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Abstract: Public spaces and green areas have been proven to influence people’s mental and physical
health, thermal comfort being one of the main indicators. The growing trend of an ageing population
globally led this research to analyse the outdoor thermal comfort of older adults in public spaces
from two cities in Europe: Madrid in Spain and Newcastle upon Tyne in the United Kingdom during
autumn. A mixed methodology through environmental measurements and surveys was performed
in situ. In addition, the UTCI (Universal Thermal Climate Index) and PET (Physiological Equivalent
Temperature) outdoor thermal comfort indices were applied. The results highlighted the risk of
thermal stress and the vulnerability of this group of the population to the effects of climate on their
health. Although most older people had ‘neutral” thermal sensation, 86.3% of them would be at
risk of cold stress in Newcastle, whilst in Madrid 31.5% would be at risk of cold stress and 35.7% of
heat stress. Those results could be a starting point for the design of more comfortable and healthy
public spaces that improve the quality of life of all citizens within the guidelines of active ageing and
healthy cities.

Keywords: outdoor thermal comfort; older people; thermal stress; health risk; urban public spaces

1. Introduction

The Intergovernmental Panel on Climate Change (IPCC) forecasts an increase in the
intensity, number, and duration of extreme weather events, so it is expected that the extreme
temperature will increase [1]. This affects normal temperatures in autumn and spring; in
some cases, the change in season is imperceptible [2]. Parallel to this, according to the
World Health Organization (WHO), the ageing population in 2050 will triple. In addition,
more than half of the world’s population lives in urban habitats. By 2030, six out of ten
people in the world will live in a city, of which 900 million would be older adults [3].

One of the characteristics of ageing is its diversity among people over 65 years old.
Thus, health depends on various factors such as genetic predisposition, lifestyle and quality
of life, and at the same time is influenced by the physical and social environment. However,
statistics indicate that a large percentage of older people tend to present multimorbidity
and are also more sensitive to environmental effects on health (noise pollution, heat waves,
cold waves, etc.) [4]. Some physiological changes that occur with ageing affect the thermal
sensitivity, perception, adaptation and preferences of older adults [5]. For instance, muscle
strength, work capacity, activity level, metabolic rate, vascular reactivation, thermoregula-
tion capacity, sweating and hydration levels decrease and affect their ability to detect and
respond to temperature changes, making them vulnerable to thermal extremes [6].

Public spaces are determinants for people’s health [7]. Thermal comfort depends on
several factors including: geographical (latitude, altitude); microclimatic (temperature,
humidity, wind, radiation); personal (activity, clothing, age, gender, state of health, among
others); psychological factors (aptitude, experience, expectation, memory, etc.) and built
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environment factors (vegetation, shade, surface material, SVF, microclimate, etc.) [8]. There-
fore, a good urban design based on bioclimatic criteria influences the quality of these spaces
and the well-being of their users and the environment [9].

Most studies on thermal comfort are based on the physical and physiological charac-
teristics of the ‘type person’ (a man, 35 years, 1.70 m in height, 75 kg in weight, level of
shelter and standard metabolic rate [10-12], without taking into account the physiological
conditions of older people or other vulnerable groups [13]. Novieto and Zhang [6] applied
the IESD-Fiala model to represent the ageing human body considering the metabolic rate,
heart rate and weight. They found that these factors differ between 10 and 19.2% of the
characteristics of an average young person. Additionally, through sensitivity tests and
simulations to establish the impact of these factors on the thermal comfort of older people,
they discovered that the most influential factor was the basal metabolic rate. In a literature
review of the existing literature on the thermal comfort of older adults [5], it was found
that there are differences between 0.2 °C to 4 °C between the comfort ranges of the elderly
and the rest of the age groups, the latter groups being more tolerant of the outside environ-
ment [5]. However, most of these studies refer to indoors and are heterogeneous in terms
of methodologies, sample sizes and climatic zones, evidencing the need for more research
in this area [13].

Until the early years of the twenty-first century, not much attention had been paid to
the study of exterior thermal comfort and most evaluation systems had been developed
for interiors, in stable conditions, that is, without considering the multiple factors that
affect the urban microclimate [14,15]. Some authors have tried to adapt the interior thermal
comfort indices such as PMV [16], SET [17] and ET [18]. Subsequently, other methods have
been developed to establish the sensation of thermal comfort for open spaces, such as the
case of PET (Physiological Equivalent Temperature) [19] and UTCI (Universal Thermal
Climate Index) [20]. These are the most used in outdoor assessment [21].

Different climatic zones have specific characteristics that influence thermal comfort
conditions and thermal adaptation among diverse seasons [22,23]. Thermal adaptation
refers to the ability to adapt to the microclimate conditions, and this could be physical,
physiological or psychological [24]. For instance, some aspects are related to cultural and
social factors specific to each locality and context that affect thermal adaptation, including
physiological conditions (health status, gender, age and metabolic rate), psychological
issues (origin, expectation, personal experience, attitude, etc.) and clothing insulation
levels [25,26].

In this context, the objectives of the present study are as follows:

e To evaluate how microclimate variables (air temperature, wind speed, mean radi-
ant temperature, relative humidity and sky view factor) affect the thermal com-
fort of older people in public spaces during autumn in different climatic zones
(Csa—Mediterranean Climate and Cfb—oceanic climate).

To identify thermal comfort ranges for older adults in outdoor public spaces during autumn.
To identify health risk via thermal stress (due to extrem cold or heat) for older adults
in different climates during autumn according to PET and UTCI indexes.

2. Materials and Methods

To evaluate the influence of outdoor microclimate on the thermal comfort of older peo-
ple, five public spaces were selected within two different cities corresponding to different
climatic zones in Europe, Madrid (continental Mediterranean climate) and Newcastle upon
Tyne (humid temperate oceanic) (Figure 1). Fieldwork was performed in the months of
autumn 2018 in Madrid and autumn 2019 in Newcastle upon Tyne (September, October,
and November 2019).
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Figure 1. Case studies location in the Képpen-Geiger’s climate classification map of Europe. (BSk,
cold semi-arid; Csa, hot summer Mediterranean; Csb, warm-summer Mediterranean; Cfa, humid
subtropical; Cfb, oceanic climate west coast; Cfc, oceanic climate subpolar; Dfa, hot summer humid
continental; Dfb, warm summer humid continental; Dfc, regular subarctic; Dsa, dry and hot summer
humid continental; Dsb, dry and warm summer humid continental; Dsc, dry summer, regular
subarctic; ET, tundra; EF, ice cap climate).

2.1. Description of Case Studies
2.1.1. Madrid, Spain

The city of Madrid is in central Spain, at latitude 40°26’ N and longitude 3°41’ W at
an altitude of 667 metres above sea level (Figure 2). According to the Koppen—-Geiger cli-
mate classification, its climate corresponds to ‘Csa’ Mediterranean (temperate climate
with dry and hot summers). In summer, it is characterised by its low average rela-
tive humidity of 37% and an average temperature of 25-32 °C. In winter, it presents a
moderate-high humidity of around 71% and average temperatures of 2-11°C. The average
annual temperature is around 14.1 °C [27,28].
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Figure 2. Case study of Madrid. (a) Location of Madrid in Spain; (b) location of Chamberi district
in Madrid; (c) location of Park Galileo Theatre (PTG), Conde del Valle de Schill Square (PCVS) and
Vallehermoso street (CVH); (d) aerial view of PTG and location of measurement points; (e) aerial view of
PCVS and location of measurement points, (f) aerial view of CVH and location of measurement points.

A park (PTG), a square (PCVS) and a street (CVH) in a high-density, mainly residential
neighbourhood (Arapiles, Chamberi) were selected as case studies due to their diverse
characteristics. Figure 2 shows the location of these case studies.

2.1.2. Newcastle upon Tyne, United Kingdom

Newcastle upon Tyne is in the northeast of England, in the metropolitan borough
of Tyne and Wear, situated at an altitude of 30 m above sea level, at latitude 54°58’40” N
and longitude 1°36’48" W. Its climate corresponds to ‘Cfb’ humid temperate oceanic,
characterised by cool summers, with abundant and well-distributed rainfall throughout
the year (Figure 1). The mean temperature in summer is 15 °C and the mean in winter is
4 °C. The average annual temperature is 8.5 °C, with an average annual precipitation of
655 mm [29].

In the city of Newcastle, two public spaces are located in the centre of the city in an
area of mainly commercial use (Westgate), a square (OES) and a pedestrian street (NS), and
were taken as case studies because of observations of the concentration of older people.
Figure 3 shows the location of those case studies.



Designs 2023, 7, 27

50f 15

Figure 3. Case study of Newcastle upon Tyne. (a) Location of Newcastle in the UK; (b) location of
Westgate in Newcastle upon Tyne; (c) location of Old Eldon Square (OES) and Northumberland Street
(NS); (d) aerial view of OES and location of measurement points; (e) aerial view of NS and location of
measurement points.

2.2. Environmental Measurements

The fieldwork was conducted one day per month, between 10:00 and 18:00, the hours
for the concentration of older people in those public spaces during September, October and
November (2018 and 2019) on calm weather days. Three sample points were selected for
environmental measurements in each public space, where equipment was located and fixed
for 15 min (i.e., it remained stationary), whilst at the same time surveys were performed
for people who were around those sample points. Figure 4 presents an example of the
measurement process.

Figure 4. Measurement and survey at point 2 in CVH Street, Madrid.

The environmental variables including the relative humidity (RH), air temperature
(Ta), wind speed (Ws) and sky view factor (SVF) were measured at 15-min intervals at each
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point at 1.1 m above floor level corresponding to the centre of gravity of the human body
as recommended in ISO 7726 [30]. Characterisation of the measurement equipment can be
found in Table 1.

Table 1. Environmental measuring equipment specifications.

Variable Equipment Measurement Range Accuracy
Ta (°C) Thermohydrometer data logger —20-70°C +02°C
RH (%) HOBO UX100 (HOBO, MA USA) 1-95% +2.5%

Anemometer Proster Digital o

Ws (m/s) MS6252a (Proster, Hong Kong) 04-30m/s +2%

SVF
Rayman 1.2 software
Tmrt (°C)

Ta = air temperature; RH = relative humidity; WS = wind speed; Tmrt = mean radiant temperature; SVF = sky
view factor.

The mean radiant temperature (Trm) that represents the combination of air temper-
ature and short- and long-wave radiation fluxes has been calculated using Rayman 1.2
software, in which environmental variables measured in situ, such as the air temperature,
relative humidity and wind speed, in addition to the geographic data of the site, date and
time, are entered. This method has been used by several authors [31-33]. Similarly, for the
sky-view factor (SVF) fisheye lens (180°) pictures were taken during each measurement
with a Sigma 8 mm circular lens in the north direction and then calculated in Rayman 1.2
software [31,33,34].

2.3. Thermal Perception Assessment and Sample Selection

The sample was selected using simple random methods. Simultaneously with the
urban environmental measurements, older people (who visually appeared to be older than
65 years of age) present (people who passed by and people who stayed) at each measured
point in the assessed public spaces were asked about their willingness to answer the survey,
which consisted of a two-part questionnaire.

The first part was related to personal demographics and behavioural characteristics
(age, sex, level of clothing insulation, time and frequency of the visit). The second part
was focused on their thermal perception through a seven-point scale of (—3. cold; —2. cool;
—1. slightly cold; 0. neutral; 1. slightly warm; 2. warm; 3. hot) for thermal sensation
(TSV) assessment [35] and the McIntyre three-point scale (1. warmer; 2. would not change;
3. colder) [36] for thermal preference (TP) assessment. For humidity and wind perception,
a four-point scale was used (1. Very pleasant—4. Very unpleasant) [37].

2.4. Thermal Comfort Indices

Whilst the UTCI index was computed using the official program version 0. 002 [20],
the PET index was derived using Rayman. The features of a ‘typical adult’, as used in most
research, were used in the PET standard calculation (a man, 35 years old, weight 75 kg,
1.75 m tall, 0.9 clo and 80 W). In this study, the data on the average older person in the UK
and in Spain has included separating men from women, as well as the appropriate degree
of activity (W) and clothing (clo) corresponding to each interviewed person.

2.5. Statistical Analysis

All the collected data were processed in IBM SPSS statistics software and analysed
with a significance of 5%. As the decision of which statistical test to use depends on
the distribution of the data and the type of variable, a prior normality test (Kolmogoroy—
Smirnov) was applied, if data were normally distributed, a parametric test such as a
Pearson correlation was performed, otherwise, non-parametric tests were employed (Mann-—
Whitney, Kruskal-Wallis, Spearman correlation, chi-squared). The thermal sensation and
thermal preference (qualitative/ordinal) were considered dependent variables for this
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study, whilst environmental, personal and others were independent. Additionally, linear
regression was applied between thermal-sensation vote and air temperature to identify the
neutral temperature at which more older people felt comfortable.

3. Results and Discussion
3.1. Outdoor Environmental Conditions

Outdoor microclimatic conditions varied across both climates. Table 2 presents the
environmental measurement data from autumn 2018 in Madrid and autumn 2019 in
Newecastle. As regards the average air temperature, there is a difference of 4.8 °C, with
Newcastle being colder. However, Madrid presented lower minimum and higher maximum
temperatures, with a greater daily thermal amplitude, and the average radiant temperature
was higher in Madrid, whilst relative humidity and wind speed were higher in Newcastle.

Table 2. Summary of environmental data measured in situ in public spaces in Madrid and Newcastle

upon Tyne.

City Public Space Ta°C RH% Wsm/s Mrt°C SVF
Mean Mean Mean Mean Mean

PCVS 20.9 38.3 1.5 35.0 0.04

Madrid CVH 17.5 50.0 1.1 28.3 0.02

PTG 194 50.5 1.2 30.5 0.03

Mean 19.3 46.2 1.3 31.2 0.03

OES 13.3 60.8 1.6 22.7 0.01

Newcastle upon Tyne NS 15.9 54.7 1.9 20.3 0.02
Mean 14.6 57.8 1.7 21.5 0.01

Ta = air temperature; RH = relative humidity; Ws = wind speed; Mrt = mean radiant temperature; SVF = sky
view factor.

3.2. Sample Description

The sample size in both cases was similar, seventy people in Madrid and seventy-three
in Newcastle upon Tyne.

In Madrid, 56% were women. Regarding the level of clothing insulation (clo), 60% cor-
responds to 1 clo and 34.3% to 1.5 clo, as this is considered normal for autumn (about
1 clo) [10]. The rest (5.7%) had worn around 0.5 clo, whilst in Newcastle, 47% were women,
and 74% of the interviewees wore around 1 clo of clothing insulation.

No statistical relationship was found between gender or age and the level of clothing
(p > 0.05) using the Kruskal-Wallis test. However, the older they were, the higher the level
of clothing they wore, especially in the case of Madrid, with men wearing the most clothing.
Figure 5 presents the sample distribution regarding gender, age and city.

3.3. Thermal Sensation of Older Adults in Outdoor Public Spaces

The thermal sensation of the people is a result of the extrinsic conditions of the place
in addition to the subjective ones of the people. In this case, in Madrid, 63% of older people
stated to have a ‘neutral’” thermal sensation, whilst 14.3% of the interviewees perceived it
between ‘slightly hot and hot’, 22.8% between “slightly cold and cold’. About 69% selected
‘no change’ as the thermal preference.

Regarding the humidity, 87% of the interviewees perceived this, whilst the perception
of the wind speed was between “pleasant’ and ‘very pleasant’” for 83% of them.

In Newcastle, just 32% of older people had a ‘neutral’ thermal sensation whilst 31%
of the interviewees perceived it as between ‘slightly cool and cold” and just 10% between
‘slightly hot and hot’.

Regarding preference, 42% preferred ‘no change” and 31% would like it to be “‘warmer’.

The humidity was perceived as between “pleasant” and ‘very pleasant’ for 57% of older
people, whilst the wind speed was pleasant for 53% of them.
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Figure 5. Sample characteristics. (a) Madrid; (b) Newcastle upon Tyne.

A chi-squared test was performed to identify the association between gender, thermal
comfort and thermal preference for both cities, and results showed that there was no
statistical relation. Figure 6 shows that thermal comfort votes were similar between both
genders, even though in the case of Madrid a greater percentage of men felt colder, whilst
in Newcastle men felt warmer than women. In the case of thermal preference, in both cities
women were more dissatisfied with the thermal environment. In the case of Madrid, more
women would have liked to be warmer and the same amount colder, whilst in Newcastle
more women would have liked it to be warmer. These findings are in line with some studies
that have found statistical differences between thermal comfort for men and women, where
men were more satisfied with the thermal environment and women were more sensitive,

especially in cooler conditions [38—40].
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Figure 6. Thermal perception. (a) Thermal sensation (TSV) by city; (b) thermal preference by city;
(c) thermal sensation by gender and city; (d) thermal preference by gender and city.
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3.4. Influence of the Microclimate on Thermal Perception

To identify statistical differences between the two case studies, the t-Student test for
environmental variables, the Kruskal-Wallis test for the level of clothing (clo), age and visit
time, and the chi-squared test for gender and thermal comfort (TSV = 0), were applied.
A summary of these tests is presented in Table 3. Significant differences between all the
environmental variables were measured except for the sky view factor. Additionally, there
is a distinction between activity, time and frequency of visits. Regarding thermal perception
and thermal sensation, those varied among both cities, but the thermal preference and
thermal acceptability did not differ.

Table 3. Statistical differences between Madrid climate (Csa) and Newcastle upon Tyne climate (Cfb).

Statistical Test
Variable Chi-Squared Kruskal-Wallis Student’s-t
Sig (Bilateral) Sig (Bilateral) Sig (Bilateral)
Ta (°C) 0.000 **
HR (%) 0.000 **
Microclimatic Ws (m/s) 0.000 **
SVF 0.080
Trm (°C) 0.000 **
clo 0.611
Age 0.415
Gender 0.274
Personal Visit time 0.001 **
Activity 0.000 **
\lj;sei?uency of 0.000 **
}i‘igﬁgym 0.239
Perception Wind perception  0.000 **
TSV 0.023 *
PT 0.172
UTCI .
Thermal index :;]E?ll::irlil e
g o thermal 0.007 **

Ta = air temperature; RH = relative humidity; Ws = wind speed; Mrt = mean radiant temperature; SVF = sky view
factor. * The correlation is significant at level 0.05 (2 tails); ** The correlation is significant at level 0.01 (2 queues).

Although clothing insulation was not statistically different between both cities, it was
higher in Madrid, and this could be attributed to the behavioural and adaptative cultural
differences between both cities [25].

Additionally, the Pearson’s correlation test was performed to identify the main en-
vironmental variables that influence thermal comfort for both cities (Table 4). In the case
of Madrid, all the environmental variables were correlated to thermal comfort (p < 0.00)
less than the SVE. Whist in the case of Newcastle, just the wind speed (<0.01) was related
to thermal comfort, similar to other study findings [40]. Madrid presented a higher per-
centage of people in comfort (Figure 6) and the perception of ventilation was also more
pleasant there.
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Table 4. Correlation between thermal comfort and environmental variables for Madrid and Newcastle.

Pearson Correlation

Variable Madrid Newcastle
Coef. Correlation

Ta (°C) 0.14 ** 0.128

HR (%) —0.13 ** 0.177

Ws (m/s) 0.10 * —0.252 *

SVF —0.03 —0.06

Trm (°C) 0.24 ** 0.176

* The correlation is significant at level 0.05 (2 tails); ** the correlation is significant at level 0.01 (2 tails). Ta = air
temperature; RH = relative humidity; SVF = sky view factor; Trmt = mean radiant temperature.

Older people there might be better adapted to the microclimatic conditions of their
place of residence. Furthermore, in dense cities with heavy traffic and uneven distribution
of green areas, there are differences in the microclimate between the public spaces that
are worth considering (Table 2), with temperature differences of 3.4 °C, 11.7% in relative
humidity and 0.4 m/s in wind conditions among the public spaces in Madrid. On the other
hand, we found differences of 2.6 °C in temperature, 6.1% in relative humidity and 0.3 m/s
in wind among the public spaces in Newcastle. This confirms the existence of differentiated
microclimates in the city [9] which influence the thermal comfort for older people.

3.5. Neutral Temperature and Comfort Zone

Linear regressions to represent older people’s mean thermal sensation (MTSV) as a
function of the mean air temperature (Ta) were obtained to identify the ‘neutral temperature’
(Tn) (MTSV =0) and thermal sensitivity. The two regression equations passed the goodness-
of-fit (R2 > 0.5). Both variables were different among both cities; in Madrid, the neutral
temperature was 20.4 °C, whilst in Newcastle it was 17 °C; a difference of 3.4 °C between
both climates. Figure 7 presents these equations for both climates. The slopes represent
thermal sensitivity to temperature changes; it was found to be higher in Newcastle. This
could be understood, as older people in Madrid were found to be more tolerant than in
Newcastle and this could be attributed to their adaptative behaviour, thus people in Madrid
wore higher levels of clothing insulation [25].

There are no outdoor thermal comfort studies for older people in Madrid and New-
castle to compare our results. As a reference from the literature review, this range would
be between 23.9-28.1 °C for the average adult’s outdoor thermal comfort in Madrid (Csa
climate). Whilst no thermal comfort zone was found in previous studies for Newcastle or
similar climates [41], as a reference, we considered Nikolopoulou and Lykoudis [42], who
assessed outdoor thermal comfort for different climatic zones in Europe for the average
adult. They found a great variation of 10°C for neutral temperature across Europe. In Cam-
bridge and Sheffield (Cfb climate), it was found that neutral temperatures in autumn were
23.2 °C and 16.7 °C, respectively. The one found in Newcastle was similar to Sheffield’s,
whilst in Athens (Csa climate) it was 19.4 °C, one degree lower compared to our findings
for Madrid.

The thermal comfort zone is defined by ASHRAE as the range of air temperature
where at least 80% of the space occupants are satisfied with the thermal environment. Some
authors suggest that comfort zones should be considered within the TSV interval of —1
and +1 [34,43—48]. By applying these values to the linear regression equations (Figure 7),
the thermal comfort zone for Madrid in autumn would be between 9.8-31.1 °C, whilst in
Newcastle it would be between 12.9-21 °C.
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Figure 7. Linear regression air temperature vs. mean thermal sensation votes (MTSV) for Madrid
and Newcastle.

The thermal comfort zone range was wider in Madrid. This could be explained
because the thermal amplitude was greater during the experimental campaign in this city
in autumn, with temperatures ranging from 8-31 °C. It would be necessary for people to
adapt to these sudden changes in a few hours, which is even worse for the older population
where adaptation is slower due to their metabolism and other physiological changes [5].
It is necessary to consider the differences between older adults in the perception of both
cold and heat events during the autumn season that are becoming more usual with climate
change [2], where it is necessary to know the comfort zone of these groups that are more
vulnerable to both thermal extremes.

3.6. Thermal Comfort Indices (Physiological Equivalent Temperature) PET and Universal Thermal
Index (UTC) vs. Thermal Sensation (TSV)

According to the PET index, it was found that in Madrid, 32.9% of older people would
be in thermal comfort and 21.4% would be in ‘lightly warm, light heat stress’, whilst in
Newrcastle, only 13.70% would be in thermal comfort and 86.3% would be between ‘light
cold stress’ (34.25%), ‘moderate cold stress’ (31.5%) and ‘strong cold stress’ (20.55%).

Regarding UTCI, in Madrid, 75.7% of the older adults interviewed were within the
wellness zone (9-26 °C) whilst 17.1% were within the ‘moderate heat’ zone (26-32 °C). In
the case of Newcastle, 68.49% were within the wellness zone (9-26 °C) and 32.51% were
within the ‘light cold” zone where the physiological response would be the reduction of
one degree of the temperature of the skin on the hands after 120 min of exposure [49].

Furthermore, the thermal sensation and thermal preference of older people inter-
viewed were significantly correlated with the UTCI and PET indices (p < 0.01). In Madrid,
60.4% of people who were in ‘well-being’ according to the UTCI index had ‘neutral” thermal
sensations. Similarly, when analyzing the PET with the thermal sensation, it was found
that the highest percentages of ‘neutral’ responses occurred within the ‘comfort: no thermal
stress’ zone (65.2%).

In the case of Newcastle, it was found that the ‘well-being’ of the UTCI index corre-
sponded to 84.4% of the ‘neutral’ responses, whilst regarding the PET index, the comfort
zone corresponded to just 6.3% of the ‘neutral” answers and 21.4% of ‘no change” answers.
It is important to note that the highest percentage of neutral TSV in older people would be
within ‘light stress due to cold” according to the PET index (Figure 8). Although most of
them claimed to perceive the thermal environment as comfortable, they could be at risk
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of thermal stress due to cold that could affect their health. This may be due to the loss of
thermal sensitivity in both cities, especially in the case of Newcastle [37].
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Figure 8. PET and UTCI and comparison with MTSV for (a) Newcastle upon Tyne and (b) Madrid.

The PET range for well-being (without thermal stress) was similar in both cities,
being between 17.86-22.08 °C in Madrid and between 17.94-19.93 °C in Newcastle with a
difference between £0.8 £ 2.15 °C. Just one previous study assessed the thermal comfort
zone with the PET index in Madrid for the average adult in autumn [50], and it was found
to be between 15.6-25.5 °C, whilst there is no evidence of similar studies for Newcastle.
Figure 8 presents the PET and UTCI indices for each city and a comparison with TSV
and TP.

4. Conclusions

The global trend of ageing populations and other challenges such as climate change
that affect microclimate conditions for all the seasons led this research to analyse the
outdoor thermal comfort of older adults in public spaces from two cities in Europe: Madrid
in Spain and Newcastle upon Tyne in the United Kingdom, during autumn. As we have
seen throughout this research, these are two very different cities in terms of size, density,
climate, culture, etc.

The statistical influence of microclimatic variables on thermal comfort is evident in
older people in both cities. Some differences in cultural behaviour and adaptation were
identified. Older adults in Madrid wore higher levels of clothing insulation, were more
tolerant and presented higher thermal comfort, and their thermal comfort range was wider
due to the greater thermal amplitude (numerical difference between the minimum and
maximum values observed during the day).

A difference of 3.4 °C was found in the neutral temperature between the cities; older
people in Newcastle were shown to be more sensitive to climate changes.

In both cases, the risk of cold and heat stress was identified according to the PET
index, although most of the older people perceived the environment as comfortable. The
vulnerability of this population group to the effects of climate on their health is evident,
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making further research on the subject necessary to establish mitigation and adaptation
strategies for future extreme weather and climate change scenarios across Europe.

Additionally, some final considerations can be highlighted which are important for
further research:

1. A dense city has significant microclimatic differences in the variables of temperature,
relative humidity, and wind, which must be assessed at the pedestrian level to be able
to establish the appropriate bioclimatic recommendations for healthier urban spaces.

2. Older people, the majority in most European cities, have intrinsic differences in their
perception of both cold and heat. For this reason, both the definition of the comfort
zone and the strategies must be qualified by considering age groups over 65 and over
80 years of age.

3. The final thermal comfort of a group must always combine external data with the real
perception of the people in situ due to the wide number of variables that affect perception.

Therefore, considering that the European population is very old, it is necessary to
establish spatial recommendations to improve the microclimatic conditions of public spaces,
which should include sunny areas in winter and shaded areas in summer; green areas
with deciduous trees and shrubs; areas protected from the winter wind thanks to walls,
furniture or small windbreaks; and areas with fountains and clear paving. But at the same
time, areas that are active but not noisy should be established. Older adults constitute a
significant group in many urban neighbourhoods, which need to be considered so that they
have spaces appropriate to their uniqueness and are not exposed to the risks of extreme
heat or cold that they are not aware of, as has been reflected in this research.

Some limitations of this study are:

Due to the small sample size, these results can only be taken as a reference.

There was a wide climatic variability in both cities.

The exposure time to microclimate conditions was not considered for the acclimati-
sation of older people. Future research should consider this to obtain more accurate
results and to avoid biases, as some authors has suggested.

However, these results could be a starting point for the design of more comfortable and
healthy public spaces that improve the quality of life of all citizens within the guidelines of
active ageing and healthy cities.
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