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ARTICLE INFO ABSTRACT
Keywords: In order to combat the spread of COVID-19, various measures were taken in most countries to
COVID-19 make public transit and paratransit safer. These additional measures, which include restrictions

Public transport
Paratransit
Willingness to pay
Social distancing
Risk mitigation

on number of passengers, provision of hand sanitisers and face coverings, and more frequent
cleaning, add to the costs of operations or reduce profitability. The resulting financial pressure on
the transport operators raises an important question on who pays for these additional measures.
In most countries, this has been covered by one-time government bailouts to operators or stra-
tegies to increase fare, the latter of which directly affects the users. However, even without these
interventions, there could be a demand and as such willingness to pay (WTP) for some of these
intervention measures from the consumers concerned about safety. Knowing such WTP will not
only help operators set their fare, but also help the governments decide the appropriate bailout
needed. This paper addresses the issue by estimating the user’s willingness to pay for selected
COVID-19 mitigation measures in public transport and paratransit (motorcycle taxis) using survey
data collected from two cities in low-income countries as case studies — Kampala, Uganda and
Dhaka, Bangladesh. For public transport, these measures are - (1) social distancing (passenger
loading at half capacity), and (2) mandatory hand sanitisation and increased cleaning of surfaces,
while for paratransit, they are - (1) provision of a transparent shield between the rider and the
passenger, and (2) provision of cleaned helmets at the start of each trip. The study analyses stated
preference data using the utility maximisation framework and finds that the implementation or
provision of COVID-19 mitigation measures improves the attractiveness of the associated public
transport or paratransit alternatives, and transport users make trade-offs between safety and cost
when making travel decisions. We find positive willingness to pay for all four mitigation mea-
sures, suggesting potential existence of a market for these measures. We also find that the typical
mode choice factors such as costs, travel time and convenience became less important during the
pandemic and the safety measures became more important considerations.
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1. Introduction

The outbreak of COVID-19 has substantially affected travel behaviour, transport operations and associated policies in many
countries across the world. As of now, the pandemic has taken over 6.56 Million lives, and infected over 626 Million people globally
(Worldometer, 2022). The disease is known to spread through physical proximity via respiratory droplets of infected persons (WHO,
2020). As such, various countries responded by implementing unprecedented measures to minimise social proximity including
isolation of arriving international passengers, introduction of local travel restrictions, and closure of schools, workplaces, shopping
centres, and other public places, effectively imposing lockdowns at regional and/or national levels (De Vos, 2020). The lockdown
measures were supplemented with additional preventive measures including social distancing, facemask wearing, hand sanitisation,
and temperature screening.

However, such lockdowns could not be sustained for long in most countries due to the associated economic challenges and had to be
lifted or eased, despite the potential risk of resurgence of new COVID-19 infections (Hargreaves, 2020). This has come with a raft of
new measures affecting various sectors, including transport. The interventions in the transport sector have mainly affected public
transport and paratransit, with some investments in walking and cycling provisions. Social distancing (passenger loading at reduced
capacity), regular cleaning of vehicle interior surfaces, passenger hand sanitisation, compulsory wearing of face masks, and tem-
perature screening have become requirements for public transport operation in various countries (MOH, 2020; De Vos, 2020; Tirachini
& Cats, 2020; Dzisi & Dei, 2020; Wadud, et al., 2022). Similarly, for paratransit (motorcycle taxis), where it is impossible to achieve
distancing between the driver and passenger(s) due to the small size of the vehicles, the measures introduced include regular sani-
tisation of motorcycle surfaces, compulsory wearing of helmets by riders,' and face masks by passengers (Otto, 2020). These new
standards coupled with increased operating costs and reduced passenger demand have resulted in a financial crisis for public transport
and paratransit operators, with many of them turning to their governments for bailouts (Tirachini & Cats, 2020; De Vos, 2020). While
bailouts have been offered in many developed countries, this has not been done in most low-income countries where governments have
limited or no capacity to subsidise transport services, which are often unorganized and loosely regulated. Consequently, most of the
additional operating costs associated with COVID-19 mitigation have been transferred to transport users with little regard to their
sensitivities. This could potentially lead to pressure from lobby groups and low compliance from users and operators, thereby jeop-
ardising the progress made in making public transport and paratransit safe. This is a cause of concern especially in low-income
countries where the rates of COVID-19 vaccination are still very low - currently standing at 9.5 % for the first dose (Our World in
Data, 2022), and mitigiating the spread through transport related measures remains important.

The pandemic has also inspired innovation in both technological (Peters, et al., 2021) and non-technological areas (Athumani,
2020). In particular, installing transparent shields between riders and passengers on motorcycle taxis was either discussed or
implemented as a means to reducing transmission in a few low-income countries, such as Uganda, Philippines or Indonesia. Yet some
policymakers have argued that helmets may have more benefits compared to shields (Athumani, 2020). Regardless of the risk miti-
gation approaches, it is likely that the cost of adding the shields or cleaning the helmets will be transferred to the users, especially in the
largely unorganized profit-driven motorcycle taxi sector in these countries.

The recent emergence of the Omicron variant suggests that it is still important for the policymakers and regulators to remain
vigilant and open to new interventions to reduce transmission. For example, Bangladesh had recently proposed half-capacity public
transport again (New Age, 2022), although this was later overturned due to pressure from transport lobby (Adhikary, 2022). Under the
current circumstances, where most of the COVID-19 mitigation costs are being transferred to transport users, it is important to un-
derstand the users’ willingness to pay (WTP) for COVID-19 mitigation to help guide policymakers on possible interventions to sustain
compliance to the set guidelines for transport.

Given this context, this study uses Stated Preference (SP) data and discrete choice methods to estimate users’ WTP for selected
COVID-19 mitigation measures in public transport (buses and minibuses) and paratransit (motorcycle taxis) using two cities in low-
income countries, Kampala (Uganda) and Dhaka (Bangladesh), as case studies. The study estimates the WTP for social distancing
(half capacity) and sanitisation (of both hands and surfaces) in public transport, as well as, for provision of a shield (between the rider
and passenger) and of a cleaned/disinfected helmet at the start of each trip in paratransit. Despite some literature on WTP for various
COVID-19 mitigation measures in transport (Arunwuttipong, et al., 2021; Thombre & Agarwal, 2021; Awad-Ntnez, et al., 2021), they
did not investigate the relative importance attached to the different mitigation measures in monetary terms, a gap addressed in this
study. There is also a lack of any studies on users’ attitudes and willingness to pay for safety interventions in motorcycle taxis. In
particular, we estimate the WTP for safety barriers on motorcycle taxis to test the feasibility of this innovation.

The rest of the paper is organised as follows, Section 2 presents a brief review of the literature, while Section 3 presents the survey
design and data used in the study. Section 4 presents the econometric modelling framework, while Section 5 presents descriptive
insights from the data, modelling results, and willingness to pay estimates. Section 6 draws conclusions.

! The term rider is often used to refer to a motorcycle taxi driver in Bangladesh and Uganda.
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2. Literature review
2.1. The impacts of COVID-19 on public transport

Studies conducted in various countries have reported that the COVID-19 pandemic has substantially affected travel behaviour as
most policies to mitigate the spread of the virus have restricted non-essential activities outside home (Arellana, et al., 2020; Beck &
Hensher, 2020; Beck, et al., 2020; Ssali, 2020; Kitara & Tkoona, 2020). This has led to significant reductions in the number of trips, with
public transport experiencing the greatest decline in ridership, mainly due to the high risk of transmission associated with mass travel
(Teixeira & Lopes, 2020; Bucsky, 2020; de Haas, et al., 2020; Aloi, et al., 2020; Reza, et al., 2020). Many countries have seen increased
reliance on private car travel (Campisi, et al., 2020; Abdullah, et al., 2020; Fatmi, 2020; Das, et al., 2021) and active travel (Zafri, et al.,
2021; Zhang, et al., 2021; Budd & Ison, 2020; De Vos, 2020) as means to avoid proximity to others while making essential trips.

Despite the rise in active travel, public transport and paratransit system remains crucial to the functioning of large cities in the
developing and emerging countries — and the lockdown measures could only be temporary. There were clear preferences among re-
spondents in India to continue using their preferred pre-COVID modes during the pandemic (Bhaduri, et al., 2020), and for low-income
countries, these are mainly public transport and paratransit modes. However, the need to maintain safe public transport operations
during the pandemic has neccessiated the introduction of risk mitigation measures in public transport sector, as described earlier.
These mitigation measures have come with cost implications for the operators which were either supported by government subsidies
(Tirachini & Cats, 2020; De Vos, 2020) or increased fare for passengers. The latter case is more common in most low-income countries
(Mogaji, 2020; Porter, et al., 2021), and requires further understanding of the passengers’ willingness to pay for these increased costs.

2.2. The impacts of COVID-19 on paratransit (motorcycle taxis)

Motorcycle taxis are a popular mode of transport in many low-income countries (Ehebrecht, et al., 2018; Starkey, 2016; Wadud,
2020). This is largely attributed to the absence of reliable alternative public transport modes and the ability of motorcycle taxis to
manoeuvre around traffic jams and provide fast door-to-door services, enabling quick access to essential social services and economic
opportunities (Olvera, et al., 2012). The outbreak of COVID-19 has had significant negative impacts on motorcycle taxi transport in
many countries, especially during lockdown periods, where passenger transport services were generally restricted and goods delivery
services were promoted instead (Peters, et al., 2021). This led to an overall reduction in the number of trips, negatively affecting the
revenues and livelihoods of operators, too (Batool, et al., 2022). To reverse the situation, different countries have introduced measures
to ensure that motorcycle taxis get back to normal and safe operations. For example, in Uganda, the measures include regular sani-
tisation of motorcycle surfaces, carrying of strictly-one passenger, compulsory wearing of helmets by riders, and face masks by pas-
sengers (Otto, 2020). However, some of these measures have led to fare increases. Despite this increase, it is expected that motorcycle
taxis will continue to dominate the urban transport market in most sub-Saharan and south-east Asian countries. Indeed, results from a
worldwide expert survey show substantial mode shifts from public transport to motorcycles in various countries during the pandemic,
with the shifts being much higher in India and other Asian countries (Zhang, et al., 2021).

The pandemic has also increased smartphone and mobile internet penetration among motorcycle taxi operators, who are
increasingly relying on text messages, ride-hailing apps and e-payments to arrange trips (Peters, et al., 2021). Indigeneous innovations
were also observed, of which safety barriers between motorcycle rider and passenger is a key one. These barriers have been mandated
by the government in Philippines (DILG, 2020), and piloted in Indonesia by ridesourcing operator Grab (Ardiansyah & Purnomo,
2020). On the other hand, they were discouraged by authorities in Uganda (Athumani, 2020), citing lack of evidence about their
effectiveness in mitigating the risks. Computational Fluid Dynamics (CFD) modelling shows that these shields can indeed reduce the
risk of COVID-19 airborne transmission, thus allowing for safe travel (Hetherington, et al., 2021). However, it is not known whether
the users are willing to pay extra (through increased fares) for such an innovation. This could dictate whether the market can have a
role in providing such mitigation measures, or government mandates are required to encourage their use.

2.3. Previous studies on willingness to pay for COVID-19 mitigation measures

Following the outbreak of COVID-19, some studies have investigated the WTP for improved safety (reduced transmission risk)
during travel. Awad-Ntnez, et al. (2021) use Heckman’s choice modelling framework to estimate the probabilities of accepting specific
post-COVID-19 WTP levels (in terms of percentages above the current fare) linked to selected sanitisation measures and increased
service frequency (to avoid crowding) in public transport and shared mobility services in Spain, however, they do not report the
disaggregated WTP estimates for each mitigation measure in monetary terms. Thombre & Agarwal (2021) use descriptive statistics to
establish the post-COVID-19 WTP for safer, faster, cleaner, comfortable and resilient public transport services in India in terms of
percentages above the base fare. Similarly Arunwuttipong, et al. (2021) use descriptive statistics to estimate the mean and median WTP
estimates for enhanced disinfection in public transport in Thailand. Away from transport, Oreffice & Quintana-Domeque (2021) es-
timate the general WTP for COVID-19 protective gear and how this is influenced by information on the rates of infection and death.
However, to the best of our knowledge, no previous study has attempted to understand the underlying preferences and relative
importance attached to the different mitigation measures in monetary terms.
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3. Study design and data
3.1. Brief context of the case study cities

3.1.1. Kampala

Kampala is the capital and largest city of Uganda. The city has a multi-modal transport system comprising private cars, 14-seater
small buses (matatus), buses, motorcycle taxis (boda bodas), cycling and walking. Like in many African cities, there is no formal public
transport system in Kampala. Commuters rely on informal systems dominated by matatus (46 %) and boda bodas (32 %) followed by
cars (19 %), then buses (2 %) (KCCA, 2018). Following the first confirmed case of COVID-19 in Uganda on 21 March 2020, transport
was one of the most hit sectors, with public transport and motorcycle taxis being suspended and restrictions being placed on private
vehicle travel on 25 March 2020. The resumption of transport operations came nearly-two and a half months later with new re-
strictions and regulations including carrying passengers at half capacity for public transport, limiting the number of private vehicle
occupants to three (including the driver), compulsory sanitisation of hands and surfaces, temperature monitoring, and compulsory
wearing of facemasks. It is worth noting that despite the resumption of transport operations in June 2020, services would occasionally
be suspended following new waves of the pandemic in the country. The COVID-19 transport regulations remained in force and were
only relaxed in April 2022 with increased vaccination drive (MOH, 2022).

3.1.2. Dhaka

Dhaka is the capital and largest city of Bangladesh. It is also among the megacities of the world, with a population of 16.8 Million
(Cox, 2021), and the most densely populated city in the world. Despite its size, there are no rail based mass rapid transit in Dhaka,
although one is currently under construction and is expected to open soon. The city’s transportation needs are currently fulfilled by
road transport vehicles like cars, buses, paratransit (laguna, autorickshaws, pedal rickshaws, motorcycle taxis), motorcycles, bicycles
and walking. According to RSTP (2015), more than 60 % of the travellers use public transport for their journey to work. There were two
lockdowns in Dhaka in response to COVID-19 that affected the public transport sector. All public transport activities (including trains,
flights) were closed between March 28 and June 1 in 2020, when buses were allowed to operate at half capacity (with accompanying
fare increases). Motorcycle taxis were banned for nearly 5 months. The second ban on public transport started on 5 April 2021, but the
decision was quickly overturned to allow buses and trains to run at half capacities in 11 large cities. Nationwide, buses resumed
operations much later on 11 August 2021, but only half of the buses were allowed. A third wave of restrictions in January 2022 on
public transport was overturned almost as soon as it started due to the pressure from the strong transport lobby.

3.2. Survey design

The survey questionnaire was divided into three parts. The first part of the survey collected information on the respondent’s travel
behaviour before and during the pandemic, as well as their attitudes towards the COVID-19 mitigation measures in public transport
and paratransit. The second part of the survey was a stated choice experiment only for respondents who frequently used either public
transport or paratransit before the pandemic, and the experiments differed depending on the dominant mode category. The third part
of the survey collected information on the demographics of the respondents, including their gender, age, level of education,
employment status, income and parenthood status.

Respondents were presented with hypothetical choices requiring trading between the transport fare and selected COVID-19
mitigation attributes. The travel time attribute was not considered as the study focussed on choice between same mode alterna-
tives, only with differences in the levels of implementation of the COVID-19 mitigation measures, and in all cases, these have the same
travel time. This potentially limits our ability to capture the possibility that those in longer journeys could have a higher WTP to
mitigate risks, since the exposure risks could be higher in those trips.

The mitigation measures considered are those where the cost is initially incurred by the operator and recovered through user fares.
For public transport (buses and minibuses), the measures considered were (1) social distancing (passenger loading at half capacity),
and (2) mandatory hand sanitisation plus increased cleaning/disinfection frequency of surfaces, while for paratransit (motorcycle
taxis), the measures considered were (1) provision of a transparent shield between the rider and the passenger, and (2) provision of
cleaned/disinfected helmets at the start of each trip.2 Each choice task was composed of two unlabelled (same mode) alternatives, each
with three attributes, and distinguished by the attribute levels. The attribute levels used in the stated choice experiments were
reviewed and discussed with stakeholders to ensure that they are realistic in each city. The fare attribute levels were respondent-
specific and were generated based on the respondent’s reported pre-COVID fare for a typical commuting or education trip. The ex-
cerpts of the choice questions for public transport and paratransit are presented in Tables 1 and 2, respectively. Given that the shields
for motorcycle taxis were not a familiar concept, images were shown to the repondents to familiarize them with the shields, before the
actual choice questions were asked.

The “idefix” R package was used to generate efficient designs of the choice experiments (Traets & Gil, 2020). The choice tasks were
designed to encourage trading between attributes, for example, alternatives, where COVID-19 mitigation measures were being
implemented, were designed to be more expensive and paired with cheaper alternatives where COVID-19 mitigation measures were

2 Increased ventilation or filtration rate in buses is not considered as the buses are almost always naturally ventilated and have windows open due
to hot and humid conditions.
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Table 1

Sample choice question for public transport.
Service attributes Option 1 Option 2
Social distancing (half capacity) Not implemented Implemented
Mandatory hand sanitising and increased cleaning/disinfection frequency Implemented Not implemented
Fare, UGX 4500 3750
Please select your best option Od Od

Table 2

Sample choice question for paratransit.
Service attributes Option 1 Option 2
Transparent shield between the rider and the passenger Not installed Installed
Helmets are provided and cleaned/disinfected at the start of each trip Not provided Provided
Fare, UGX 3000 3750
Please select your best option O O

not being implemented. It may be noted that the generation of efficient stated choice experiments requires knowledge on the priors of
the parameter estimates (Bliemer & Collins, 2016). This study being the first of its kind, we could not rely on literature sources to
determine the priors. We, therefore, organised pilot experiments in both Kampala and Dhaka and used the results of the pilot to
generate the final efficient designs. The final designs were composed of 60 choice tasks, divided into 20 blocks, each with 3 choice
tasks. Each respondent was presented with three choice tasks from one of the 20 blocks. A respondent could either participate in the
public transport or the paratransit stated choice experiment depending on their respective mode usage frequencies.

3.3. Data collection

The surveys were conducted in Kampala (for Uganda) and Dhaka (for Bangladesh) between August and September 2021, imme-
diately after the second wave of the pandemic.® Although the same survey questionnaire was used in both Kampala and Dhaka, there
were slight differences in the tool itself and the data collection approaches. In Kampala, respondents were interviewed at their homes
or places of work, while in Dhaka, they were intercepted and interviewed at bus stops or informal motorcycle taxi stands. Respondents
were asked to provide consent before being interviewed, and the typical survey length was 15 — 20 min. Ethical approval of the design
was obtained from the University of Leeds prior to the start of actual data collection. All health and safety precautions were maintained
to keep both the surveyor and the respondents safe during the data collection process.

Table 3 presents the summary statistics of the survey data. Modal share and characteristics of users for different modes are not
available in either cities. As such we included some socio-demographics from the national population. From Table 3, it appears that the
Kampala sample is reasonably representative. The large gender imbalance in the Dhaka sample is due to the very low proportion of
female users in public transport, and an even lower proportion in motorcycle taxis; anecdotal evidence suggests they are likely
representative of the respective modes, too. Similarly, motorcycle taxis are more popular among the younger population in Dhaka,
hence the larger share of that group in the sample. It is possible that young people were over-represented and older group under-
represented in the public transport user sample in Dhaka.

4. Modelling framework
4.1. Utility model
The modelling in this study is based on the random utility theory (Marschak, 1960). Let Uy be the utility of individual n derived
from choosing alternative i in choice situation k. This can be expressed as:
Uk = Viik + €nix Where k=1,2, - K,i=1,2---Jandn=1,2,-- N (€D)]
Where V, is the observed utility of alternative i for individual n in choice situation k and &, is the random (unobserved) component of
utility. V% has been expressed as a function of the travel cost (fare) and the COVID-19 mitigation attributes as follows:

For public transport (buses and minibuses)

3 The survey design relied on retrospective questions to compare the pre-pandemic behaviour, which could be associated with recall issues.
However given we had asked about the most frequent trip (and not infrequent ones), and the reasonable time span between the pre-pandemic period
and the data collection, recall accuracy should not be a critical issue (Hipp, et al., 2020).
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Table 3
Summary statistics of the survey data in comparison with national data (PopulationPyramid.net, 2020).

Demographic attribute Kampala, Uganda Dhaka, Bangladesh

Public Paratransit National Public Paratransit National
Transport Population Transport Population
Total sample size (No. of respondents) 695 674 576 637
Average fare (Standard deviation) in Current 0.54 0.87 (0.51) 0.27 1.63 (0.60)
USD* (0.34) (0.20)

Proportion of respondents by gender (%)
Male 35.3 48.7 49.3 89.4 94.7 50.6
Female 64.7 51.3 50.7 10.6 5.3 49.4

Proportion of respondents by parenthood (%)
With children 78.4 65.6 35.9 27.5
Without children 21.6 34.4 64.1 72.5

Proportion of respondents by age (%)

18-29 years 39.4 50.3 40.5 64.6 71.9 28.3
30-39 years 39.4 33.2 26.2 21.4 19.5 25.2
40-49 years 14.0 11.9 16.1 11.6 7.7 19.7
50 + years 7.2 4.6 17.1 2.4 0.9 26.8

" The calculation is based in central bank exchange rates of 03 December 2021 for Uganda (Bank of Uganda, 2021) and 02 December 2021 for
Bangladesh (Bangladesh Bank, 2021).

Vaie = Brare FARE ik + BspSDix + Bsyr SNT nix (2)

For paratransit (motorcycle taxis)

Vaik = Brare FARE i + Bpiprp SHuix + By LM yix 3)

Where FARE,; is the fare of alternative i for individual n in choice situation k, SDp, SNTx, SHux, and HLM,,3 are dummy variables
indicating the implementation status/provision of social distancing (passenger loading at half capacity), better sanitisation measures,
the transparent rider/passenger shield, and a cleaned/disinfected helmet, respectively, in alternative i for individual n in choice sit-
uation k. A dummy variable is assigned a value of 1 if the associated mitigation measure is being implemented; otherwise, it is assigned
a value of 0. The s are the model parameters to be estimated. These were interacted with the socio-demographics of the respondents
as discussed later in Section 5 to identify any potential heterogeneity in preferences.

Assuming that the error terms (e, ) are distributed independently and identically across alternatives and individuals using a type I
extreme value distribution and considering that the choices follow the unordered response mechanism, the choice probabilities can be
calculated using the multinomial logit (MNL) model (McFadden, 1974).

exp(Vaix)
Yjec, €xp (Vi)

Where P, is the probability of individual n choosing alternative i in choice situation k, and Cy is the choice set of individual n in
choice situation k.

Given the choice probabilities, the model parameters can be determined by maximising the log-likelihood function. However, in

this case, we have several choice tasks (choice situations) per respondent, therefore, we need to capture the panel effect (that there are
several observations per respondent) in the log-likelihood function as shown below.

LL(B) = Ezzznikln(Pnik) (5)
no ki

Where dummy variable z,; = 1 if individual n makes chooses alternative i in choice situation k, otherwise z,; = 0.

Py = 4)

4.2. Willingness to pay (WTP) estimation

WTP is the maximum price a consumer is willing to pay for a product or a service (Stobierski, 2020). The metric represents an upper
threshold beyond which consumers will not pay a higher price and is widely used for transport policymaking. In the context of this
study, WTP values help in quantifying the maximum price users would be willing to pay for the different COVID-19 mitigation
measures in monetary terms (i.e. the monetary benefits attached to the mitigation measures). The WTP values for particular mitigation
measures can be estimated as ratios of the partial derivatives of the applicable systematic utility functions with respect to the
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mitigation measure and the fare as shown in Equations (6) to (9):

For social distancing (half capacity) in public transport

0V, /0SD,,;
WIPg, — %/ . _ Psp

OV, /OFARE,.  Prare ©

For better sanitisation measures in public transport

OVoir/OSNT i Ponr

WTP. =t " =
M OV, JOFARE,i — Prare

(7)

For the rider/passenger shield on motorcycle taxis

OVix /OSH i
WTPspiep = k/ k _ Psmiero

" OV, /OFARE.;  Praxe ®

For provision of cleaned/disinfected helmets on motorcycle taxis

OV,i/OHLM i PBras

WIPyy = "0
M OV,ix/OFARE i Prare

©)]

5. Results and discussion
5.1. Preliminary insights from the data

5.1.1. Factors in travel choice decisions

During the surveys, respondents were asked to mention the most important factor affecting their travel choice decisions before and
during the COVID-19 pandemic. Fig. 1 summarises the responses to this question in Kampala and Dhaka. In both cities, travel time and
cost were the most important factors before the pandemic, followed by convenience and general cleanliness. However, since the
pandemic started, the importance of travel time and cost has diminished in both cities, more so in Dhaka. Social distancing and the
wearing of face masks by all travellers have emerged as very important determinants for mode choice during the pandemic.

5.1.2. Attitudes towards the motorcycle taxi shield

The surveys also captured the attitudes of the respondents towards the novel concept of using shields between motorcycle driver
and passengers to mitigate COVID-19 risk exposure for the passengers. Fig. 2 summarises the attitudes towards the shields in Kampala
and Dhaka. In both cities, majority of the respondents agree that motorcycle travel in the current circumstances presents a high risk of
COVID-19 transmission and that the installation of a shield between the rider and passenger is likely to minimise the risk of trans-
mission. However, there seems to be consensus in both cities that the shield has the potential to harbour micro-organisms and can be a
source of new infections. It should be noted that although the shield offers susbtantial reduction in airborne COVID-19 exposure for
motorcycle taxi passengers (Hetherington, et al., 2021), it does not offer absolute protection (e.g. via the fomite route), and there
would be a need to sensitize the public about this. This also means that the shields would have to be sanitised regularly if installed on
motorcycle taxis, which would have an impact on the operating costs.

Finally, there is a general concern in both cities, more so in Dhaka, that the shield could compromise the overall safety of
motorcycle taxis as it might cause potential aerodynamic issues and uncomfortable seating positions. In general, residents from
Kampala expressed stronger preferences compared to those from Dhaka, possibly due to cultural differences.

5.2. Model specification

The key variables included in the utility models for public transport and paratransit have been presented in Equations (2) and (3),
respectively. Several interactions of each of these variables with the socio-demographics of the respondents have been tested to un-
derstand how sensitivities vary across demographic groups. The demographic attributes collected during the survey include the
gender, age, level of education, employment status, income and parenthood status of the respondents.
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Fig. 2. Attitudes towards motorcycle taxi shield.
All the variables in the utility models for public transport and paratransit have been successfully interacted with each of the
collected demographic attributes, except income, in both cities. This is likely because majority of the respondents were not comfortable
with disclosing their income. At this level of demographic interaction, all the model results are satisfactory, with the expected

parameter signs and acceptable levels of statistical significance. An attempt was made to interact the utility model parameters with
combinations of demographic attributes (e.g. age - gender combinations); however, there were no significant gains in model fit.

5.3. Model results

This section presents the results of the best comparable models between the two cities. For public transport, these are the models
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with parenthood interactions (i.e. individuals with or without children); while for paratransit, the models include age-group
. . 4
interactions.

5.3.1. Public transport (Buses and Minibuses)

Table 4 presents the estimation results of the public transport models for both cities showing that all the parameter estimates, and
the overall models are statistically significant at the 95 % level of confidence. A statistically significant positive parameter sign in-
dicates that the presence of or an increase in the value of the variable increases the probability of choosing an alternative, while a
negative parameter sign indicates the opposite effect.

From Table 4, it is observed that the social distancing and the sanitisation parameters have positive signs, while the fare parameters
have negative signs in both cities. This implies that keeping all other factors constant, the implementation of social distancing and
sanitisation measures improves the attractiveness of a public transport alternative when compared to alternatives where such miti-
gation measures are not being implemented. An increase in fare reduces the attractiveness of a public transport mode alternative, as is
expected. This shows that public transport users make a trade-off between safety and cost. The results also suggest that unsustainable
fare increments for COVID-19 mitigation can reduce the net benefit from safety improvements, thereby prompting users to settle for
cheaper and unsafe alternatives, which would compromise the gains made in fighting the pandemic.

Table 4 also shows that the social distancing parameters generally have a higher magnitude compared to the sanitisation pa-
rameters. This indicates that public transport users in both cities are more concerned about changes in the social distancing measures
than they are to changes in the sanitisation measures. Individuals with children are generally more sensitive to COVID-19 mitigation
measures and less sensitive to changes in the fare when compared to individuals without children. This could be explained by the
higher degrees of responsibility that individuals with children have, which makes them avoid risk and value their safety more (Eibach
& Mock, 2011).

5.3.2. Paratransit (Motorcycle taxis)

Table 5 presents the estimation results of the paratransit models for both cities showing that most of the parameter estimates and
the overall models are statistically significant at the 95 % level of confidence.

The shield and helmet cleaning parameters both have positive signs, while the fare parameters have negative signs in both cities.
This implies that keeping all other factors constant, the provision of a transparent shield between the rider and the passenger and a
cleaned/disinfected helmet at the start of each trip would improve the attractiveness of motorcycle taxis compared to those that do not
offer such provisions. As before, an increase in the fare reduces the attractiveness of the alternative.

The parameters associated with the shield generally have a higher magnitude compared to those associated with cleaned helmets
for individuals within the same age group. This shows that motorcycle taxi users in both cities would be more sensitive to changes in
the provision of the shields than they would be to changes in the provision of cleaned/disinfected helmets. We conjecture that sus-
picions about whether cleaning operations would take place in reality may have caused the observed lower preference for the helmet
cleaning option.

Although there are no clear patterns of how preferences vary across age groups, it can be seen that individuals who are 50 years and
above would generally be more sensitive to changes in the provision of transparent rider/passenger shields and cleaned/disinfected
helmets compared to younger individuals. In the case of Uganda, the same group are also the most sensitive to changes in fare.

5.4. Willingness to pay

As mentioned earlier, WTP values help in quantifying the monetary benefits attached to the different COVID-19 mitigation
measures. These values have been estimated using formulae described earlier in Section 4.2 and derived from the model results
presented in Section 5.3 above. We report the estimates in the local currencies of each city, as well as their equivalent values in current
United States Dollars (USD) to facilitate comparison between the cities.

5.4.1. Public transport (Buses and Minibuses)

Table 6 presents the WTP estimates for COVID-19 mitigation in public transport in Uganda and Bangladesh. From the table, it is
observed that the WTP for social distancing measures is higher than that for sanitisation measures in both cities. In addition, it is
observed that individuals with children generally have a higher WTP compared to individuals without children. As explained earlier,
this could be attributed to the relatively higher degree of risk aversion behaviour among parents (Eibach & Mock, 2011).

We also observe that the WTP (in current USD) for COVID-19 mitigation in public transport is generally higher in Uganda compared
to Bangladesh, despite the former’s lower GDP per capita compared to the latter (The World Bank, 2020). This could be attributed to
the Government of Uganda’s widely publicised campaigns and activism against COVID-19. Also, public transport in Kampala is
dominated by small buses (matatus), while in Dhaka, it is dominated by large buses, where seats are more spaced out compared to the
matatus. Therefore, it is likely that public transport users in Kampala are more conscious and concerned about the spread of COVID-19
infection than those in Dhaka.

The average WTP for social distancing is more than 100 % of the current average public transport fares in both cities, while the

4 The results for the other models specified with gender, age, level of education and employment status interactions are available in supple-
mentary information.
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Table 4
Estimation results of the public transport model.
Variable Kampala, Uganda Dhaka, Bangladesh
Parameter t-stat Parameter t-stat

Social distancing (half capacity)
Individuals with children 1.1532 13.07 1.1260 7.47
Individuals without children 0.8542 4.90 1.6070 13.71

Mandatory hand sanitisation plus increased cleaning/disinfection frequency of surfaces

Individuals with children 0.2941 4.31 0.3306 3.10
Individuals without children 0.3815 3.12 0.3386 4.30
Fare*

Individuals with children —0.1932 —3.52 —0.0261 -3.41
Individuals without children —0.4057 -3.03 —0.0477 -6.21

Measures of fit in estimation

Number of observations 2080 1720
Number of decision makers 695 576
LL(0) —1441.75 —1192.21
LL(F) —1250.22 —960.11
Number of parameters 6 6

pih w.r.t LL(0) 0.1287 0.1896
LR w.r.t LL(0) 383.06 464.20
p-value of LR <0.0001 <0.0001

" For Uganda, the fare is in UGX — Uganda Shillings (x1000), while for Bangladesh, it is in BDT — Bangladeshi Taka.

Table 5
Estimation results of the paratransit model.
Variable Kampala, Uganda Dhaka, Bangladesh
Parameter t-stat Parameter t-stat

Provision of a transparent shield between the rider and the passenger

18-29 years 0.7267 7.62 1.0276 10.96
30-39 years 0.6360 5.66 1.4013 8.33
40-49 years 0.6406 3.95 0.8372 3.23
50 -+ years 1.3408 4.04 1.8314 3.05
Provision of a cleaned/disinfected helmet at the start of each trip

18-29 years 0.1841 2.28 0.7015 9.67
30-39 years 0.1226 1.31 0.9377 6.04
40-49 years 0.5529 3.62 0.7025 3.48
50 + years 1.1513 3.79 1.3937 3.21
Fare*

18-29 years —0.3490 —6.83 —0.0208 —-13.10
30-39 years —0.2349 -3.61 —0.0250 —~7.94
40-49 years —0.2462 —3.28 —0.0082 —3.03
50 + years —0.9047 —4.70 —0.0208 —1.87

Measures of fit in estimation

Number of observations 2013 1905
Number of decision makers 674 637
LL(0) —1395.31 —1320.45
LL(F) —1285.42 —996.48
Number of parameters 12 12
pfdj w.r.t LL(0) 0.0702 0.2363
LR w.r.t LL(0) 219.78 647.94
p-value of LR <0.0001 <0.0001

" For Uganda, the fare is in UGX (x1000), while for Bangladesh, it is in BDT.

average WTP for sanitisation measures is approximately 70 % and 36 % of the current average public transport fares in Kampala and
Dhaka, respectively. This again indicates potentially higher concerns about safety in Kampala. It is worth noting that in order to
accommodate the loss of revenue from the capacity restrictions in public transport, fares were increased by 100 % in Kampala and 60 %
in Dhaka. Therefore, the increases in fare attributed to the COVID-19 social distancing requirements imposed by the governments of
both countries were within the maximum threshold users were willing to pay for safe travel in the context of the pandemic.
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Table 6
Willingness to pay estimates for COVID-19 mitigation in public transport.
Mitigation measure Kampala, Uganda Dhaka, Bangladesh
UGX Current USD* BDT Current USD*
Social distancing (half capacity)
Individuals with children 5,950 1.67 43.17 0.50
Individuals without children 2,100 0.59 33.72 0.39
All (average) 4,700 1.32 36.80 0.43

Mandatory hand sanitisation plus increased cleaning/disinfection frequency of surfaces

Individuals with children 1,500 0.42 12.68 0.15
Individuals without children 950 0.27 7.10 0.08
All (average) 1,350 0.38 8.61 0.10

* The calculation is based in central bank exchange rates of 03 December 2021 for Uganda (Bank of Uganda, 2021) and 02 December 2021 for
Bangladesh (Bangladesh Bank, 2021).

5.4.2. Paratransit (Motorcycle taxis)

Table 7 presents the WTP estimates for COVID-19 mitigation in paratransit in Kampala and Dhaka. It is observed that the WTP for
shields between riders and passengers is higher than that for cleaned/disinfected helmets in both cities. As can be expected from the
parameters estimates earlier, the WTP in both cities generally increases with age up to a certain age group (40-49 years), after which it
starts to fall.

Although the WTP trends between the two cities differ across age groups, the average WTP for the rider/passenger shield is almost
the same in the two cities. Respondents were — on average — willing to pay around UGX 2,200 (approx. USD 0.62) per trip in Uganda
and BDT 54 (approx. USD 0.63) per trip in Bangladesh for the shields. Although the WTP values (in current USD) are similar in the two
cities, the average WTP for the safety shields is approximately 71 % and 38 % of the current average motorcycle taxi fares in Kampala
and Dhaka, respectively. This indicates a relatively higher value attached to safety provisions in Uganda.

On the other hand, the average absolute WTP for a cleaned/disinfected helmet is much lower in Kampala compared to Dhaka.
However, the average WTP for cleaned/disinfected helmets is approximately 26 % of the current average motorcycle taxi fares in both
cities. This indicates a similar level of valuation attached to the safety provided by clean helmets.

6. Conclusions

In this paper, we investigated if there is a potential market for safety measures in the public transport and paratransit sectors and
estimated the passengers’ willingness to pay for such mitigation measures. Distancing (or capacity) measures and provision of sani-
tization were considered for public transport and frequent cleaning of helmets was considered for motorcycle taxis. In addition, the
WTP for a novel COVID19 mitigation measure in motorcycle taxis — a barrier between the rider and the passenger — was estimated.

Our questionnaire survey results show that there have been substantial changes in the relative importance of the factors for mode
choice in both Kampala and Dhaka. For example, typical mode choice factors such as costs, travel time and convenience became less
important during the pandemic and COVID-19 mitigation and safety measures became important considerations. Choice experi-
mentation shows that the implementation or provision of COVID-19 mitigation measures clearly improves the attractiveness of the
associated public transport or paratransit alternatives. These changes in preferences will likely hold not only for Bangladesh and
Uganda, but also other countries during times of other similar virus-borne pandemics. How much of these shifts are permanent is an
important area for future exploration.

Public transport and paratransit users in both cities are willing to pay extra for all the four COVID-19 mitigation measures
considered in this study. In particular, the average willingness to pay for social distancing was more than 100 % of the current average
public transport fares in both cities. Given that this particular measure was implemented along with 100 % and 60 % increases in actual
fares in Kampala and Dhaka, respectively, our results indicate that the fare increases were well within the users’ valuation of the
provision. The relatively muted public discontent for fare increases in both cities possibly reflect this.

Increases in public transport fare is not popular whether in a developed or a developing country. The impact of the additional fare
on the disadvantaged sections of the society cannot be captured by the WTP metrics, and there is a need to understand the welfare and
transport poverty impacts of such increases during the times of emergencies, when income potential for low-income group is already
substantially diminished. It may well be possible that the relatively high WTP is a result of the non-discretionary nature of travel during
the pandemic.

On the other hand, without the fare increase, transport operators — which act purely on the basis of profit maximization — could
refuse to provide the necessary precautionary measures on-board increasing the risks further. Indeed bus operators in Bangladesh
forced the Bangladesh government to backtrack on its decision to run buses at reduced capacity without additional fare increases
during the third wave of the pandemic (Adhikary, 2022). Such WTP estimates will likely be useful in such negotiations between the
government and the operators, especially to understand the balance between government support and fare increases to recover the lost
revenue for public transport operators, especially in Western countries, which provided large subsidies to private operators during
COVID-19. WTP estimates also provide a maximum acceptable level of transport fares during a pandemic — any increase beyond these
could result in covert practices of using unsafe modes by passengers, especially in the context of low income countries where
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Table 7
Willingness to pay estimates for COVID-19 mitigation in paratransit.
Mitigation measure Kampala, Uganda Dhaka, Bangladesh
UGX Current USD BDT Current USD
Provision of a transparent shield between the rider and the passenger
18-29 years 2,100 0.59 49.29 0.57
30-39 years 2,700 0.76 56.12 0.65
40-49 years 2,600 0.73 101.83 1.19
50 + years 1,500 0.42 88.22 1.03
All (average) 2,200 0.62 53.67 0.63

Provision of a cleaned/disinfected helmet at the start of each trip

18-29 years 550 0.15 33.65 0.39
30-39 years 500 0.14 37.55 0.44
40-49 years 2,250 0.63 85.45 1.00
50 + years 1,250 0.35 67.14 0.78
All (average) 800 0.22 36.40 0.42

* The calculation is based in central bank exchange rates of 03 December 2021 for Uganda (Bank of Uganda, 2021) and 02 December 2021 for
Bangladesh (Bangladesh Bank, 2021).

monitoring and enforcement practices can be poor.

Adding shields or barriers between the rider and the passenger on motorcycle taxis was viewed positively by more than two-thirds
of the respondents in both cities, although there were some concerns about aerodynamic safety and potential for infections via the
fomite route. Choice modelling shows that respondents were — on average — willing to pay around UGX 2,200 (approx. USD 0.62) per
trip in Kampala and BDT 54 (approx. USD 0.63) per trip in Dhaka for the shields. However, considering the lower average motorcycle
taxi fare in Kampala, this shows relatively higher valuation for the shields in Kampala.

Our results show that there is a potential demand for safety as an attribute in the public transport and paratransit sectors, and
transport operators could potentially pass on the costs of COVID-19 mitigation provisions to the passengers and defray some or all of
the costs. At a time when governments in low-income countries are averse to impose further lockdowns, transport operators may be
able to compete on the basis of safety features and partially mitigate the policy gaps.
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