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Influence of 7 street tree species on thermal comfort of
pedestrians in summer in Beijing

Yang Wenmin Wang Meixian
(School of Landscape Architecture, Beijing Laboratory of Urban and Rural Ecological Environment, National Engineering

Research Center for Floriculture, Beijing Forestry University, Beijing 100083, China)

Abstract: [Objective] The impact of street tree species and structural characteristics on the thermal comfort
of pedestrians and the thermal environment of road spaces during summer was investigated to provide a
basis for the species selection, structural design, and subsequent maintenance management of street trees in
Beijing and other northern regions of China. [Method] Taking the Fraxinus chinensis, Platanus orientalis,
Ailanthus altissima, Koelreuteria paniculata, Salix matsudana, Ginkgo biloba and Styphnolobium japonicum
along the roads in Xicheng District of Beijing as the research objects, this study measured the air

temperature, relative humidity, solar radiation, and wind speed within their shaded spaces in summer. The
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universal thermal climate index (UTCI) was employed as the thermal comfort evaluation metric and the
thermal sensation vote (TSV) of pedestrians was analyzed. [Result] (1) All the 7 street tree species could
significantly improve the thermal environment of road space, reducing the air temperature from 1.0 to
2.1 C, reducing solar radiation from 481.27 to 789.18 W/m?, and increasing relative humidity from 0.65%
to 6.17%. Wind speed reduction range was 0.02—0.38 m/s. (2) All the 7 street tree species could significantly
adjust the thermal comfort of pedestrians, and the average UTCI decreased in the order of Salix matsudana >
Styphnolobium japonicum > Platanus orientalis > Fraxinus chinensis > Ginkgo biloba > Koelreuteria
poniculata > Ailanthus altissima. In summer, the neutral UTCI of pedestrians under road where the 7 street
tree species were located was 24.7 “C. (3) Air temperature and solar radiation were the decisive factors
affecting TSV of pedestrians in summer. Leaf area index had a significantly negative correlation with air
temperature and solar radiation, and a significantly positive correlation with relative humidity. Leaf area
index was the most significant tree structure affecting UTCI, followed by crown width, while average leaf
area had less effect. (4) Based on UTCI, TSV and neutral temperature evaluation, it was considered that the
performance of 7 street tree species was as follows: Salix matsudana > Styphnolobium japonicum > Platanus
orientalis > Fraxinus chinensis > Ginkgo biloba > Ailanthus altissima > Koelreuteria poniculata.
[Conclusion] In the future, suitable street tree species should be selected according to the thermal
environment of road space in different regions, and it is proposed that street tree species with larger leaf
density and crown width can provide a more comfortable road environment for pedestrians in summer.

Key words: Beijing; street trees; universal thermal climate index; thermal sensation vote; thermal comfort

546 4

J6 5 B 2= il 2 BN AE 8 2% 25 18] 145 B3 B 18]
DA BEAT R LA gk /L, FAET IE IR B AR . # Y
T& R NN IR S ) R UIRAS, BdE R &
A0 BRI B 1SRN RN W B VAN . — O TH, FAER
B & Fh 2 H, Wi B ANE ESER S — 7 TR M AR
RIZE, dndg R, 3& R ). i 52 05600 IRk, i #4
By 0N TR, A 45 28 A0 FAER I [ i R 52 AT b 9%
W I SR, EE — AN I S PR A )
A A L, T AT A AR I A R A AR L
VR FHCY, AT T8 4% 2 282 3 e v b 90 208 1 £ FH R 25 19 1R
FH BH S o4 35 T B A9, Huang 26 77E B 206 7Y
AT AT S R I, AT TE B el ] A A RS S
TRZZ) 3.3 °C, [FIN AT AP 4R SR 4 13.9 “C.
H AT, X TARAMGE X ZF0 0 = RETIE,
K FH 8 F #S  $8 % Cuniversal thermal climate index,
UTCD#EEAT V- UTCI 457 A2 4 7] WA F AU H 1
ZERFENTREEY, A EP UTCL 5 E A
Z P &7 14 FE AR bR b AT X LRI E, S5 R KRR
F BRI FE ) UTCI B B 4F RAE NE G & . T
— UG IR A [R] 22 AT IE TR bR & F M, NP3
PO SR MG KX R KA, UTCL Tl &5 R S
B IR — BT . R R 25U M B ENVI-met
A, i ARG W T i, R T s AT E AT
(R IET I R 2R, 19 A AT TE 7 55 0 AT 5],
HANEF & 2 IE E M e R 5 . fiE W E R R

AP R T B H S SR AR A FE e, T
A FE S AN U, T BT AR ER B 1 5 e 5 4
A B 0 SR« WRSTIEE: A AR R 8 A S 3 i 1
AR, SHiRE R REBNY,
IETIE T 2 AR e SR AR XU IR T 451 Ik
AU, TR TE B 2 ) SR AR L,
AT AT 90 3 5 22 R 7 e BB X Y, G 5 X AR
KA TR LD o o T A6 WL B AT B, 0
= R B ® K (Platanus
orientalis). 25 (Koelreuteria poniculata)~ 5
(dilanthus altissima)~ 7MW (Salix matsudana)- R 7%
(Ginkgo biloba) 1 ¥ (Styphnolobium japonicum), H
FIT S 50 3K 6 A o i A 558 S B AR HE A 9T o
SR, X 7 P AT TE A AE A Il X AR KB G HL S A A
FAEGEP, KU, AT AR BB 1A, K
TAT RO AT N FAETF & 520 IR A 72K 22 K F FAET
& VP R bR R M &, I8 I B e R R AT N
IR, FAT NB EITAN 5 I EF & TR AR 4 &
AT BARTVE S AT . PRk, 36 3 B 3 T X
7 MhE WAT A P, S I B AR AR
T« RUGE AT FH 48 5, B A 1 B 7 () A A 8, [
I, TSR AR AR E, AR~ 25 T AR S5 AR A &
FI4E R o 8 I BB 0] 5 R B AT N RO, 45 A
AT TE R AP B LA RFAE, 3 M 7 R AT R AT A
PRI )20, 5 YA R R b T M X AT TE A b S

W (Fraxinus chinensis)



%9

W SCRRAE: AT 7 A AT I R AT NI & IS A T 5 109

Hee, SV RS TR B LR
1 R I E

1.1 MRZHRRFHRE

JEF I XA F AL O3 X, A 2020 4
JE, P IX AR N DR 11062 AN, Z4edb A
1% % o i PR DX B o AN 2020 42, PEIRIX 1K)
F 3 I 4T 3 99 2k 1247 AR A %, Hodh 75% ~
90% FFy it THI 4 bR 17 78 75 2o 38 i 7 R B, b
VG XN FH A0 e i 1) 7 FRAT A D A =
BRER AR, I8 M. BH WA MBL. R, Pl
7 FRAT TE RN B TR, R RE R EE DN S m, K
IRA R, AR EATHEE S5 158 T, HIG B
T R A W A (A% A A T R o B 280 5 N AL
BRI 7 28 B T St i, AR AR IZ T % K
WA &3yrdty. &Gty 2 KA. 8
D745 A R B[R] o 3% B3 B 5 R e B — A,
B 1 S 2K HOARAE 1 BRI ARATIERT; JA FE RS AR L,
AN 52 FCAth R Bl B S T R s S B T REAE 9 ~
10 m 2 [i]; JE @M 5 NATEEEE 3 ~4m Z);
TNETHIMA R — 5, 350935 KA s W0 BRI 0 B R AR
(1, % D,
1.2 TER BRI 18 B = B IR R E

AT 5 A FR bR B T AR Pt

L A B SR A . KA WinSCANOPY

(20200 %A+ B F 1 _E AR SR A TS E T R IR
TR AR R KA AT JE A [R]E A7 S A [7] 5
M A& 3 B, BCEAE T em x 1 em B #48 L,
JE S 0 B T AR R T TAR Y . AR A A
A FROHEAT W00 s WA P v 2 S MRS ol i
DG R ASCEE AT I

TH B 7 [A) FAEA B 32 B 58 7 AT TE BB B T 1
75 3 (air temperature, T,). 1 X} ¥ FF (relative
humidity, Hg)« X i# (wind speed, VDA K BH 48 &t
(solar radiation, G). K F fi7 ik T ¥ I 1% & v I &=
T, Al Hg, R IA) R O &V, K BH 4R 49 40l &
GGER 2. EFER L= LR KR & RS
(2023 4F 8 H 19—20 H . 2023 4 8 H 29—30 H ),
FEAEAT NIE B EE (B 18] B 09: 00—18: 00 AT
T8 % 2 [A) TR IR 7 o 5 B F /N B e S 000 A A )
— I 1) B (R i, i DR DN = 50 A R . B R
AT 3 min, W 3 H BB E, DU R ZE .
W5 e FEAEAT TE A BB R (48— T30 AE B DA AR
PIAGIND, {32 = BEBE T 1.5 m &b, B AR A0
mFERRT . (Rl PABHOG T ARS8 A0t HRZH, 430 78
7 SKIEHE 50 m YU [ Y 1B HE AT
1.3 TARBERE (TSV) @HigT

FEREAT A R B2 500 & 1 [F N, 4%
FIT 5 m VG R AT NBEAT BEL R R R 4, 7R
HEAMTE T 1 min JFIE . 753 ZAFEA FFERE

116°39'E

116°37'E

116°35'E

“m _Jinchengfang ¥
West Street /-

0 200  600m
A

39°33'00"N 39°32"24"N

39°31'48"N 39°31'12"N

B 1 prigiE g oA e

Fig. 1 Distribution map of selected roads
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Tab. 1 Basic information of roads and street trees
eV Pprr Y % RV 3 H5 ATIEH -Ax— e
it 4k (TR wepkr gy LIS MIERS SR
. . Distance between surrounding .
Road name Street tree species Road length/km  Road width/m o Live photo
building and road/m
JeRIZVU SERTY 53 93 18
Xiannongtan West Road  Fraxinus chinensis ’ ’ ’
KT AR 1H] ZERBEOAR . 08 32
Mishi East Hutong Platanus orientalis ’ ’ ’
eIy 2R 12 9.5 34
Jinchengfang North Street  Koelreuteria poniculata ’ : ’
S R 40 95 a4
Jinchengfang West Street  Ailanthus altissima ) : ’
L Siln| A
Luojia Hutong Salix matsudana 21 9.6 3.2
At Ditr AT
Jinshifang Street Ginkgo biloba 6.0 9.6 3.5
REEHATH T 53 9.5 16
Lingjing Hutong Styphnolobium japonicum : : ’
x2 FTANENERIEE
Tab.2 Measuring instruments used and their accuracy
&= WEZH I I ERS R
Instrument name Measurement parameter Measuring range Measurement accuracy
B
. —20 ~ +0.
i IR AZST16 Air temperature (7,)/°C 0~60 03
Hengxin hygrograph AZ8716 FH VR B
. L 0~100 +2.5
Relative humidity (Ry)/%
] A # A Anemometer Wind speed (V,)/(m-s ") 0~40 0.1
s . pNEERE)
&7 B ~
A BH#E S Solar radiometer Solar radiation (G)/(W-m?) 0~2000 +10
TR
WinSCANOPY (2020) TR +0.5

Leaf area index (LAI)
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PREE . RZEABAEEA N R 2R, X 2 A0 38 FH S %4
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AT (R 3) . fETH R, RS & 170 cm,
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Tab.3 RayMan Pro3.1 input information
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Entry data name Data content Detailed parameter
e T T
EJ. o5 4 &ME'.H‘ *%MEJ 2 L 2023-08-19. 2023-08-20. 2023—08-29. 2023-08-30
Time data Simulation date, simulation time

. . X A7 AL AT 2246 2 116°25'E. 40°20'N; #i4k /2 43.5 m; B X :
XAi GAE X

HFR S 4 XL, LB BRI IX UTC + 8/

Location, latitude and longitude, altitude,

hi .
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JE 7 e R BAARIT S L4 S sk e
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solar radiation, average radiation intensity

A

Climatic data

A NEHE B AR R M
Personal data Height, weight, age, sex
A B A R HBH. VE )

Clothing activity data Clothing thermal resistance, activity

Location: Beijing, China; longitude and latitude: 116°25'E, 40°20'N;
altitude: 43.5 m; time zone: UTC + 8 hours

AL AR BE L R R BRI S S ; P X% S E mT i
DA AN AN, R EREERA

Air temperature, relative humidity, wind speed and solar radiation are
measured data; average radiation temperature can be calculated from the
above four data, and the cloud cover value is set to 1

B 55170 cm; K75 kg; H835%; TS

Height: 170 cm; weight: 75 kg; age: 35 years old; gender: male
JIRREFABHO.9; Y B ES0 W

Clothing thermal resistance: 0.9; activity: 80 W
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Tab. 4 Structure features of 7 street tree species
I R AR A A R

Fisheye photos of
trees at the site

Al

T . CW/m LAI LA/em’
ree species

FHE

Fraxinus chinensis 6.6 336 144
ZIRER

Platanus orientalis 7.3 361 215
a5

Koelreuteria 45 186 108
poniculata

LR

Ailanthus altissima 6.3 165 132
20 Salix matsudana 47  3.81 1.8
R

Ginkgo biloba 3725431
i

Styphnolobium 5.8 4.16 10.7
Jjaponicum

W CWIRENR: LAY TR E: LAKFHM AT TH.
Notes: CW, crown width; LAI, leaf area index; LA, average leaf area.
The same below.
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FUERS Fraxinus chinensis BHY% R Under the sun
BT Under the shade
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RHE Ailanthus altissima
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W Under the shade
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" 1 BT Under the shade
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Fig. 2 Changes in air temperature (7,) with time under the shade and sunlight of 7 street tree species in summer

K PH 48 5 g 77 R 3% 2 55 O B A (789.18 W/m?) > F
M (728.14 W/m?) > HIER (643.52 W/m?) > =FRE
K (642,57 W/m?) > M (593.71 W/im?) > B &
(508.75 W/m?) > Z5(481.27 W/m*) (% 5).
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INFE B ) B A, A I XU A 77 F 5 31 55 24 1. (0.38
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R C0.18 m/s) > HRAF (0.12 m/s) > Z5(0.11 m/s) >
BH50.02 m/s), MEFEACKGERE /) ER(E 5.
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Tab. 5 Differences of meteorological factors between

shade and sunlight of 7 street tree species in summer

g

Tree species

AT/C AHp/% AG/(W-m™®) AV,/(m-s™)

HIEM Fraxinus chinensis -1.6  6.17 —643.52 -0.18
— R B

;ljinuii?j?ienmlis “19 605 ~642.57 ~0.28
I8 Koelreuteria poniculata -2.1 3.64 —48127 —-0.11
W dilanthus altissima -12 535  —508.75 —0.02
B Salix matsudana -1.0 0.65 —728.14 -0.32
H# Ginkgo biloba -1.1  1.92 —789.18 —0.12
¥R Styphnolobium japonicum  —13 249  —593.71 —-0.38

22 TABRBREEERER

A7 N B 1) 45 R A 3L R ) 641 1, Wi B
HAIAE 635 3. Hrp B2 L 50.9%, LM
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VA1 53 P2 B = R EE 40 51 173 em R 70 kg,
L35 B i AR E 73 58 159 em B 57 kg( 6D
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Tab. 6 Basic information of pedestrians participating in

the survey
¥ N4 R et P
Gender Number of Average Average
people height/cm weight/kg
% Male 323 173 70
% Female 312 159 57
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Fig.3 Changes in average UTCI with time under the shade and sunlight of 7 street tree species in summer
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