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“Micro-canyon effect” of city road green belt and its effect on the pollutant

concentration above roads for non-motorized vehicles
LI Ping', WANG Song', WANG Yaying’,HAO Xingyu', WU Xiaogang', YAN Haibing' ,LIN Yinding' *
1 Shanxi Agricultural University , Taigu 030801, China ;2. Shanxt Forestry Vocational Technical College , Taiyuan 030009, China)

Abstract: The present experiment investigates the effect of the green belt structure on the pollutant concentration above
roads for non-motorized vehicles and provides a basis for designing a road green belt pattern. We simulated green belts
separated by 10, 20, and 30 m intervals with shade cloth. The three simulations were of 10 m roads alternating with 10 m
green belts, 10 m roads alternating with 12.5 m green belts, and no roads in an 80 m green belt. Microclimate (wind)
conditions and the concentrations of five major pollutants, namely SO,, NO_, NH,, total suspended particles ( TSP) and
respirable particulate matter (PM10) , were observed for all types of road. The observation periods were from 7 to 8 am,
from 9 to 10 am, from 11 am to 12 pm, from 1 to 2 pm, and from 3 to 4 pm on the same day. The results show that when
the wind speed was less than 2 m/s, the green belts separated by 10 m and 20 m intervals had a “micro-canyon effect” ,
and the wind speed above the green belt interval increased by 23.33% and 20.22% , respectively, whereas the wind speed
above green belts separated by 30 m reduced by 3.33% . When the wind speed exceeded 2 m/s, none of the green belts
displayed a micro-canyon effect. There was a nonlinear relationship between increasing the interval width and the percentage
removal of pollutants, with the green belts at 10 m intervals having the greatest effect. When the wind speed dropped below
2 m/s, for the 10 m interval, the daily average percentage removals of the five pollutants SO,, NO_, NH,, TSP and PM10
were 32.01% , 29.43% , 7.66% , 54.27% and 53.90% , respectively. When the wind speed exceeded 2 m/s, for the 10
m interval, the daily average percentage removals of the pollutants were 16. 50% , 16.90% , 12. 02% , 32. 86% and

25.14% , respectively. It was also found that the percentage removal of the five pollutants had positive correlation with the
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wind speed for the 10 m interval but not for the 20 m and 30 m intervals. The structure of 12.5 m green belts at 10 m
intervals can more effectively reduce the pollutant concentration of roads for non-motorized vehicles; the daily average
percentage removals of the pollutants were 8. 74% , 9.13% , 7.63% , 13.01% and 15.56% when the wind speed was less
than 2 m/s and 7.03% , 3.51% , 10.4% , 24.35% and —14.28% when the wind speed exceeded 2 m/s, respectively.
The positive correlations between the removal percentages of the pollutants and the wind speed were the most significant for
this green belt mode. The removal percentages of pollutants were small or negative for other green belt modes. The green
belt structure affects the micro-climatic conditions of the road and thus the pollutant concentration over roads for non-
motorized vehicles. Applying a reasonable structure for the urban road green belt, we can improve air quality over roads for

non-motorized vehicles.

Key Words: city road green belt; micro-canyon effect; road for non-motorized vehicles; pollutant
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Fig. 1 The simulation schematic of different green belts intervals
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Fig. 2 The simulation schematic of different Green belts mode
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Fig. 3 Wind speed less than 2 m/s, the percentage of wind speed change in different intervals
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2.2 R[] [ B I8 i Aty X B B0 42 T8 15 G ) B 5
2.2.1 WE/NT 2 m/s, AN [E][]FR SR A X5 B 4 B s il

HI 2R 1 ATHL AR 10 m (I FR&RAbA XF 5 #5944 (NO, (SO, NH; |, TSP \PM10) i H P-4k H 43
ROMH 32.01% 29.43% \7.66% 54.27% 53.90% ,20 m 130 m [a]EERALHT 5 Fi5 YY) H -2 0 5 4
REUNTF3.0% . B NH A, — RSB BE 10 m [BFRERALH X T 4 Fis e idid b 5 0 R 359 % 20 m
130 m B fRZkfa ¥k A 43 %, 11:00—12:00 B, 10 m [AIFGERALA XT 5 Fi5 Qe )il 8O R S ds A i 43
T 40.95% 57.78% 16.87% 71.43% 61.54% |

R1 KENTF 2 m/s, REEREBELEX 5 HiTRME LR S RN

Table 1 The remvoal percentage of 5 kinds of pollutants with different simulation intervals green belts when wind speed less than 2 m/s

b Y B (] B 5 £/ m AL 43 % Remvoal percentage/ %
The kind of pollutants  The interval width ~ 7.00—8.00  9:00—10:00 11:00—12:00 13:00—14:00 15:00—16:00 4xHI{}H Means
NO, 10 20.20 36.32 40.95 27.86 34.71 32.01
20 -8.13 4.84 0.94 8.16 8.75 2.91
30 1.84 -1.94 3.01 -6.59 9.57 1.18
S0, 10 5.47 50.49 57.78 17.73 15.69 29.43
20 -5.88 -7.29 6.41 7.35 -3.33 -0.55
30 1.84 -1.94 3.01 -6.59 9.57 1.18
NH, 10 -5.17 14.91 16.87 2.16 9.55 7.66
20 -4.55 8.41 -3.25 -5.83 6.00 0.16
30 -4.10 3.78 0.94 -5.80 7.80 0.52
TSP 10 40.00 60.00 71.43 56.52 43.40 54.27
20 -12.50 0.00 -5.26 -6.25 5.00 -3.80
30 3.85 4.26 -60. 00 -10.53 -4.76 -13.44
PM,, 10 50.00 55.56 61.54 50.00 52.38 53.90
20 -15.38 -13.33 -27.27 -33.33 -10.00 -19.86
30 -12.50 -22.22 7.14 -33.33 40.00 -4.18

2.2.2 KGEEKT 2 m/s, AN [A] g af Al XS Ge P ion st

2 il UL, WG KT 2 m/s 500 T 10 m (B @&k fbai Xt 5 s e 09 B V- 350540 H 40 R 45 514
16.50% .16.90% ,12.02% 32.86% .25.14% ,20 m F130 m [A]FAZRALATER PM10 H SEH440 F 205K T 10%
Hb,HE 4 FT5 3 H 980 53R 2/ T 10.0% , 15:00—16:00 B, 10 m [H]FR&ER LA %t 5 Fis Jedidik
ORI 3R T 4300 R 20.60% 22.70% 15.80% 41.70% 40.00% .
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R2 REXT2 m/s, REEREBRLEX 5 HiTRMAELE S RN

Table 2 The remvoal percentage of 5 kinds of pollutants with different simulation intervals green belts when wind speed greater than 2 m/s

tEE Y EES [¥] % 9 B/ m ¥4 T /3% Remvoal percentage/%
The kind of pollutants  The interval width  7.00—8.00  9:00—10:00 11:00—12:;00 13:00—14:00 15:00—16:00 4:HF-14{4 Means
NO, 10 15.60 16.40 10.20 19.70 20. 60 16. 50
20 -6.51 -9.62 4.67 -5.98 10.00 -1.49
30 -4.02 -1.71 -1.84 -5.43 -3.23 -3.25
S0, 10 12.70 14.70 12.30 22.10 22.70 16.90
20 -3.13 -6. 14 1.94 2.41 -7.59 -2.50
30 —4.11 -4.00 -3.91 3.33 1.98 -1.34
NH, 10 9.40 10.70 8.50 15.70 15.80 12.02
20 -5.63 -6.62 4.40 -5.52 -1.47 -2.97
30 -15.20 -16.29 -2.40 -17.36 -21.99 -14.65
TSP 10 29.40 31.30 25.90 36.00 41.70 32.86
20 6.67 11.43 10.71 11.11 6.67 9.32
30 5.13 7.89 4.17 18.18 -23.53 2.37
PM10 10 26.30 29.40 0.00 30.00 40. 00 25.14
20 11.76 -16.67 8.33 22.22 37.50 12.63
30 -5.56 22.73 7.14 20.00 33.33 15.53

2.2.3 MMEST

XiF 3 Fof i) B B B O S Ak 45 B TRL BE S RS ik B A R SRR 0 (C a5 KU EA AR /4T, KU /N
F 2 m/s BHANEE 3 iz, 10 m [RIRR&Rfbs 5 FPi5 G il B 5 R 5 18] Je oo KGR 18 IE ARG, B NO, (NH, |
PM10 K2 i 7K, 17 20 .30 m [ FREk Ay 15 G g A | 4326 5 [R) BE o0 R 2 77 56, {20 m [H] B
PM10 AEHE E 4323 5 rhoe KGEUE 52 28 E A OG . KGR T 2 m/s BFANER 4 7R |10 m [ R agAbaly 5 Fis 4y
YAl B o325 5 ) BE oo KUE O 1 25 EAR DG . 1 20,30 m [H) FR Sk A 15 G e fb | 3 23 5 ) B e XU
£ R AR AL 20 m [E]BRERALAT NH, 130 m [H]FE TSP A4y deAl 1 0 2 55 ] B rboc JXGH A 52 3 1IE AR G
HE 5 Yy h b 56 BRI B3 K,

#3 RENTF2 m/s, FREBREE S Fi5 RIS EHE 5 8RO RER LS

Table 3 When wind speed less than 2 m/s, the correlation analysis of the remvoal percentage of 5 kinds of pollutants and the wind speed of C

point in different interval

i) B 5 B2 15 F 2 The kind of pollutants
The interval width/m NO, S0, NH, TSP PM10
10 0.98887 * 0.81419 0.97712* 0.79806 0.94336
20 -0.94237 -0. 87046 0.33198 -0.33565 0.97609 *
30 -0. 86659 -0.59132 -0.7311 -0.61341 -0.95308

* Fn B3 (P<0.05)

x4 RUEXTF2 m/s, REEIREE S 529 E SRS ER RO EHRERKXSH
Table 4 When wind speed greater than 2 m/s, the correlation analysis of the remvoal percentage of 5 kinds of pollutants and the average wind

speed of C point in different interval

[i) b 55 2 15 Y IR The kind of pollutants
The interval width/m NO, S0, NH, TSP PM10
10 0.96872 0.90890 * 0.92635 * 0.96045 * 0.92412*
20 -0.89673 -0.70382 0.94613 * -0. 44668 -0.63901
30 -0.56739 -0. 64025 -0. 64538 0.93469 * -0. 65087
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2.3 AR aAL X EHENL S B8 5 Y OSCR ar
2.3.1 KH/NT 2 /s, NG SRAH X EHENL ) 4238 5 Y P 552

H2e 5 AT, RWGE/INT 2 m/s B 5 Fiis Yo vk AR ML s A8 4 ML 8 4238 34 i T R, H -2k
HOESMHN8.T4% 9.13% 1.63% 13.01% 15.56% , Mt —FA R = 5 Fhis et H L85k 1205
K/NF 1.00% , — K2 ,13:00—14:00 F1 15:00—16:00 B LA X} 5 Fis e s b R0 e by, ¥tk
HTFEEET9.00% .

x5 REFEMNF2 m/s, REIGHEXRT 5 75200080 T R0

Table S The remvoal percentage of 5 kinds of pollutants with different Green belts mode when wind speed less than 2 m/s

VLR ES [, 5L E 43 % Remvoal percentage/ %
The kind of pollutants Models 7:.00—8:00  9:00—10:00 11:00—12:00 13:00—14:00 15:00—16:00 % HFI4{l Means
NO, 13— Model 1 3.62 1.82 2.99 -0.50 -5.88 0.41
13X = Model 2 4.39 -2.15 7.67 19. 66 14.12 8.74
FE = Model 3 -6.22 -16.71 -9.45 6.87 -8.96 -6.89
30, st — Model 1 -0.80 -0.84 -0.60 6.27 -6.06 -0.41
K Model 2 8.21 9.97 10.89 12. 14 9.13 10.07
#i3 = Model 3 -2.86 -5.11 21.63 2.31 ~12.14 0.77
NH, B3 — Model 1 4.03 4.62 0.52 0.95 -6.42 0.74
Hiz = Model 2 6.33 5.45 6.78 9.25 10.33 7.63
K = Model 3 -5.45 -11.70 ~11.42 —4.64 9.09 -4.82
TSP #Ez0— Model 1 -8.84 -17.78 -7.61 —24.49 8.77 -9.99
FE . Model 2 6.13 9.30 8.33 19. 80 21.50 13.01
iU = Model 3 -5.56 3.39 7.69 -11.32 0.00 -1.16
PM10 K — Model 1 18.75 2.50 -22.41 0.00 -35.29 -7.29
12 . Model 2 10.94 3.85 12.24 28.57 22.22 15.56
FEH = Model 3 -57.78 -56. 86 -57.78 14.29 50.00 -21.63

2.3.2 KT 2 m/s, NS XTEHENL SN 4238 15 Y P 5l 5%

6 i, K KT 2 m/s BF, B0 5 Fiis Je Wik B HFE 25080k 5 5% 40 5k 7. 03% 3. 51% |
10. 4% 24.35% ~14.28% , $:— 5 Fi5 YLk BE H I8k B R ¥ Gl . =5 Ais ek i H
SR AL T A3 AN 0.89% 9. 13% 2.06% 17.71% 9.13% . W#E KT 2 m/s 54 F R i =
LIRS YA — i AR PR R PM10 LU ARSI WS 4 Flos Qe db s R i 4y

Fz6 NKEXTF2m/s, AEFUEXI S MiTLYHNELESETLAM
Table 6 The remvoal percentage of 5 kinds of pollutants with different Green belts mode when wind speed greater than 2 m/s

PEPARTIY B it B4 E 7 Remvoal percentage/ %
The kind of pollutants Models 7:00—8:00  9:00—10:00 11:00—12:00 13:00—14:00 15:00—16:00 4 HFI(f Means
NO, #EX — Model 1 3.44% 2.17 -1.03 0.60 -11.29 -1.22
#iz0— Model 2 7.83 8.12 9.32 -0.99 10.85 7.03
iU = Model 3 1.86 3.31 -5.23 2.10 2.41 0.89
30, K — Model 1 -1.92 -12.92 5.15 -0.33 -6.76 -3.36
FE . Model 2 12.06 1.85 5.69 2.94 -5.00 3.51
i3 = Model 3 8.93 -25.00 32.43 10.53 18.75 9.13
NH, 3 — Model 1 2.89 -0.58 2.53 -5.65 -5.94 -1.35
3~ Model 2 11.55 5.69 20.06 8.06 6.65 10.40
FE = Model 3 5.40 -0.41 1.34 1.97 1.99 2.06
TSP i3 — Model 1 -79.66 -56.34 44.83 9.64 -1.35 -16.58
K . Model 2 36.34 17.72 38.10 18.22 11.38 24.35
#5320 = Model 3 33.33 20.48 6.12 13.89 14.71 17.71
PM10 i3 — Model 1 -19.15 -27.91 -12.90 —43.75 -33.33 -27.41
3~ Model 2 20.79 4.14 15.19 9.30 -120.82 -14.28
13X = Model 3 8.93 -25.00 32.43 10.53 18.75 9.13
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2.3.3 HHXRMESH

RGHE/NT 2 m/s 1,3 FhagAb s B AR Y g A 5 426 5 A HLsh 42 T8 - 249 XU (8] AH OGP 4 M (3
7) 2 AR — 5 FpIE Y gl | 4R 5 X A DG B AR A B WK BT 5 Fs Yl | 4y
R KB IEADE, Hod NO, TSP PM10 b 5 43R 5 WG A5G B 3, B =405 e nid Ak B 3 B NH,
SIEFHSCHM LB B ARG, H AR 25k B K-,

KGR KT 2 m/s 1,3 Fagfbr Bt 5 Flis Y g A | 4 %5 AR ML 8l 42 38 - 359 DA E) A DG 1 2 B (3%
8) B, B — 5 Fis Yedefb | 4335 5 R 3k B A OC HL B R R 8] 18 20K, A 2Bk NO, b | %
5 A AN B TG Y o TEAE G, Herh SO, (TSP PM10 ik [ 43 R 5 KU IEM 6 B2, #i = No_ .
SO, b E 4R 5 KU IE A 5 , Herp SO, ik B IE AR O B /K, Hoe 3 A5 4ed) NH, (TSP PM10 #44 A 56
IERSF I PINTE i o

£7 RENF2 m/s, FAGUERAMTRY S LTS RS EHHEBELHRERL ST

Table 7 When wind speed less than 2 m/s, the correlation analysis of the remvoal percentage of 5 kinds of pollutants and the average wind

speed of B point in different Green belts mode

[ESy 75 4 Fh2 The kind of pollutants

Models NO, S0, NH, TSP PM10
2 — Model 1 -0.80235 -0. 94062 -0. 68775 -0.93281 -0.79709
B = Model 2 0.83185 " 0.70866 0. 81802 0.90283 * 0.89297 *
#Z = Model 3 -0.70625 -0.87428 0.53329 -0.81094 -0.74691

x8 NKEXTF2 /s, FEGFUEXEMSRMEN TS RSN FEEEHRERKX S
Table 8 When wind speed greater than 2 m/s, the correlation analysis of the remvoal percentage of 5 kinds of pollutants and the average wind

speed of B point in different Green belts mode

B 75 B2 The kind of pollutants
Models NO, S0, NH, TSP PM10
I — Model 1 -0.94651 -0.82624 -0.40957 -0.33063 -0.67987
Fix = Model 2 -0.20223 0.95851 * 0. 60586 0.88409 * 0.99742*
i = Model 3 0.33647 0.92316* -0.73823 -0.69801 -0.63523
3 &g

(1) AN [ i) B )08 B gt Aty 2 M B P OB 25 P o DTS 4 2 T 1 R B Sy TRt i [ %) ) P O
TSP RO AT o 7 10 2 B H FNZts B TR] B S8 B W 22 L8 H/W BRI IEAs 228, LA 2 m i (H ) (138 B
WD R, (R EE 25 (W) 205124 10 .20 .30 m, Hige s 2405350120 0.2.,0.1.,0. 033, 78 RGHEFL/IMVE BT (KGE
/NTF2 m/s) ,10 m F1 20 m [HIFGE P ERAGAHT (W5 R0 0.2.0. 1) 2 fii Ak 8] b v (a) XU, R s 23
FREER S R SR AT 2377 A T RN

(2)10 m [HIFGAYERALTHT (Wt RECH 0.2) A R T REARARDL S 2238 5 Y Wy i vk 32, J 1R AT B2 Hy T fall ok
AR BUONE” FIAFAE , T 9 XGRS n A2 E T35 G i

(3R (125 m ST 10 m (19725 FH RIFR SR B & 4540 ) S8 R F IR AR IE ML 8h 4218 15 Y vk
15 Y el 1 43 35 KA R R B TE AR G 32 B B0 4 b 455 Fg 1T D 2050 7 b 1 308 B 1 2 A 8, DT A 9
YRl LA R B Hfl I, ST 3 B SR A AR A B A Sty S5 A, AT L e 1A T A B A Sk T A e
KA RCE AL ) 4 2 ],

4 itig

FE T I8 B AR A DA RN, KA Vs Yo ) PR IR S HE OB 28 Ry, I /S04 o A6 3 B W A e
BRBEREZ MM W AN EE Y I B S Y B A T TR MRS BRI A A R 1
(P EE AR o B ) R A S8 W LB A BT T8, ] DA — s R T SO A DX P /N 2 1, e Sl 3 2 <
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By AR TS G, B AT XN A U TSR T ALl A2 W) B9 2R At A SR AR AR 0L A A5 4, v
WL SR AT 2 A AL A8 2 Kz 3, AR T 15 B i, -5 HAR 2B A AR ML3h 4238 14 75 G vk
JEL R 2T . I Bk R AT B 18] B 5 PN 2t T B I o v (AR R 4548 . BIL3h 438 WL sl 4= e A7 Bl 2
2 A g el T L A, S S T A A5 U B0 O A B X T 4 s bR, (5 B A K RO
P, AR P TS G IR BE 3 BRAGSRATT 15 [T BR LA T DL R B 5 ) Bl 25 SR Kz 3l 7 A — A
WA RO, A M T T T G K8, AT R IRATL 3 423 AR B3N 18 28 IS R ik B

TRFRIF A A T B A TR — i, AL RIC & I A AR R A 15 0 T, Al 285 B R AR AR 2
BRI 38 RGP ( BIVRIAR 2 REE BT ) B A RCR B, AL B i R s /MRS ] T 2 Ak
RS E R X — 2 A U5 B A S A 48 A T A A28 e 3 KR AT T8 B 5 O FEATR

AR5 T FH AR Sy BT I | B ARSI B 8 2 A R ) o S ) BV oy — Bk S A i A B
o TER NS LPR I SRAAE YA BT AR 38 A7 S B S AR B BIE S, iy 338 11 3 S o A 2 3L T mT 5 )
et
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