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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

objective thermal comfort, and crowd activities was constructed, based on on-site measurements, questionnaire surveys, and
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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
<29.53C. 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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Table 1 Characteristics of each experimental site and research date and weather

23 [0 24 Kz PR 7 W2 5 8] KA s |/ C AR/ C
Name of sites Sky view factor Measurement time ~ Weather conditions ~ Highest temperature ~ Lowest temperature
9A .0 9A Lianxin park 0.053 2023-09-09 ESRN 30 24

9B H1 2% 9B Zhongxing road 0.168 2023-09-09 ESRN 30 24

10A RUEE 10A Fenghuang park 0.680 2023-09-10 % R 30 24

10B &5 /NX 10B Tugiang complex 0.093 2023-09- 10 Z i 30 24

11A PR 11A Shentian road 0.287 2023-09-11 i 31 25

11B F1#10 11B Baihe mountain 0.553 2023-09-11 fil§ 31 25

12A FE{7[@ 12A Meiren park 0.387 2023-09-11 1 31 25

12B i 12B Shangwu road 0.469 2023-09-12 I 31 25

A SR L% T — LA S AR 5 A O 0 S I 2 AR ARG R XU | A P 6 S R SR BRI R
%u%&ﬁz&?ﬁﬂﬁiﬂzﬁ 1.5m, (AR EIBEREIIIE T 1SO Arife, HOKS BE ) R W3R 2 s, i &3 LA 1min 7@
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Table 2 Selected instruments and accuracy
RS =g AN AL 2 X ARG B
Factors Measuring devices Measurement range Precision of measurement
23R Temperature of air(T,) 87786 WBGT Logger 0—20C +0.6C
23R Relative Humidity (RH) 87786 WBGT Logger 0—100% +3%
MRERIEE Temperature of globe thermometer( T, ) 87786 WBGT Logger 0—80°C +£1.5%C
KU Velocity of air(V,) avm-07 0—45 m/s +0.3m/s+3%
K FHEE 5 Global radiation (G) TES-1333R 0—2000w/ nf +5%

1.3.2 [AEIHAERNG %

FE G 2 1 [R] B X 1) A 23 18] v 2 19 s REAT T IR G R A fIi& s 5%, 55— M A0St s B
(PER AFIE B R S AR IR A 25 20min B9 EZIG 3h) |55 8B s T AT BT Ab 5 AN ER B ) A
AT EL(TSV) EFIE L (TCV) AT $E520F , TSV MR 4E ASHRAE L4 173, TCV M 5 9t
5 o = BRI WO R RXT S SN R IE A I 4F ( PV, Preference Vote) , B85 Xl AR AL XE K FH S 485
EPIABE S RO R RS R 3 FERRR, RISARE AR 4 Fias, a3 (A& Shic sty i, RH a5 & Sm N AgfT A
PEAT IR AR XA R/ NRRE AR [] , T A AR S R T > DR A SO i 23 1)
ffi H#(UR, Usage rate) FRAEAFENG S8R (7 F028 ) ) SEBR BT, o 78 ] — 23 [ 022 31 0 e KNSR L
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Fig.4 Scale of questionnaire
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Table 3 Results of PET (°C) at each experimental point

P Iz il

A L KA S
BB ! ]:.L b q:{ﬁﬁﬁlf)_ Spots in residential
Spots in parks Spots in streets

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

H -4 Mean value of the day/°C 30.1 31.1 36.2 30.7 32.7 39.8 37.0 35.2

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

H #5¢/MH 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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Fig.8 Results of the vote on thermal acceptability
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Table 4 A scale of thermal comfort

A A S B

; . PR
IR P ) HAPERT e
Physiological equivalent Physiological equivalent

Thermal comfort vote Thermal comfort vote

temperature/ “C temperature/ “C
TRAEFIE Very uncomfortable >50.36 L #5473 Relatively comfortable 8.69—22.58
AR EFIE Relatively uncomfortable 36.47—50.36 TREFIE Comfortable <8.69
& Mild 22.58—36.47

Bt PET (H-5XF W 19 mTSV FEATLME: T, 0B &5 AN 11 fis, W28 IXKALA A R 4 0.805 , 452545 [H]
FIPERE BN R Y97E 0.75 DhL, TEIR ML X py LAY BT 2 | B A BRAE SO 0 T, SUBSE T, LA A R
rR N B BT AU XA AR 0.111,0.086 F10.093, X 287, A B PET {H2S L2410 9 C w2 5| & By 3k
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Fig.9 Results of the vote on thermal acceptability
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FEREH DX, ANTEREN A A B rh PR I PET 8 Fil 2 16.73—29.55°C , PR Ky 23.14°C , 4k,
FRAE RN Z5 5 w545 th R e R A3k 5 s
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Table 5 A scale of thermal sensation

Pt LAl g Xof IO A P A58 L
Thermal sensation Level of thermal stress Physiological Equivalent Temperature/°C
A Extreme hot Wt R 3K >68.01

R#A Very hot SR Z KR 55.19—68.01

4 Hot H R A P 42.37—55.19
BN Warm LA GOEA IR 29.55—42.37
A Mild e 16.73—29.55
BB Chilly BRI DI 3.91—16.73
/% Cold HBE v TN I -8.91—-3.91
R¥® Very cold SV N -21.73—-8.91
¥ Extreme cold Y FE VS NI <-21.73

®6 WRBENEHELSIT

Table 6 Statistical results of microclimate measurements

P TS )45 20

o W (2K #t IZ/A.Iﬁlﬁ%éBﬁ)ﬁ '1:{%@&?@%7&%5 Spots in residential
Spots in the parks Spots in streets
Factors Value types outdoor areas
9A 10A 12A 9B 11A 12B 108 11B
ZSE(T,) ¥ {E 28.7 32.3 31.8 29.7 31.2 33.3 29.6 34.7
Temperature of air/°C RRMH 30.6 37.3 35.6 32.9 33.7 39.0 31.8 41.6
e/ME 27.3 28.3 28.0 27.9 28.9 29.5 27.7 29.9
AHXTE L (RH) I 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 50.0 453 55.4 38.6
TRV, ) S 0.4 0.5 0.7 0.5 0.8 0.3 0.2 0.8
Velocity of air/(m/s) SPN] 2.7 3.2 4.0 2.5 2.7 2.7 3.1 3.1
e/ME 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
KRS 6) SEHE 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
/Ml 6.5 7.2 14.5 2.3 1.2 11.3 4.7 19.8
VR EE (T, SR 29.7 39.7 42.4 32.3 34.9 36.0 30.7 50.4
The mean radiant KM 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

SERNFE 7 MK 8 BN XL S HE TCV BAFAE B A DEE (P<0.01)  FIXHEEE S TCV J&1E A2, 1M
28 SRBE KGR AR EE RBH%R 5 TCV 2 TAHDE, 7ENRAML X 5 5 JRERIRBE T, (p AF5EIX =-0.449,
p 2SFE =-0.444) KGR (p £ X = -0.620) # A Ky & 52 W 52 5 & U G B R R HyOR M XHE B RH
(p 5FE=0.319) ., KEHETFXF TSV Al TCV BISEMFREE AR, AL, 28 SR AR R BH 58 53 Fn 2R ek
TR E 6 TSV AR B K, AT KB TCV BB M AR X 5 B &

®7 BEBEAFEAFEREBXESHT

Table 7 Correlation analysis between microclimate factors and thermal comfort TCV

FFZ 52 E 5 W SRR SPNLE 5 BRI IE
%’éiﬂ?cv M1 Pl LIPS &5 LiiPS s LB Es
TCV of diff r Correlation Correlation Correlation Correlation Correlation
ol ditlerent lypes ol space with Tu with V{L with RH with G with Tg
WFFEIX TCV TCV of the study area -0.408 ** -0.173** 0.428 ** -0.451** -0.449 **
AP TCV TCV of the parks ~0.426* -0.128"* 0.370** -0.407"* ~0.444 "
il TCV TCV of the streets -0.279* -0.059 0.349** -0.345* -0.333 "
{#X. TCV TCV of the residential areas -0.45** -0.349 ** 0.608 ** —0.620** ~0.563 **

s 7E 0.01 AR S 2
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#*8 WREEFSHEE TSV HXERT

Table 8 Correlation analysis between microclimatic factors and thermal sensation TSV

A [R) 25 TSV 2 ME A AR PR SRERIELEE
TSV of different types of space Correlation with T, Correlation with V,  Correlation with RH  Correlation with G~ Correlation with T,
5K TSV TSV of the study area 0.460 ** 0.158 " -0.467"" 0.507 ** 0.496 **
INTE TSV TSV of the parks 0.476"" 0.062 -0.360"" 0.510"* 0.505 "
HIH TSV TSV of the streets 0.408 ** 0.110 -0.484 " 0.431* 0.429
{EX TSV TSV of the residential areas 0.421"" 0.315"" -0.597 " 0.583"" 0.523**

* % fE 0.01 FNFHC: B

2.3 PAETIE A (ALl R R AR

PG AT X ARG ol = A T R, BRI Ry oAb s (] (5 23R 1 7 A0 ) i 3 B 3k e th i DAL=
R AEAEPIE RGO, B S [ R IR 25 R UEAT 4007, An &l 12 i, WIFST X 23 (a1 H SF- 3548 HR UR
}39% , ANBE UR S = 2853 b PSR A (1K 27% ) , B 2525 [l fe s (38% ), R IX 250 29% , (H T AME X 58
[ 22 S 4K . AN RIS 0 25 o] A 1 T 36 H AR fh R 42 s oA B 3 28 el 28 UR e ey 1 Al st [ 14 3450
HH 5, LA ISR BTG sh /KPR AIG, U A AP it B, el 1 H AR 6 S IR i 530 UR R, B 25 ([l UR
AL NG Hirp 1A SR T BRG0P R AR 5, OB Hh 24l Tl A 2 5 BLES i g A LG, AP AR FITG
0 s ] A5, B o0 Y 6 Yt e . AR X283 (I ) 11B X5 UR IR B 40 LI B35 B ] B 4, #497E 209% LA F
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Fig.12 Typical daily variation patterns of PET values in the study area

i Jo5 X AT A 5 AT S AN S L R R UEA T ORI /3BT o N ARET 38 B LA 2 /N et Ay [ B i 4 78] 43 9
BOPS494E i 22 523 [ FH 2R (UR) W BRE y 2CRH ] o Ay kG o 228 [ %) o8 FH 2R B R0 0t i 2 41 L )
{EAYHEINT R PET B 1°C A, FE0EFT UR 5 PET MUASE T, LA S5 RN 1E 13 i

HNAAET A 5 2s [B)(f F R2 00, Ok B AL X =SS AR UR 5 PET A, S8 IX A PET
5, UR BUIG, PET BRI AN 1°C 7 IX % Abas Al 4K UR KT I 2%, 4 PET 3531 46.8°C LI, UR #iE T 0,
ERAF X JL %A AFE PET KT 46.8°CHHTZINESN

FIAAET I8 B 5 25 [ 2 10 (B 14) , N TCV 5 TG 3 2k 1 1m0 09 2 30, V% FH Ak DX Ak 114 25 i) i 1)
R AAETE EE R LT LT, TCV AR T— 452, A28 [l FH R HE T 55.9% , &5 EH A 2
-0.9 B}, UR K 0, REAATEEE “ BEAREFIE " 0], 5L AT EAMNE SN T, A 2 [[2RB ) TCV Fnas [ ff %
UR 18356 (P<0.05) , {HAS[F] 53 (8] 28 20 fff G AR 3 1) R BE R [R) , IAVET A 10 728 b X 47 1 288 28 () 5% T
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