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Abstract; The Urban Heat Island (UHI) effect has led to the deterioration of the thermal environment in high-density old
neighborhoods. However, current studies on outdoor thermal comfort evaluation in communities still face issues such as a
relatively singular evaluation dimension, unclear correlations between quantitative indicators, and a lack of in-depth
comparison of typical spatial differentiation within communities. Taking Shentian Community, a high-density old community

in Xiamen City, as the research subject, a multidimensional evaluation scheme of microclimatic factors, subjective and
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objective thermal comfort, and crowd activities was constructed, based on on-site measurements, questionnaire surveys, and
correlation analyses, focusing on the nuances of outdoor thermal comfort in the complex spaces of old communities. The
quantitative relationships and influence mechanisms among these factors were also analyzed, and a more accurate baseline
heat stress scale was established. The results showed that (1) the neutral Physiological Equivalent Temperature ( PET) in

¢

the high-density community in Xiamen was 23.14°C , and the corresponding PET value for the “comfort” tier was <29.
53°C. Under different space types, there are more obvious differences in the physiological equivalent temperatures required
to cause changes in TCV and TSV; (2) the degree of influence of each meteorological factor on the Thermal Sensation Vote
(TSV) and on the Thermal Comfort Vote (TCV) were different, and global radiation was the main factor influencing
subjective thermal comfort; (3) space occupancy can better characterize the overall community thermal comfort in hot and
humid areas, and for every 1°C increase in PET, the overall Usage Rate (UR) of the outdoor space in the neighborhood
will decrease by about 2%. However, the tolerance thresholds and sensitivities of residents’ willingness to use space in
response to changes in thermal comfort vary across different space types in older neighborhoods. The results of the study
enhance the systematicity and applicability of the coupled subjective-objective thermal comfort analysis, improve the
precision of quantitative characterization of thermal comfort at the community scale, and provide important scientific support

and decision-making basis for community planning and renewal practitioners to improve the thermal environment of outdoor

spaces.

Key Words: high-density neighborhoods; thermal environment; thermal comfort; physiological equivalent temperature

(PET) ; crowd activity; hot and humid areas
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Fig.3 Experimental sites
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Table 1 Characteristics of each experimental site and research date and weather

23 [0) 24 R Rz IR A+ ) 45k 5 1] KA o AR/ C FARSR/C
Name of sites Sky view factor Measurement time ~ Weather conditions  Highest temperature ~ Lowest temperature
9A i%.0>Fd 9A Lianxin park 0.053 2023-09-09 ESS 30 24

9B H124f% 9B Zhongxing road 0.168 2023-09-09 EoN 30 24

10A JXUELPE 10A Fenghuang park 0.680 2023-09- 10 EA g 30 24

10B &3 /X 10B Tugiang complex 0.093 2023-09- 10 ESN 30 24

11A Y 11A Shentian road 0.287 2023-09-11 I 31 25

11B #5111 11B Baihe mountain 0.553 2023-09- 11 1% 31 25

12A F4=Fd 12A Meiren park 0.387 2023-09-11 It 31 25

12B 3 12B Shangwu road 0.469 2023-09-12 1 31 25
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Table 2 Selected instruments and accuracy

M EAEER A I AR S BE

Factors Measuring devices Measurement range Precision of measurement
255 ¥ Temperature of air( Ta) 87786 WBGT Logger 0—20C +0.6C

25 SIRJE Relative Humidity (RH) 87786 WBGT Logger 0—100% +3%

BERIEE Temperature of globe thermometer( Tg) 87786 WBGT Logger 0—80°C £1.5C

KGHE Velocity of air( Va) avm-07 0—45 m/s +0.3m/s+3%

KIH4R5S Global radiation (G) TES-1333R 0—2000w/ nf +5%

1.3.2 (A IHE AN Shid sk

FEAS G N 1 [ s o 8 235 8] rp 36 g ) J R EAT T ) A AN TG shid sk, 2B —R o M N DGR B
(PR AERS B IREE B AR IR AN 25 20min (9 F B G 3h) | 258 3B ic sk 1T AL AT T Ak 2 A IR G A
A EL (TSV) HEFIE L (TCV) FIFAT 252, TSV M4l ASHRAE 4% & £ #ATIESL, TCV MRIE 5 i
258 =R R RN 2 AP ERBE I MR I ( PV, Preference Vote) , f3E %R AHXHERE X KIS 45 5t
SEPRIREE SR B i, SR 3 AR R, RIS FR AN 4 s o 25 A)3% B30 5% 5 1, R4 8 sm 94T A
PEAT IR A AR X K/ NRREE AR TR] T4 e N S R TR > PR A SO i 23 1)
i I (UR, Usage rate) JFAENFENG SR B (7 Fh2s (8] 0 SEBR B, o 78 ] — 23 i) 0 22 30 19 d5e K N B
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Fig.4 Scale of questionnaire
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SR BE (Tmrt, The mean radiant temperature ) J& i B 2 IR E R R 2 — | BT RBERIEE KNHEES L SE0T
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Tmrt = [(Tg+273. 5y 44 L 10X10 VaT? 10; ll;)jf “ ryta) ])'25—273. 15

Tg: BERIESE; Va. Wl ;Ta: 255 jeg: BOAMBRINEIH o, BEABRARIRE BUE 0.95;D. HBEk
B4, BUE 0.075m,
1.3.4  Z4EEEEh o thorik

K SPSS( Statistical Package for the Social Sciences ) X4 X} £~ G A% 3 2 WL AAET 3 B8 AR 52 il B4 7
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2 #R

2.1 ERARETIE B RRAE K b
211 EWLAAGET I B AR
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Table 3 Results of PET (°C) at each experimental point

. ~ e TPl as [

‘ N iR [EETFRCE R

BB . . Spots in residential

Spots in parks Spots in streets

Value types outdoor areas
9A 10A 12A 9B 11A 12B 10B 11B

H 44 {H Mean value of the day/°C 30.1 31.1 36.2 30.7 32.7 39.8 37.0 35.2

H 5 K1H Maximum value of the day/°C 37.4 44.7 59.4 38.8 40.5 59.6 59.1 58.8

H £ /)ME Minimum value of the day/C 24.3 25.0 27.0 24 .4 26.8 27.9 27.0 28.6
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FIETIEFEAR TR LS (6 8] 7) s, #F 5% X el 2 (TG $E 55 (TCV) il v (0) Al L AN 673
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Fig.6 TCV data statistics for each experimental site
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Fig.8 Results of the vote on thermal acceptability
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Table 4 A scale of thermal comfort
R A AR .
AFERE R EE R

Thermal comfort vote

Physiological equivalent

Physiological equivalent

Thermal comfort vote

temperature/ “C temperature/ “C
fRAEFIE Very uncomfortable >50.36 LA EFE Relatively comfortable 8.69—22.58
M EFIE Relatively uncomfortable 36.47—50.36 R&FIE Comfortable <8.69
i& H Mild 22.58—36.47

¥ PET {55 X0 (19 mTSV SEATLME R, A4 SR 11 s, BFFE XIS R* 8 0.805 , 452545 1]
FIPRGE RE R 7 0.75 VUL, FEiBH X p A 5T 2 | Bl A BRASROR E 0 T, BUBSE T, LA 45 R
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Table 5 A scale of thermal sensation

PG TR R Xof IO A P53 I
Thermal sensation Level of thermal stress Physiological Equivalent Temperature/C
W Extreme hot e it RN L >68.01

AR Very hot EE AN DEL IR 55.19—68.01

# Hot Hh L A 42.37—55.19
W Warm LA GOEAINRY o 29.55—42.37
A Mild TaARN 16.73—29.55

B ML Chilly LA DUINREIITR 3.91—16.73
TRH/¥% Cold HhBEV I -8.91—-3.91
R Very cold SV N -21.73—-8.91
A% Extreme cold L ILIR <=21.73

®6 WRBENEHESRT

Table 6 Statistical results of microclimate measurements

B TS )4 SE 5

sk B (2K # IZQ&EI%‘%E@,@ ’#{;ﬁmﬁﬁ%?@ﬁﬂ Spots in residential
Spots in the parks Spots in streets
Factors Value types outdoor areas
9A 10A 12A 9B 11A 12B 108 11B
SSSARE (Ta) X 28.7 32.3 31.8 29.7 31.2 33.3 29.6 34.7
Temperature of air/C i KAH 30.6 37.3 35.6 32.9 33.7 39.0 31.8 41.6
H/ME 27.3 28.3 28.0 27.9 28.9 29.5 27.7 29.9
AHXTE L (RH) T 67.8 54.4 61.0 63.9 61.6 57.6 62.2 52.2
Relative Humidity/% IS oN[] 78.0 71.0 76.7 75.6 73.8 68.0 71.3 67.7
e/ME 57.0 39.2 51.9 51.4 50.0 45.3 55.4 38.6
OAXGH (Va) S 0.4 0.5 0.7 0.5 0.8 0.3 0.2 0.8
Velocity of air/(m/s) PN 2.7 3.2 4.0 2.5 2.7 2.7 3.1 3.1
F/ME 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
KIHEES (6) FHH 69.2 268.7 374.4 122.1 94.3 242.2 81.8 457.5
Global radiation/ ( w/m?) KM 485.5 1263.0 935.9 724.1 347.4 826.5 500.9 1212.0
/M 6.5 7.2 14.5 2.3 1.2 11.3 4.7 19.8
SRR (Tmrt) SEH{E 29.7 39.7 42.4 32.3 34.9 36.0 30.7 50.4
The mean radiant PN 54.9 86.8 93.4 57.7 49.7 78.1 51.2 96.0
temperature/ C e/ IME 26.9 27.6 28.2 26.9 28.5 28.6 26.2 26.8

ERAN 7 MK 8 FiR , LSS TCV BFFE BEM N (p<0.01) , MIXTRES TCV & IEM &, i
2 SRE XGE AR R BRAR ST 5 TCV 2 fAHG, TEIRAAHLIX Y 2 2= IR ERIRLE Te (p AF9EIX =-0.449 p
NPE =-0.444) CKBHEEST (p FEIX = -0.620) BN N 2 5 0 52 U5 PR A 23R FLREAEXT I EE RH (p
N =0.319) . KEHFXF TSV I TCV Bys2maFEEE AR, —F A b, 25 SR BE AR BE K PR S AR kiR
FEA0F TSV AYSZa TR, B KGHD TCV B 52 Ml AR X BT I 5

',

®7 BEBEAFEAFERFEEXESHT

Table 7 Correlation analysis between microclimate factors and thermal comfort TCV

RS S RE R 5 k% 55K B e 55 BRI
Yol TV et T It it It
TCYV of different t £ <o Correlation Correlation Correlation Correlation Correlation
o Cerent ypes of space with Ta with Va with RH with ¢ with Tg
EFEX TCV TCV of the study area -0.408 " -0.173** 0.428 ** -0.451"" -0.449 *
A TCV TCV of the parks -0.426** -0.128** 0.370 -0.407 ** -0.444"*
716 TCV TCV of the streets -0.279 ** -0.059 0.349 ** -0.345"" -0.333""
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R 52Kk R ST R P NGEER) BRI
Sl TV e i It it it
TCY of different t ¢ Correlation Correlation Correlation Correlation Correlation
o Cerent ypes of space with Ta with Va with RH with ¢ with Tg
X TCV TCV of the residential areas -0.45"" -0.349 ** 0.608 ** -0.620 " -0.563 "

wx fE 0.01 HANHI N B3

RS WSEETFEHRBE TSV BXET

Table 8 Correlation analysis between microclimatic factors and thermal sensation TSV

ATz )27 TSV 2SR ARES AHXS I3 p LR PRBRIR
TSV of different types of space Correlation with Ta  Correlation with Va  Correlation with RH ~ Correlation with G Correlation with Tg
WFFE X TSV TSV of the study area 0.460 ** 0.158"" -0.467"" 0.507 ** 0.496 **

Z3FE TSV TSV of the parks 0.476 ** 0.062 ~0.360** 0.510** 0.505 **

HFIE TSV TSV of the streets 0.408 ** 0.110 -0.484"" 0.431*" 0.429 "

{EIX TSV TSV of the residential areas 0.421"" 0.315"" -0.597 " 0.583 " 0.523*"
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Fig.12 Typical daily variation patterns of PET values in the study area
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