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Simulation study on the characteristics of spring pollen scattering in typical

shallow street canyon layout and plant configuration mode

CHEN Ying, YU Miao, MA Jia® , LI Yunyuan
School of Landscape Architecture, Beijing Forestry University , Beijing 100083, China

Abstract; Airborne pollen in cities has become one of the main allergens of seasonal allergy in spring and autumn. Studying
pollen dispersion characteristics under typical building layouts and their plant configuration patterns can provide data
support for rational optimization of urban green space configuration and complement pollen dispersion studies. Based on the
spring observation data of the campus green space in Haidian District, Beijing, the street valley layout and plant
characteristics parameters of three sampling sites were extracted, and 15 parametric scenarios of typical shallow street valley
layouts and their plant configuration patterns were constructed with the help of Computational Fluid Dynamics platform to
explore the pollen dispersion characteristics and distance thresholds under different scenarios. The results show that; (D the
area with high pollen concentration is located in the area with low wind speed and poor air mobility, and the area with low
pollen concentration is located in the area with high wind speed and good air mobility. @ The pollen dispersion
characteristics of four plant configuration patterns are shown as street tree type > scattered > street tree+group planting >

grouped type, and the pollen deposition characteristics are shown as grouped type > street tree+group planting > street tree
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type > scattered. The highest pollen concentration reduction rate of 24.89% was achieved by staggered layout combined with
street tree type planting configuration, and the dispersal effect was relatively better. The back-shaped layout combined with
group planting configuration has the lowest pollen concentration reduction rate of 7.31%, and the aggregation effect is
relatively better. 3 Influenced by different buildings, plants and wind field, the pollen dispersion distance of three types of
building layout is in the order of rowed > back-shaped > staggered, rowed need about 35—75m dispersion distance, back-
shaped need about 28—60m dispersion distance, staggered need about 20—53m dispersion distance. Plants with low wind
speed, high pollen concentration and close dispersion distance are easy to accumulate, while plants with high wind speed,

low pollen concentration and long dispersion distance are easy to disperse.

Key Words: shallow street canyon; plant configuration; pollen; scattering characteristics; CFD simulation
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Fig.1 Plans of study sample site
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Table 1 Basic information of shallow street canyons and plant communities
IR WFFTREH 1 WA 2 WHITREH 3
Study sample sites Study sample site 1 Study sample site 2 Study sample site 3
B A
%ﬁ&&‘( B(,:R) 0.24 0.25 0.18
Building density
23 F0 2%
HEVE(FAR) 1.43 1.01 0.89
Volume ratio
’L‘lEﬂ'ﬂ?ﬁﬂUQ( $0) 0.53 0.74 0.92
Spatial openness
A B (ABH) /m
Average building height 18.00 15.00 15.00
S A1 A 3
%ﬁﬂzﬂmﬁ’,‘(mv)/ " 34769.17 24188.47 10896.41
Average building volume
AN R
Fﬂ”E@E) 1.57 1.09 1.06
Conformity
LGRS/ m 37.00 37.00 39.00
Building spacing
e G BE /
SATE/m 37.00 37.00 39.00
Street-canyon width
[RL34T T - -
WLty it ot Tt
Community structure
ELyE . T+ A-i L T SR . i
MUk TN N P S s ML S ST TIE A SR e T
Plant composition K+ B
FRHIE 5 10.80m; S IR 8.90m; BT &AL 11.30m; S i 8.00m; £ K & 9. 50m; S IR 7. 50m; BT &
; I iy
Vegetation characteristics = 3.00m = 4.45m 3.25m
WA L 3.20m; S 2.00m BT R W 3.25m SR 2.00m; AL R L 2.50m; SE R 2. 00m; AL R

TRETEAR b1 Z

Community depression

1.00m

80%

1.25m

70%

1.00m

80%

1.2 AEA ke B e

WFFEHERE 2021 4F 4 H 10 H—2021 4 5 H 10 HWTE], 05 B TCR A9 R, FF i 28d A RE b A6y ok B2 il
KAERTIE] 8:00—13.00, WA MR BE R B MR G AEEHE . AR R RAE T vk Rk I Q) O ¥ A6
BE BB AEREYE DAY Durham AERMISCEE 28 b e R 5 Tas S Y P BB 85 A (CAT.NO.7105) BRA X, #6453
WCAR R EE B IAT 1.2—1.5m, 25 SR BN ALK A 1) B 250 PR 25 2 W AR AR BR ], S BB 3R AE 3 1> M AR A SR 7 4 451X
B3 ASKRAE A, Z S RIS, SRS O 336 R, RS AR Ry 23 B, B R ERORTS R 0.19% J IR 2% e 6, 55 e
o RIVELERFE S, R ex20 A=W 8 5B 04 T A0 R ISR BRI 500, TS A 5 B AR MR B (B kL
1000mm?) , BEAM, F AR BE WAL LM-8000A [A)25 I K4 7 (IR R RE XU ) | B ] X [a] 5 46 43 SR A
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2.1 CFD RRIF gt

5T E L TR LAA 7127 ( Computational Fluid Dynamics , fij#8 CFD) B4R {4 ANSYS Fluent , #4224 1 X34
BERAEA AL AR R b 1) S R AT R REE N2 EUH (% 1) 38 F AutoCAD HRAFIEE 1.1 Lif]
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Table 2 Calculation parameters and boundary condition settings

HHZH ZHOHHAR ZHRE L
Calculation parameters Parameter setting Parameter Meaning
RN 3 TSRS Ny ERE T s I
I s HE Turbulent kinetic energy k= EN (D 2 k Rl shg, Uy RSB | 1 A i
3 Syl 5 2% Moy AL # Moy i S B Ny

s 5 & MHRFERCR, C, NHBONREL0.09, k K shE, 1 1
it B AEFEHCE Turbulent dissipation rate e = c% e > ~z:l“m " HERE

# l it it JRUE

k it 3R Turbulent kinetic energy;u,, : V-3 BE Average speed; I : i il 3% B Turbulent intensity; & : i il FEfi %8 Turbulent dissipation rate;
L B R Turbulent length scale

2.2 BEBA AT
g 3 ABTTERE ML = AERERL, BEAT S SRR A BB . B3R 2021 4F 4 H 12 H—2021 4F 4
A 18 FIIE], P2k 7 RIC I W IG5 B S DA A b BP0 IE ) iy A S 80, AR IR SR FE o P9 0 11 4
W IR I 24 H 2R P24 A
A5 CED LD 0 KA AT FL A0 FE L AT SR A 725 S0 e OUIE AR O 3BT 05 AR 5 R K
HIEREr AN
nYwy - Xxdly

n2x2—(2x)2 nZyz—(Zy)2

2 r RO R B S S F ALKV B Bl 5 SR RARRALL H AL Ve B sl XU s m B RE A
2.3 WRHES R SR E Y S E

MG A F A BB 2 A bR 5 SR 25 0, 4R BT 8 (R) (A 3 (B) (58120 (S) 3 Figl
RO A SN =, A S A R iR BATE AR (1) (B C(2) (AW (3) ATIEM S AR LS
(4)4 PRI ECE  BE 4 DM 7B E A VRN Al A R A R4 (0) , MRS S PR L
I R AR B A XGEAE 3.0m/s , FERYHEJE 500 K7/ 1000mm” , EE S BE 4 — M 15.00m, 77 AR HLKE
45— M 10.00m I 8.50m A% F 7 4.30m( 3£ 3)

(1)

r
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i CFD BLAUAR 1Y 3 AN SERE ISR 7 R AAER VR BB A b SIE R 00 P A6 400k B8 (A o A o
HEFFAHOCHERT IS , H 5 CFD B FRISAER CHUE LA R, 153 BIAHOC R 5L FfHh 1 2 r=0.729 £ 2 Jyr=
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Table 3 Modeling parameters for typical building layout and plant configuration in Shallow Street Canyon

B JR) Architectural layout FFIA(R) FlI&(B) FEFIA(S)
T E AR Rowed building layout Back-shaped building layout Straggered building layout
Plant configuration pattern RO Rl R2 R3 R4 BO Bl B2 B3 B4 SO SI 2 S3  s4
Pk S 48.00 34.00 38.00
Street canyon width/m ’ ’ ’
T T DR A5 155 i L 0.31 0.44 0.40
Street canyon height to width ratio ’ ’ ’
R FEEE
48.00 34.00 38.00
Air inlet and outlet width/m
FHY % FE Plant density — 9.00 7.00 19.00 42.00 — 9.00 7.00 19.00 42.00 — 9.00 7.00 19.00 42.00

RO 1751207 Jai % 4L Row building layout control group; R1: 4751207 Jaj+ 4T B xUHL & Rowed building layout+Street tree configuration; R2: 17
1| A7 Jey + 5 2 iE B Rowed building layout+Scattered configuration ; R3 ;1751 2 &+ 40 1 3L & Rowed building layout+Grouped configuration ; R4 ;
179 A0 )5y +AT A 5 4 ] 454 0B Rowed building layout+Street trees combined with grouped configurations ; BO ; |4 2047 Ja) X Bi4H Back-shaped
building layout; B1 ; Fil & 20 4 Ja) + 47 1 A X i % Back-shaped building layout+Street tree configuration; B2 ; | & 2 15 J&) + #4520 E B Back-shaped
building layout+Scattered configuration ; B3 ; [ 24 J& + 2H [ 3 C & Back-shaped building layout+Grouped configuration ; B4 ; il & 2 A5 J& +4 T il 5 41
45 A BEE Back-shaped building layout+Street trees combined with grouped configurations ; SO ;: 55 Z A5 JEy % B84 Straggered building layout ; S1 ;4
Bl A3 ey +A 73844 S BC & Straggered building layout + Street tree configuration ; S2 ; 4 51 2 4 J&) + 1 5 U Bt & Straggered building layout + Scattered
configuration ; S3 ; 5531 2 1 J& + 241 A =L . Straggered building layout+Grouped configuration ; S4 ; 4% 31 2 43 J& + 17 38 44 5 41 I S 45 4 IC & Straggered

building layout+Street trees combined with grouped configurations

3.2 MRS I XA RHE

BT A e 5O R i KA AL i i 3 A B R KGR I (B 2) o WG s (s AR 1 150 T, 3
Tl 2 A1 Jap X GAUHE R B2 B v T vy ARG A 20 A1 KA, v A 47 A Jm i 4 o XU B R [IXTB] R 3.00—
4.04m/s, EA PR IR I A AN ], 47 87 A7 JR XU DX H SRR 308 XU, DX 1] 2y 0.32—1.30m/s; [l &
A SR R XU X BAE SR P M1 Ak A SR AU DXL DX 1) A 0. 15—0.80m/s 3 5 81 5 A1 Joy (R XU IX. 1 B
FEFESTE AU, X [E] 24 0.10—1.20m/s
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Fig.2 Typical shallow street canyon building layout (x—y section) wind speed cloud map

3.3 SORBAIE A KA R R

SR R B B 48 AR BE R B , S B EALL 15 BRI R B 1 28 KU L
(P 3) o X HCTEHMIE B R RO AR e 0 T LD A R 7 2 1A B34 XL, XLk A A 5 P
H>EFIRSTTIIR (1)

SRR 0 T BERA B 5, e L 2 5 3 I X1 S 0.47—0.76my/s, A He TEAFL )T 5 I A
76.87%., 11T %A= [0 ARG HEATI7 2, Pl A 25 JR 4 o s R IR DX 28 th XL T i P X
FEME B3 £ DA 2 TR, S0 U 2 L A A 8 4 0, V3 R AR 3, R (IR Ty 82.86% , - 449 Lk
0.47m/s AR 2.03m/s 349 4 Pk R0 b O BRI, P50 B AT 0000 e B , 250 S A7 R
LA KRR T 25 PR R, DRI HOP 24 XU A AR AR 35 AR N 72.299% , T2 KU (0.76m/s ) 7
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4 PR

AR I B 4l ) A SR S XGE X ] N 0.65—0.85m/s , #H H TCAR I IC B I FR A 71.78% ., 1 T-i% A5
JRI I A R A SHE A 7 =X, A U S A v e T HE S IR ) 389 R ARG DX A R A e AL
X, $5HC S4 175 AL X2 A B I, SRR 2 41 B1E R S PRI, 5 40 A i B8 T 4L AT 3, 3ok
FTIE R BHIT , S 2 TR (0.7 1m/s ) BEARER B3, FRAIRR R 73.60% . #51C S1 17 =B & A, 1718
R e s 4 4 1 JRUJRR 14038 XSRS, (845 ST -2 XU (0.85m/s ) FEARERAS B 3, FRAIR K 68.31%,

AR P B AT 9 A R4 XGE X [H] N 0.69—0.96m/s , #H H TCAR I IC B I FRA 69.85% ., 2 AT
GIHEAR R, A AR 2 KT ARG DX, XU SR K X, 5581200 SR 2oL, $5 FE R4 473804 5 4l A1 =04 &
B B A NP2 XU R AR i B 3, AR R 73.56% , -3 XU 0.73m/s FildRe KU 2.82m/s 344 4 Rl &
B P AR, FEFC R2 IS QB0 B, A0 PR 32 A HERE 42 1) BEL 34 78 A T8 AR A KGR X B 9 45 1
SRR DX ISR B/ N 3 EL G RRAIS , 5 kI A 4, S B A8 T 2 G B AR e A (2 3, BRI A
65.33% , F-HIXGE 0.96m/s FHR K RGE 4.11m/s $1°8 4 FPE i s (8,

F4 ARRHERSERFHARMEYEREZXTHRELR

Table 4 Comparison of wind speed under different plant configuration patterns

AR 1751:(R) Hl&=(B)

Architectural layout Rowed building layout Back-shaped building layout

T AR X - ”

Plant configuration pattern o RO Rl R2 R3 R4 5 BO Bl B2 B3 B4
S5 JRH Mean/ (m/s) 2.76 0.69 0.89 0964 075 0737 275 0.68 0764 0.71 047" 0.60
KK Max/ (m/s) 4.04 2.16 326  4.114 2890 282" 3.63 2.01 224 252 2.03Y 2.734
/N Min/ (m/s) 0.32 0.00 0.00  0.00 0.00  0.00 0.15 0.00  0.00 0.00  0.00 0.00
T4 A AR/ %

?i’f]ﬂf_ﬁ%ﬁ&i e — — 67.56 65337 7293 73.564 — — 72297  74.08 82.86% 78.23
Mean wind speed reduction rate

AR 51 (S)

Architectural layout Staggered building layout

HE e A 2 M

Plant configuration pattern A S0 S1 52 3 S4

S RE Mean/ (m/s) 2.67 0.65 0.854  0.74 073 0717

FRAHE Max/ (m/s) 3.74 1.74  2.37 2277 2534 252

/R Min/ (m/s) 0.10 0.00  0.00 0.00 0.00  0.00

-1 KGHREAIR %/ %

— —  68.31Y 7247 72776  73.604

Mean wind speed reduction rate

Al — R ATRAT A JF T 4 PRy i B U XGE A R iR i, W s AR

3.4 AV AT KA A I B AR AR R TR B R E

Skt EEAHTRI SR 564 R R A AR BE B X AR IR, S EE AL 15 Fh B3 5 A A Vi
(E4) RSP IERIR S ER IR ERRIER (K S) .

L& 200 ) B S AE M BB A TP e R B %40 R X AE MR =, O 542 Ki/1000mm”, Hi B3 41
P = BV B B i 571 K/ 1000mm?® , B1 47 38 A 20 L B vk B eI 516 K7/1000mm?®, 25 f& R FE R RGEAE R T,
B3 PIERIE AR ERER L , SR ALK R AT A A I X, S EUR AR MR B, 1M B WG AR X 4 v , b e
B R RS Z I AR A AR R

THN AT R W SAGAE A T2 e A 0 4 A O SR AR, A 0 0 iy RUBR Bk, 1A JR P S AE M vk B2 T v, oA
447 Ki/1000mm’ , Horr R4 1785 20 A 25 A e S v B B 5 463 L/ 1000mm? , R3 21 A1 =X e 5 v 3 S A1 440
KL/1000mm’ , 5 EEk R4 45 PR 3 B ELIRTEE /N A5 45 P9ACO00 T T SRl A B, A7 AR T 8 ) 42 42 IR E
IR A A O AR ORI AR , (.5 S8 AT A M AL A N . M2 T, R3 B R KU 4
R, AT R DN, R AR B i G R LR b
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Fig.3 Typical shallow street canyon plant configuration patterns (x—y cross section) wind speed cloud map
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A S5 + LA HE B 5S4 - 5591 XAl Jry + AT S 20 M 5 P 2

N A e (0 S AL AN B R B HE AR b ST VN, A7 30 43 Vi KU TRH 3% A7 Jmy T I A6 0 vk B B A1
9 412 Ki/1000mm? | Hr S2 #5200 E vk B 426 Ki/1000mm?, S1 47 38 A =X I B vk B A% 403 R/
1000mm*, &54 KIGHHUARERE , S2 T35 K FEARRIAR T S4 , (HAER R = 1S4, % Ry S2 B kR
BT S4,S4 W ALK Bt R0 AR R R A, 5 2 M S2 SR KGH Y 5128, AR R B AEAE )
(BN . ST ATTE R AC B I A G B A B R KGRI A, I ERAE A B A 4 2Z 40, DT FEAIG P 3R A6
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Fig.4 Pollen concentration distribution map for 15 typical scenarios

x5 HERHIRBBRAGHENEVEERX THEBRELE

Table 5 Comparison of pollen concentrations under typical shallow street canyon building layout and plant configuration patterns

A 151 (R) FlE(B) EIA(S)
Architectural layout Rowed building layout Back-shaped building layout Staggered building layout
T B

RO Rl R2 R3 R4 BO Bl B2 B3 B4 SO Sl S2 S3 S4

Plant configuration pattern

TER U/ (Ri/1000mm?)

Pollen concentration

WRIE AR %

Concentration reduction rate

576 442 444 440V 4634 616 5167 542 5714 540 536 403Y 4264 406 413

— 2326 22.92 23.614 19.62Y — 16.234 12.01 7317 1234 — 24.894 20.52Y 2425 2295

WRBEREAR AR LA HE SR 10 0 5% SR AW s ) — R AW 1 5 T 4 AL B BEMAER B D | AFOR IR, W 3R IR (kMg
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7350 A0 Ry 300 XU R oy v i 2 A AE A9 DR 1] S0 301 % 28 300—400 A7/ 1000mm’ , Fifi 5 B4R R AIK 2
fIRHR B (0—100 KL/1000mm* ) , " CHIUE BS 24 35—45m 5 15 KU AL R e B 1th £ e DRt N B8 28 v ik B2 B s L T
PR 0% RT (R2 AU (200—300 K7/ 1000mm? ) 43 {H ( 100—200 H7/1000mm? ) #HXF 545, R3 R4 (4 (E
(300—400 #7./1000mm* ) 2+ (100—300 7/ 1000mm? ) FHXF 55 ey, HL 28 R st s s e 28 ARk B 1 i s 4
LY 65—75m, AEH EEI A AN RHL, 3 A REIE S S m] . b R3 A6k vk B B 2 Ik B KT
JIrits GO B 73 XU 2 40m , 35 XU 24 73m , FE5 4 r ok JRUBR XU 5, [l B 2 1 R RBRRICR AT . R4 ARV
R 2 ARV B /KT Tl SO B, 7630 XU 249 35m, 15 XU 2 65m , AH X450, 25 B8 Ry A7 38 A =X R 2 141 50 45 5 i
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1EX3 Uk JE Pollen concentration/(iZ/1000mm?)
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Fig.5 The relationship between pollen concentration and dispersion distance of rowed building layout

25 QBB R OC R P 2R3 % 107 1] 4 755 RO AE R B2 201 [ s B DD 02

http ; //www.ecologica.cn



266 JAE =

44 %

xJ5 I
— Wi — W2 — W3

1000
900
800
700
600
500
400
300
200
100

1000
900
800
700
600
500
400
300
200
100

1000
900
800
700
600
500
400
300
200
100

AEH R B Pollen concentration/(kii/1000 mm?)

1000
900
800
700
600
500
400
300
200
100

1000
900
800
700
600
500
400
300
200

100 s \: 100

YT
— WiE4 — WIS —— WG

RO

R1

R4

!

ob 0
=60 40 20 0 20 40 60 80 100 120 =60

AL Position/m

Ee6 EAXTREMKRES CHERXRE
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Fig.7 The relationship between pollen concentration and dispersion distance in staggered building layout
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