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Impacts of Plant Community Characteristics on Submicron Particles
FAN Shuxin, LI Yilun, LI Kun, ZHANG Mengyuan, HAO Peiyao, DONG Li"

College of Landscape Architecture, Beijing Forestry University, Beijing Laboratory of Urban and Rural Ecological Environment, National Engineering Research

Center for Floriculture, Betjing 100083, China

Abstract; Plant communities are basic components of urban green spaces, which play potent role in regulating air particle
levels. Submicron particles have serious negative effects on air visibility, environmental quality and human health.
Understanding the regulation mechanism of plant communities on submicron particles may better facilitate the mitigation of
submicron particles ( PM, ) pollution through the construction of urban green spaces. Based on field investigations,
differences in the daily PM, level among eight plant community types were quantitatively analyzed, and correlations between
daily PM, and various canopy parameters, including canopy density (CD), canopy porosity (CP), leaf area index ( LAI)
and sky view factor (SVF) were further established to detect critical thresholds. Results shows that plant community has a
certain effect on reducing submicron particles, but there is no significant difference in daily PM, level among different
community types in summer. Among the eight plant community types, mixed trees and grasses type may most effectively
reduce PM,, followed by broad-leafed trees, shrubs and grasses type, while conifer shrubs and grasses type has the weakest
effect. The responses of daily PM, to various canopy characteristics are complicated, featuring non-linear relationships with
critical thresholds. Plant communities with CD greater than 75% and CP less than 55% have outstanding effects on reducing

submicron particles.
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Table 1 Informations of 4 sampling residential areas

JEER R R] SATHAR L TR S R
Residential Area Build time Total area/m? Vegetation area/m> Vegelation coverage/%
By 2002 239167.20 113197.80 47.33

75 el 2003 135437.57 58915.34 43.50

KT 1993 129022.85 64214.67 49.77

HP- 5 1l 1985 499524.66 292521.60 58.56

1.2 BV

) e i U PN o 2B A 16 I T R ) N Y P 411 202 B 88 . e R 1 e R I O 7 N Y B P )
LR N TETE 10mx 10m BYREVEREDT & 8 A4S, it 24 4> Frde v A 0 B sa B A IR 5 iAol B -7y
b o S A L R A A 1 v A R o N e [ A T 3 A A N O 2 S B e
VAT SR A 16 B A R TR 22 B LA o, BT A A B AR AT A REIE A T rhoc B R i AR R B 34K
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Table 2 Details of the sampling community

P Ay TRk 34568 TN AR RS S FRARBUR S T
BEVE 905 No. Composition Average Average crown Average Percent of broad- Percent of
types height/m diameter/m DBH/GD leaved species/% tree species/ %
Al B R T R 6.21 4.30 11.25 75 62.5
A2 [i#] I 7 5.40 3.95 16.00 100 50
A3 B e R 8.84 3.26 10.18 0 57.1
A4 AR 9.29 4.46 14.53 66.7 100
A5 [ e 2.93 2.22 15.35 100 100
A6 [upie S 4.79 3.91 8.73 0 100
A7 ] - 1.63 2.48 13.44 100 0
A8 EF - E R 0.73 1.47 5.02 0 0
Bl B R e R 4.06 3.92 18.70 77.8 44.4
B2 [i#] I 7 2 3.86 5.77 8.78 100 41.7
B3 EF e R 7.19 3.45 8.75 0 37.5
B4 B RE TR 2 5.32 3.03 17.69 83.3 100
B5 [i#] - T 7.39 3.30 8.13 100 100
B6 EF IR 5.43 2.84 12.11 0 100
B7 [i#] -3 1.58 1.15 16.81 100 0
B8 i 0.58 2.08 5.25 0 0
c1 B R T R 5.32 3.19 12.87 71.4 57.1
c2 [i#] e 7 2 7.91 4.54 14.36 100 62.5
c3 BT i R 6.27 2.63 19.67 0 42.9
C4 LN 8.33 4.22 20.04 60 100
[o5] [ i e 4.45 3.53 15.93 100 100
C6 EF IR 5.32 3.08 14.04 0 100
C7 [ - 1.93 2.46 7.60 100 0
c8 i R 0.61 1.35 4.37 0 0

G5 A ARRFEAHEROR B B e (3 IX; B ARRAEAHE ok B T el 4E X C AURBEA I Ok B /K ik 1 X P 3 bk s el iR A2/ Az | )
AR (5 S TR 5 LIS X TR GEAREATSE T
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Table 3 Details of the sampling community

o g 1 T 2 1 SEEIRkR FEIE SR fgE A R R A TR 5 L
ﬁﬁ;ﬁﬁ Composition Average Average crown Average Percent of broad-1 Percent of
' types height/m diameter/m DBH/GD/cm eaved species/% tree species/ %
D1 T R 9.10 4.50 19.50 76.9% 53.8%
D2 [ i e 5.63 4.53 11.47 100% 50.0%
D3 [f P T 4.67 4.01 9.13 100% 58.3%
D4 T E T R 11.15 6.34 18.53 73.7% 63.1%
D5 B R T R 8.92 6.48 19.49 77.8% 77.8%
D6 BRI HE R 6.40 4.77 14.39 83.3% 66.7%
D7 [ i T 11.74 4.70 29.89 100% 72.7%
D8 R T R 8.57 5.69 28.74 64.3% 64.3%
D9 B R T R 6.97 3.21 15.55 84.6% 69.2%

Hi's D AURFEARREE R B P R AE X Pk SR M/ s e & L5 T AR & LU 7 AR T SE T

B1 4 MBERBEERMIBAHEEFHUES R TEE

Fig.1 Locations of 4 sampling residential areas and 33 plant community sites
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Table 4 Canopy structure parameters of the sampling community

T o A BiLE TR R Kz ] N
No. Canopy porosity/ % Canopy porosity/ % Leaf area index Sky view factor/ %
D1 44.879 70.864 1.322 0.476
D2 57.311 57.192 1.506 0.324
D3 67.264 63.336 1.714 0.412
D4 71.369 57.968 2.356 0.238
D5 75.840 54.686 2.268 0.249
D6 77.589 51.036 2.540 0.185
D7 82.392 53.866 2.932 0.147
D8 89.585 43.706 3.294 0.112
D9 92.280 42.213 2.968 0.095

%S D REEFEARER Ok AT KB X P3R5 M1 AR X 7 A ET gt
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Fig.3 Example of SVF of one sample community in summer

x5 HABERTHPM,RE
Table 5 Daily average PM, level in the sampling community

HEY& 45 No. D1 D2 D3 D4 D5 D6 D7 D8 D9

PMIWTE“ 1evel/(ug/m3) 13.027 12.583 11.519 11.869 11.718 11.200 12.170 12.135 12.378
G5 D IFREAREE A B AL RIEER , - HIRRES IR 5 M7/ AR (U 77 A AT S
VRN H 2 PM e BE R AR A BE 2 IR ASAEAE B B A G 6 R (P>0.05) , SR TFIRL I HHL (K6 5
27, A UE, R =0.801) o, i A AP G T AH OC A TR R ZE T P ¥k B Bl o 0 PA A 488 o e 52 BB 8 A
FREAET UL GOEZE X T PM, IR (A 5 I B R MR (E SR A B et — YL (75% A2
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Fig.4 Daily average PM, concentrations of different community types
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Fig.5 Comparison of daily average PM, concentrations in multilayer structure and composition types
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Table 6 Correlation coefficients between community canopy structures and daily average PM, level

s iR P B2 B B NRAC e PSRRI ES
RS S Canopy porosity/ % Canopy porosity/ % Leaf area index Sky view factor/%
No.

cc sig. cc sig. cc sig. cc sig.
PM, ¥ level/ (pg/m?) -0.419 0.261 0.246 0.524 -0.289 0.451 0.264 0.492

cc (UMK RE sig AR BEN:, « 5+ « FREEFKFE

PM, H BJ7K ¥ RV 115 B Z AR G OC R R BB B 7K-F- (P>0.05) . LG #EHL (K 6 5K 7,
B, R =0.403) AT LUE BB R 1 55T PM, H ¥97KF Z 8] 405 50 B2 58 TARIAIBE . Bl BF 75 i i
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Fig.6 Non-linear fitting relationship between daily average PM, concentrations and canopy characteristic parameters
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Table 7 Nonlinear fitting between community canopy structures and daily average PM, level

LA e et e
Fitting equation Fitting convergence
AR5 PM IR y=13.2089+ (—58.10618/(28.54632xsqrt (pi/2) ) ) xexp( —2x( (x~ 0.801 Wesk
Canopy density and PM, 74.91193)/28.54632) %) ’
BB S PM, VR y=21143.02672+ (- 21131.22863) xexp ( —0.5x ( (x~-53.70063 )/ 0.403 oo
Canopy porosity and PM, 1696.90609) %) ' .
MR RS PM B y=71.22972 + (-785.7837/(10.51559 x sqrt ( pi/2))) X exp (-2 x 0.598 Sl
LAT and PM, ((x8-2.38617)/10.51559)2) ’ =
KA HET5 PM K JE y=13.46035 + (-0.83978)/(sqrt(2xpi) X0.7251%x) Xexp( = (In(x 0.361 ks
SVF and PM, 0.33774) )2/ (2%0.7251%) ) '
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