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Executive summary

Exposure to high temperatures is associated with increased
risk of dehydration, heat-stroke, exacerbation of existing
chronic conditions and in extreme cases, death. Vulnerability
to health impacts of heat is influenced by factors that include
occupation and the immediate environment. This study
investigated how heat inside taxis and taxi ranks impacts the
health of taxi drivers to provide evidence to influence policy
amendments and build partnerships and coordination across
all stakeholders to mitigate against heat-related health risks.

Temperatures inside and outside taxis from the Chesterville
Taxi Association (in Durban) were measured hourly for 5 days
to assess heat exposure. Indoor and outdoor apparent
temperature (a real-feel heat metric) was also calculated to
estimate potential health risks. A questionnaire was
administered to taxi drivers to understand their perceptions
and experiences of heat.

Taxi drivers were exposed to temperatures between 24 — 39°C
inside taxis, therefore increasing their risk of dehydration and
heat exhaustion which could affect their concentration and
thus ability to drive safely. Temperatures above 39°C are
associated with heat stress during extended periods of
exposure. In summary:
e Temperatures inside minibus taxis reached up to 39°C
which is HOT and risky to health!
e Thetemperaturesinside minibus taxis were between 3-
4°C warmer than outdoors!
e For around 11 hours every day, temperatures inside

minibus taxis were warmer than 27°C —the first temperature threshold that is linked

Study Dates

19-23 March 2024

Temperature
inside taxis

39°C

12 Ranks

2 250 data
points

Logged temperatures
in16 taxis

to heat-health risks associated with apparent or real-feel temperature.

What do these findings mean for authorities, funders, researchers and the taxi

industry?

To protect the health and well-being of minibus taxi drivers as well as commuters urgent
action is needed to address heat risks in the transport sector; raising awareness about
drinking water to stay hydrated; increasing shade and cool places for parked taxis;
addressing heat inside the HiAce itself by using ventilation or tinting; and supporting
research around evidence generation and assessment of interventions are all necessary

steps to take.



Introduction

Background

Climate change is causing warming of ambienttemperatures and certain settings are atrisk.
Forexample, the thermal environment of an enclosed vehicle is influence by meteorological
conditions such as solar radiation, ambient air temperature, relative humidity and wind
speed (Zhou et al. 2019). Additionally, thermal comfort of humans inside vehicle is also
related to environmental factors such as air temperature, relative humidity, mean radiant
temperature and air velocity (Simion et al. 2016, Kim et al. 2021). According to a study by
McLaren et al. (2005), temperatures in stationary vehicles can increase significantly within
the first 15 to 30 minutes with an average of a 4°C increase regardless of ambient
temperature. Exposure to excessive heat can cause thermal discomfort and affects the
thermoregulatory capacity of the body (Khan 2019; Ninan et al. 2020).

Thermoregulation is the ability of the body to maintain a core body temperature at about
37°C (Geneva et al. 2019). A core body temperature at above 39°C can lead to heat-related
illnesses such as heat cramps, heat exhaustion or heat stroke. Moreover, heat can worsen
existing chronic conditions such as cardiovascular and respiratory diseases. Heat exposure
can also be measured using thermal comfort indices where above normal values indicate
thermal discomfort or heat stress (Yilmaz et al. 2024). Extreme heat stress has also been
shown to increase the risk of cognitive impairment and reduce physical activity (Ebi et a.
2021). As the frequency and intensity of extreme heat events are projected to increase due
to climate change, vulnerable populations are at risk of heat-related illness and death
(Zeppetello et al. 2022).

Public transportation is a convenient travel option for citizens worldwide. Rising
temperatures can cause thermal discomfort for drivers and passengers in vehicles. The
location, infrastructure and design of transit waiting areas (e.g. taxi ranks), and transit
shelters can contribute to heat exposure intransitriders and drivers (Fraser & Chester2017).
Minibus taxi drivers in particularly are regarded as high-risk group for several health
concerns due to exposure to poor working conditions (Ramukumba et al. 2016). A previous
report showed that minibus taxi drivers in South Africa work an average of 14 hours per day
(Barret, 2003). The long hours spent by the drivers in the vehicles increase the risk of health
concerns. Given the possible risks from heat exposure among this vulnerable group, the aim
of the study was to understand the heat exposure and experiences of taxi drivers in the city
of Durban, KwaZulu-Natal, during hot weather.



Objectives of the Study

As part of the City Resilience Program
‘Cool Cities Living Lab,” the objective of
this work was to quantify extreme heat
exposure in minibus taxi transport in one
selected city to inform design of strategic
actions to reduce adverse impacts on taxi
drivers and passengers. This was done by
carrying out a feasibility campaign to
measure the temperature in minibus taxis
and taxi ranks in the city of Durban.

Purpose of the Study and Research

Questions

The main purpose of the study was to determine the feasibility of assessing how heat
impacts health of taxi drivers inside taxis and at taxi ranks, and to also provide qualitative
evidence to influence policy amendments and build partnerships and coordination across
all stakeholders (i.e. city government, transport sector, health departments, etc.).
Fieldworkers worked side-by-side with a taxi association to acquire all the information in this
study.

This study was guided by the three research questions:
1. Are taxi drivers and commuters exposed to extreme heat during taxi journeys?\
2. Whatis the extent and characteristics of dangerous heat exposure within taxis?
3. How does the heat within taxis compare to heat outside taxis?

The following section describes a literature review and is followed by the study methods.
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Literature review

Climate Change and Heat

Climate change is a pressing global challenge and projections for Africa are estimated to be
greater than the global annual mean warming for all seasons (Christensen et al., 2007). The
Paris Agreement, established in 2015, seeks to limit global average temperatures below 2.0
°C, and preferably below 1.5 °C above pre-industrial levels (United Nations Climate Change,
2024). Over the past few decades, observations show that Africa has experienced warmer
and drier conditions (Engelbrecht et al., 2015; Scholes & Engelbrecht, 2021).

Climate change-related extreme weather events, such as heatwaves, are becoming more
frequentand intense than before in Africa, includingin South Africa (Engelbrechtetal., 2015;
Trisos et al., 2022). Observations show that maximum temperatures are on the rise,
particularly in the summer season (Thornton et al., 2014) and with significant increases in
minimum temperatures across South Africa over the past few decades (Kruger & Shongwe,
2004; Mbokodo et al., 2020).

Heatwaves

Heatwaves are common in South Africa and are declared when the maximum temperature
is expected to be greater than 5 °C above the average maximum temperature of “the hottest
month” for that particular town and are persistent for at least three days (South African
Weather Services, 2024). The number of heatwaves in the country over the last 15 years has
increased relative to the 1961-1980 period (Russo et al., 2016). Furthermore, heatwaves will
not only increase in the number of occurrences, but also increase in intensity and duration
in the future (Mbokodo et al., 2020; Perkins-Kirkpatrick & Lewis, 2020; Russo et al., 2016).

Impact of heat on human health

Thermoregulation is a homeostasis process that
controls the body’s ability to maintain its body
temperature regardless of changes in
environmental conditions (Périard et al., 2021).
Exposure to hot environments or an increase in
metabolic heat production creates an imbalance to
the body (Kenny et al., 2024; Périard et al., 2021).
The human body is divided into two parts when it
comes to body temperature, namely, internal / core
temperature and skin temperature (Périard et al.,
2021). Internal human body is regulated, while the skin temperature is unregulated and
different across the body depending on thermal exposure relative to the environment
(Périard et al., 2021). Internal human body temperature is approximately 37 °C, with a daily
deviation of approximately 0.5 °C (Kenny et al., 2024; Presbitero et al., 2021). Environmental
temperatures exceeding the skin temperature leads to the body gaining heat which

The thermoregulatory system
uses physiological mechanisms
to adjust the rate of dry heat loss
and evaporative heat loss to the
environment to balance the rate
at which heat is gained and/or
produced within the body (Kenny
etal., 2024).




11

increases sweating (Nakayoshi et al., 2015) and circulation adjustments that seeks to
discard excess heat and restore heat balance and stable internal body temperature (Kenny
et al., 2024). Evaporation of sweat is a heat loss mechanism preventing internal body
temperature rising to dangerous levels (Kenny et al., 2024). The heat loss and heat gain in
humans’ thermal comfort is influenced by environmental (i.e., ambient temperature,
humidity), personal (i.e., body mass), and task-dependent (i.e., clothing, metabolic rate)
(Périard et al., 2021).

The impacts of heat exposure on health are wide-ranging including heat-related illnesses,
exacerbation of pre-existing chronic health conditions and in some cases death (Ebi et al.,
2021;1.L. Mbokodo et al., 2023). Personal factors that play a significant role in susceptibility
to heat exposure are age, gender, ethnicity, race, and social isolation (Bayomi & Fernandez,
2023). Vulnerability to heat is higher among the elderly population (> 65 years old) and
children (< 5 years old) (Bayomi & Fernandez, 2023). The elderly population’s risk is due to
their body’s thermoregulation impairment and their inability to stabilize blood pressure
during extreme heat exposure (Bayomi & Fernandez, 2023). Children are at risk due to
dehydration as their bodies have underdeveloped functionality of thermoregulation, and
they have a small body mass (Bayomi & Fernandez, 2023).

Extreme heat exposure is projected to increase in urban populations due to the combination
of the expanding extent of impervious surfaces and increasing temperature as well as the
heat island effect (IPCC, 2012). Health factors that play a role in increased risk to heat
exposure include physical disability, medical condition, alcohol and drug abuse, and mental
health (Bayomi & Fernandez, 2023). Environmental factors such as temperature, humidity,
wind speed, land use, and vegetation also contribute towards thermal comfort (Ghani et al.,
2021).

Heat indices and thermal comfort

Thermal comfort indices are tools used to evaluate thermal comfort in hot and arid indoor
and outdoor environments (Ghani et al., 2021). Several thermal comfort indices have been
developed in the last 70 years (Havenith & Fiala, 2016). Some of these thermal comfort
indices commonly used to evaluate outdoor environments are physiological effective
temperature (PET), predicted mean vote (PMV), standard effective temperature (SET),
humidex, wet bulb globe temperature (WBGT), and universal temperature climate index
(UTCI) (Ghani et al., 2021). One South African study considered heat stress among school
students during physical education lessons and after-school sports activities using four
heat stress indices: humidex, heat index, WBGT and UTCI (Raines and Fitchett, 2024). They
found that students were at-risk of heat stress especially between 11h00-15h00.

Another is heat metric is apparent temperature that aims to describe the ability of the body
to cool itself by perspiration and evaporation by accounting for multiple meteorological
variables (i.e., temperature, relative humidity and wind speed) in a single index (Steadman,
1979). Apparent temperature has been used extensively in previous studies on the
association between health and high temperatures (e.g., Zanobetti and Schwartz, 2008;
Basu et al., 2008). Since there are many areas across Africa with high levels of relative
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humidity that could potentially impact human health, it was deemed important to use an
index that accounts for relative humidity in this study.

The Minibus Transport Sector in South Africa

The public transport sector in South Africa is made up of three modes of transport, namely,
trains, buses, and minibus taxis. Trains account for 3.2% of the public transportation, buses
account for 16.6% of the transportation, and taxis account for 80.2% of the transportation,
making minibus taxis the most widely used mode of public transportation in the country
(StatsSA 2020). Key challenges that the rail and bus system face include overcrowding, poor
punctuality and lack of reliability of the services, as well as limited geographical coverage.

Taxis are the considered the backbone of South African transport industry. Taxis are the
most accessible and affordable mode of
transportin South Africa. It is estimated that taxis
service over 16 million people every day and that
there are about 2 600 taxi ranks and 283 000 taxis
operating in the country. Moreover, the taxi
industry creates over 960 000 jobs (Kgwedi and
Krygsman, 2017) ranging from taxi drivers,
marshals, car washers, mechanics, petrol
attendants, to food and drinks vendors. The taxi
industry is an informal economy as it operates on
a cash-only business model. Approximately 5.4
million trips are made daily by the taxis (Kgwedi and Krygsman, 2017).

The Toyota HiAce is the most purchased and most common minibus taxi in South Africa.
Toyota HiAce minibuses are used across small area level (i.e. wards) and for inter-provincial
travel. Most small area levels are phasing out seven-seater minibus’ and replacing them
with the Toyota HiAce; and the Toyota HiAce is preferred for all long-distance travel. Toyota
HiAce is a minibus manufactured by Toyota automobile company. The first make of Toyota
HiAce was manufactured in the 1960s and it was assembled in Japan and Asia. In 1982, a
third generation Toyota HiAce was introduced to South Africa and a plant to assemble the
minibus was builtin Durban. The third generation Toyota HiAce was a 16-seater and had ten
windows.

The fifth generation Toyota HiAce was produced in 2012 as a successor of the third
generation Toyota HiAce. The fifth generation Toyota HiAce is longer and wider than its
predecessor, and their similarity is that they are both 16 seaters without a fan or air
conditioning. The fifth generation Toyota HiAce has of six windows and a panoramic window
installed and the panoramic window acts as an emergency escape hatch. The fifth
generation Toyota HiAce is aesthetically pleasing and has a minimalistic design but it has
less ventilation capabilities and exposure to direct sunlight through panoramic window,
which could both be contributing to increased heat inside the taxi. When Toyota created a
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new model of HiAce, they called it
Quantum; and later they started calling it
HiAce (back to its predecessor); and gave
the Quantum name to the nine-seater
shuttle bus.

It is estimated that over 200 000 taxis
drivers operate hundreds of routes daily
nationally (Kgwedi and Krygsman, 2017).
Taxi drivers work irregular hours often
totalling 12 hours daily (Kgwedi and
Krygsman, 2017). Taxi drivers spend most
of their working hours in a sitting position
inside a taxi, either on the road or binding. “Binding” is the colloquial term (taxi industry
jargon) referring to taxis waiting to load passengers in the taxi line at the taxi rank. Having
described the minibus taxi industry in South Africa, we now identify gaps in the literature and
propose the rationale for this study.

Rationale

Globally and in Africa, there has been an increase in the number of days with extreme heat
and heatwaves (WHO, 2020). Heat has adverse impacts on human health and well-being.
These effects include dehydration, heat stroke, heat cramps and even death (NIEHS, 2020).
Heat can also affect people with pre-existing diseases as well as vulnerable groups, such as
infants, children, the elderly, outdoor workers and athletes (CDC, 2020).

Urban areas are projected to increase in geographical size and population growth in the
future as people move away from rural areas to seek better job opportunities and services
(UN, 2018). As a consequence of climate change, the urban heat island effect (where the
city or metropolitan area is much warmer than the surrounding rural areas) is likely to
intensify (Masson et al., 2020). Urban spaces where many people gather and have not been
designed to protect users from heat, may exacerbate heat-health risks. One such space is
a minibus taxi rank and minibus taxis who frequent these ranks.

In South Africa, minibus taxis are the most common mode of public transport where about
70% of households rely on these taxis daily (TETA, 2020). Minibus taxis drive between taxi
ranks where passengers embark or disembark from the taxis. Most minibus taxi ranks are on
land legally owned by the city in which they are located. These taxi ranks range from open
lots to formally designhated paved areas with overhead metal roofing. However, even the
formal taxi ranks were not structurally designed to be climate resilient or to protect against
climate variables such as extreme heat. While the environmental impacts of taxi ranks have
been assessed in one taxirankinthe Eastern Cape (Noah, 2002), no assessments have been
done of the heat-health risks experienced by users of taxi ranks and minibus taxis.
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Assessment of thermal comfort at taxi ranks is essential for taxi drivers, vendors, marshals
and commuters to better understand heat-health risks (Ghani et al., 2021).

Public urban spaces, such as minibus taxi ranks, which people visit daily and can spend
significant time at, may become a zone of discomfort, and pose a threat to public health if
they are not ‘climate-proofed’ to protect people against the health threats associated with
high ambienttemperature. As garnered from the literature, several pieces of information are
missing and these are the gaps to be filled — what are the temperatures experienced in taxis
and taxi ranks; what are the heat-health risks present in taxis and taxi ranks; and what are
the most appropriate interventions needed in taxis and taxi ranks to protect people from
heat-health risks? These puzzle pieces will help provide the evidence needs to develop
guidelines for climate-proofed public transport spaces that protect public health.
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Methods

Study area

The study was conducted in Durban, a city in KwaZulu-Natal Province of South Africa (Fig.
1). Durban is the third most populous city in South Africa with a population of 4.2 million
people (National Government Handbook — South Africa 2021). The population density is 2
600 people per km?in a total area of 2 556 km?.

The climate in Durban is characterized as a humid subtropical climate with hot humid
summers and warm moderate dry winters (Koppen climate classification Cfa) (Kottek et al.
2006). Durban is boarded by the Indian ocean and inland, and as a result, the differences of
summer maximum and winter minimum temperatures are comparably small. Durban lies at
an altitude of 101 meters. The influence of the surrounding ocean and topography creates
micro and macroclimates in the area. The average mean temperature ranges between 13°C
and 27 °C (Mncube, Adelabu & Adagbasa 2023). Weather systems such as coastal low and
ELNino events tend to increase temperatures. In addition, heatwaves (with a threshold of 34
°C in Durban) have been more common in the city than ever before, and this might be due to
the effect of climate change.

Data collection

This study was based on qualitative and quantitative research methods, namely
temperature measurements inside taxis and taxi ranks, questionnaires administered to
participants, and surrounding environment observation.

Prior to the execution of the fieldwork, the data collection protocols were piloted in
Johannesburg among commuters and drivers of minibus taxis. The main study was
conducted in Durban from 19 March - 20 March 2024 when temperature and relative
humidity levels were measured in 16 minibus taxis and several ranks and the Taxi Driver
Questionnaire and Taxi Rank Observation Checklist were administered. The taxi driver
questionnaire was developed by the research team to comprehend the experiences of taxi
drivers associated with heat during their daily working routine. In-person questionnaires
were administered to taxi drivers and took approximately 10 minutes. Fieldworkers entered
the taxi drivers’ responses on RedCap software installed on the tablet. The taxi rank
observation checklist was completed by fieldworkers on RedCap software while on site.

Sampling procedure

A detailed description of the sampling procedure is found in the fieldwork feedback report.
In brief, the sampling procedure was done for the Chesterville Taxi Association (CTA) taxis
operating from Durban central to other destinations. At least one taxi was selected per taxi
route that the CTA operate in. Taxi routes were selected to maximize contrasts in heat levels
to the different environments. The CTA operates in seven taxi routes around Durban.
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The inclusion criteria for installing temperature sensors inside a taxi included: (i) a Toyota
HiAce minibus, (ii) nothing should be placed under the seats (e.g. speakers), (ii) availability
of empty space for deployment on the third-row seat and last row seat and (iii) the taxi
should operate daily. Taxis operating less than four days were excluded.

The inclusion criteria for installing at a taxi rank included: (i) it should be within ten meters
from where the taxis are parked and (ii) there should be at least more than three taxis
queuing to pick up passengers at any given time.

The study was conducted across 12 taxi ranks that service seven taxi routes in Durban. Four
taxi ranks were classified as the main taxi ranks while eight taxi ranks were classified as
satellite taxi ranks. Main taxi rank is defined as a piece of land with approved land zoning
certificate and sheltered taxi rank structure, while a satellite taxi rank is defined as land with
a different zoning but used as an informal taxi rank without infrastructure (i.e. shelter, rest
rooms). Of the 12 taxi ranks, four of the taxi ranks were located in the city centre, five taxi
ranks were located in the shopping centres and government institutions (i.e. hospital or
university), and three taxi ranks were located in the residential areas. Toyota HiAce model
was selected to partake in the study as they are a popular brand. This study’s sampling size
was 16 taxis at most due to availability of sensors; thus, no randomized or stratified
sampling was used.

Temperature and humidity data collection

The Thermochron iButton is a low-cost sensor used to measure temperature and humidity
(Figure 2). The device has atemperature resolution of approximately +1 °C, and its sensitivity
range is -30 °C to +70 °C for temperature (iButton Link Technologies 2024) — no information
was provided by the manufacturer regarding relative humidity. iButtons can store 2 048
temperature datapoints at a sampling rate of 1 min to 255 minutes. The device is the size of
a small disc battery and is powered by a lithium battery that should operate for at least 10
years without maintenance. The device is held in a specially designed plastic fob and a steel
chip is inserted on a plastic tag. Temperature and humidity are measured by the steel chip
and the device saves the recorded data in-situ. The size of the tag is approximately 8 cm in
height and 2 cm width. The tag has a small opening that is used to secure the iButton with a
cable tie.

Figure 1. lllustration of the Thermochron iButton.

iButtons were installed on 19 — 20 March in 16 taxis and removed on 22 - 23 March in taxis,
while iButtons were installed on 20 March in 3 taxi ranks and removed on 23 March on the
taxiranks. The iButtons were programmed to record temperatures every hour. To access the
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datarecorded, the iButton is loaded on a software interface to download the data and save
the data in a readable format. Each iButton is marked with a unique serial number and it is
programmed using the software supplied. The device does not have an ON/OFF switch;
however, the device is set to start measurements at a specified date and time using the
software supplied.

For this study, iButtons were installed in different
settings. The main placement for measurements was
inside the taxi. However, we also installed iButtons
outdoors in taxi ranks but these iButtons did not record
correctly and only one set of data from one rank was
applied in the study. Cable ties were used to secure the
iButtons in place and ensure they could not be moved
around or fall off. The taxi drivers were requested to check
forthe sensordaily and reportif devices were missing. The
date and time of installation of the iButton were recorded
on log sheets for record keeping purposes. Data quality |
control procedures included checking for incorrect / |
impossible readings, completeness of data and deleting
data recorded before the installation date and time as per
the log sheets records.

Ambient (outdoor) temperature and relative humidity data

Hourly measurements for daily ambient temperature, humidity and wind speed data were
obtained from the South African Weather Service (SAWS) from an automated weather
monitoring station located at the King Shaka Airport in KwaZulu Natal (Figure 2). Data were
provided from 1 March to 31 March 2024 in an Excel format. SAWS has procedures in place
for data quality assurance and quality control. These included removing impossible values
resulting from human error or instrument malfunction, outliers and duplicated values.

Data from 19 to 23 March were extracted for comparison to temperatures inside taxis and
one taxi rank. Data were presented descriptively as boxplots and line charts. A Pearson
correlation analysis was conducted to investigate the relationship between temperature
inside taxis and outdoor ambient temperature, p<0.05 was considered statistically
significant.
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Figure 2. Map of the location of eThekwini Municipality and the SAWS King Shaka Weather Station which is the station for
which we obtained ambient (outdoor) temperature and relative humidity data for this study. These data were compared to
the temperature and relative humidity measurements made in the taxis.

Apparent temperature

We used temperature and relative humidity measurements to calculate apparent
temperature. Apparent temperature is an indicator that is often used to measure thermal
comfort (Steadman, 1979). It combines temperature, wind speed and humidity to obtain a
metric that is considered as “real-feel” i.e. what the temperature feels like to the human
body. The equation is as follows:

AT = Ta + 033 x e — 0.70 X ws — 4.00

Where:
e Ta=drybulbtemperature (°C)
e e =watervapour pressure (hPa)
e ws =wind speed (m/s) at an elevation of 10 m (set to 0 because this was an indoor
setting)

and:

T
e = % X 6.105 X 3(17'27X237.7a+Ta)
(2)

where rh = relative humidity (%).
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Apparent temperature can be interpreted according to the four classifications in Table 1
(Steadman, 1979). Possible health risks for apparent temperature were evaluated using
temperature ranges developed by the United States National Weather Service (USNWS) and
the National Oceanic and Atmospheric Administration (NOAA) (Steadman, 1979). These
ranges are categorized into ‘caution’, ‘extreme’, ‘danger’, and ‘extreme danger’ and
potential health impacts are also provided for each warning level.

Table 1. Apparent temperature thresholds and potential health impacts (Steadman, 1994).

Svmptom Apparent
ymp Classification | Temperature Range Possible health effects on the body
Band
(°C)
| Caution 27-39 Fatigue possible W|th'prolongejd
exposure and/or physical activity
Extreme Heat stroke, heat cramps, or heat
Il . 32-39 exhaustion possible with prolonged
caution . L
exposure and/or physical activity
Heat cramps or heat exhaustion likely,
[ Danger 39-51 and heat stroke possible with prolonged
exposure and/or physical activity
Extreme . .
v Danger 51 Heat stroke highly likely

Heat metrics and calculations

Exposure metrics are quantitative values that indicate an individual’s exposure to
environmental heat. Five individual experienced temperature (IET), namely, Mean IET,
Maximum IET, Longest Exposure Period (LEP), Percentage Hour Above Threshold (PHAT),
and Degree Hour Above Threshold (DHAT) were applied to estimate the exposure intensity,
duration, and frequency of individual’s heat exposure (Hondula et al., 2021). The intensity of
heat exposure is best determined by Mean IET and Maximum IET. The duration of heat
exposure is best determined by LEP.

The frequency of heat exposure is bestdetermined by PHAT and DHAT. LEP, PHAT, and DHAT
are dependent on a temperature threshold considered risky for persons in a given region.
Highervalues of exposure metrices indicate higher heat exposure. These metrices’ temporal
units are either minutes, hours or days, however, for the purposes of explanations here,
hours were used. Note that the temporal units change the names of the metrices i.e.,
minutes dataset will be used to calculate degree minutes (DMAT) or daily dataset will be
used to calculate degree days (DDAT).

Mean IET refers to the average magnitude of heat exposure in a given time period:

IET
Mean IET = ¥
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Where IET is the sum of the temperature observations, and n is the sample size of the
observations. Mean IET is effectively the mean of an individual participant.

Maximum IET refers to the hottest hour in a given time period:
Maximum IET = maximum value of temperature observations

Where maximum value of temperature observations is the highest observed
temperature reading from the observations. Maximum IET is effectively the maximum of an
individual participant.

LEP refers to the continuous amount of time the individual is exposed to heat above the
temperature threshold. LEP is determined by calculating the continuous hours above the
temperature threshold; and ranking those hours by ascending order. The highest numberin
the ascending order is LEP.

DHAT (also known as Degree Hour) refers to when environmental temperature measured is
one degree above threshold temperature for one hour (Snyder et al., 1999). DHAT is the sum
of IET observations above temperature threshold and it determines the amount of heat
exposed to the person during the entire study period. The impact of heat below the
temperature threshold is assumed to be insignificant (Snyder et al., 1999). DHAT is
calculated as:

DHAT = Z(> TET)

Where > IET is the sum of the mean observations above temperature threshold of the
sample. The units for DHAT is degree hours.

PHAT refers to the percentage environmental temperature measured above threshold
temperature for one hour. PHAT is the ratio of IET observations above temperature threshold
to the total number of observations and it determines the percentage of heat exposed to the
person during the entire study period:

number of observations above threshold N

PHAT IET = 100

n

Where n is the sample size.

In this study, the threshold temperature used was 30.6°C, derived from (Kapwata et al.,
2024) as the riskiest temperature for heat exposure in Durban. Previous studies (Hondula et
al., 2021) have used the mean of means of the sample data to define the threshold
temperature, however, this study seeks to determine the risk of humans to heat-related
illnesses in Durban, hence the temperature threshold related to risk.



21

The five IET exposure metrices were compiled using mean of means. That translates to
finding the mean of the observations for each participant and deriving the metrices from the
means instead of individual observations. This study had a sample size of 30 (two loggers
per minibus taxi). The time frame (day hours) for hot days were used in the study. Day hours
refer to the moment of sunrise to sunset (i.e., 6am — 6pm in summer months). There were
four observed hot days during the study (e.g. 19, 20, 22, 23 March 2024). 21 March 2024 was
not regarded as a hot day due to low temperatures.

REDCap Questionnaires for Heat Perceptions and Interventions

The Taxi Driver Questionnaire and Taxi Rank Observation Checklist were used as primary
methods to data collection. The Taxi Driver Questionnaire was conducted on 19 March - 20
March 2024. The questionnaire was developed by the research team to understand the
experiences of taxi drivers associated with heat during their daily working routine. In-person
questionnaires were administered to drivers and took about 10 minutes.

The questionnaire was grouped into four themes comprising questions concerned with (1)
demographics, (2) personal experiences with heat, (3) thoughts on the rank structure and
lack of, and (4) ways in which heat can be mitigated in the taxi and the rank. The
demographics information collected was age and gender; individual heat experience while
inside the taxi or at a taxi rank, times of day when heat s high, heat coping mechanisms used
to alleviate body heat and heat inside the taxi, and advice on actions to keep the body and
the taxi cooler; thoughts on rank structure and taxi design information collected was an
open ended question where taxi drivers share their knowledge and thoughts on improving
the cooling at taxi ranks and in taxis. Fieldworkers entered the participant responses on
RedCap software installed on a tablet. The questionnaire is available in the supplementary
section.

Taxi Rank Observation Checklist

The Taxi Rank Observation Checklist (please see
supplementary material) was conducted on 19 March - 20
March by the fieldworker. The Taxi Rank Observation Checklist
was used to capture the surrounding environment and
attributes of a taxi rank. The observation sheet was divided into
three themes: (1) taxi rank infrastructure, (2) commuter needs
and accommodation, and (3) land cover. Data collected on the
taxi rank infrastructure included the type of taxi rank, peak
service times, taxi rank shelter, and number of taxis operating
in the taxi rank. Data collected on taxi rank commuters
included responses to questions pertaining to the presence of
a shade in the waiting area, seating area, vendor stalls, toilet
facilities, and running water. Data collected on taxi rank land
use included number of trees around the taxi rank, type of vegetation around the taxi rank,
and type of land cover.
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Research Ethics Approval

Since this study entailed working with participants, the study protocol was reviewed and
approved by the SAMRC Human Research Ethics Review Board (Ethics nhumber: EC019-
9/2022).

The results section presenting the study findings by research question (see the end of the
introduction on page 9) follows.
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Results

Are taxi drivers and commuters exposed to extreme heat during
taxi journeys?

Temperatures measured inside minibus taxis

Temperatures inside taxis during the study period ranged from 19°C - 39°C, with a mean
of 27°C. The lowest temperatures were observed between the 215t and 22" of March. A study
by Kapwata et al. (2024) found thatin the eThekwini District of KwaZulu-Natal (where the city
of Durban is located), the risk of daily all-cause mortality increased significantly when
temperatures exceeded 30.6°C. The temperatures measured in this study show that taxi
drivers and commuters are often exposed to temperatures beyond this threshold which is
likely to increase the risk of adverse impacts on their health.

N

Temperature (° C)
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Figure 3. Temperatures inside taxis from the 19th to the 23rd of March 2024 (iButtons recorded measurements every hour).

Average hourly temperature inside taxis ranged from 21°C - 32°C and displayed a diurnal
pattern with low temperatures observed in the early morning and evening and peaks
occurring between 12:00 — 15:00 in all taxis (Figure 4). The higher temperatures also
coincided with periods of high commuter volumes meaning that during these times both
passengers and commuters could be at increased risk of adverse heat related health
outcomes.
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Figure 4. Average hourly temperature inside all of the taxis in the study. Each plot represents the data for one of the 16

minibus taxis. Temperatures steadily increase from the early hours of the morning and reach peaks around 14h00 or 15h00
each day.

What are the extent and characteristics of dangerous heat
exposure within taxis?

Apparent temperatures and possible health risks when inside minibus taxis

Daily mean apparent temperature inside taxis was above 27°C on all five days, with the
highest mean being 35°C on the 19 March (Figure 5). Therefore, taxi drivers were exposed to
mean apparent temperatures that could result in health impacts ranging from mild (fatigue
and discomfort) to moderate / severe (heat stroke, sun stroke, heat cramps, or heat
exhaustion) (see Table 1 on page 19 for full details of heat symptoms associated with health
risks).

A similar pattern is observed in Figure 6 which shows that hourly temperatures on the 19
March were all within the “extreme caution” heat warning category. Similar to temperature,
apparent temperature also exhibits a diurnal pattern with distinct differences between
morning, afternoon and night. The plots for the 19 and the 23 March are incomplete because
these were the iButton installation and removal dates.
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Figure 5. Boxplot of apparent temperatures inside taxis showing the range in temperatures measured inside the taxis on
each day through the study. Three out of the five days showed mean apparent temperatures greater than 30°C with extreme
temperatures well above 35°C and even 40°C on the last study day.
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Figure 6. Hourly apparent temperatures inside taxis overlaid with lines to indicate the thresholds for possible health risks:
red line: Danger atgreater than 39°C; orange line: extreme caution at between 32-39°C; and yellow line: caution at between
27-32°C. For possible health risks, see Table 1.
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As expected, Figure 7 shows that average hourly apparent temperature (“real feel
temperature”) was consistently significantly higher than average temperature. On average,
apparent temperature was 4.7°C higher than temperature. This shows that once humidity is
also considered, the human body’s perception of temperature experiences a noticeable
change. Therefore, it is important to take other meteorological variables, such as humidity,
into account when assessing heat exposure. In minibus taxi ranks, solar radiation may be
reflected from the white paint of the taxis, the roofs of the ranks etc. and this would likely ad
additional thermal stress. However, additional measurements are needed to substantiate
these possibilities.
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Figure 7. Diurnal pattern of the average hourly apparent temperature and temperature inside all the taxis. A similar pattern
shows that apparent temperature is expectedly higher than temperature alone since it takes into account relative humidity.
The real feel temperature experienced by people inside the taxis was highest around 13h00.

How does heat exposure within taxis compare to heat outside
taxis (outdoors)?

Comparison of temperatures inside taxis and ambient (outdoor) temperatures

A Pearson correlation analysis showed that average hourly outdoor ambient temperature
(from the SAWS station) and temperature inside taxis were positively correlated and the
association was statistically significant (R = 0.97, p<0.001). This shows that temperatures
inside taxis mimic the outdoor temperatures but tend to be higher than ambient
temperatures by between 3 and 4°C.
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Figure 8. Pearson correlation for hourly outdoor ambient temperatures and temperatures inside taxis humidity in Durban,
KwaZulu-Natal from 19 March - 23 March 2024, showing a positive correlation.

Comparison of apparent temperatures inside taxis and ambient (outdoor)
temperatures

Mean apparent temperature inside taxis was on average 6°C higher than outdoor ambient

apparenttemperature (Figure 9). The difference varies by time of day and tends to be highest
in the afternoon between 13h00 and 14h00.
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Figure 9. Difference in temperatures and apparent temperatures measured inside taxis and ambient conditions. The
difference varies by time of day and is greatest in the afternoon around 13h00-14h00.
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Figure 10 shows average hourly apparent temperatures inside taxis and outside during peak
taxi operating hours from 6h00-18h00. Apparent temperature inside taxis rises to above
30°C as early as 9am and continues to increase as the day progresses, reaching a peak of
35.9°C at 13h00.
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Figure 10. Apparent temperature inside and outside taxis during peak taxi operating hours of 6h00 to 18h00. Temperatures
were warmer inside taxis compared to outdoors.

Temperatures measured in taxis, in a taxi rank and in the ambient environment

Figure 11 shows that apparent temperature inside taxis and at the taxi rank where the taxis
were parked as well as the ambient temperature (from the local weather station). Apparent
temperature inside taxis and at the taxi rank were both higher than outdoor ambient
temperatures. Apparenttemperature was lower in taxi ranks compared to inside taxis which
suggests passengers were atreduced risk of heat related illnesses / symptoms while waiting
outside (so long as they were not standing in direct sunlight) for a taxi compared to when
they were inside the taxi.
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Figure 11. Mean hourly apparent temperature inside taxis at a rank, in the taxi rank and the ambient outdoor apparent
temperature measured at the SAWS monitoring station.

Apparent temperatures inside taxis were significantly higher than outdoor apparent
temperatures - in this case for one of the taxi ranks outdoor temperature measurements
and the SAWS ambient measurements (Figure 12). Outdoor temperature was generally
below all apparent temperature symptom thresholds (see Table 1 on page 19). However,
apparenttemperaturesinside taxis were within the “Caution” and “Extreme caution” bands.
This indicates that health risks due to extreme heat are more likely for people inside taxis
compared to those outside.
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Figure 12. Combined hourly apparent temperature for all taxis (n=16) and outdoor apparent temperature during the study
period for each hour of the day throughout the day. Health risks were possible among commuters and drivers of minibus
taxis between 9h00 and 19h00 and those vulnerable to heat exposure, such as infants, pregnant women, the elderly and
people with pre-existing diseases would be at greatest risk.

Heat exposure metrics

The statistics summary was compiled using four hot days (excluding 21 March which was
cold) from 6h00 to 18h00. The statistics summary was compiled for mean IET, maximum IET,
PHAT, DHAT, and LEP (Table 2).

Table 2. Summary statistics of heat exposure metrics from four hot days inside taxis in Durban (n = 985).

Metric Mean Min Max Median Std dev
Mean IET (°C) 29.0 22.3 32.5 30.2 2.5
Max IET (°C) 34.4 23.6 43.6 34.6 3.5
PHAT (%) 36.3 0 68.4 43.0 19.3
DHAT (°C) 24.1 0 77.9 25.8 16.9
LEP (min) 5.3 0 10.0 6.0 2.7

For this study, to calculate the mean IET, we calculated the mean for each iButton in every
taxi; and from the calculated means we could extract the descriptive statistics. The mean
and maximum of mean IET were 29.0 °C and 32.5 °C, respectively. Mean and maximum max
IET were 34.4 °C and 43.6 °C, respectively. For this study, to calculate the max IET, we
extracted the maximum temperature reading for each iButton in every taxi; and then we
extracted the descriptive statistics from the dataset. These two metrics indicate that



31

temperatures observed were greater than the Durban historical daily maximum temperature
of 24°C.

LEP is the maximum continuous duration that the taxis are exposed to heat. For this study,
LEP is maximum cumulative hours of exposure above threshold. The descriptive statistics,
particularly the mean LEP and max LEP over temperature threshold of 30.6 °C were 5 hours
and 10 hours per four days, respectively. Prolonged periods of cumulative heat exposure
above threshold elevates the risk of adverse heat-related illnesses (Seong et al., 2023).
Spending long periods in environments with limited ventilation or no cooling equipment
promotes morbidity in vulnerable groups (Seong et al., 2023).

DHAT is the cumulative magnitude of temperature that the taxis were exposed to above heat
threshold. The descriptive statistics, particularly the mean DHAT and max DHAT over
temperature threshold of 30.6 °C were 24.2 °C and 77.9 °C per four days, respectively.
Consecutive days of cumulative heat exposure increase physiological (i.e., increased core
temperature, heart rate, etc.) and perceptual (i.e., perceived exertion, thermal discomfort,
etc.) heat strain (Schlader et al., 2017). Cumulative heat exposure above threshold
accelerates a decline in cognitive performance quicker in African-male populations and
people who reside in disadvantaged neighborhoods (Choi et al., 2023). The taxi industry is
modelled in a way that taxi drivers must work long hours, reducing their chances of visiting
health facilities leading to possible delayed diagnosis and treatment for cognitive disorders
potentially associated with heat exposure. Cognitive disorders or reduced cognitive
performance increases the risk of road accidents and body injuries (Schlader et al., 2017).
Cumulative heat exposure above threshold for consecutive days may lead to
thermoregulatory impairments due to a decrease in thermoregulatory functions (Notley et
al., 2018).

PHAT is the cumulative ratio that the taxis are exposed to above heat threshold. The
descriptive statistics, particularly the mean PHAT and max PHAT over temperature
threshold of 30.6 °C were 36.3% and 68.4% per four days, respectively. Max PHAT is above
60%, suggesting that for more than two-thirds of the time of the study, temperatures were
above the threshold and posed a risk to health and wellbeing of the people in minibus taxis.

Questionnaire findings

The taxi driver questionnaire sought to understand the demographics and heat experiences
of taxi drivers (Figure 13). Taxi driver questionnaire was administered to 16 taxi drivers. All
taxi drivers were men and majority (56%) were youth (Table 3). At least 69% of taxi drivers
worked more than five hours daily. All taxi drivers responded that they experienced heat in
their line of work and most (93%) taxi drivers either open a taxi window or drink water in an
attempt to cool their bodies down. All taxis are not manufactured with an air conditioner.
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Figure 133. Perceptions around heat among the participants in the study showed that heat is a problem in taxis and ranks.

Table 3. Results of the questionnaire administered to the taxi drivers.

Total number of taxi drivers (N= 16)

Frequency

Question Number | Percentage
(n) (%)
How old are you?
18-25years 0 0
26-35 years 9 56
36-45 years 5 31
46-55 years 1 6
56-65 years 0 0
Older than 66 years 0 0
'What are the pick times at the rank?
1-4 hours 1 6
5-8 hours 6 38
9-12 hours 5 31
13-16 hours 4 25
What do you do to cool down when it’s hot in a minibus taxi? You can
mention as many ways of coping as you like.
Drink water 15 94
Drink cold drinks / fizzy drinks 4 25
Drink an energy drink 4 25
Take off an item of clothing 5 31
Fan yourself (e.g. with your hand, a paper) 2 12
Open a window 15 93
None of the above 1 6
Other (discussed in text) i.e. place a towel over their heads 2 12
How many hours a day do you spend inside a taxi rank?
1-4 hours 5 31
5-8 hours 6 38
9-12 hours 4 25
Missing data 1 6
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Taxi drivers also provided suggestions on what they think could be done to help reduce heat

inside taxis and at taxi ranks (Table 4).

Table 4. Things study participants said could be done to stay cool when it's hot.

'\What do you think can be done to make taxi ranks cooler and more comfortable when it is hot?

“Put aircon in the taxi.”

“Aircons in the taxi, there's no rank for Pavilion so they would like to get a rank with shelter as they operated
from the streets.”

“Bigger taxi ranks, more space would allow for air to come in.”

“Bigger space to accommodate the number of taxis. Lots of taxis make the rank to very hot.”

“Undercover parking.”

“Having more shelters in the ranks.”

“Having more undercover shelter and areas with more trees.”

“Restrict areas for taxis and vendors in ranks to accommodate for sufficient ventilation. Ranks are
overcrowded.”

“Make it higher and more open for more ventilation.”

“Type of roofing material should be reconsidered. E.g. a lot of ranks use corrugated iron which makes the
ranks very hot.”

“For the open ranks a shelter is required. There is a need for running water supply taps.”

Taxi Rank Observations

The purpose of the taxi rank observation
checklist was to understand how the
infrastructure and land cover in and around
the rank could impact heat exposure (Table
S1). Seventy percent of the taxi ranks were
covered with high heat absorbing surfaces
(i.e. tar, concrete, and paving). Only 25%
percent of taxi ranks had shelters. Custom
designated shelter roofs differ by pattern and
height. Corrugated iron was the most
common roofing material used, followed by
concrete for the taxi rank located at the

ground floor. Custom designated shelters had queuing rails for commuters, vendor stalls,

restroom facilities, rubbish bins, however, no running water.

Seventy five percent of taxi rank did not have a rank shelter. Taxis waited in the sun or under

tree shade if the direction of the sun allows. Informal taxi ranks have no reticulati

on

therefore no running water is available. Some taxi ranks with no custom rank shelter have a
commuter waiting shelter, while others had trees for shade, and others had no shade at all.
Ninety one percent of taxi ranks with no custom rank shelter had enough space to install the

rank shelters in the future.
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Discussion

The impacts of heat on health extend |
from worsening physiological
outcomes to affecting mental health
(Ebi et al., 2021). Vulnerability to
heatis influenced by factors such as
age, health status, occupation and
socio-economic conditions
(rJurgilevich et al., 2023).

Our study found that taxi drivers are
at increased risk of dehydration,
heat-related illnesses or
exacerbation of existing chronic
conditions because of the high temperatures they are exposed to and the long duration of
exposure. Temperatures inside taxis reached 39°C and mean relative humidity in taxis
during the study period was 72%. These values exceed the thresholds of 32°C for
temperature and 50 % for humidity which were found to be associated with extreme to lethal
heat stress during extended exposure (Asseng et al., 2021). Previous studies show that the
impacts of heat last for as long as four days after exposure (WHO, 2024) further
compounding the health risks faced by taxi drivers and commuters alike.

Temperatures inside taxis were consistently higher than outdoor temperatures. This
highlights the need for attention to be directed towards the design and implementation of
heat reduction or prevention strategies inside public modes of transport. This is particularly
important in the context of climate change as rising outdoor temperatures are likely to
further increase temperatures inside taxis.

Driving is an occupation that requires immense concentration and taxi drivers in the taxis
that were part of our study were exposed to apparent temperatures (real-feel temperatures
combining temperature and relative humidity) between 24 — 40 °C. Heat-health guidelines
for workplaces state that once apparent temperature reaches and exceeds 40°C,
dehydration and risk of heat exhaustion are significantly increased resulting in a reduction
in productivity and increased errors (Safety Culture, 2024; WMO, 2015). Therefore, both
passive and active cooling interventions should be considered to increase thermal comfort
inside taxis.

Recommendations

Several recommendations should be evaluated and implemented to protect the health of
drivers, and commuters, in the minibus taxi industry sector in South Africa:
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In the HiAce: The positioning of the engine under the driver could be reconsidered to
reduce heat from the engine contributing to hot temperatures inside
the taxi.

The windows could be tinted to reduce sunlight from entering the
interior of the taxi and warming temperatures inside the taxi.

Fans could be placed at the front, middle and rear of the taxi to ensure
air movement and windows should open wide to allow ventilation.

In the taxi rank: Have water for consumption readily available at drinking fountains or
at the very least bathrooms with taps from which people can drink
water.

Provide cooling centres where taxi drivers and communities can sit or
stand to wait for the next trip. A cooling centre usually has fans or air
conditioning.

Ideas for Future Research
There are several possibilities for further research:

e Minibus taxis exist across the country, and this means an opportunity for a bigger
study to be conducted simultaneously across the country during the summer to
increase the sample size. Data from a study like this could be used to link health
assessments with heat exposure to show the link between heat and health.

e To address the methodology used, future studies can place loggers in various points
in the taxis. Recommendations from the participants can be put to the test by
introducing controlled taxis with air conditioning and open windows.

e Studying different taxis rank structures; formal and informal to assess the difference
in temperatures and to consider using multiple participants such as taxi rank
marshals to get different perspectives.

e There is a potential of linking the loggers’ data to the SAWS weather station or
installing mobile weather stations ate taxi ranks to check the difference between the
outside and inside temperatures, however, challenges such as taxis not being
centrally located and the risk of placing mobile weather stations at taxi ranks will
have to be addressed.

e Awareness can be raised through stakeholder engagement and distribution of
awareness materials (e.g., flyers, posters). Examples of these were prepared for the
City of Tshwane (see below).
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Conclusions

The objective of this study was to understand heat exposure in minibus taxis in the city of
Durban in order to recommend context specific adaptation actions to reduce adverse
impacts on taxi drivers and passengers. This study found that taxi drivers experience
temperatures above 30°C and that this heat can prevail for more than 2/3™ of a day during
hot weather — such heat could impact their health during taxi journeys or while waiting for
passengers.

Currently, their heat coping mechanisms include opening a taxi window or drinking water to
cool down and stay hydrated. The lack of access to water at taxi ranks is a significant
concern as remaining hydrated is crucial to combat heat stress.

The current taxi rankinfrastructure, such as shelters, are not able to accommodate the high
volumes of taxis and passengers. Taxi ranks are often built without consideration of shade
or access to drinkable water.

With more than 16 million people in minibus taxis every day, including drivers, marshals and
commuters, the potential burden of heat-health related risks is great. There are three take-
away messages:

e Temperatures inside minibus taxis reached up to 39°C which is HOT!

e The temperatures inside minibus taxis were between 3-4°C warmer than outdoors!

e Foraround 11 hours every day, temperatures inside minibus taxis were warmer than
27°C —the temperature thatis linked to heat-health risks.

With the projected increase in temperatures caused by climate change, it is imperative to
co-develop mitigation and adaptation strategies to minimize heat-related human health
risks in minibus taxis and taxi ranks.
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Supplementary Material

Checklist

Climate-proofing taxl ranks
Page 1

Rank Observation Checklist_Durban

Record ID

Type of Taxi Rank () Low Use Rank (Taxi rank where there are
predominanty low passenger volumes. are
generally located in suburban areas)

(O Medium Use Rank (Taxi rank where there are
moderate passenger volumes. These ranks are
predominantly located in suburban areas such as
Shopping Centres and Community Centres)

) High Use Rank (Taxi rank servicing locations. They
are predominantly located at major attractions
such as City and Town CBD's, Sporting Venues,
Enktertainment Precincts, Hotels, Clubs and Major
Office Centres. Often a high use rank is provided
close to bus stop infrastructure. )

How many destinations does the rank service?

What is the average queuing time at the rank?

What are the pick times at the rank?

How many taxis use the facility at any given time,
given observations?

Does the rank have a commuter waiting area? O Yes
) No
Does the waiting area have shade? ) Yes
O No
Does the rank have custom designed shelters? O Yes
O No
Are taxi rank shelters sufficient to accommaodate the ) Yes
required number of waiting commuters? O No
Does the taxi rank have pedestrian infrastructure O Yes
including links to pedestrian crossings? O Mo
Does the rank have seating? ) Yes
¥ No
Does the rank have rubbish bins? O Yes
) No
Does the rank have gueuing rails? ) Yes
O No

100472024 3:29pm projectredcap.org 'ﬁEDCa P"
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Page 2
Does the taxi rank have vendors' stallsfshops? ) Yes
) No
Do the vendors have shelter ) Yes
) No
Does the rank hawve running water for drinking? ) Yes
) No
Does the rank hawve restrooms J toilet facilities? rYes
) Mo
Are entry and exit points clearly identifiable? ) Yes
) Mo
Are there any trees that provide shade? O Yes
) Mo

How many trees can you see in the taxi rank area

How tall are the trees?

[ Under roof height [] Roof height
[] Above roof height

Leaves of the trees

[ Deciduous [ Evergreen

Rank grounds - % Grass/Greening

Rank grounds - % bare sand

Rank grounds - % concrete

Rank grounds - % paving

Rank grounds - % tar

Is space available to provide a roofed area for
queuing passengers to protect them from the weather?

LYD472024 329pm
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Climate-procfing taxi ranks
Page 1

Record ID

Unique Questionnaire ldentity Number

Are you:

) Male
} Femnale
() Other

How old are you?

Hawve you ever been told that you have:

() Heart attack or coronary heart disease

() Bheumatic heart disease or other heart problem

() Stroke

() Cancer

() High blood cholesterol

) Diabetes/elevated blood sugar

() High blood pressure

) Kidney failure

() Mental health problems like depression,anxiety,
stress

() None of the above
How many hours a day do you spend inside a taxi?
When you are driving or travelling in the taxi, do you () Never
feel hot: ) Sometimes

) Always
Hawe you ever experienced any of the following [] Sweating
symptoms when you feel hot while driving/sitting in [ Heat cramps
thie taxi? [J Headaches

[ A faster heartbeat

[J Nausea | vomiting

] Heat rash / pimples or blisters on skin
[] Heat exhaustion / feeling tired or weak
[ Dizziness or confusion

[] Difficulties breathing

[ Fainting

[ Irritability

[] None of the above

[ Other - open-ended

Are these symptoms worse in the moming or in the [J Morning
afternoan? [ Afternoon
When you feel hot, do you do something to try and feel ) Yes
cooler? ) No

LYD42024 338pm
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Page 2

What do you do to try and feel cooler when you feel
hot in the taxi? You can mention as many ways of
coping as you like.

[] Drink water

[ Drink cold drink [ fizzy drinks

[ Drink an energy drink

[ Take off an item of clothing

[ Fan yourself (eg with your hand, a paper)
[ Open a window

[ None of the above

[] Other: open-ended

Other - Heat copimg mechanism

Do you use the air conditioner in the taxi: ) Newver
) Sometimes
) Always
Do you use the fan setting in the taxi: (O Newer
) Sometimes
) Always
How many hours a day do you spend inside the taxi
rank?
Do you feel it is more hot inside the taxi rank or ) Inside
outside? (O Outside
Hawe you ever experienced any of the following [] Sweating
symptoms when you feel hot while in the taxi rank: [ Heat cramps
[] Headaches

[ A faster heartheat

[ Nausea / vomiting

[ Heat rash / pimples or blisters on skin
[] Heat exhaustion [ feeling tired or weak
[ Dizziness or confusion

[ Difficulties breathing

[ Fainting

O Irritabilicy

[] Mone of the abowve

[] Other - open-ended

What do you think can be done to make taxi ranks
cooler and more comfortable when it is hot?

Telephone number

10042024 3:38pm
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Supplementary Table
Table S1. Results of the taxi rank observation checklist.
Total number of taxi ranks (N= 12) Frequency
Question Number | Percentage
(n) (%)
What is the type of the taxi rank?
Low Use Rank 6 50
Medium Use Rank 1 8
High Use Rank 5 42
How many destinations does the rank service?
1 destination 10 83
2 destinations 1 8
7 destinations 1 8
What are the pick times at the rank?
06:00-17:00 1 8
06:00-19:00 2 16
06:00-20:00 1 8
06:00-20:00 & 16:00-19:00 2 16
07:00-17:00 1 8
07:00-18:00 1 8
07:00-20:00 1 8
08:00-18:00 2 16
08:00-19:00 1 8
How many taxis use the facility at any given time, given observations?
0-10 taxis 1 8
11-20 taxis 6 50
21-30 taxis 1 8
31-40 taxis 3 25
41-50 taxis 0 0
51-60 taxis 1 8
Does the rank have a commuter waiting area?
Yes 6 50
No 6 50
Does the waiting area have shade?
Yes 4 33
No 1 8
Missing data 7 58
Does the rank have custom designed shelters?
Yes 3 25
No 9 75
)Are taxi rank shelters sufficient to accommodate the required number of
waiting commuters?
Yes 3 25
No 9 75
Does the taxi rank have pedestrian infrastructure including links to
pedestrian crossings?
Yes 5 42
No 7 58




Does the rank have seating?

Yes 0 0
No 12 100
Does the rank have rubbish bins?
Yes 4 33
No 8 67
Does rank have queuing rails?
Yes 4 33
No 7 58
Missing data 1 8
Does the rank have vendors' stalls/shops?
Yes 6 50
No 6 50
Do the vendors' stalls/shops have shelter?
Yes 3 25
No 3 25
Missing data 6 50
Does the rank have running water for drinking?
Yes 0 0
No 12 100
Does the rank have restrooms/toilet facilities?
Yes 5 42
No 7 58
|/Are entry and exit points clearly identifiable?
Yes 7 58
No 5 42
)Are there any trees that provide shade?
Yes 6 6
No 1 1
How many trees can you see in the taxi rank area?
0-5 trees 9 75
6-10 trees 2 17
11-15 trees 1 8
What is the height of the trees?
Under roof height 0 0
Roof height 3 25
Above roof height 8 75
\What is the leaf type of the trees?
Deciduous leaves 0 0
Evergreen leaves 10 83
What is the percentage of the grass/greening on the rank grounds?
0-20 % Grass/greening 3 25
21-40 % Grass/greening 3 25
41-60 % Grass/greening 1 8
0-20 % Bare/sand 1 8
0-20 % Concrete 1 8
61-80 % Concrete 1 8
0-20 % Paving 7 58
21-40 % Tar 1 8
41-60 % Tar 1 8
61-80 % Tar 8 67
81-100 % Tar 1 8
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Is there space available to provide a roofed area for queuing passengers to
protect them from the weather?

Yes

No

92
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