule, uncertainties arise when determining the “first” ridesourcing start dates in LADs that do not
grant a license to ridesourcing services. As a result of our Fol request, many LAs reported no ridesourcing operation within their
boundaries, although we could make a ride request using the smartphone application of Uber, Ola or Bolt. After evaluating the findings
from the smartphone application check and three sources mentioned before, we could not find evidence that shows ridesourcing
operation in 3 LADs and considered that ridesourcing services are not available in these LADs in our analysis period (2005-2019).
Therefore, we relied on 76 LADs'® with known ridesourcing entry dates in our analyses. Lastly, to interpret the effect as causal,
comparison groups should follow similar trends in outcome variables in the pre-ridesourcing period, i.e. parallel trends assumption
should be met. We excluded 2 LADs (Gedling and Rossendale) from our analyses because of the discrepancies in outcome variables
which may potentially cause the violation of the parallel trends assumption. Visual inspection of the evolution of outcome variables
over time suggests that neither individual LADs nor ridesourcing entry cohorts show any clear evidence for violation of the parallel
trends assumption after excluding these 2 LADs (see SI 2 for the evolution of outcome variables in pre- and post-ridesourcing periods).
Finally, we ended up with 74 LADs. Fig. 4 presents the LADs included in our analysis with corresponding ridesourcing entry dates.

Another methodological issue is that entry decisions of TNCs into LADs may be strategic and may raise endogeneity issues, as TNCs
tend to enter large, highly/densely populated areas with potentially higher demand earlier. As shown in Fig. 5, in our case TNCs seem
to enter metropolitan districts first, followed by the urban LADs. However, the entry decisions of TNCs that we consider in this study
are described as “more opportunistic than strategic” (Ward et al., 2019). We further carried out event studies to test whether the esti-
mated effects are the results of the actual ridesourcing entry event or anticipated by other factors. The results of event studies suggest
that the introduction of ridesourcing services into LADs (i.e. the variable of interest) is exogenous (see SI 3). Also, in our heterogeneous
effects models, we control for the differences between groups that may potentially affect the outcome variables by adding interaction
terms into the specification and further reducing the potential bias that may result from this.

Finally, our panel dataset contains observations from 74 LADs over eight periods (from 2005 to 2019 biennially) which may
potentially violate some of the fundamental assumptions of OLS. Hence, we checked our models against heteroscedasticity, serial
correlation and cross-sectional correlation, and the results suggest violating these fundamental OLS assumptions. Using a nonpara-
metric technique for standard error estimation, the Driscoll-Kraay (DK) estimator produces heteroscedasticity, serial correlation and
cross-sectional correlation robust standard errors (Baltagi, 2005; Driscoll and Kraay, 1998). Although cross-sectional dependence is
often neglected in this type of panel data analysis, Hoechle (2007) shows that ignoring the violation of these assumptions results in

6 The dual driving license and HC supply cap variables change over time and between LADs. Out of 74 LADs, 27 LADs have always offered dual
driver’s licenses, while 13 LADs have never offered dual driver’s licenses during the analysis period. In 34 LADs, regulations on dual driver’s licenses
have changed over time. For the HC supply cap variable, these numbers are 33, 27 and 14 LADs, respectively. This data was obtained from the taxi
and PHVs licensing policies data released under the Taxi and PHVs Statistics by the DfT and Freedom of Information requests.

7 See Bilgin et al. (2023) for complete list of official ridesourcing entry dates into LADs in GB.

8 https://www.uber.com/en-GB/newsroom/.

° The following search terms were used while scanning the newspaper archive: Uber, Ola, Bolt, ridesourcing, ride-hailing, ride-sharing, trans-
portation network companies, private hire vehicles. Also, results were limited to the period of 2010-2019.

10 pifferent from Bilgin et al. (2023), we include Greater London Area as a whole in this study rather than London boroughs (City of London and 32
boroughs) because of the data availabiliy.
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Fig. 4. LADs included in this study with ridesourcing launch dates.

biased statistical inference and suggests using the DK estimator when there is cross-sectional dependence, as in our case. Therefore, we
use the DK estimator in our analysis and present only the DK estimations here.

We also conducted a series of robustness tests, as suggested by Neumayer and Plumper (Neumayer and Plumper, 2017), to check
the stability of our models. These tests include event study, alternative model specifications with alternative ridesourcing variables and
the Jackknife test.

4. Results
4.1. Average effect models

Table 1 summarises the results of the DiD models with DK estimators for three dependent variables. For brevity, we only present the
best-fit models in terms of goodness of fit statistics (adjusted R, AIC, BIC) which are models with ridesourcing years as the variable of
interest and suggest gradual change over time. Other models with alternative ridesourcing variables are presented in SI 4 and used as
alternative models to test the robustness of the results.

Models 1-3 present the average effect of ridesourcing entry on the number of HCs, number of PHVs, and the number of taxi driver’s
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Fig. 5. Number of rural LADs, urban LADs and metropolitan districts based on the ridesourcing entry dates.

Table 1
Estimation results for baseline models for HC numbers per 1000 people, PHV numbers per 1000 people, the number of taxi driver’s licenses per 1000
people.

Dependent variable Model 1 Model 2 Model 3
HC numbers per 1000 people PHV numbers per 1000 people Taxi driver license numbers per 1000 people
(In) (In) (In)
Estimate Std. err. Estimate Std. err. Estimate Std. err.
Ridesourcing years —0.026""  0.005 0.019" 0.007 0.007 0.009
Ridesourcing years x Wolverhampton —0.060"""  0.015 0.611""" 0.021 0.643""" 0.037
Ridesourcing years x London 0.006 0.008 0.041"" 0.016 0.006 0.013
Vehicle number per 1000 people (In) 0.031 0.095 0.076 0.086
Vehicle price index (In) —0.240 0.624 —0.274 0.403 0.609 0.426
Gross disposable household income (In) —0.012 0.008 —0.023* 0.011 —0.024* 0.012
GDP growth —0.001 0.002 —0.001 0.001 —0.001 0.001
Population density (In) 0.478 0.531 0.812 1.094 —0.753 1.026
Job density (In) —0.318 0.181 —0.098 0.066 —0.231"" 0.095
Bus number per 1000 people (In) 0.020 0.014 —0.082"""  0.022 —0.016 0.019
HC supply cap —0.083* 0.039 -0.141""  0.033 -0.042 0.030
Dual driver’s license 0.057 0.035 0.011 0.026 0.004 0.022
Rail transport availability 0.021 0.026 -0.301"""  0.085 —0.299""  0.068
Constant —2.773 6.222 -3.377 8.541 4.052 8.278
Model specification
LAD-fixed effect Yes Yes Yes
LAD-specific time trend Yes Yes Yes
Model fit statistics
Adjusted R? 0.711 0.680 0.684
AIC —1044.5 —583.2 —856.1
BIC —1000.6 —543.7 —812.3
Observations 592 592 592
Total effect (estimated through linear combination)
In Wolverhampton —0.085""  0.016 0.630""" 0.019 0.650""" 0.039
In London -0.020”  0.008 0.060" 0.021 0.012 0.015
In other LADs —0.026""  0.005 0.019™ 0.007 0.007 0.009

licenses (all in logarithms and are normalized per 1000 people), respectively. These models assume that the effects of ridesourcing
entry on outcome variables are homogeneous across the study area. All models include covariates that were mentioned in the previous
section, LAD-fixed effect, and LAD-specific time trend."!

As we use the continuous ridesourcing years as the ridesourcing variable, the estimated effect captures the differential effect of each
additional period (in our case two years) that ridesourcing has been available in the respective LAD on the outcome variables. The
results of the average effect models suggest that each additional period of ridesourcing availability has resulted in a 2.6 % decrease and
a 1.9 % increase in the number of HCs and PHVs per 1000 people, respectively. We also found a 2 % decrease in HC numbers and a 6.2

11 We examined the effect of time using various variables such as linear time trend, time-fixed effects, and LAD-specific time trends. Results were
consistent across models with overlapping 95% confidence intervals for all variables, indicating similar parameter estimates. Models with LAD-
specific time trends showed significantly better goodness of fit statistics, so we present these models only.
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% increase in PHV numbers in London. Our average effect models find statistically insignificant changes in the number of taxi driver’s
licenses per 1000 people. As was visually detected and revealed in SI 2, our results find statistical evidence that Wolverhampton
presents an extreme case with an 88 % and a 91.5 % increase in PHV numbers and taxi drivers’ numbers every two years with
ridesourcing services, respectively. GDHI and job density are negatively related to the number of taxi drivers, which may suggest that
ridesourcing may arise as an additional job opportunity. The number of PHVs and taxi drivers is negatively related to rail transport
availability. This may suggest that the number of PHVs increases with the poor availability of alternative modes. This may also explain
the negative relationships between the number of PHVs and the bus numbers. The lack of alternative modes may cause an increase in
demand for taxis.

4.2. Heterogeneous effect models

In this section, the results of heterogeneous effect models are summarised. In the heterogeneous effect models, we investigated
area-group effects by including interaction terms of ridesourcing variables and area-group dummies for three area-groups (rural LADs,
urban LADs, and metropolitan districts) that differ in built-environment and socio-economic and demographic characteristics. Similar
to the previous section, only the best-fit models, which are the models with ridesourcing years as the variable of interest, are presented.
Comparisons of coefficients of other models with alternative ridesourcing variables are presented in SI 4.

The results of area-group specific effects models in Table 2 suggest that for every additional period of ridesourcing service
availability, the number of HCs per 1000 people decreased by 1.9 % in metropolitan areas, 2.9 % in urban LADs and 4.8 % in rural
LADs.. Ridesourcing services have caused an increase in PHV numbers per 1000 people in all area-groups. Rural LADs have experi-
enced a higher increase in the number of PHVs per 1000 people (4.6 %) when compared to metropolitan districts (2 %), while no
statistically significant change has been observed in urban LADs. While the number of taxi driver’s licenses per 1000 people has not
changed overall, it almost doubled in Wolverhampton. The effects of control variables are consistent with the effects in previous
models.

5. Discussion of results

Our average effect models show that for every additional two years that ridesourcing services were available, the number of HCs
decreased by an average of 2.6 % and the number of PHVs increased by an average of 1.9 %. At the same time, it had no statistically
significant effect on the number of taxi drivers. Our results demonstrate that the effects of ridesourcing on the taxi market occur
gradually, as models with continuous ridesourcing years variables perform better than alternative models. The alternative model
specifications presented in SI 4 further support our results.

Gradual change is expected because it takes time for the taxi market to adjust to this new service’s emergence (Wadud and Namala,
2022). As was mentioned, HC drivers are allowed to register with ridesourcing platforms as long as they comply with the triple license
rule. Ridesourcing services therefore provide additional income opportunities for HC drivers. As a result, the impact may be expected
to be lower in the short term. However, in the long term, other factors might become influential. For example, HCs are subject to an age
limit and license renewal periods, the frequency and cost of which vary between LADs. It is often easier and cheaper to obtain PHV
licenses and is also more attractive to drivers as it offers flexible working hours. In addition, as the adoption rate and popularity of
ridesourcing services has increased over time and more people choose ridesourcing services over HCs, it won’t be as profitable to
operate HCs as it used to be. In these cases, HCs may be taken out of service without replacement if their license has expired or if they
are over the age limit. Therefore, these changes are likely to take place gradually after the introduction of ridesourcing services, and
this may explain the increasing rate of changes in the number of HCs and PHVs and imply a transition from traditional services to
ridesourcing.

A reduction in the number of HCs may be expected because the number of HCs, especially in LADs that impose a supply cap, is
generally driven by the demand for HCs, which is quite likely to reduce after the ridesourcing introduction. For example, previous
studies suggest that the demand for HCs and hence the income of HC drivers have reduced, while their work hours and empty trips to
look for work have increased considerably after the introduction of ridesourcing (Wood et al., 2017). Lower fares and shorter waiting
times are among the most pronounced advantages of ridesourcing over HCs that cause the demand to shift from HCs to ridesourcing
(Brown and LaValle, 2021). Another often cited reason by taxi users to abandon HCs for ridesourcing is the ease of payment, as
ridesourcing services offer seamless online payment to their customers (Brown and LaValle, 2021; Rayle et al., 2016; Wood et al., 2017;
Yang et al., 2022) while some of the HCs still only accept cash which arises as one of the major weaknesses of traditional taxis against
app-based taxi services (Wood et al., 2017). In GB, as licensing authorities stated, HCs were not mandated to implement a contactless
payment system which was changed only after the COVID-19 pandemic'? in 2020.

An increase in PHV numbers is intuitive, as the introduction of ridesourcing has created new job opportunities with relatively lower
capital costs and entry barriers for many people. Whether the increase in PHVs is because of new car purchases or registering existing
vehicles as PHVs is not certain. As licensing authorities stated, HCs are allowed to and do sign up for online booking platforms.
Therefore, a substantial part of the increase in the number of PHVs may potentially be the registration of existing drivers as ride-
sourcing service providers with their private vehicles. Supporting this, according to research conducted by Uber in the UK, only a small

12 We obtained this information from licensing authorities via Freedom of Information request.
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Table 2
Estimation results for the heterogeneous effect across rural LADs, urban LADs and metropolitan districts.
Model 1A Model 2A Model 3A

Dependent variable HC numbers per 1000 people PHV numbers per 1000 people Taxi driver license numbers per 1000 people

(In) (In) (In)

Estimate Std. err. Estimate Std. err. Estimate Std. err.
Ridesourcing years —0.019""  0.004 0.020* 0.010 0.018 0.010
Ridesourcing years x Urban —0.009 0.005 —0.008 0.012 —-0.030""  0.005
Ridesourcing years x Rural -0.029"  0.012 0.025""" 0.006 0.002 0.009
Ridesourcing years x Wolverhampton —0.067""  0.015 0.611""" 0.023 0.634 0.036
Ridesourcing years x London —0.000 0.006 0.040""" 0.011 —0.006 0.014
Vehicle number per 1000 people (In) 0.033 0.090 0.036 0.071
Vehicle price index (In) —0.232 0.442 -0.285 0.416 0.586 0.434
Gross disposable household income (In) -0.013 0.005 —0.022* 0.011 —0.024* 0.012
GDP growth —0.001 0.002 —0.001 0.001 -0.001 0.001
Population density (In) 0.329 0.399 0.573 0.789 -1.439 0.844
Job density (In) —0.343 0.180 —0.099 0.060 —0.272""  0.095
Bus number per 1000 people (In) 0.014 0.014 -0.084""  0.019 —0.028 0.020
HC supply cap —0.080* 0.035 —0.140""  0.034 0.038 0.028
Dual driver’s license 0.056 0.031 0.012 0.027 —0.002 0.023
Rail transport availability 0.029 0.031 -0.287""  0.093 -0.259""  0.057
Constant —~1.733 4.083 -1.607 6.305 9.365 6.880
Model specification
LAD-fixed effect Yes Yes Yes
LAD-specific time trend Yes Yes Yes
Model fit statistics
Adjusted R? 0.713 0.681 0.687
AIC -1043.8 -580.8 —-857.9
BIC —991.2 -532.6 —805.3
Observations 592 592 592
Total effect (estimated through linear combination)
In Wolverhampton -0.086""  0.014 0.630""" 0.019 0.650""" 0.039
In London —0.020"  0.007 0.059"" 0.021 0.011 0.015
In rural LADs —0.049""  0.013 0.045™" 0.009 0.019 0.015
In urban LADs —-0.029""  0.004 0.012 0.008 —0.012 0.008
In metropolitan districts —0.019""  0.004 0.020* 0.010 0.018 0.010

Statistically significant " at 99%, " at 95%, * at 90%.

part of Uber drivers do ridesourcing as their sole source of income, but the majority of them have other sources of income or full-time
jobs, including taxi driving (Heywood, 2020).

Our heterogeneous effect models revealed that the average effect models overlook the variations across groups. Similar area-based
heterogeneous effects were found on vehicle ownership in GB (Bilgin et al., 2023). The largest change in PHV numbers is observed in
rural LADs with a 4.6 % increase. There are three potential explanations for this. Firstly, ridesourcing services potentially complement
the public transit and traditional taxi services in rural areas where public transit services are scarce, and taxi demand is generally
unmet. Especially after the taxi regulation change in 2015, the share of taxi trips per person per year has gradually increased in rural
areas (Department for Transport, 2022b) which may be the result of the increasing convenience with the wider availability of ride-
sourcing services in these areas. Secondly, limited job opportunities in rural areas may be attributed as a possible reason for the
significant increase in PHVs in these areas. This can be explained by the emergence of ridesourcing services that have created new job
opportunities with lower entry barriers and capital costs, alongside a more flexible work schedule. Lastly, vehicle ownership and use
are higher in rural LADs when compared to other areas. Since the number of vehicles per household is already much higher in rural
LADs when compared to other areas,’® people in these regions potentially utilise the excess capacity of their vehicles and work as
ridesourcing drivers with their existing cars. This also explains the relatively smaller change in metropolitan districts and no change in
urban LADs..

Our models found a statistically insignificant change in the number of taxi drivers following the emergence of ridesourcing services.
Given that the number of PHVs has increased and the number of taxi drivers has not changed, there may have been a potential
transition of jobs from traditional taxi services to ridesourcing. In our case, it appears that ridesourcing has offered an alternative for
existing taxi drivers rather than creating job opportunities for the general public. It is worth emphasising the role of the regulations in
this context, as becoming a ridesourcing driver in GB requires possessing a taxi driver’s license as well as security checks and additional
training and skills. However, Wolverhampton, where both the number of private hire vehicles (PHVs) and taxi drivers nearly doubled,
registering a dramatic increase of 87.8 % and 91.5 % respectively, emerges as an extraordinary case. Delving deeper, it was revealed
that only around 20 % of registered PHV drivers resided and operated in Wolverhampton in 2017 (Ross, 2017). The easier, faster and

13 1n 2019, more than 50% of households in rural areas has more than two cars, while this rate is 31% in their urban counterparts (Department for
Transport, 2020c).
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cheaper PHYV licensing process in Wolverhampton has led to PHV drivers from other LADs registering in Wolverhampton (Labhart,
2018; Sweeney, 2023). The Wolverhampton case is a very good example of the role of the regulatory environment in balancing the
impact of ridesourcing services.

Our models present expected results for London. We found a 6.2 % increase in PHV numbers in London. The high cost of vehicle
ownership and restrictions that aim to discourage private vehicle use constitute a high potential demand for private mobility services
in London, and hence a profitable market for ridesourcing. Also, higher living costs in London than in other places may potentially
result in a further increase in PHV numbers, as people may potentially register ridesourcing platforms to earn extra income. This is also
supported by qualitative evidence suggesting that ridesourcing is generally considered as a secondary job that enables earning extra
income by most of the ridesourcing drivers (Heywood, 2020). In addition to decreasing demand for HCs, the considerably challenging
and expensive process of becoming an HC driver in London (Wood et al., 2017) which potentially cause a shift from HCs to PHVs may
explain a slightly larger % decrease in HC numbers in London than in other metropolitan districts. Lastly, the longer period of ride-
sourcing availability in London may potentially contribute to the relatively larger % changes when compared to other areas as it
requires time starting to observe changes.

To sum up, the introduction of ridesourcing has clearly affected the taxi market in England and Wales. However, these effects and
the responses from the taxi market are heterogeneous across different geographical area types that we consider in our analysis. Our
models highlight the significant effect of regulations in responding to the emergence of ridesourcing services. Also, we find suggestive
evidence of a tendency among taxi drivers to shift from fixed-shift traditional taxi services to more flexible ridesourcing driving which
is consistent with the findings of previous qualitative research on ridesourcing drivers (Berger et al., 2018b; Hall and Krueger, 2016;
Wood et al., 2017).

6. Conclusion

Previous research has shown that ridesourcing services have indeed had implications on the taxi market worldwide. However, the
effects on the taxi market in different countries vary significantly mainly depending on the regulations that determine the boundaries
of traditional taxis’ competitive reactions.

Our study reveals the effects of ridesourcing on participants of the taxi market in England and Wales which are particularly
interesting because of the high level of taxi use and intermediate levels of regulation between the USA and other European countries.
We found a reduction in HC numbers on average. However, decreasing HC numbers is unlikely to help HCs compete with ridesourcing
because according to taxi riders, availability and long waiting times are the major issues with traditional taxis (Brown and LaValle,
2021). Also, there is suggestive evidence of a shift towards ridesourcing among existing taxi drivers as PHV numbers significantly
increase across the study area while the number of taxi drivers has not changed. Although ridesourcing drivers that shift from
traditional taxi companies do not necessarily earn more (Berger et al., 2018a), it seems taxi drivers value other aspects, such as flexible
work hours and being self-employed (Hall and Krueger, 2016).

Despite all the competitive disadvantages of traditional taxis, it is unlikely that ridesourcing services will completely replace
traditional taxis as they still have an important place in the transportation system because of the traditional street hailing and more
stable services with professional drivers (Wang et al., 2022; Zhang et al., 2020). Then the question is “Will the rise of ridesourcing against
HCs continue?”. Learning from the strengths of ridesourcing services and benefiting from the advantages unique to HCs such as street
hailing and a fleet of professional drivers, HCs can maintain or even improve their positions in GB’s transportation system. Although
regulations imposed on HCs often limit them to react to this intense competition effectively, especially in terms of fares, there may be
other ways to respond to these disruptive services, as many taxi users value other aspects such as comfort, safety and convenience more
than the trip price (Brown and LaValle, 2021; Wallsten, 2015). For example, there is evidence from the USA that due to the regulations
that impede traditional taxis from adjusting prices, traditional taxis improve their qualities such as by improving the cleanness of the
vehicles, accepting card payments, improving drivers’ attitudes and travel comfort to maintain their competitiveness against ride-
sourcing services (Wallsten, 2015). Another example is that in Shenzhen, China the online booking system that was available for the
use of traditional taxis (Didi Dache) before the introduction of ridesourcing services enables traditional taxis to compete with ride-
sourcing more effectively and to catch pre-ridesourcing trends faster (Nie, 2017). In GB’s context, in addition to the opportunity of
synthesising the unique advantages of traditional services and technology, actions towards increasing the quality and efficiency of
traditional services can be taken when competing with ridesourcing.

Moreover, this study presents the role of the regulatory environment in the evolution of the taxi market after the emergence of
ridesourcing services. As an example of a less regulated ridesourcing market, in the USA, the emergence of ridesourcing services has
attracted new drivers by creating job opportunities with low capital cost and entry barriers. Existing regulations for ridesourcing allow
individuals to become drivers using their own vehicles without requiring a special driver’s license, leading to an increase in the number
of people participating in the taxi market and a significant increase in private vehicle numbers (Ward et al., 2021). This has expanded
the pool of taxi drivers and resulted in an excess increase in taxi service supply with lower prices and, by extension, a significant decline
in taxi medallion values, taxi ridership and taxi drivers’ income (Collier et al., 2018). On the other hand, in GB, ridesourcing regu-
lations appear to limit excessive entry into the taxi market and cause a transition from traditional taxi services to ridesourcing among
existing drivers rather than attracting many new drivers. As supported by past qualitative studies, ridesourcing has emerged as a
secondary job option for many people, particularly for existing taxi drivers (Heywood, 2020). Nevertheless, the impacts of the
introduction of ridesourcing services on the demand for traditional taxis and financial outcomes are not certain and need further
investigation.

The results of this research may have environmental implications, too. Joint consideration of our results and the results of Bilgin
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et al. (2023) presents promising outcomes as the wide availability of ridesourcing services (a statistically significant increase in the
number of PHVs per 1000 people after the introduction of ridesourcing that was found in this study) appears to result in a decrease in
vehicle ownership (a statistically significant decrease in the number of private vehicles per 1000 people as in Bilgin et al. (2023)) in
London and rural areas. This may also imply a decreasing personal private vehicle ownership (i.e. private vehicles that are not in
shared use) across GB after the introduction of ridesourcing services. Nevertheless, this does not necessarily mean a reduction in VMT,
or emission, as there is evidence that ridesourcing vehicles add extra VMT to the system because of the deadheading and induced travel
demand (Henao and Marshall, 2018; Tengilimoglu and Wadud, 2022; Ward et al., 2019). Moreover, average car owners in the UK drive
their cars only around 5 % of the time (RAC, 2021), while ridesourcing vehicles are expected to be used more intensely than personal
cars which is likely to increase the total VMT and related negative impacts. Therefore, in the long term, authorities should be cautious
about the excess increase in vehicle numbers because of the ridesourcing. With proper regulations and incentives, negative outcomes
that may result from the increase in PHV numbers can be lowered. In that sense, the electrification of taxis can be encouraged or
mandated by authorities as it is potentially easier to impose certain requirements on taxis than on personal vehicles, especially in the
context of decarbonization endeavours. As an example, the latest change in PHV licensing requirements in London mandates all PHVs
that are licensed for the first time by the TfL to be zero emission capable or meet certain emission standards starting from 2023
(Transport for London, 2020).

Given the effects of ridesourcing are highly location specific, our results for GB may not be directly translated to other countries.
Therefore, evidence from other countries, for example, countries where ridesourcing is more strictly regulated than GB, is needed in
order to extend the discussion and draw more robust conclusions on the effects of ridesourcing on traditional taxi services, how they
react to this intense competition and how the regulatory environment has contributed to or hindered the competitive capabilities of
traditional taxi services against ridesourcing to recover their shares in the transportation system.
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