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Appendices

Appendix A Microclimate and background weather conditions during survey

Table Al Microclimate conditions during survey and background weather conditions

Microclimate condition during measurement*

Weather condition of the day®

Strat o o °
Date G Ta (°C) Rh (%) Tmrt (°C) v_mean VHD Ta(°C) Rh_mean Cloud_mean
Mean Min Max Mean Min Max Mean Min Max (M/s)  warning?  Max  Min  Mean (%) (%)

07/07 11:25 3254 3153 33.27 75.10 73.14 78.03 4271 3997 45.17 1.20 v 33.4 29.0 30.4 76 71
07/08 11:14 3275 31.77 34.14 73.25 67.85 76.36 4434 31.37 61.73 1.09 ) 33.2 28.8 30.4 76 48
07/14 11:28 3454 3351 35.82 5955 55.24 62.95 46.72 3256 65.64 1.22 v 33.8 28.5 31.3 71 68
07/28 15:13 35.30 34.71 36.86 57.40 52.25 60.46 43.10 35.03 74.07 1.20 v

34.7 28.9 31.5 72 86
07/28 15:48 3535 34.65 36.78 57.22 53.37 6134 41.15 33.86 56.72 0.94 )
07/31 9:44 3195 31.36 32.80 7459 70.38 77.88 4522 3242 62.07 0.99

325 26.5 29.1 84 85
07/31 10:30 32.06 3152 33.34 7241 66.60 76.83 4261 30.57 59.96 0.96
08/02 10:23  33.23 3284 34.20 57.88 52.87 61.13 45.09 30.19 64.32 0.97 v
08/02 10:54 33.45 32.72 34.42 55.11 51.11 58.58 40.06 32.14 63.39 1.10 v 34.6 27.9 30.4 70 52
08/02 11:35 34.09 33.09 35.01 5154 47.43 53.76 4574 3249 59.68 1.51 )
08/03 10:28 33.15 32.32 34.34 61.01 57.64 63.23 4542 31.72 62.36 1.18 v 35.1 27.9 30.8 73 43
08/05 13:20 33.93 32.79 34.98 70.94 66.61 74.65 4594 31.68 70.16 0.81 )
08/05 14:26 32.67 3193 33.24 7321 69.98 77.91 41.26 33.19 59.73 1.96 v
08/05 14:59 33.37 32.82 33.95 71.36 68.45 74.31 41.38 32.21 53.10 1.08 v 33.0 28.3 30.4 79 84
08/05 16:09 32.80 31.96 33.28 72.33 70.93 74.62 41.11 30.59 65.91 2.17 )
08/05 16:38 3299 32.39 3340 7135 69.71 72091 41.70 3157 62.94 1.68 v
08/08 11:41 33.68 32.25 34.64 68.26 64.41 70.94 48.57 34.73 73.85 1.40 ) 33.3 28.9 30.3 74 69
08/09 15:25 32.83 32.08 34.10 76.60 70.66 79.60 39.36 32.68 62.55 1.05 )

32.8 28.7 30.3 76 73
08/09 15:56 32.42 31.64 32.96 78.02 75.52 80.16 42.16 32.06 61.96 1.27 v

1



08/12  14:18 3258 31.73 33.36 69.04 66.18 72.12 48.22 3230 70.15 1.86
08/12  14:53 31.89 31.47 3223 73.24 7216 75.85 39.57 3151 59.95 1.20 32.1 26.6 29.0 79 86
08/12  15:50 31.08 30.57 31.44 76.38 7343 77.87 34.65 30.91 42.04 0.97
08/15  14:42 3210 30.78 33.66 75.95 7122 79.36 38.83 3054 7274 1.28
08/15 1552 30.58 29.56 31.69 81.04 7433 90.27 34.61 29.84 42.67 0.62 32.5 28.8 29.9 80 85
08/15  16:23 31.07 30.82 31.37 78.65 76.77 81.39 3415 30.08 43.87 0.77
08/16  14:30 34.22 3341 3599 69.90 6546 72.83 49.31 34.70 68.90 0.98
08/16 15141 3399 33.05 3543 66.26 62.81 69.74 4539 32.06 64.31 0.83 34.0 28.8 30.6 78 70
08/16  16:06 33.09 32.74 3371 68.78 65.45 71.73 3751 32.04 57.74 0.77
08/20  14:34 31.08 30.27 32.07 7594 70.04 84.84 36.70 30.38 44.17 0.74

315 28.4 29.7 80 86
08/20  15:07 31.12 30.70 31.42 76.61 74.12 83.15 3412 29.83 38.98 0.35
08/21 1450 31.06 30.71 31.25 79.40 76.70 86.85 33.78 30.46 38.57 0.76
08/21 15551 31.14 30.76 31.48 78.65 75.83 82.86 35.35 31.06 46.49 0.62 32.1 28.2 29.6 82 86
08/21  16:16 30.93 30.76 31.20 7748 75.83 79.05 32.10 3048 3454 0.79
08/22  11:39 30.67 29.97 32.39 82.03 76.51 84.56 39.63 29.38 60.04 0.63
08/22  12:30 3281 3157 33.97 71.61 67.59 74.55 50.15 35.83 58.78 0.94
08/22  12:58 3236 31.85 32.86 7151 69.31 74.00 36.08 31.97 48.65 1.00 33.0 28.0 30.0 79 88
08/22  14:42 3279 32.00 3355 71.78 69.54 74.02 43.61 30.34 58.72 1.06
08/22  15:11 3271 3219 3352 7150 69.71 73.72 46.29 31.22 60.18 0.94
08/26  10:39 30.33 29.37 30.95 82.89 77.46 88.83 3356 28.32 37.06 0.40 32.8 27.9 29.7 83 88
09/04  14:35 33.68 33.01 3431 6591 63.94 68.83 4113 33.27 52.87 0.93

32.6 27.3 29.9 73 87
09/04  15:07 33.17 32.63 34.02 67.58 64.77 70.48 3341 30.85 35.88 0.53
09/13  13:13 2952 28.90 30.17 84.80 81.33 89.34 3691 28.65 53.92 0.92

30.4 26.8 27.9 88 87
09/13  13:41 28.90 2857 29.25 86.02 84.89 87.64 31.83 28.15 37.47 1.52
09/17  14:35 31.07 29.85 32.30 7754 7321 81.23 40.13 29.47 59.28 151 317 26.8 28.5 85 79
09/19  11:13 3207 3130 33.34 67.43 62.61 70.62 36.86 29.99 55.43 0.68 33.5 27.3 29.5 79 48
09/20 9:18 30.06 29.70 30.52 80.26 76.98 82.72 33.03 2941 3851 1.02

32.9 27.5 29.6 76 28
09/20  10:31 30.92 30.03 3201 76.41 7220 79.82 3890 29.21 63.08 121



4
5
6

09/20  14:44 31.90 30.68 33.06 7310 66.03 82.13 4099 3009 6434  0.69 v
09/20 1518 3213 3171 32.92 68.12 6530 70.89 39.85 3042 59.24  0.76 v
09/21  10:46 31.25 3094 31.79 7825 7575 80.34 3432 3009 4991 061 v
09/21  11:43 3293 3216 34.34 72.67 67.35 74.68 4509 31.61 60.69 147 v 336 276 300 77 28
09/21  12:30 33.80 33.00 34.64 69.15 6471 7158 51.28 3158 6751 169 v
09/22  15:08 3272 3206 33.77 66.95 63.94 69.97 38.87 3134 5219 135 v
09/22 1536 31.64 3128 32.16 68.90 66.84 72.23 32.24 30.85 3356  0.96 v U4 84 302 & o7
09/23  12:08 32.33 3157 3324 65.35 62.33 67.01 3895 30.72 6418 128 v
09/23 15110 3259 3172 33.29 63.93 6147 66.50 35.17 3024 4129 104 v 337 283 301 74 52
09/23  16:51 30.62 30.45 30.86 7231 7127 7365 31.32 3000 3321 108 v

1 Calculated by using the data collected at all stopping points. For the calculation of Tmrt, refer to the method section.

2 VHD very hot days warning. Data from Hong Kong Observatory.
3 Data collected from Hong Kong Observatory.
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Appendix B Microclimate measurement and data preprocessing details
B.1 Microclimate measurement instrument

Fig. B1 shows the backpack station we used to conduct mobile measurement of thermal
exposure along with the participant, which was equipped with the devices introduced in Table 1.
Ta, Rh, and v were measured with Testo 480 and calibrated sensors. They feature exposed
sensors, which enable fast reaction time under walking condition. Two black globes were used to
measure Tg, i.e., one 40mm black globe made from a table-tennis ball painted with black matt
paint, and one 25.4mm copper black globe on Kestrel 5400 Heat Stress Tracker. The 25.4mm
copper black globe on Kestrel 5400 Heat Stress Tracker requires 8min to reach 95% accuracy
after dramatic environmental changes, according to the user manual. Although less accurate
compared to a metallic black globe due to the thermal property of plastic [1], black globes made
from table-tennis balls feature dramatically shorter response time, reported as short as several
minutes [2,3], which is more appropriate for measurement during walking. Comparatively, the
three Apogee net radiometers used to measure longwave and shortwave radiation in six
directions feature a responding time of 1s, and can therefore well depict the radiation condition
along the route without lag.

Insta 360 X3
panoramic camera §°

s ;estlo conl::ort &t E
vel pro e 4
L0 40mm Ie }'

‘ tennis ball ‘:'

-~

W Testo temperature/
o~ hum d

‘ Apogee net
‘ rndlomeler

Fig. B1 Backpack microclimate measurement instrument
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Among these devices, Kestrel 5400 measures Tg with a 25.4mm copper black globe. As
introduced by the instrument supplier, it approximates standard Tg by using the ASHRAE’s
Tmrt Equivalent method,

1.10x108xv %6 x(Ty—T,) 0-25

exd0-4

Tre = [(Tg + 273.15)4 + (BO)

where T, is globe temperature, T, is air temperature, v is wind velocity, d is the globe diameter,
and ¢ is the emissivity of the black globe.

Therefore, the output T, of Kestrel 5400, which is converted to standard black globe, is
influenced by the v measured by itself, and by not using Kestrel to measure v, more accurate T
could be obtained. We therefore didn’t measure v with Kestrel 5400.

In addition, to match the data sampling frequency of other devices, the measured Tg were
interpolated by using the mean of adjacent two measured values. The interpolated values were
only used in the cross correlation analyses.

B.2 Details of thermal comfort and heat stress indices calculation

B.2.1 Calculation of PET and mPET

We calculated PET and mPET by using Biometeo 0.2.9 [4], which can perform more accurate
calculation compared to Rayman. Table B1 demonstrates the input parameters for the calculation
of PET and mPET. Default settings for personal data were applied, while inputs of clothing and
activity were accommodated. For PET calculation, default clothing and activity level is used, so
that the results can be compared with the past local benchmarks which have used the same
settings. Yet for mPET, the metabolic rate 165W/m? for walking on ground level at a speed of
4km/h, and thermal insulation 0.5clo for summertime daily wearing (with underpants, shirt with
short sleeves, light trousers, light socks, and shoes) were used [5], which are consistent with the

situation of the walking survey.

Table B1 Input parameters for calculation of PET and mPET

Category Item PET calculation ~ mPET calculation
Personal data Height (m) 1.75
Weight (kg) 75.0
Age (a) 35
Gender Male
Clothing and activity Clothing (clo) 0.9 0.5
Activity (W) 80 165

Position Standing

5
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B.2.2 Natural web bulb temperature estimation method

To calculate HKHI by using formula (3), natural web bulb temperature (7,,,,) is required as
an input parameter. We spotted two ways of estimating T, with the microclimate variables we
measured, i.e., Ta, Rh, v, and Tmrt.

The first is a set of empirical models summarized by Bernard [6]. This estimation method is
also adopted by Kestrel instruments, as introduced by Carter et al. [7]. This method estimates
T from psychrometric wet bulb temperature (7,,,5), and considers low and high radiant heat
conditions, as shown in formula (B1).

_ { To— C X (Ty = Tywp), if Tyrso — Ta < 4 (B1)
" Tpwp +0.25(Ty150 — Ta) + &, if Tgrs0— Ty = 4
0.85 ,v < 0.03 o v <01
where C = {0.96 + 0.069log;ov ,003<v<3,ande = F -02 ,01<v<1.
1.0 v >3 —0.1 v >1
Formula (B1) requires Ty, as an input, which can be estimated by using formula (B2).
Tpwp = 0.376 + 5.79P, + (0.388 — 0.0465P,) X T, (B2)
where P, is ambient water vapor pressure in kPa.
Formula (B2) requires P, as an input, which can be estimated by using formula (B3), as
applied in program in 1SO 7933 [8].
RR 17.27Tq
P=(2) % 0.6105¢(7ar2573 (B3)

The second estimation method of T,,,, is provided by ISO 7243 [9], which is based on the

heat balance equation of a wet wick, as shown in formula (B4).

418 X V0444 (T, — T,,,) + 1078 X [(Type + 273)* = (T, + 273)*] — 77.1 ¥

U0'421[Pas (Taw) — Rh X Pas(Ta)] =0 (B4)
where P, is saturated water vapor pressure in kPa, which depends on temperature. Similar to
formula B3, we followed formula B5 to estimate P,;.

6
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17.27T ]

P, = 0.6105elr+2373 (B5)

Considering that in this study, measurements were conducted under non-static conditions,
which results in inaccurate Tg measurement due to the long responding time, we applied
formulas B4 and B5 to estimate T, by using T,,.,.. calculated from 6-directional longwave and
shortwave radiation. Bisection method was implemented in R to estimate T,,,, with an accuracy
of 6 decimal places. It is also for the same reason that the T, output from Kestrel 5400 is not

used for HKHI calculation.
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Appendix C Field survey details
C.1 Questionnaire used in the field survey

Fig. C1-3 are the questionnaire used in the field survey. The participants were not given a
hard copy of the questionnaire, but were asked verbally and responded the same time they
experienced the environment. Their responses were taken by using an online survey system. We
believe this is a better and more efficient way to have the participants experience the

environment rather than reading and then responding to the questions in outdoor environment.

SR GE B[ - FS L A <

Date: Time: Weather: Participant no.:

B—IRa AT MR E B

Part I: Pre-walk survey for basic information

1. #7] Biological sex
% Male [ 4% Female

2. £Eig Age group
18-25 26-35 36-45 45+

3. B7ERE 2 SERE RIMMBEEFES#? Have you been living in Hong Kong for the last 2 years?
/& Yes U5 No

4. EETEEEAILEWHMLER? How long have you been living in this PHE.
04 Oycars. [<2%F Less than 2 years. 2-5 £ Ranging 2-5 years. >5 4 Over 5 years.

5. HERTHT 30 SRS A0SR R T ML DA TR
What types of activities did you engaged in in the previous 30 minutes?
BEAG 4 ORI, ) Ohr OfriE D) CHAD
Sleeping [Sitting(Relaxing, working) [ Standing "'Walking [1Exercising [1Others___

6. BILHHEFHRI. What are you wearing?

(o CERNRE 2 RE L INE - E M DR DR

C%. 0fF B OF D&

Upper body: ['Non-sleeve [1Short-sleeve "IShirts "/None Lower body: [ Shorts [ Trousers
Masks: [1Yes [INo Hat: "Yes [1No

Fig. C1 Questionnaire: Part |



RS AT RSB ER A

Part II: Thermal and environmental perception during walking

REMARAEL S, FHEETHRE.

Please answer the following questions based on your personal experience.

1. HASEBRS R ET F SRR,

Concerning the overall environmental quality at this moment, you find it

0-2 & 0-1 8% 0o i&H 01 &4 02
[J-2 Bad -1 Slightly bad [JO Neutral 1 Slightly Good 12 Good

2. MRAMIRS F &R RutA,

Concerning the thermal environment at this moment, you find it
0-3 % O-2 /K 01 BER 0o i 01 BiamK
0-3 Cold 0-2 Cool 0-1 Slightly cool 00 Neutral 01 Slightly warm

01 &% 02 A& 03 A&l 04 RAEFIH

0-2 g 0-1 &7t 0o & 01 &hirin
[J-2 Unpleasant I-1 Slightly unpleasant  [JO Neutral [J1 Slightly pleasant

3. HRRANEREEERR,

Concerning the scenic beauty, you find it

0-2 FER 0-1 EAEN 00 & o1 Exn

-2 Bad (-1 Slightly bad [JO Neutral 01 Slightly good

4. BRBERRERA,

Concerning the acoustic environment at this moment, you find it

0-2 Wb -1 #ewbiE 00 i 01 Bk

[J-2 Noisy [J-1 Slightly noisy [JO Neutral 01 Slightly quiet

5. HOLRRER S,

Concerning the visual environment at this moment, you find it

0-2 B 0-1 ¥ FiE 0o ig 01 #RIER

-2 Dim -1 Slightly dim 00 Neutral 01 Slightly glaring

6. HRERERERA,
Concerning the air quality at this moment, you find it

0-2 % 0-1 #&% 0o & 01 8ehy
-2 Bad -1 Slightly bad [0 Neutral 01 Slightly good

7. HRITEREBIEESR,

Concerning street safety at this moment, you find it

0-2 Rz 0-1 B z4 0o g 01 &xe
0-2 Unsafe O-1 Slightly unsafe 00 Neutral 01 Slightly safe

02 Rk 03 4¢84
O2Warm 03 Hot

[ERE R N5

001 Comfortable [2 Slightly uncomfortable [03 Uncomfortable [04 Very uncomfortable  [15 Extremely uncomfortable

02 fte

2 Pleasant

02 €W
02 Good

02 HR

02 Glaring

02 %
02 Good

87
88  Fig. C2 Questionnaire: Part 11
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B TEREE

Part IIT: Post-walk survey

1. ERABRTERE Q¥ OTERRRETHED?
Do you think this walk is similar to your daily walking experience?
DIRARML DRABLL DBAMLL DIRAMLL OAEE

[JVery much [Relatively yes [Relatively not [JVery much not [JNot sure

IR EVERE AR A, AR R

If the answer is relatively not/very much not, then the reason is

2. ERARERMAN BRI T EMBET A VR E 5 ?

Do you think there is any significant difference in the walking experience inside and outside the estate?
ORMAYSEEREWS DEBRREREWS 0 FHME

ORBABHRESS OEBANHELR RS ORE

3. BERAESRTERET, SAERMAXGRANBBTEBRNIREETLA?

How much do you think thermal perception contributes to the overall walking experience during walking today?
OfRX 0K 02 0fR2 DFHEE

OMuch OSome 0OFew [OVeryfew [Not sure

MAEERAL/RL, BEHEREERZABTEREBOERER

If the answer 1s few/very few, then what factor(s) do you think contributed the most

4. BERBSTITERES, KUNRAERTEMRRYRMETZK?

How much do you think greenery has contributed to improving your walking experience during your walking today?
Ok ok 04 OiR2 oAz

[OMuch 0OSome OFew [JVeryfew [Not sure

MREVER A/ RE, WEHERREZANTERROFRERK

If the answer is few/very few, then what factor(s) do you think contributed the most

5. BRAEARBSRITEREPHRKMERLTREA BRITERR?

Do you think your walking experience can be improved by improving the greenery elements along today's walking route?
DRARRE OFASE DRAATEE DIRATTEE OAHEE

OVery much likely OLikely [OLesslikely OUnlikely ONot sure

Fig. C3 Questionnaire: Part 111

10




91 C2 Walking routes and stopping points

92 As introduced in Section 2.1, three types of public spaces, i.e., open squares, vegetated

93  spaces, and semi-outdoor spaces, are of our interests, and the walking paths are meant to link

94  between these types of spaces. The diversity of the spaces one participant experienced is

95 illustrated in Fig. C4-5, which shows the calculated SVF and GVI of the front view images along
96 two walking trips. More examples of the three types of public spaces as stopping points from

97  each of the five selected PHEs are shown in Fig. C6-8. With similar building typologies, and

98  generic design of the public spaces, they exhibit a striking visual resemblance.

SVFGVI

99
100 Fig. C4 SVF and GV variations along the walking trip on Aug. 9, 2023 in Lai Kok and Lai On Estates

SVEGVI

101
102  Fig. C5 SVF and GVI variations along the walking trip on Sep. 23, 2023 in Choi Hung Estate

11



18l Lai Kok and Lai On Estates

103 . L L -

104 Fig. C6 Sky view and panoramic view of the three types of public spaces as stopping points: open squares
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105

106 Fig. C7 Sky view and panoramic view of the three types of public spaces as stopping points: vegetated spaces
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il Lai Kok and Lai On Estates

107

108 Fig. C8 Sky view and panoramic view of the three types of public spaces as stopping points: semi-outdoor spaces

14



109

110
111
112
113
114
115

116
117

118
119
120

Appendix D Calculation of built environment characteristics

The panoramic video processing workflow is illustrated in Fig. D1. Video and image
processing, and computer vision tasks were accomplished in Python. We used an Insta360 X3
panorama camera to record the simultaneous exposure to the built environment. The video was
first exported at a size of 3840x1920 pixel, and we extracted panoramic images by every second.
By using a Mask2Former model trained on Cityscapes with Swin-S as backbone [10], semantic

segmentation was conducted.

Panoramic
Video

Semantic segmentation.

& By every second.

20 8%

&'nn\‘cn the upper half to sky view image and calculate SVI'. /

At stopping points only.

[a] | [B]

Calculate GVI by using the part that well represents the eye-level view. /

Fig. D1 Panoramic video processing workflow with two examples.

On one hand, following the algorithm of ref. [11], the upper half of the segmentation result
is transformed into sky view image, and the areas classified as sky is further used to calculate

SVF. We followed the algorithm by Rayman [12,13], as detailed in Rayman manual and by ref.
15



121
122
123
124

125
126
127
128
129
130

[14]. As pointed out by ref. [14], the calculation of SVF in Rayman does not weight to include
the relation between incoming radiation and zenith angle, which leads to disparities in calculated
SVF value compared to other methods. However, as Rayman is widely used to calculate SVF by

using fisheye images, we still adopted this calculation method.

On the other hand, the areas classified as vegetation and terrain are used to calculate GVI. It
is calculated as the proportion of green pixels out of the total area [15], which describes the
visibility of greenery at eye-level [16]. Due to the severe distortion at the top and bottom of the
panoramic image, similar to ref. [17], we cropped the panoramic image by selecting the part that
well represents the eye-level view, which is the upper 60° range and lower 40° range in our case,
as shown in Fig. D1.

16
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Appendix E Results supplementary
E.1 Construction of path analysis and results details

E.1.1 Hypothesis of pathway models

We aim at building pathway models among built environment characteristics, microclimate
conditions, physiological parameter, thermal perceptions, and environmental perceptions to
reveal their multivariate associations. The following presents the procedures that we formulate

the pathway models we examined with the field data.

Model 1 (Fig. E1(a)) evaluates the multivariate association among built environment,
microclimate conditions and three aspects of thermal perceptions. Built environment
characteristic influences outdoor thermal environment [18], with SVF contributing significantly
in summer in public spaces in PHEs [19]. And the thermal environment, quantified by
microclimate and thermal comfort indices, further determines subjects’ thermal perceptions [20].
In particular, under transient condition, the sensation of thermal environment and its changes
determine the comfort perception, and thermal pleasure is likely to be induced when the subject
feels “comfortable” as the thermal stress is relieved [21,22]. With the considerations of the
affective and hedonic aspects of thermal perception, we construct the three aspects of thermal

perceptions in the current form.

Based on Model 1, dTskin is further incorporated as a physiological parameter, considering

that Tsk is a crucial indicator of human physiological state and dynamic thermal comfort [22,23].

Based on Model 1, multi-sensory environmental perceptions and overall environmental
quality are incorporated. The multi-sensory perceptions are contributors to perceived
environment quality of the built environment [24]. Though not an in-situ survey, ref. [25]
revealed the association between built environment and the perceived environmental quality
consisting of safety, aesthetic value etc. We therefore detailed the pathway in this study with
field in-situ data in the current form, which incorporates the thermal realm that can only be

evaluated on site with thermal stimuli.

17



157 Model 4 is constructed by jointly considering all factors stated above. For conciseness, we
158  presented the optimized pathway models in Fig. 5. The detailed results of each model are

159  presented in Section E.1.2.

Microclimate
conditions

L_SVE |

m Environmental
perceptions
//

Physiological
paramcter

160 ®

161  Fig. E1 Hypothesis of pathway models

162 E.1.2 Detailed model results

163 Fig. E2 presents the results of Model 1. We tested different combinations of microclimate
164  and thermal comfort indices, and Model 1-3(Fig. E2(e)) is the model with best fit, as quantified
165 by TLI and CLI. Compared to Model 1-1 (Fig. E2(a)), models excluding Ta as an exogeneous
166  variable (Model 1-2, Fig. E2(b-d)) demonstrated better model fits. And the model using mPET
16 (Fig. E2(d)) instead of Tmrt (Fig. E2(b)) demonstrated the best model fit. Therefore, mPET is

168  used in subsequent analyses.

\‘
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| SVF

n=342 £=136.903 P=0.000 df=8
CF1-0.870 TLI-0.708 RMSEA-0.217 SRMR-0.113

22
(b) Model 1-2a Favemes
conditions
¢ 20328 S <

n=342 £=20,782 =0.002 df=6
CFI=0983 TLI=0 961 RMSFA=0085  SRVR=0.047

¢) Model 1-2b [Eremee
environment n -0.158 S A

r - 0.
[ svP P& UTCI

n=329 y=35.548 7=0.002 a6
CFI=0.961 TLI=0910 RMSEA=0.122  SRMR=0.063
d)Model 1-2¢ v

environment
i7$VF 0.349%*
n-342 £-16.491 P-0011 di-6
CF1-0.987 TLI-0.970 RMSEA-0.072 SRMR-0.033

¢) Model 1.3 Microclimate

Built conditions
cnvironment

" W T_0.549%¢

n=342 ¥=16.491 7=0.021 dr=1

2 5 a aq | == Positive standardized cocflicicnt
C1=0.G =06 EAS 1 3
CFI=0.988 TLI=0977 RMSEA=0.063 SRMR=0).033 Negative standardizod cocfficicnt

169 > Tnsignificant cocfTicient
170  Fig. E2 Pathway models |

171 By incorporating dTskin as a physiological parameter, the extended model does not
172 demonstrate enhanced model fit, as shown in Fig. E3(b). Nevertheless, dTskin is significantly

173 associated with mPET but not v, or any aspects of thermal perceptions.
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Models including multi-sensory environmental perceptions and overall environmental

quality are shown in Fig. E4. Poor model fit was obtained when including all multi-sensory
perceptions, as shown in Model 3-1 (Fig. E4(a)). Through step-by-step optimization, reasonable
model fit (TLI/TFI>0.9) was obtained when only keeping SBV (Fig. E4(f)).
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The final pathway model is built by incorporating dTskin, as shown in Fig. E5(b), which fits
well with the collected data (TLI/CFI>0.9, SRMR<0.08).
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E.2 Calculation of lagged response among variables

The measured variables along two walking trips are shown in Fig. E6 and E7, which
explicitly demonstrate the lagged response of Tg and Tsk to radiation, quantified as Tmrt
calculated with six-directional radiation. To quantify the lagged response among SVF, Tmrt, Tg
and Tsk_m, we applied cross correlation among variables. It calculates the correlation
coefficients (p) between two time-series variables by shifting one relative to the other over a
range of time lags. It allows us to determine both the strength of the correlation and the time lag
at which the correlation peaks. Two elements are essential when determining the lagged response,

i.e., the direction for data shifting, and the maximum time lag to search for the peak p.

When determining the direction for data shifting, we considered the causal relationships and
observed responses among variables. Since solar radiation is the cause of changes in Tg and
Tsk_m, we therefore shift Tg and Tsk_m relative to Tmrt to find the peak correlation. For the
comparison between Tg measured by Kestrel and black table-tennis ball, we observed that the
Kestrel sensor exhibits a slower response, which is shown in the examples in Fig. E6 and E7. We
therefore shift the Tg measured by Kestrel relative to the Tg measured with black table-tennis
ball to determine the lag. For Tsk_m, data show that the response time of Tsk_m is comparable
to that of the Tg measured with black table-tennis ball, while Tg measured by Kestrel shows a
slower response, and we therefore shift Tg measured with Kestrel to Tsk_m, and search for both
directions for Tg measured with black table tennis ball. As for SVF, which quantifies the sky

exposure and directly influences radiation, we applied the same searching strategies as Tmrt.

When determining the maximum time lag to search for the peak p, we mainly considered the
data pattern. The observed faster responses of Tg measured with black table-tennis ball and
Tsk_m to radiation is generally within 150s, and that of Tg measured with Kestrel is generally
within 300s. Considering the dynamic environment along the walking trips, we consider it

inappropriate to apply longer time span.

The corresponding cross correlation results of data presented in Fig. E6 and E7 are
presented in Fig. E8 and E9. The red arrows point at where the p reaches the maximum, which is
identified as the lag time for that sample. When significant correlation does not exist (Fig. E8(h)),

or a peak is not found within the search range, it is omitted in the plot presented in Fig. 8.
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Correlation coefficients

Fig.

Correlation coefficients
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225  E.3 Poisson regression result details

226 Table E1 Poisson regression models between the frequency of self-reported thermal displeasure and microclimate variables

M1 M2 M3 M4 M5 M6 M7 M8 M9 M10
mPET _sd - - - - - - - - 0.39** 0.41**
mPET_mean - - - - - - - - 0.07 0.09
UTCI_sd - 0.73** - 0.80** - 0.80** - 0.82** - -
UTCI_mean - 0.14 - 0.07 - 0.06 - - - -
UTCI_per - -0.90 - -0.09 - - - 0.48 - -
HKHI_sd 2.13** - 2.38** - 2.44%* - 2.35%* - - -
HKHI_mean  -0.24 - -0.27 - -0.07 - - - - -
HKHI_per 0.80 - 0.99 - - - -0.04 - - -
v_sd -0.74 -1.14 - - - - - - -0.80 -
V_mean 0.91 1.13 - - - - - - 0.76 -
Intercept 5.86 -6.03 6.87 -3.60 1.13 -3.28 -0.81**  -1.08**  -3.43 -4.04
AIC 197.75 199.02 196.72 198.84 195.56 196.85 195.88 197.07 192.52 190.39

227 Note: _mean and _sd refer to the mean and SD of microclimate variables along the walking segments. — refers to that the variable
228 is not included when building the model. * and ** refer to significance at 0.05 (two-tailed) and 0.01 (two-tailed) respectively.
229  same below.

230 Table E2 Poisson regression models between the frequency of self-reported thermal pleasure and microclimate variables

M1 M2 M3 M4 M5 M6 M7 M8 M9 M10
mPET_sd - - - - - - - - -0.07 -0.02
mPET_mean - - - - - - - - 0.07 0.09
UTCI_sd - -0.07 - 0.01 - 0.13 - -0.02 - -
UTCI_mean - -0.17 - -0.20* - 0.05 - - - -
UTCI_per - 2.35* - 2.66** - - - 1.05* - -
HKHI_sd -0.01 - 0.23 - 0.33 - 0.01 - - -
HKHI_mean  -0.33 - -0.33* - 0.10 - - - - -
HKHI_per 2.21** - 2.26** - - - 1.13** - - -
v_sd -0.26 -0.27 - - - - - - -0.64 -
V_mean 0.62 0.52 - - - - - - 0.85* -
Intercept 10.04* 6.92* 10.53* 8.10* -1.94 -0.92 1.09** 1.05** -1.73 -2.08
AIC 254.62 257.74 255.28 256.05 263.71 262.92 257.29 258.35 261.11 261.67

231 Table E3 Poisson regression models between the frequency of self-reported thermal pleasure and microclimate variables

M1 M2 M3 M4 M5 M6 M7 M8 M9 M10
mPET_sd - - - - - - - - 0.09 0.13
mPET_mean - - - - - - - - 0.07 0.08*
UTCI_sd - 0.23 - 0.30* - 0.36** - 0.28* - -
UTCI_mean - -0.08 - -0.12 - 0.05 - - - -
UTCI_per - 1.26 - 1.75* - - - 0.80* - -
HKHI_sd 0.78** - 1.03** - 1.12** 0.87** - - -
HKHI_mean  -0.33* - -0.35* - 0.03 - - - - -
HKHI_per 1.78** - 1.89** - - - 0.65* - - -
v_sd -0.42 -0.60 - - - - - - -0.70 -
V_mean 0.71* 0.72* - - - - - - 0.82* -
Intercept 10.22** 355 10.96** 5.19 0.29 -0.98 1.08** 0.97** -1.49 -1.92
AIC 286.93 291.97 289.88 292.51 298.32 296.16 294.27 292.67 290.02 292.00
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