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A B S T R A C T

Research on outdoor comfort generally focuses on the thermal sensation as a substitute for actual comfort. The
assessment of outdoor comfort, however, is complex in nature because it involves various contextual settings in
open spaces, individuals' social demographics, and psychological factors. In contributing to the existing litera-
ture, this study attempts to extend the modelling framework of outdoor comfort assessment by incorporating
physical microclimate, spatial contexts, social demographics and individuals' subjective perceptions, expecta-
tions and preferences. A path analysis is conducted to capture the direct and indirect effects of various factors on
comfort using the data collected in a field experiment. Results show that the causal dependency, which is
normally simplified in existing studies, can be better illustrated with the indirect effects through mediators. The
use of objective indicators and individuals’ subjective factors are fundamental to adequately capture the actual
comfort in urban public spaces.

1. Introduction

Research interest in the quality of urban public spaces has drama-
tically increased in recent years due to the rapid process of migration
from rural areas to urban areas. The concentration of city residents and
consequent emerging requirements on improving the quality of the
urban environment and revitalising the city centre has resulted in the
need for sustainable urban development [1–3]. Outdoor public space
plays an essential role in shaping urban daily life as being the place for
social interaction and various activities, such as culture, entertainment
and sport as well as commercial activities [4–6]. The fascinating and
vibrant cities should accommodate diverse activities for the people by
offering more desirable and attractive public spaces, so people can carry
out their activities in relative comfort and safety while interacting,
engaging in spectacles and ceremonies, or just simply sitting or waiting
[7,8]. Activities in the public realm are highly influenced by micro-
climate and specified by urban spatial settings. Thus, participants differ
in their assessment of comfort. In order to provide valuable insight into
the performance of the outdoor built environment, comfort has been a
primary measure for public space design and the assessment of its
quality [9,10].

Conceptually, thermal comfort has been described as a state of
mind, approximating one's satisfaction with the environment [11].
However, in view of thermal physiology, the neutral thermal sensation

is typically used as a substitute for overall comfort [12]. The objective
indicators of physical meteorological condition and human physiolo-
gical status capture measurable and quantifiable attributes well. An
individual's subjective thermal comfort was technically interpreted as
an objective quantity when the heat balance between the human body
and its surroundings is approached [13]. Over the last few decades,
thermal comfort has been measured mainly through heat balance in-
dices, such as Predicted Mean Vote (PMV) [14], Standard Effective
Temperature (SET*) [15] and its outdoor update (OUT_SET*) [5,16],
Physiologically Equivalent Temperature (PET) [17] and Universal
Thermal Climate Index (UTCI) [18], etc. However, most of these indices
are limited to the specific steady state with thermally homogenous
environments. Regarding outdoor comfort, the related microclimate
can hardly remain unchanged and the heat balance of human body and
environment is consequently unstable. Therefore, unlike in the steady-
state environment, prediction with these indices is not justifiable in
transient conditions, especially in outdoor spaces [18]. Moreover, in-
dividuals are isolated with a role to only respond to the ambient
thermal condition. This underlying postulation does not incorporate the
personal indicators like psychological and behavioural aspects. Still,
heat balance theory, which substitutes the neutral sensation for thermal
comfort, has had a profound influence on outdoor comfort modelling
[12,19].

The diverse and complex context of urban public spaces and their
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spatial settings with the corresponding microclimate faced by in-
dividuals is driving an increasing need for a full understanding of
outdoor comfort. Still, people have different perceptions and pre-
ferences when they are exposed to different environments, despite
having identical thermal balances, as indicated by heat balance theory.
In this regard, comfort is an outcome of the interaction between an
individual's preferences and perceived opportunities and constraints
induced by specific outdoor microclimate and spatial-temporal urban
settings within a particular institutional and local context. Over recent
decades, many field studies on outdoor thermal comfort have been
carried out in different cities and climate zones. Various effects have
been identified with respect to microclimatic conditions, participants'
psychological factors, experience of outdoor use and layout of urban
spaces [4,5,20–23]. Therewith, the significant discrepancy in the results
of empirical investigations between heat balance index and on-site in-
terviews triggers the need for systematic modelling and prediction of
outdoor comfort. Data related to physical meteorological conditions
and subjective psychological and behavioural factors can give a further
insight into comfort assessment.

The physiological difference between comfort and thermal sensa-
tion was confirmed by experimental investigation a long time ago [24].
As a rational experience, thermal sensation is directed towards an ob-
jective world in terms of cold and warm; thermal comfort, on the other
hand, is an emotional experience and relative to expectation [25]. In-
stead of thermal neutrality, an individual's comfort emerges from a
desired sensation or satisfaction [26–28]. In contrast to heat balance
theory, the mainstreaming of adaptive comfort principles assumes that
comfort will derive from the standpoint of adaptation, which is more
than a derivative of neutrality state or an outcome of steady-state heat
balance [29,30]. Individuals have the ability to be more comfortable
through the access to opportunities to modify conditions such as
changing clothing or activity level [31]. The “average person” comfort
has been specified individually and extended by taking into con-
sideration dynamic, integrated and participatory aspects [31–33]. The
postulation that comfort is the physical state of a passive individual
recipient has been developed and advanced to the psychological per-
ception derived from their experience, expectation and reaction. The
individual's role is gaining increasing importance, therefore drawing
more and more attention within comfort modelling [34]. In addition,
comfort has been socially determined and defined by norms and ex-
pectations, shifting from one time, place and season to the other. The
context-based individual and social factors on thermal perception have
been studied through investigation in outdoor spaces, which reveal the
specific thermal requirements of the occupants and their relationship
with the moderating factors [10,35]. Moreover, the culture and climate
that people are used to, their emotional state, visiting purpose and their
use of public spaces may potentially also link to individuals' subjective
evaluation of outdoor comfort [35–38].

A qualitative method linking thermal and spatial information and
people's perceptions has been developed [13]. The divergence between
thermal index and actual response in field studies show that an in-
dividual's thermal expectation and preference induced by contextual
factors are specific to different urban settings and corresponding mi-
croclimates. The energy-balance indices may not be universally ap-
plicable across contexts [39]. The importance of physical, physiological
and psychological influential aspects have been addressed by several
empirical in-situ investigations based on either heat balance theory or
adaptive approaches [37,39,40]. However, the direct causal relation-
ships between comfort and influences have been modelled without
considering psychologically mediated effects. Still, the mechanism of
the influence on comfort was simplified as one single step from the
triggering factors to direct assessment. Few studies investigate the in-
direct effects that are different from the cause-effect process [37,41].
Systematically investigating the perceptual mechanism of comfort as-
sessment therefore becomes necessary and critical [42].

Outdoor activities take place in the context of ever-changing and

non-uniform physical conditions in terms of microclimate and other
environmental elements (e.g. noise, air quality, landscape, lighting,
etc.). Adequate consideration should be taken on the perceptual process
related to the activities within the spatial-temporal and institutional
constraints in urban public spaces. The human dimension of comfort
assessment should be particularly well established in urban public
spaces because this is where people frequently gather [43]. Thus, the
related comfort should be specified as a derivative of an individual's
activities within a particular outdoor environment. The actual adapta-
tion to outdoor activities may be affected by the magnitude of in-
dividuals' familiarity with the place and experience of microclimate
therein [44,45]. From this point of view, we presume that an individual
has his/her own cognitive schema, which is related to their expectation
and familiarity of the microclimatic and spatial condition in intended
public spaces. This insight on participants' responses to comfort derives
from the integrated structure of direct and indirect effects, constituting
the starting point for a new model. Considering explicitly the role of
mediators, in this study, the manifold influencing factors are in-
corporated systematically to reveal their impacts on comfort assess-
ment. More specifically, a comprehensive path model is formulated to
elicit the influential factors and their effective path on outdoor comfort.
We examine the effects of mediators using the data collected from a
field study in the public spaces of Eindhoven city centre, in the Neth-
erlands.

This paper therefore aims to outline an expanded and integrated
conceptual framework that illustrates comfort assessment in non-uni-
form and unsteady outdoor environments by considering the nature and
strength of both direct and indirect influences. The simplified causal
relationships are modelled through path analysis discovering the in-
termediary function of related psychological factors. The path analysis
entails the comfort assessment by both physical microclimate condi-
tions and human factors in a structured process (e.g. emotional status,
perceived meteorological situations and urban spatial settings). We
contend that outdoor comfort cannot be viewed as only a manifestation
of neutral status in heat balance, but rather the outcome of a perceptual
process associated with respondents’ expectations and preference
formed by their outdoor behaviour, thermal experience, socio-demo-
graphic characteristics and emotional status, which are influenced by
experiences implementing behavioural adjustments and psychological
adaptations. Thus, we utilise the acceptability and need satisfaction of
outdoor activities as two mediators. The microclimate and other en-
vironmental stimuli perceived by individuals are related to the degree
of their acceptability and the satisfaction of outdoor activities. As such,
the new approach is consistent with the basic premise underlying the
development of path analysis to replace the traditional methodology by
explicitly taking into account both direct and indirect effects.

2. Methodology

2.1. Field experiment

A series of field studies was conducted in Eindhoven, an industrial
city in the south-east part of the Netherlands. This city is categorised as
having temperate oceanic climates (Cfb) according to the “Köppen-
Geiger” climate classification, which involves a moderate winter and
summer. Such data, for a comfort study, are typically collected through
two methods of in-situ investigation: automated monitoring and
manual survey. A location-based face-to-face interview was considered
the best way to provide in-depth information to help understand re-
spondents' feelings, perceptions, and attitudes in terms of comfort.
Accordingly, the questionnaire used in the survey was conceived based
on an improved conceptual framework with extended consideration of
individuals’ demographics and psychological and behavioural aspects.

The specific locations of the survey were elaborately assigned based
on the principle of Orthogonal Experiment Design (OED, in order to
avoid potential bias caused by spatial settings and functional features of
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public spaces [46,47]. Experiment design has been applied in general
for multivariate analysis. However, studies on outdoor comfort assess-
ment utilising this approach are scarce. The key task in the experiment
design is to find the optimal combination of attribute levels that results
in orthogonality and balance. In practice, however, a fractional fac-
torial design is normally used as a full factorial design normally results
in a large number of combinations.

In this study, the main factors required in OED related to spatial
setting and functional features were selected, which include landscape
water or fountain (W), facility for sitting (F), green lawn (G), catering
kiosk service (A) and trees or shelter from sun and wind (S). Each factor
was set in two levels, resulting in 25= 32 possible profiles in total.
Therefore, optimal combinations of attribute levels were created with
resolution III fractional design. Eight representative public spaces in the
city centre were selected representing the overall situation (see
Table 1). The specific locations are marked on the map, as shown in
Fig. 1 with the corresponding picture of the scene.

The typical meteorological variables, such as air temperature, hu-
midity, global temperature and wind velocity, were measured

simultaneously. Monitoring sensors were equipped on a tripod and
connected with the data-logger and battery according to ISO7726 [48].
To better understand the properties, the range and accuracy of the
sensors were specified. Detailed parameters are presented in Table 2. In
addition, the values of global temperature, air temperature and wind
velocity were used to calculate the mean radiant temperature according
to the modified calculation method [49]. For proper execution of the
survey, the questionnaire was designed in Dutch and English to avoid
language issues. The answer of the rating form was based on a seven-
point Likert scales. In particular, for evaluation of an individual's
emotional status, the Positive and Negative Affects Schedule (PANAS)
was utilised, which was proposed by Watson (1988). In PANAS, re-
spondents were asked to rate to what extent they experienced each of
the 20 effects as described by adjective words (ranging from “not at all”
to “extremely”). Half of the presented adjectives are related to positive
effects and the other half to negative effects. Besides the rating of
thermal sensation, respondents were also asked to evaluate the level of
acceptability and need satisfaction of outdoor activity and comfort as-
sessment.

Table 1
The orthogonal fractional factorial design.

Specific spot G S A F W

S1 1 1 1 1 1
S2 1 −1 −1 −1 1
S3 −1 1 −1 1 1
S4 −1 −1 1 −1 1
S5 −1 −1 −1 1 −1
S6 −1 1 1 −1 −1
S7 1 −1 1 1 −1
S8 1 1 −1 −1 −1

Fig. 1. Studied locations and scene.
(Source: maps were downloaded from www.openstreetmap.org, and photos were taken by the authors)

Table 2
Specification of devices and sensors.

Variable Model Resolution Accuracy

Air temperature NTC 0.01K ±0.05K
Relative humidity HUMITTER 50U 0.1% ±3%, 10–90%
Wind velocity CLIMA 0.1m/s ± 0.3 m/s rms,

v≤ 5m/s
± 3% rms, v > 5m/s
± 5% rms, v > 50m/s

Global temperature NTC (in a black
ball)

0.01K ±0.05K
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The whole course of data collection ranged from the end of March
2015 to the beginning of April 2015 in ten inconsecutive days without
precipitation. With the assistance of 54 Master students from the
Department of Built Environment at Eindhoven University of
Technology, a series of cross-sectional surveys were carried out along
with physical measurements. More than 1000 questionnaire-based in-
terviews were conducted across different locations by randomly re-
cruiting respondents. The portable device with sensors and a data-
logger was set up to monitor the physical condition automatically. A
scene of the survey is shown in Fig. 2. Some respondents were inter-
viewed while sitting on bench with a monitoring device set nearby.
Data on microclimate and noise were collected through the fieldwork.
The survey started with a concise explanation of the research purpose.
The exact start and end times of the interview were recorded. The
duration of each interview was used to synchronise the measurement
for the precise average values of variables. In general, respondents
spent ten to twenty minutes to complete an interview.

2.2. Path analysis

Path analysis is an extension of multiple regression analysis, which
is regarded as a special case of structural equation modelling (SEM)
[50,51]. As SEM deals with measured and latent variables, path analysis
deals with observed variables only. In this study, path analysis is uti-
lised to estimate the magnitude and significance of hypothesised re-
lationships between comfort and sets of variables related to physical
microclimate and individuals’ socio-demographic characteristics, emo-
tional status, expectations and perceptions of microclimate and en-
vironment condition, along with relevant behaviour factors.

The dependent variable in the path model is outdoor comfort, which
is different from the neutral thermal sensation. Further, we believe that,
to conduct activities, individuals need to be involved in active inter-
actions with the urban environment. If the experience of a location does
not satisfy the expectation, the individual will continue to adapt
themselves. However, if the adaptation is repetitively constrained, the
assessment may be negative. Individuals may still be pleased with the
experience although the unpleasant experiences accumulated could
reinforce that individual's perception.

The path model aims to overcome the potential shortcoming in
conventional models, e.g. linear regressions by transforming the causal
influences to direct and indirect effects. These possible relationships
and their strength are cornerstones of the comfort perception me-
chanism, and have to be revealed by path analysis. For example, we
postulate that microclimate affects comfort perception through thermal
sensation and the acceptability of outdoor activities. The time

individuals spend in outdoor environments may have potential impacts
on comfort. We assume that there are relationships between the overall
outdoor comfort and individuals' thermal sensation, thermal accept-
ability and need satisfaction of outdoor activities. In addition, the in-
tegrated exogenous influences, such as microclimate condition, in-
dividuals’ socio-demographic characteristics, behaviour factors,
emotional status and subjective perception of urban settings and cor-
responding microclimate and environment attributes are also in-
vestigated.

The comfort perception is conceptualised as a process in which in-
dividuals attempt to adapt themselves and satisfy the particular need in
outdoor environments, given a microclimate and perceived spatial-
temporal constraints with their own experience. A conceptual structure
of the direct and indirect effects on comfort is presented in Fig. 3. Based
on the hypothesis, the paths have been set up to include the connections
between the endogenous variables and the influences from the exo-
genous variables. Through existing investigations, we predefine the
relationships between comfort assessment and the acceptability and
need satisfaction of outdoor activities. In addition, the endogenous
variables are impacted by the manifold exogenous variables in terms of
place-related attributes (e.g. microclimate condition, environmental
stimuli) and human-related factors (e.g. social demographics, pre-
ference and perception of environment).

The hypothesised connections are illustrated in Table 3. Having
identified the relationships, a maximum likelihood estimation method
was used to estimate the parameters.

3. Results

3.1. Descriptive statistics

Based on the data collected in the field study, the descriptive sta-
tistics of microclimate conditions are presented in Table 4. The whole
fieldwork was conducted at the beginning of spring, which is char-
acterised as a relatively cold thermal condition, having a lowest tem-
perature of 4.2 °C. The wind velocity was up to 3.9 m/s, which is within
an acceptable scope. In general, the ranges of air temperature, relative
humidity, wind velocity and mean radiant temperature are large, which
means the microclimatic condition changes daily and hourly.

In total, we obtained 701 effective samples. The results of the de-
scriptive statistics of socio-demographic characteristics are presented in
Table 5. The majority of respondents are aged between 16 and 35. The
number of males is slightly higher than the number of females. Most
respondents are in good health, with only few reporting indispositions.

Fig. 2. Scene of the field experiment.
Fig. 3. Extended conceptual framework of comfort assessment.
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A large proportion of respondents have the medium body mass index,
ranging from 18.9 to 24.9. In addition, education is mainly distributed
in the categories from “intermediate vocation college” to “Master's
degree holder”. Most respondents are Dutch, while about 23% of the
respondents have a foreign nationality.

The descriptive statistics of behaviour-related factors are demon-
strated in Table 6. It shows more than half of the respondents walked
near to the monitoring devices before they were invited into the survey.
Over 60% of the respondents came with transport tools, including bike,
car or public transportation, and the rest came by foot. Since all surveys
were conducted in public spaces of the city centre (e.g. shopping area,
transportation hub), a large proportion of respondents’ visiting fre-
quency is once a week and more (more frequent than “scarcely”). In
terms of outdoor duration, most respondents spend less than one hour
in outdoor environments and less than 30min in the studied location.
Almost half of the respondents came for the sake of passing by or were
in transit for the next trip, and the rest stayed for different purposes,
such as social activity, shopping, rest, leisure and other objectives.

3.2. Results of the path analysis

The direct and indirect relationships are estimated using the data

collected from in-situ measurements and surveys. The correlation of
exogenous variables was not allowed in this model. Results of the
goodness-of-fit of the path model are listed in Table 7. As demonstrated,
this model is testified as a good-fitting model based on the values of the
Comparative Fit Index (CFI) and Tucker Lewis Index (TLI), which are

Table 3
Hypothetic relationships.

Endogenous variables Exogenous variables

Thermal sensation socio-demographic characteristics
behaviour factors
perception of wind, humidity and
sunlight
physical microclimate

Acceptability of outdoor activity expectation of thermal and wind
condition
perception of wind, humidity and
sunlight
perceived adaptive opportunity
physical microclimate
Thermal sensation

Need satisfaction of outdoor activity socio-demographic characteristics
emotional status
environment propensity
behaviour factors
preference of wind and sunlight
perception of noise and air quality
adaptive preparation
Thermal sensation
Acceptability of outdoor activity

Comfort Thermal sensation
Acceptability of outdoor activity
Need satisfaction of outdoor activity
socio-demographic characteristics
emotional status
expectation of thermal and wind
condition
perception of noise and air quality
perception of spatial attribute
preference of wind and sunlight
behaviour factors

Table 4
Meteorological conditions in the studied areas.

Variable Minimum Maximum Discrepancy

Air temperature 4.2 °C 24.7 °C 20.5 °C
Relative humidity 24.9% 91.2% 66.3%
Wind velocity 0.2m/s 3.9m/s 3.7m/s
Mean radiant temperature 3.8 °C 91.2 °C 87.4 °C

Table 5
Descriptive statistics of social demographics.

Variables Categories Percentage

Sex Male 61.06%
Female 38.94%

Age < 16 2.28%
16 to 25 63.48%
26 to 35 14.55%
36 to 45 4.14%
46 to 55 3.85%
56 to 65 4.14%
>65 3.14%

Health condition Well 91.87%
Sick 8.13%

Body mass index < 18.5 5.85%
18.5–24.9 71.18%
25–29.9 18.97%
>30 2.85%

Education level not higher than high school 9.56%
intermediate vocation college 18.26%
higher professional college 13.69%
Bachelor 30.67%
Master 24.82%
Ph.D 3.00%

Nationality Dutch 77.18%
non-Dutch 22.82%

Table 6
Descriptive statistics of behavioural factors.

Variables Categories Percentage

Motion before interview Sitting 26.82%
Standing 15.83%
Walking 57.35%

Transport mode by foot 37.66%
by bike 22.26%
by bus or by car or by train 40.08%

Frequency of visiting first time 2.28%
Scarcely 13.69%
Occasionally 17.97%
Sometimes 26.11%
Often 39.95%

Total outdoor duration < 15min 30.53%
15–30min 30.53%
30–60min 17.12%
60–120min 10.70%
>120min 11.12%

Duration in current area < 15min 43.22%
15–30min 30.81%
30–60min 12.84%
>60min 13.13%

Purpose of visiting Transit 20.97%
social activity 6.56%
Shopping 16.83%
Rest 15.26%
Leisure 10.70%
passing by 27.82%
Other 1.86%
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greater than the empirical cut-off criterion [52]. Further, the Standar-
dized Root Mean Square Residual (SRMSR) is far less than 0.08. The
value of Root Mean Square Error of Approximation (RMSEA), which
measures the discrepancy per degree of freedom, is smaller than the
empirical threshold, 0.05. In summary, the structure of the direct and
indirect relationships is proved as significant.

As presented in Fig. 4, a majority of the exogenous variables have
indirect impacts on comfort assessment through mediators. Still, there
are some variables that have both significant direct and indirect effects.
Results of the constants are shown in Table 8. The coefficients of all
direct and indirect connections are presented in Table 9 with the level
of significance (***: p < 0.01, **: p < 0.05 and *: p < 0.1).

Based on the estimation results, the microclimatic variables, such as
air temperature, wind velocity and relative humidity, show significant
indirect influence on comfort. However, the mean radiant temperature
has no noteworthy effects. In particular, air temperature significantly
impacts an individual's outdoor thermal sensation. The direct re-
lationship between air temperature and the acceptability of outdoor
activity was also investigated; however, no evident effect was found. In
contrast, relative humidity slightly influences the acceptability of out-
door activity in a negative way but it does not act on thermal sensation.
It is reasonable that wind velocity negatively impacts respondents'
thermal sensations and thermal acceptability because the data collec-
tion was carried out in the early spring with relatively low average air
temperature. In addition, in the context of Dutch historical

meteorology, wind turbulence has been always criticised as an an-
noying phenomenon, especially in the cold and cool seasons. To speak
of mean radiant temperature, as a physical meteorological influence,
although it is the most decisive determinant in some traditional thermal
indices, in this model, only a negligible effect was revealed with a low
significant level according to the estimate for both thermal sensation
and acceptability.

With regard to socio-demographic characteristics, the influences of
age, sex and education level have been demonstrated through the path
model. As shown in Fig. 4 and Table 9, a significant negative direct
connection was found between age and thermal sensation. In the con-
text of the cold season in Eindhoven, senior interviewees responded to
the thermal sensation tending to the colder side, as they may have a
narrower range of neutral thermal sensation than younger respondents,
and may be more sensitive to any deviation from an optimal environ-
ment and express more discomfort through thermal sensation. Never-
theless, we only interviewed individuals between 13 and 85. The in-
fluence of age on juveniles and children needs further investigations.

The education level of respondents is confirmed to have only a di-
rect negative impact on comfort perception, while sex has both direct
and indirect connections with comfort assessment. The indirect effect is
imparted by the mediator of the need satisfaction of outdoor activity.
Respondents with a higher education level had a lower comfort level. In
addition, the male was inclined to have a more comfortable feeling than
the female in an outdoor environment, and felt more satisfaction in
outdoor activity. A growing number of studies have found significant
differences in thermal comfort between sexes and many field studies
showed that females express more discomfort than males, especially in

Table 7
Goodness of fit of the path analysis.

Chi-Square Test

Value 197.614
Degree of Freedom 86
P- value 0.000
SRMR 0.014
RMSEA 0.043
CFI 0.935
TLI 0.889

Fig. 4. Diagram of path analysis (variation due to error is not included for simplicity).

Table 8
Estimation of the intercepts.

Intercepts Estimate Standard Error P-Value

Thermal sensation 2.339 0.816 0.004
Acceptability of outdoor activity 5.892 0.963 0.000
Need satisfaction 1.218 0.578 0.035
Comfort 1.254 0.442 0.005
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cool conditions [53], which is similar to the result of the current path
analysis. The emotional status of respondents was investigated in the
survey by the standard method and represented as positively or nega-
tively affecting comfort. Both emotional aspects were connected with
need satisfaction and comfort assessment. Positive effects may increase
the satisfaction and comfort, while negative effects may reduce com-
fort. The preference to urban settings or natural environments was
taken into account as a determinant. Respondents who prefer an urban
setting are more satisfied compared with those who are keen on a
natural scene.

In case of behaviour-related factors, results show that respondents
with a motion state of sitting and standing before the interview were
inclined to experience a warmer sensation, compared with those who
were walking. With regard to the transportation mode, in particular,
walking negatively influenced thermal sensation and the need sa-
tisfaction of outdoor activities compared with biking and taking private
vehicles or public transportation. Biking, as a popular transportation
mode for daily life, has no observable difference compared with taking
a private automobile or public transportation. Further, the indirect
impacts of walking on comfort perception are through thermal sensa-
tion and need satisfaction. In addition, in terms of time spent in the
outdoor environment, the duration of the whole series of outdoor ac-
tivities influences both thermal sensation and the need satisfaction.
People who spent more outdoor time rated lower thermal sensation and
need satisfaction; however, the respondents who stayed longer in the
studied public space facilitated their rating of need satisfaction of
outdoor activity. The purpose of people's outdoor activity for resting,
shopping, leisure and passing positively affects their comfort through
need satisfaction. The frequency of visiting was proved to have a po-
sitive connection with comfort assessment. People who visited the place
more often are in favour of a more comfortable assessment.

We also considered the individuals' perceived microclimate condi-
tion, noise and air quality, which play an important role in modelling
comfort perception. When respondents perceived higher wind speed
and humidity, they reduced their evaluation on comfort. In contrast,
higher perceived sunlight positively influences the respondent's com-
fort. In addition, these influences affect comfort perception through
four paths, namely: 1) thermal sensation; 2) acceptability of outdoor
activity; 3) thermal sensation and need satisfaction of outdoor activity;
and 4) acceptability and need satisfaction of outdoor activity. The in-
dividuals' perception of noise negatively impacts the comfort assess-
ment directly and through need satisfaction indirectly. However, the
perceived air quality positively influences comfort in both direct and
indirect ways. Respondents are more satisfied with better air quality for
outdoor activities. In addition, the perceived openness of the public
space, as an indicator of spatial setting, positively influences comfort.
Through need satisfaction the indirect impact of perceived openness is
passed on comfort as well.

Considering that comfort perception may rely on individuals' ex-
perience, expectation and preference, our results show that the ex-
pected thermal and wind condition have evident connections with the
acceptability of outdoor activity and comfort assessment. If respondents
expect a warmer outdoor thermal condition, they respond with higher
acceptability but a less comfortable feeling. The influence of expected
wind speed negatively influences acceptability and comfort assessment.
In terms of the impacts of respondents’ expectation of thermal and wind
condition, individuals who thought the outdoor thermal condition to be
warm may have a high acceptability of outdoor activity. However,
when they go out and experience an outdoor thermal condition that is
colder than their expectation or out of their neutral range, they might
respond with a lower comfort perception.

In the case of wind expectation, the situation is different from the
thermal condition. Individuals with high wind speed expectation find
outdoor activities disagreeable and also degrade their comfort feeling.
The effects of the preference of wind speed and sunlight on need sa-
tisfaction of outdoor activity and comfort perception are positive and

Table 9
Estimation results of the path model.

Estimate Standard Error P-Value

Thermal Sensation on

air temperature 0.159 0.039 ***0.000
wind speed −0.267 0.083 ***0.001
relative humidity 0.004 0.007 0.588
mean radiant temperature 0.005 0.006 0.378
age −0.006 0.004 *0.097
sitting 0.263 0.114 **0.021
standing 0.352 0.145 **0.016
by foot −0.308 0.113 ***0.007
by bike −0.054 0.128 0.676
perceived wind speed −0.131 0.032 ***0.000
perceived humidity −0.058 0.031 *0.059
perceived sunlight 0.249 0.030 ***0.000
total outdoor duration −0.197 0.037 ***0.000

Acceptability for outdoor activity on

air temperature −0.052 0.045 0.249
wind speed −0.263 0.095 ***0.006
relative humidity −0.050 0.008 ***0.000
mean radiant temperature 0.004 0.007 0.576
prospective thermal sensation 0.168 0.040 ***0.000
prospective wind speed 0.060 0.037 *0.106
perceived opportunity 0.076 0.035 **0.032
perceived wind speed −0.065 0.039 *0.095
perceived humidity −0.064 0.036 *0.075
perceived sunlight 0.146 0.037 ***0.000
Thermal sensation 0.265 0.045 ***0.000

Need Satisfaction on

sex 0.205 0.102 ***0.044
environmental preference −0.046 0.026 **0.080
positive affects 0.026 0.007 ***0.000
negative affects −0.033 0.010 ***0.001
by foot −0.496 0.122 ***0.000
by bike −0.132 0.134 0.326
waiting for bus or train 0.462 0.374 0.216
resting 1.000 0.385 ***0.009
social activity 0.234 0.410 0.569
shopping 0.901 0.377 **0.017
leisure 0.789 0.390 **0.043
passing by 0.910 0.380 **0.017
perceived spatial openness 0.145 0.036 ***0.000
adaptive adjustment 0.491 0.146 ***0.001
total outdoor duration −0.128 0.051 ***0.012
duration in current place 0.197 0.064 ***0.002
perceived air quality 0.096 0.035 ***0.006
perceived noise −0.066 0.032 **0.041
preference of wind speed 0.083 0.034 ***0.014
Thermal sensation 0.211 0.035 ***0.000
Acceptability of outdoor activity 0.117 0.031 ***0.000

Comfort on

sex 0.263 0.091 ***0.004
education level −0.144 0.034 ***0.000
visiting frequency 0.079 0.038 **0.037
positive affects 0.029 0.006 ***0.000
negative affects −0.032 0.009 ***0.000
prospective thermal sensation −0.074 0.032 **0.020
prospective wind speed −0.101 0.028 ***0.000
perceived air quality 0.088 0.031 ***0.004
perceived noise −0.059 0.029 **0.040
preference of wind speed 0.071 0.030 **0.020
preference of sunlight 0.048 0.029 *0.097
perceived spatial openness 0.127 0.031 ***0.000
Thermal sensation 0.303 0.034 ***0.000
Acceptability of outdoor activity 0.130 0.028 ***0.000
Need satisfaction 0.246 0.032 ***0.000
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significant. Since the data collection fieldwork was conducted in a cold
season, the preference of sunlight naturally drives up the comfort per-
ception in outdoor environments. In general, people who prefer higher
wind speed in general perceive more comfort.

Furthermore, due to the importance of people's adaptation in ex-
isting comfort-related studies, we asked people, based on the actual
spatial settings and facilities, whether they did self-adaptation before
outdoor activities and what their perceived opportunities of adaptation
are in the studied areas. Results signify that the need satisfaction of
outdoor activity increases if people adapted before going out. Similarly,
if respondents perceive more adaptive opportunities, they would en-
dorse outdoor activities.

4. Conclusion and discussions

Research on outdoor comfort in urban public spaces is of high im-
portance to increase the site attractiveness, people's outdoor activities,
and the quality of life in general. Comfort assessment not only depends
on a neutral thermal sensation, but also on the contextual information,
service level of infrastructure, and even people's psychological factors.
A proper method to evaluate the actual comfort of individuals is ne-
cessary for various stakeholders in urban management, design and
planning, in order to improve the existing infrastructure and outdoor
environments.

Therefore, to enhance the understanding of comfort assessment in
urban public spaces, this paper proposed an extended modelling fra-
mework for outdoor comfort by incorporating physical microclimate,
social demographical information and individuals’ subjective percep-
tions, expectations and preferences. A path analysis method is used to
examine the direct and indirect effects of various factors on the sub-
jective comfort in urban public spaces using the data collected in a field
survey. Although our modelling is based on the context of a Dutch city
that is characterised by a temperate ocean climate, the methodology
proposed in this paper is generic and applicable in other contexts, e.g.
different public spaces, diverse climate zones. This methodology com-
prises a standard process of field study and path model based on an
expanded conceptual framework dealing with complex situations.

The results show that people's thermal sensation increases in ac-
cordance with air temperature but counter to wind speed. The pro-
spective microclimate of outdoor environment in terms of thermal
sensation and wind speed influences the acceptability of outdoor ac-
tivity in a positive way. However, their direct effects on comfort are
negative. Individuals who expected a warmer thermal condition and
windy outdoor environment had a higher acceptability of being out; in
contrast, they form a lower comfort assessment. When the real condi-
tion was not approximate to the previous expectations, respondents
were more likely to lower their comfort assessment. Moreover, pre-
ference of wind positively influences the need satisfaction of outdoor
activity and comfort assessment, which indicates that respondents with
a preference for windier outdoor conditions were apt to feel more
comfort. The preference for sunlight also shows a direct positive effect
on comfort.

When respondents initiatively prepared for adaptation to outdoor
environments, or received more information on the adaptive opportu-
nities approved by the public space spatial settings, they may perceive
more comfort. On the other hand, a better acquaintance with a certain
space and the positive impression of spatial openness improves an in-
dividual's comfort perception. Hence, the behavioural adaptive pre-
paration for outdoor activities, good understanding of the microclimate
and urban settings could influence the acceptance level and satisfaction
of outdoor activities, as well as the comfort perception.

Further, we found that the comfort perception was getting worse
with the increment of activity duration in the outdoor environment
because the thermal sensation and the satisfaction of outdoor activity
kept going down. However, the time spent in the public spaces posi-
tively influenced the satisfaction, thereby improving the comfort

feeling. This may be attributed to the differences in visiting purposes.
For instance, people who are immersed in the destination and carry out
their own activities may have a higher magnitude of satisfaction.
However, the total duration in the outdoor environment normally
comprises not only the time of activity in the given public space but also
the time for travel and for waiting.

As comfort perception is fundamentally different from the neutral
thermal sensation, we speculate that the comfort assessments of re-
spondents are dependent on high motivation, the acceptance of being
outdoors, and the satisfaction with outdoor activities. We contend that
the direct simplified process from physical condition to comfort per-
ception has to be substituted with an extended framework. Regarding
the comfort assessment per se, the majority of participants responded
with comfort feeling based on their own condition. If we include the
respondents who responded neutrally, neither comfort nor discomfort,
into consideration, approximately 81.5% respondents perceived no
discomfort in urban public spaces. Thus, to further understand the
outdoor comfort issue, more comprehensive data collection and more
sophisticated modelling approaches are required. Moreover, the im-
pacts of transportation and urban spatial setting on comfort might be
considered in future studies.
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