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Abstract; With the rapid development of urbanization, air pollution, especially fine particulate matter ( PM,5), has
become an important factor restricting urban environment. Relevant studies have shown that road traffic is one of the
important sources of PM, ; among many sources, and plant communities in road greenbelt could reduce PM, 5. In this study,
a combination of site observation and ENVI-met simulation was used to investigate the influence of plant communities in
urban road greenbelt on PM, . We also analyzed the influence of plant community configuration on PM, in three modes
including tree (i), treet+hedge (ii), and tree+hedge+shrub (iii), so as to reveal the influence of length, width, height
and LAI on PM, . The results showed that (1) in field observation, the reduction rate of PM,  in the three configuration
modes of plant community of road greenbelt was iii (14.2%) >ii (12.9%) >1i (9.2%). (2) The increase of plant species,
greenbelt width, and leaf area index played a positive role in PM, ; reduction, while the increase of height and length played

a negative role. (3) A certain amount of reduction in the length of the green space formed a region behind the green space

HETIH 2018 LA HE T B ARRHFETH (KI2018ZD047) 52018 4R 22848 T mi A% B AR FF#30 H (KJ2018A0504) 52019 4E i 22
BB A RREIE 4T H (1908085ME140)

75 B H#5:2019-07-31; &1T B #3:2020-03-31

# WM IHAEH Corresponding author. E-mail ; kangkanggu@ 163.com

http ://www.ecologica.cn



13 1 JBIRRERE A LT ENVI-met (135 718 B 4% AR ) BC B X PM,, 5 52 I 5% 4341

that had a lower PM, ;concentration than the longer length environment. The width of this area was about 80% of the length
of the green space and decreased as the distance from the green space increased. However, the PM, sconcentration of other

spaces without green space would increase. (4) The increase in green space height would force PM, to higher space.
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Table 2 ENVI-met simulation parameters

eS| 5 2% eS| 5 2%
Types Project Parameter Types Project Parameter
A Model P A% % 60x80x30 A5 35%(14.00)

DA KT 1 mx1 mx2 m 3 2.5 m/s

Pt L JEE S BOAME | 30

HBIE AR AR N:31.86° MLk E 28 0.01

E:117.28° bR s TR ELAE 2.5 pm

AL ] 4 12 H 8:00—18:00 Pollution source IEE 7 Esyi] 2tk
RAFREE il R AR 30°C (14:00) IS/ 1) 0.3 m
Atmospheric A 35 14°C (8:00) SRYBEHEE 85 ugs ' m!
environment AHX MR Fe a5 70% (8:00)

http ; //www.ecologica.cn



4344 £ A ¥ W 40 %
x3 EYRESY
Table 3 Plant model parameters
LAY 93 Vi (=S T A 4
Model Length/m Width/m Height/m Leaf area index( LAI)
Fi#L a Model a 80 1 2 2.5
5% b Model b 30 1 2 2.5
iR ¢ Model ¢ 80 3 2 2.5
H5#4 d Model d 80 1 4 2.5
KT e Model e 80 1 2 1

2 ERESH

2.1 W XS

S s A A KR ZRE X 3,4 12 HAT 13 H KUEALSS DL 0—4 m/s S 3,14 H XU AR AT 3k 8
m/s , = R A U A L3 B RVBURE T 18 8% 32, = H A XUERSE b 12 H 3 XU S AT i, 2% s ) s =2 1)

A—ER ETXOCER H 12 B TRUAIRE (0—4 m/s) BT KU X 0R 4

ELTIE R, 25 Wil s Z B JC W R B RO ER 3 T XU X A H A2 e

B} ] Time/h

NS0 BN NSRS
T T

[
o O N

B} ] Time/h

N OO0 N R NSNS
T

—_ =

— =
[c Bl S

IS
s

WA A 13 .14 H XAk

—_

4A812H
NNW H NNE 12 - NNW NNE
10 NW NE
8 [
6 wnw ENE
= 4
()
E 2F
P
= OFW E
' 2f
4 [
6 LWsw ESE
8 [
0of SW SE
12 = SSW SSE
4A14H
NNW N NNE
NE
ENE 3/ (m/s)
Bl 78
Bl 5—6
E ]34
Il 02
ESE
SE
SSE
SSW S
B3 RKHBEE

Fig.3 Wind rose

2.2 AN[EE I A PM, B ARk
NP 4 FroR , SEs st = H A PM, g B2 AR 1] A HE RS 1 B0 R M0, fre i (i BRAE R SR fIRME

http ; //www.ecologica.cn



13 4 JFERE 45 3L T ENVI-met A3 T I 3% 4% HiAF ) LB 6 PM, s 52 M B 55 4345

AR, Hodb 4 A 12 HERGEE B PAE 800 (IS 5 (141 we/m®) |, FefR(E B 12:17 19—5 5
(61 pg/m*) ,HH2 131% ;4 A 13 Him {EHEFE 8.:40 BIPU5 45228 wg/m’) , e fIRAE HBUAE 1640 ) =5 55
(29 pg/m®) , HHZ 686% ;4 H 14 H R mE HINAE 8:35 =55 (117 ng/m®) , SRR HINAE 1410 ) =5 55
(33 pg/m’) , HHZE 254%

WK s frzs,4 H 12 HF4 J 13 H P95 550 PM, o B S A s T A 3 AN S280 05, =5 A0/ PM, R i
ik, 4 A 14 B 4 DK PM, VR 22 S ERCAC, =5 SR B T A5

R AR A A 3 AR BRI AR =5 > S S >— 5 1 (14.2%>12.9%>9.2%) ,

250

200 - 4H14H — —EN
— ZE5R
150 | o
— =)
100 _\,\\}N W5

50 - . i Y

250 1 1 1 1 J

200

150 -~

100

50

250

PM, sk Jif PM, 5 concentration/ (Lg/m?)

200

150

100

50

W50 15 E] Monitoring time

B4 WA PM, KERTHE

Fig.4 Experimental point PM, ; concentration change chart

2.3 ORI[RIE PR SRHIAT IR T KT P, s W BE (1) 52 M)

(]S 43 B A5 h S b A B2, 5 B, 5 B FITH I A R AT 3 R DG, 45 10 PRI p=—0.237x+13.167y+0.522z, x /&
SR |y SRS TEE 2 AR, p TR
2.3.1  SRHbAEY RN B A

SEEG A LR Bl A Sk HUAE ) Rl = R A I R A s AR T TR A G N 9.2%
BT DR T 5, 2 — 20 1 IR 8 R A >R BT Wl Ve T A0 58 (3 38 0 1 3.7%F0 1.3% ) . BEE AH D
FEBGIN AP 2 2 I 2L [FAE s 1 X PM, s T I8AEH
232 ZRHLKBEAYSZ

I 53 BT 2R B, 2 A BE A3 I 25 S B0 A SR AR, b B2 A 1 0 2 3 38052 B G 5% e ) PML, 5 1Y
SV I, R4S PM, VR FE ARS8 A Ak, 30 PM, 5 [n] S b P 4 Hi0 ) o 5 S s A Lt /b
233 SRHbTEREAIEZIN

SEUG AL S b T B 3G LK IR T A Sk A TR S I SR ) E % b P 3 Ao B5F [
g b v (AR T D XS SR 0 %) W MAC TR e A P 1) ] TG 25, Jin i 1 Sk b 6k PML, S IR T D8R, TR) s ¢ s 5
JEE V1) 55 i A, 32 S A 0 P R 0 - T 5 S e

http ; //www.ecologica.cn



4346 la SRS

B
e

Eild 40 %

250 - 250
4H12H 4H13H

200 |- 200 -
150 |- _ 150 -

100 EAF 100
g 50 50 |-
\g 1 1L
g 0 1 1 1 1 O 1 1 1 1
s —EE CBE ZBE NEA —BK  ZBA ZBA 0 WEA
[=]
2’ 28 B Experimental location
2 250
i 4H14H
%
EN' 200
= 1 25%—75%
150 |- BR

I /N

100 T T T — i
- HE
==

50

*—_%_—4 “
R —

—5K ez =5 P95 5
{7 B Experimental location

5 SRIG N PM, R EE RS SR 454E

Fig.5 Experimental point PM, ; concentration spatiotemporal characteristics

2.3.4  SEHbE BRI

S () 25 T W BE A = B BN, T R A R i A, A R R R IR ) 4—5m S
FAVARS A AT LA A 380 %o A 0 %) 90 ek ) T S 6 6 T 3% 45 12 194 ) B 1 2 IR A 1 B85 1% 388 I T 8 2 i 3 Ok
ER,
2.3.5 Y TEFRE £ (LAD) (5200

SEG Y LAT 2N —5 s 8 =5 s B A a3 2H i M A R 0 0 T i R B g T R 4 e
HR)IZ B, S F I 2 b %) T DBV FH -5 I T 8 45t 1 b, 5 s ) P T 5088 o 1 S50 ) A o b PN S A2 s 1 B
J1, IRl B R T XU, fifi A5 OB 75 LA DTRE
2.4 ENVI-met fiil%5

PEHUB AR R A (X5 m, Y :30 m,Z:1.4 m) A s VR AU A, AL 12,00 B W I 55l 647 T A4k 34, 40
AR PM, MR BRI T (& 6) APE- (B 7) A L, T 6 F B, St b A< 3 RN it T BRSBTS [RD Y
FEIHEXT PM,, TR B 5080 A4 5E ), 4o 1 2 B 8 0 S A2 (T P, 38 3 S b B ) B 15 1) 25 iz 3

N7 B PM, 4 BESF T 7S 580 b e d e B PM, R EE S8R0 a (1) PM, VR AR HLBG I T 43 502> 1
2.89% .0.55% .~2.85% ,—3.14% , L% HbA< B 57 BE B3 MOGT PM, T DV FH Ak 1 TR |, 2 Hb 58 B R Tin
FRFEE A8 X PM, s e i 9 A A (E T VR o 5 S B0 45 SR AN [m] 2 S b g B2 AE AL 3 B rh 3R AR T L 1R 1Y
EHL,

SR ER ML IS AT PM, o 7R 2 R AR, EL A 5 o M 0 3 0 7 % 5 vl 190 258 i) 10 vk 38 s At s R PRk

http ; //www.ecologica.cn



13 i R 5T ENVI-met B3 TT I8 AR TP FE B XT PM, , AYS2 IR A 5T 4347
10.00
0
0 1000 2000 3000 4000 5000 60.00 0 1000 2000 3000 4000 50.00 60.00
10.00 el 1000
E
N
0 0 = o
0 1000 2000 3000 4000 5000 60.00 0 1000 2000 3000 4000 50.00 60.00
X/m
10.00 PM, 53K B/ (ug/m?)
) == <1.00 =9 4.00—5.00 == 8.00—9.00
B 1.00-200 3 5.00—6.00 == 9.00—10.00
0 i By == 2.00—300 == 6.00—7.00 = 10.00—11.00
0 1000 2000 3000 4000 5000 60.00 W 3.00—400 == 7.00—8.00 == >11.00
X/m
E6 PM, HESHE
Fig.6 PM, ; profile map
80.00
1EHRIb HRlc
60.00
40.00
20.00
E 0 2000 4000  60.00 0 2000 4000  60.00 0 2000 4000  60.00
P X/m
PM, s JEE/ (ug/m?)
<0
0.50
1.00
1.50
2.00
2.50
3.00
3.50
4.00
4.50
5.00
>5.50

0 20.00 40.00 20.00 40.00 60.00

60.00 0

7 PM,;FESHE
Fig.7 PM, ; plane distribution map

Fto PR a,b PIEIRISEHL S T PM, VR BERCHE  PM, o 1k B AR A 2 ] I S bt J5 O 9 J3E 24 Ry 2 b A BE 80%
R ], TR]IR) PML, ¥ JBE AR ARG 2 (1] 14 5 32 B 5 -5 ke 1 P8 %) 8 v Je D , 31 [ 4 5 B8 7 22 L B 4t 4 10m
AT R 2 N SRR R 50% o SR, S M R 19— JE 18 19820 AT LAAE 2 3 7 T I8 — A SEBE 2

http ; //www.ecologica.cn



4348 JAE = 40 4

LR 80% (14 | BE A 55 2k L A0 1 185 1149 48 100 111 5 J32 328 i 1) o Ml 4 B TR 1) PV, IR AIRAS X, &1 8 ds 1
PR a b A KERSFEADIZE S | ot 1< B8 10 A AP A o M ) 320 P9 IXURARIB 4 A2 ol A5 ) 320 9 XU S o, 533
SORL ) 16] AT BEL A HLX G848 v 1 25 (B 5l

80.00 80.00 b R
JU/ (/)
60.00 60.00 [ <0.90
B 0.90—1.00
1.00—1.10
= 1.10-1.20
£ 0120130
x 4000 40.00 1130140
1 1.40—1.50
I 1.50—1.60
B 1.60—1.70
20.00 20.00 B >170
0 0
0 20.00 40.00 60.00 0 20.00 40.00 60.00
X/'m

8 #EE a b RIRE

Fig.8 Model a b wind environment

3 g
3.1 AR E X PM, TH IR A5

TeA S Wl 25 58 & ENVI-met BEDIHT B GRS PM, A5 % — & BT I8AE T, T4k b x5 PM,, ¢ B4 31 D AR
5855 5 2 i Hr R A 0 B S A 5%, 3K S MG AR RIS A — 2 R T R A IR R s
PP 2 RO, QA S A B A DL B A ) S A S L TN B BIFST B 6 3 W A i RSO 11
TR FH R R0 A % )1 A 88 G L A S, TR) 6 378 38 A 97 A DG 56 2R 122 [ B, 37 380 s 40 - T Al 45 4 ) 3
Wi L2 53 B PR K LA SO PM, T SRV 5 5 A s
3.2 SEBIEASRT PM, T IR FH 0 R

A ST 6 24 ) 25 i 100K 8 14— 2 i 0 T AT S b I 7 T i — 1 56 FE 249 R G b K T 80% (1) B 5
53 b 114 B 5 0140 486 T S 38 UK 114 0 o M K B R BR B PML S VAR BE TELAIR AR AR AS X, {H H A VA 2 b 1 2 i) £
PM, R BE 2 fINEE Sy HLIR IR, 50 Ay gk i 5 i T2 866 1) XI5, 41 18 b 11 4 1) XU 388, 5300 PML, 5 [l W0
BELAS HLRGEE 35 i 25 132 8l BN AT 9 3 22 10 25 B T 4t K B 38 31— 58 A RIS IS mT AT 2080 0 3 ik K A<t
K 220 TR R A AR PR RSB ) 1 43 A A B R I ST A

L b i JBE () BE A TSR S Xt P S (KT VR P, 43 ML 5 J3E A 38600 1 S 0 A gt ) 308 3 D i
F AR i e AR 20 A I SR SR P A B TR RN S XS T L R AR A AR AR A A — 2 Xt e
HH T 23t 5 P A9 185 0 RIE A% A R A o s o K= S 40 3 s 1

gt b 13 JEE P72 A 1 52 T 7 37 ORI FDASS AL S 90 v = A T 0P i AL S0 v kb g B A 388, 2338 fE—
43RO ) 1) B g (1) 25 )32 2y, AR S 2 )5 BT Bl AR TS AT DR, S SO VR FH R /b, (R AR A A
AT A 184 3 P X A A S 1 A R o 8 o s e O 0 A T 0 7 3k 5 e UL ) 2 SRR — 2,
AL SR A Sk b g 388 0 08 i 3 o S0 40 A0 31 D/ P
3.3 SR PM, BT B A A s

SRR P PM,  AOTHIRME R TSR ZA A 2 M, = H P4 SE 5 S T R A RN R B

http ; //www.ecologica.cn



13 14 JBURERRE % 3T ENVI-met (93077 18 % S UL L B X PM, OS2 IIFST 4349

TIRIZURIEEN . X R IIG AR PM, s BT RIAAY 52 B AE P RV 1) DR 22 i (] - 52 380 A D T
PRIZ 9S00, 5055 | Abhijith 55 (5T 0 2 R WISk HUAE 0 PV, 5 1T 080 VE FH 32 8 KU XU (s 24
VU T 2R T PM, 5 B RZ MR A B — AN AR 4 fe] B e, T 22 07 i L RV TR S 2 ad 7

4 Z5EW

AR S 6 I I LA T AR R — 258 I T PHAE N R 0 R B VR (R Sk b S i P, R R TR )
ENVI-met 31T SRR AT, VPG T AR AR P B V% o R B R 28 SR b 98 B ZR MK S Hh s
B Sk M A ) ) T A AT T PM, VR B A5
4.1 EELER

(1) SEHXF PM, A % — & BIEAER

(2) B X PM, s T I8R5 S rp AR ) RO RIS Sk b v B2 | bR ) 1) i TR S 2 3R SR B A G

(3) S K P — 5 1 B0 R S AR SRS 7 A PM, SR (EL 2 i B At 8 A 2R b ) 25 R ) e

(4) S Hh 55 B B 38 N 2538 PM, (7 £ 2R M) ) B 5 9 25 Rz Bl

(5) SELw AU S R R I A A 22 P R W 52 eV F 5 ) 0 ) A R B A 36 A DG
4.2 #iX

(1) 38 PR i BEAS A R 8/ R D BRBE 1 PM,, (MR BEE | 18 6 5 g 7 S T A O () St b

(2) LR T8 B (3G i ] LU XE PM, o T 7 256, 38 [ 2 i 19 3 18 B 7 2% PR SRR 1% 00 F 58 BE 3K 3m 1§
L 8

(3) FESE I B XA 000 1T LA FE i 2 b A Rk 1) e IR XA B — A% A A i gt it A R XS [l P O
WG YRR X, BT DAE 24080 T8 N X 2k,

(4) b g B B 3G IN 25 30 PM,, 5 ) B8 55 19 25 0132 3, sk B A 5 0T 22 J2 S AR 0 25 (R A T s A )

(5) B L b 1 AT 55 o AL = 8 B, TR AR+ + R 2 G G T

£ 3L HR ( References)

[1] XuXM, Zhang H F, Chen J M, Li Q, Wang X F, Wang W X, Zhang Q Z, Xue L K, Ding A J, Mellouki A. Six sources mainly contributing to
the haze episodes and health risk assessment of PM, s at Beijing suburb in winter 2016. Ecotoxicology and Environmental Safety, 2018, 166:
146-156.

[2] Wang YN, Jia C H, Tao J, Zhang L. M, Liang X X, Ma J M, Gao H, Huang T, Zhang K. Chemical characterization and source apportionment of
PM, 5 in a semi-arid and petrochemical-industrialized city, Northwest China. Science of the Total Environment, 2016, 573 . 1031-1040.

[ 3] YaoL, Zhan B X, Xian A Y, Sun W W, Li Q, Chen J M. Contribution of transregional transport to particle pollution and health effects in Shanghai
during 2013-2017. Science of the Total Environment, 2019, 677, 564-570.

[ 4] Evans K A, Halterman J S, Hopke P K, Fagnano M, Rich D Q. Increased ultrafine particles and carbon monoxide concentrations are associated
with asthma exacerbation among urban children. Environmental Research, 2014, 129, 11-19.

[ 5] Pasquier A, André M. Considering criteria related to spatial variabilities for the assessment of air pollution from traffic. Transportation Research
Procedia, 2017, 25: 3354-3369.

[ 6] Pugh T AM, MacKenzie A R, Whyatt ] D, Hewitt C N. Effectiveness of green infrastructure for improvement of air quality in urban street canyons.
Environmental Science & Technology, 2012, 46(14) : 7692-7699.

[ 7] Al-Dabbous A N, Kumar P. The influence of roadside vegetation barriers on airborne nanoparticles and pedestrians exposure under varying wind
conditions. Atmospheric Environment, 2014, 90, 113-124.

[8] ChenXP, Pei TT, Zhou Z X, Teng M J, He L, Luo M, Liu X X. Efficiency differences of roadside greenbelts with three configurations in
removing coarse particles (PM;,) : a street scale investigation in Wuhan, China. Urban Forestry & Urban Greening, 2015, 14(2) : 354-360.

[ 9] Abhijith K V, Kumar P. Field investigations for evaluating green infrastructure effects on air quality in open-road conditions. Atmospheric
Environment, 2019, 201, 132-147.

[10] Tong Z M, Whitlow T H, MacRae P F, Landers A J, Harada Y. Quantifying the effect of vegetation on near-road air quality using brief campaigns.

http ; //www.ecologica.cn



4350 JAE = 40 4

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]
[19]

[20]
[21]
[22]

(23]

[24]
[25]

[26]
[27]

Environmental Pollution, 2015, 201 141-149.

Abhijith K V, Kumar P, Gallagher J], McNabola A, Baldauf R, Pilla ¥, Broderick B, Di Sabatino S, Pulvirenti B. Air pollution abatement
performances of green infrastructure in open road and built-up street canyon environments-a review. Atmospheric Environment, 2017, 162. 71-86.
Deshmukh P, Isakov V, Venkatram A, Yang B, Zhang K M, Logan R, Baldauf R. The effects of roadside vegetation characteristics on local , near-
road air quality. Air Quality, Atmosphere & Health, 2019, 12(3) : 259-270.

Morakinyo T E, Lam Y F, Hao S. Evaluating the role of green infrastructures on near-road pollutant dispersion and removal: modelling and
measurement. Journal of Environmental Management, 2016, 182: 595-605.

Roth M, Lim V H. Evaluation of canopy-layer air and mean radiant temperature simulations by a microclimate model over a tropical residential
neighbourhood. Building and Environment, 2017, 112 177-189.

Liu Z X, Zheng S L, Zhao L H. Evaluation of the ENVI-Met vegetation model of four common tree species in a subtropical Hot-Humid Area.
Atmosphere, 2018, 9(5) : 198-198.

Hertel D, Schlink U. Decomposition of urban temperatures for targeted climate change adaptation. Environmental Modelling & Software, 2019,
113, 20-28.

XuX Y, LiuSM, Sun S B, Zhang W W, Liu Y, Lao Z M, Guo G C, Smith K, Cui Y, Liu W, Garcia E H, Zhu J N. Evaluation of energy
saving potential of an urban green space and its water bodies. Energy and Buildings, 2019, 188-189. 58-70.

ITEe, BRAG, TR, 2255, UIHMG. kT —4ERTAN A 5 0 ULl ek R4l 2016, 18(9) : 1199-1216.

Farhadi H, Faizi M, Sanaieian H. Mitigating the urban heat island in a residential area in Tehran: investigating the role of vegetation, materials,
and orientation of buildings. Sustainable Cities and Society, 2019, 46, 101448.

Xing Y, Brimblecombe P. Role of vegetation in deposition and dispersion of air pollution in urban parks. Atmospheric Environment, 2019, 201 ;
73-83.

HEde, WAE, BRI4E. LT ENVI-met 198 BERAT LRI 3T PM, 5 THUE I AOBLRIIFT. KRB, 2018, (12): 75-80.

PIGESE, A, XIEE, TRET. RS HES I ORI RE ). 3RBE{L %, 2017, 36(2) : 289-295.

A2, RHIE, BRI, ATIS, ARIEAR, SR HL, F3CHE. S0 S bty i 4 TC B8 0F 28 SOBURE ) B9 v il AR 4S5, 2007, 27(11)
4590-4595.

Wi, BRARER, BRSO, XURM, AR %, % 2 b A ) S 0 A O R SOUR ) IR B . AR AS274], 2016, 36(7) : 2076-2083.
FBR, ML, R, EMSRR, RS, ThE, SRR, B, EARVE, AR s 15 FE AR 2R AR ) S M R OB SRR, A=
A2ER, 2020, 40(1) ; 213-222.

FEEE, A, 25T, SRR IR PM, SRR TS Y s B BOR AT T EE AR, 2014, (7) : 70-76.

AR, B/NEL, T, BRI ST LS A 0K 5 e IO S AL I B S ) G5 AL I . A 2SR, 2011, 31(21) : 6561-6567.

http ; //www.ecologica.cn



