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Effect of Weather and Green Space on PM, s Concentrations in Urban Park in Autumn and Winter
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Abstract: Determinations were implemented during September 2019 and January 2020 on PM, 5 concentration, air temperature, relative humidity and
wind speed in different plant distribution sample plots under different weather conditions in Shishan Park of Lin’an, Zhejiang province. The results
showed that the PM, s concentrations in winter were higher than that in autumn. The daily average PM, 5 concentration in continuous cloudy days was
remarkably higher than that of the left. Under different weather conditions, there was extremely significant negative correlation between PM, s
concentration with temperature and wind speed (except in continuous cloudy days), but significant positive one with relative humidity. The relative
humidity was the main factor to influence PM, s concentration. The experiment demonstrated that concentration of PM, 5 in different green spaces was
ordered by lawn > trees and grasses > trees, shrubs and lawn.
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HEFEN PMys RISt TSGR R R T DRGSR T R A, A
MWL FSRR RIS PM, s BT ISR, i ES5UHIH NDVI B iaubs i skt imBaa s, Jhitss
HIXT PMy s BTHERECR, T TR ABRAR PMos IREERZE 16 . T3 SN % F T R A i e o 2
LIPS, ST ANEREIRARRE D25, SR B P R R R TR . RIS PMys
WRIEASE ST ELEN . BRI IDAE SR X A SRR ISHCA B, BT T ARIRRSSAE T TSP (HEIFN
Bidr) . PMy Fll PM, s =R A SR S B B AR (URFIE . A5Bi LA R IR TS S B i K SRy
WS S SR EGERE  JE R BT SR, WS T A SRIES R AU B /3 A i) o0 . LLERRTER
ZHEPTE ELITHLIX, WK = XA KRS PM, s i EER) IR IC D o ARSCRIBTH ke 22 X WL
AFAWFRNS, IR AN R B DS BIZR IS PM, s YREEABALRSENR , 4047 PMos IR HRR
PIFRIAHESE R, DRI NGB A i /S MA R B TR RIS BT ST 2 R R Ay s TSR ARk

1 o8 R I

BUMTIIRG 22 XA FAHT A PGS, HIFAARR A 29°56' ~ 30°23'N, 118°51' ~ 119°52'E, FIGHTMEIRIX, 74
BT, SRR AR, B V. dL=mEERL . BEEXIA Ak, R | IRBEEE . JEHETEE
T o A5 PR 16.4°C, 4E3 HBRETECK 1837.9 h, AEXIFE/K BN 1613.9 mm, 4EFE/K H My 158 dU*,

WL 25Tl AL Tl 22 B LRI & A O X ) — R T AR S 0, RIS 72.3 hm?, SRLTES
Rk 88%, A 500 AFhEMALEY . MLAFESERE “VUZEIE. AR YRR G, SR NE
PSS, WRZTTRERZ . AEEBIER T %S . x .
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Figure 1 Distribution of sample plots
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T H AL AT AT DGR AR R B TR, 45 AR R, a8 bTNHX R . &2 i
AR e W AR ) SE 3R . AR . P RCHIEBRSVE - R 3 FhRARES, h “EEmER" s
FHR” Ml “W)EhER” o H, “#EZmER” BRI HE 2 XAER, REYHEDORER; “ELLHK” &
IR HAT 2 RAHR, RIGHB AR W “WERE R WK H AT 2 KADESLFEN, 358624 H A
Ko R THMREZE, TR TN . —SERTEE M, SR RN TEEIE 3 Kik%.
2.2 1BFRNE



6 TR, & ST AR AR MR SRR RIS PM, s ik EE R 520 33

R 3 BREBIGEOERAMY[LD-5C (B) a2 PN EPE | SRR et N ) PM, s WO . Wik
P SRAENRER A 1 UK -min™, ASCAS A T R Sk B B AT 1.5 m A 5 i AT 2 B AR A ] ). i) XU MS6252B )
[F] 25 W I SR R0 Y R AR B | FEDCHAL B AU S R0, A8y SR UK P RE A 0.5 m, 2R S
A —2. F 201949 H 11 HE 20204 1 H 12 H, /3% 3 Pt AR SIFRIRL, S T 8.5h(8:30
—17:00 ) AYEELENEI ., N A RAOSEA R, MBS 2, S04~ EiRTEs R & BRI R, M TR L,
AR, HAETWEM, K, ZASSCOOWMT 8:30 — 17:00 HYAS ALK
2.3 BUENIE

5% H Microsoft Excel 2019 #FE 4, FH Origin 2017 22| PM, s ¥ BEARALIE K PM, s 10 E 5 R K T-HI4)
GIOTREE, W SPSS 22.0 XF PM, s HEEHE T 7 250 I 54535 K 71 Spearman AT

3 XRS50

31 ® ZFFTHBXSEHT PMosBIKETK

K. ZEARERAFA AN PM, s iR EEX A AR ERRER 20, B 1 a5, kR “EmER” &S
K7 H “FHIGHER” B9 PM,s FIJIREES> A M 42.00£23.57 pg-m™, 65.52+34.14 pg-m™ ll 60.35+16.89 pg-m>, H
PM, s S TETEE (AQI) BIHRIFSEN , TEREME/KTEHR 0.05 BIIHR T, K “EERER" Ml “ELLHK”
ZIH) PMy s iR EEZE S 2, FFHMEE “WEIER" B PMy s iIRENHE R, MR 2 0H, £ &
GHER”  “HLLBHR” A CTHIERER” B PMys PIWREE AR 99.28+25.93 pg-m”, 165.31462.97 pg'm™ Al
63.83£16.97 pg'm”, H AQI HAPHERETEYe ., PEGYRIR I, ABARKRLM T PM, s I 25 ik 2
BB R R, ERTEMIHBARTRCERN . EREEK TR 0.05 B, &2 “HEHK” 1) PMysIRES “HE4:
ER”  “WEER" ZhZERRE,

#1 HRERBRSEE TAEEYEAELIZIE PM,s A TERER T E S

Table 1 Diurnal mean concentration of PM, s in different green spaces under three weather conditions in autumn and ANOVA on it

PM, s H ¥R/ (pgrm®)

REZH b e o I BEMAF (0.05) FHE
LG R 50.77+26.35 40.47+18.15 34.77£22.63 42.00+23.57 b

R 79.0240.90 61.70+28.78 55.83+26.57 65.52+34.14 a 5.33
[ELSN 67.96+15.69 58.29+16.48 54.79+15.67 60.35+16.89 ab

I FE—FIAREFEFRE LSD I E SR, T,
*2 SFARXSEGTIEEMEERBRME PMs BRRER S ES

Table 2 Diurnal mean concentration of PM, s in different green spaces under three weather conditions in winter and ANOVA on it

PM, s H ¥/ ( ug-m’3 )

KR T Tt P, Fam WEWARE (0.05) F{&
SELEIE R 112.51+28.15 99.994+20.28 85.35+21.05 99.28+25.93 b
LR 200.14+66.22 163.88+57.19 139.03+48.53 167.69+62.98 a 20.01
[ EEES 73.99+16.01 65.60£14.10 51.92+12.67 63.83+16.97 b

I 2 oI, 7ERKES 3 MRRAAMT, PMysIREERY HASMKASHIIE . “IEZEER" 1) PM, s I HAS (L 28
“BANST” | A 9:00 ZEA5IABIREE (99 ng-m™ ), ZJ5 PM, s iREEFREE PG, ARl (4 pg-m™) HMBLLE 15:30,
“EELEBAR” B PM, s i HAS L3R 5 “HEER” 3o —8, WA 181 pg'm™, HBEE 10:00 /247, B
Jor BIFFEE IR FREREE, 12:00 Z 5 PM, s IEARMAET 742, BUEFRETE 50 pg'm™ 2245, 7E 16:00 HILHRAT
B (24 pg'm™) o PAE 2 FhRAH) PM, s I EERARME I HBUE 15:30 - 16:00, JEP IO BOKBHER S8 . SIR4e
W, XSG REA AT PMys BOT B, M HERRG. TGRSR B PM, s ¥R H AR bR #4500 510 2 RS
AlF), Higmd (125 pgm™) HBUERIEIFIGNT, BGREEFIAEIURIE PR, 78 10:30 24 HIERAR(E

(33 pgm™) JGaTHaE, HE 12:30 ZAIFHEHREZRHTIE, 15:30 K505 2 MEM (84 ngm™) , ZJGHKE
PR FRER] 70 pgm™ 245 .
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Figure 2 Daily changes of PM, s under different weather conditions in Autumn
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Figure 3 Daily changes of PM, 5 under different weather conditions in winter

17:00



6 TR, & ST AR AR MR SRR RIS PM, s ik EE R 520 35

EHIEL 3 W%, 478 PML s IR EERY HASEAE 3 FhRASME TR AR, Hrr, “HZ2H K ) PM, s K EEH
BT HAM 2 FhRA, 9:30—10:30 AEE 1 MEEXE], PM, s IKIEREIRE 364 ngm”, 10:30 f52HLL FRE#
e, A 15:30 IBFNHE 2 MEME (215 pgem™) |, (HIZIEEITAR T 1 MEE, 16:00 JEHFHMFRR/NE T, 3T
0.5 h JE#aTHaRE o “HELERE R I PM,s IKEESS 1 ME(E (155 pg-m™ ) HHBE 9:30, ZJGIREART PR, 7E 13:00
B 2 MEMR (136 pg-m™) , 2 MEBAHER/DN, 15:00 JGRERRRE, B8 mik Ema FIH R faE .
TG T PMy s TR EEAE 3 FPR AR Relie, 45 1 MGG HHBIE 10:00—10:30, PM, s iR EER 4 114 pgem,
1E 11:30 B 2 MG (98 pgem™) , 7E 12:00 J5 PM, s IREEAL FROMFREAIRES, F 50 pgm™ B RSN, A
HH TR B
3.2 KERETFX PM,sKERIS M

HTARLH 2R, — @R L& 53 PM, s IREAS LA E 2tk . ASSCR A Spearman TR AH
TR TS 2 AN EAE R PEAH B AR LR AN S PO AS A SRR PR 4t BE SN0 S e
G TF5 PMys IREEZ IR RE R, WFT4 R 0ER 3. 3 3 R, 18 ARHEERXGEEY) S5 PM, s ikE
A EARFRERME, Hd, PMys iR SIRERIXGE 2 ) 2 TR R, SAHRHE ) AR 525 E A
KRZR . EARRKRIFMNT, KRR 15 PM,s IREZ M ERIAHRMEE R, HAR RERBVMERIK R “E2E
FHR” > “EZmER” > “HEER" .

%£3 B SETERSEHT PM25RESSRETHALN

Table 3 Correlation between PM2.5 concentration and meteorological factors under different weather conditions in autumn and winter

AT W AR M

®Z A7 ®ZE A7 ®ZE A7
SELRER —0.747%* —0.407** 0.799%* 0.637%* —0.397** —0.182%*
LR —0.826%* —0.736%* 0.840%* 0.722%* —0.098* -0.015
G S —0.262%* — 0.434%* 0.458%* 0.669%** —0.319%* —0.329%*

E: CATEREFMX, R THIEFMX.

32.1  REEX PM,s I EERY 52

HH3E 3 AL, PM, s iR SR ) AR & TR G, JAHC REE - 0.826 ~ —0.262. HRAEMIEHH M HT
SESRAST RSB RIA IR, K &2 PM, s WRE STR BRI A T R4 50 . y = 180.198 4 - 6.667 37x (R* =
0.8436) Flly=288.19578 — 15.842 07x (R*=0.548 62 ) , W& 4. HI& 4 a5, FKZ=H) PM, 5 i iR REAYAHR
PERE S TR0 . 2 ANFETRILL “EEHR” 1) PM, s IREE SRR REChE s,  “WERR" 05K, Br
B RAFMTH) PM, s WRE 5l A PR B TR A SR K
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RIEAPE T y=139.359 9x — 10.954 29 (R*=0.898 08 ) Flly =460.923 23x — 109.589 93 (R*=0.53351) ,
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Figure 5 Fitting equation of PM, 5 concentration and relative humidity in autumn and winter
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R T2 N s RS Y e B BRI N 2 —. B3 3 WAL, fERK. &R CIEZER
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Figure 6 Fitting equation of PM, 5 concentration and wind speed in autumn and winter

3.3 A REEMEELER G PM, s K E RIS

PM, s iIREASAVBRZ BN ATES . RG240, B EHEAERVINRER, AhEYEAER S HiE
B aHERSNN PM, s BOIR BEARAY AT 3 IO RIS BCAE 2R AR ) PM, s IR BEEA T8 1T 50T , 45 2R WL 4.
HH# 4 w50, TERTE) B, 3 NG PM, s IREER/NRIUNAZE > FkZE . B4 > TR ES; 7E50) L, [
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Table 4 Mean hourly concentration of PM, s in different green spaces in autumn and winter
- PM, s B P B/ (pg-m?)
; % BT T IrifE
HERER  EZEHR WER ESRR HEHR  WER LR IR WEHR
B 9:00 81.6342.97 10453348 113.27+6.54 69.87+3.80  77.30+2.87  96.97+6.26 74.13+3.12 88.47+4.67  92.124593
* 10:00  89.40+6.77  148.27421.93 78.23+1426  60.47+£5.29 106.22£19.45 65.08+£13.68  69.2249.15 95.10£12.25 61.64+12.23
11:00 73224790  138.25£19.48 55.87+3.43 54.88+4.82 107.58+17.17 42.82+3.95 48.18+6.89 95.18+10.61 40.3443.95
12:00  67.83+2.88 83.80+£10.80  56.58+3.48 56.03£2.56  58.52+10.15 42.67+3.94 47.4842.05 57.1748.55  40.63£3.51
13:00  58.10+4.62 58.17£7.05  58.03+2.66 45404543  48.73+6.88  46.07+2.87 37.58+6.46 40.73+£7.47  43.05+2.39
14:00  39.55+5.50 53.4245.07  55.73+3.52 31.90+1.86  43.55+4.90 45.60+4.20 21.82+1.86 37.50+£3.55  41.67+£3.59
15:00  27.25+5.34 52.45+4.04  70.33+7.06 25.42+3.89  44.92+4.07 60.30+4.95 14.83+3.56 39.38+2.45  56.32+5.53
16:00 18.98+2.25 41.0343.16  77.05+4.38 19.43£1.61  38.75+£5.30  73.93+4.10 10.08+3.54 32.55+4.10  69.83+2.92
17:00 16.37+2.14 44.03+1.18  69.23£3.10 15.57+£3.85  37.52+591  70.52+4.14 9.28+1.48 32734512 66224381
£ 9:00 120774645 228.17421.13 98234246  109.2743.32 212.88+13.56 86.40+2.56  100.40+7.27 17897+7.77  74.07+349
* 10:00 144.87+4.83  311.80+£22.00 87.83x3.46  121.82+4.62 256.53£10.97 79.45+3.78  111.90+5.02  216.08+16.19 60.08+4.08
11:00 138.93+7.04  285.07+£33.77 93.92+1322 112.55+4.16 237.71£20.59 81.67£13.72 98.25+£5.01  195.10£19.32 64.72+12.36
12:00 121.13£7.11  221.20+12.40 85.78+6.76 103.93+£3.86  190.70+£14.40 74.67+5.97 89.00+3.17  154.28+9.75  60.88+8.10
13:00 120.13+£5.77  185.05+12.58  68.10+4.79  106.18+6.03  139.86+10.18 55.30+4.90 92.18+6.22  134.67+8.75  44.90+5.63
14:00 126.72+4.32  169.97+7.90 67461656  114.93+1.81 126.23+5.96  54.52+7.28 94.95+3.72  122.48+5.94  44.40+6.56
15:00 110.93+11.55 146.80£12.64 62.61£1.71  103.4549.26 118.56+6.46  51.65+1.82 86.52+11.73 106.63+£7.92  37.57+3.01
16:00  63.60+7.56 146.43+31.08  54.30+£5.74 62.88+4.96 119.92+14.24 52.82+2.09 48.90+3.40 101.12+8.80  40.47+2.97
17:00  69.67+1.94  120.82£15.53  59.78+4.70 69.50+3.83  97.08+13.32 64.30+5.26 53.58+1.43 61.90£13.00 51.27+4.86
R5 . EFETEEYEELEBGE PMs B EEKRERZ S
Table 5 ANOVA on PM2.5 mean hourly concentration in different green spaces in autumn and winter
g ™ ﬂ(% — - 4}%3 —
isa I FritER T Iri TR
9:00 a ab a a a a
10:00 a a b a a a
11:00 ab a d a a a
12:00 ab be d a a a
13:00 be c cd a a a
14:00 cd c cd a a a
15:00 d c be a a a
16:00 d c b a a a
17:00 d c b a a a
F{a 19.08 14.27 16.39 0.72 0.74 0.80

W =S F R RE LSD 2 5 2.

A EEYIEAG SR PM, 5 BRI EE T
FEMHT, SERWSE 5. ke 5 KW, EREHKTER
0.05 B, RS ZIA B ZAILEHNT PM, 5 (1)
WAV AN R B ) B R, A TR B R B3
DIELREVE A B - T R AT R RS PM, 5 K
FERHIRR, AR 6. 1 6 %N, FKERITERA
TN} PM, s R BTH I 53 A 27.73%F11 18.81%, 4
IR RLAITR T PM, s WREITE R 43 )4 28.17%
F113.53%.

®6 R XFABXSEZFHTHAEMTEERRUIIT PMys K

R

Table 6 Reduction rate of PM, s concentration in different green
spaces under different weather conditions in autumn and winter

S— /% 275 1%
FrHL TriERE Iri R
SRR 20.29 31.51 11.13 24.14
AR 21.92 29.35 18.12 30.53
WEIHR 14.23 2232 11.34 29.83
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AR RGNS PM, s IREERIES K . B2 “ELERE R 1) PM, s HPIM BERRAR:, 1T “ELEIHR” B PM, 5
H P34 B ) g i T34 2 R, HIRN RS “HELME R AOTR s i T HAh 2 PR, FA,
AERHE RN . KOS, P RASFAA R T RER 0T 8. #KZE “TERER” B PM, s H YRR &
SERER” BAPr BT, 3XRE T A AR )G B T B E R, 10 PM, s BB RS, K
TR IEBRICRIF AR, R, BREEFEFTRT PM, s EHEREAETEFRAOE R SS. 3 FhRAPLL “iE8H
K7 B PMys H Pk R, HIRRNWTRER I TES R E b ERE, i SRR, SRERE,
by, SEAIHRERR . KON, XEEAFIT KA BRIy 8, BrLL, H PM, s ik i . &%
“WEHER" 1) PMys H PR ERAR, “ELHR” Wi, 3 HAELRIBHRMRASEM T PM, s HPXHE
YRR e, BN TR RABRRZEMMRE, SIRRERIZ, (i PM, s RE, S5 PM,sikF
R TR AR TR, AR PM, s BOTERRVE A, FB5 D RRI H Al 2 ROGESEWN, H
R TR SRR R TR, AR B LB SRR R RS BRI BT PRV E R . ZE RSP HERERE KRR PM,
THERAE B B AT &30, AR FRRT PM, s B F-3TE R 515113k 38.5%7F1 50.6%.

RGN FXF PM, s iR A B AR RIFREEN 20 . PM, s WREE SIS 2 [0 AR B SR R, RIHFE AR 200
P Z—SIEN T, ERES , PM, s IREEHEE. BARMPADIMOS 255 HIESE , LERARIEE M, PM, s
WP SRR 2 ) AR . PM, s YR 552 SOMIRHIR R 22 o) AR 8 IR ARG . AHRHR UK, FEBERVER T4
BRI 5 SR IRy, SR G IS 2 RTS8 PM, s HE ETF. TIWARI 5203 El
JEFEH T PM, s K HAt I Yt AT s AR b AR B RIRELEE . PMys TR 5 XU (o) S IEAHE . 7B
—ERRRE b, R XGRS P AR R s SRR, A FIT PM, s B0 BOREERS , B R AFRERRAE YL

AEFEYIEAE I 25200 PM, 5 WRFERGAS LK, , FE R —B R BE N PM, s ¥ B2 R /INPHER A > TREL > TRifie,
G HFE AR DB E 2EME R, FERE R R, SRR i B PRI RIS A,
MR PM, s W, IR b S OT I EEEAY, PMy s b/, RULA SE ik E, i
B R THFAE SR I R R SRRV E . AS IR B T BRI B R R i 2R B2 SR R, o]
BEHEL R, X SR R RAEEFE . | B SRR R A VS R R ERA R P
e FHEEP P R RIS HIZEH T PML, s T ISEE FTAOIFSE 0, 4 BlORRIZEHWZE RN PM, s BT ISR RN TR > IF
> IR > R [ RhaRhgh ), ARSI, MRS MR ST R ST 2 R S AR ]
23 18] PM, s B SXARHFAERT S B0, FRobp bl O o S B 3 A RS ) op PML s TR BB, A i i
FRLVREE S 28 2 2 A ) P23 T ) PML, 5 TR BRI PM, 5 TR 557K Mk L SRR ST P 55 O M S AH S
{H 52 Rn) 2 0 AR

SR A N PM, s IR RIS, B T2 RKASMES BRI FZHNF NGBS AR R 22 4, i
SRR . @BIRTRER | KIREEYIME ., A7 R TR St USSR, Rl R e AE
EHFZARZAL, AR IR E . HREFEEN PM, s I B2 NIA T it — 57
4.2 Z5ip

DL EXSRK . AR AGEMBRTT 2@ P PM, s IRBERIIF ST AE SRR, PM, s IREERBUIH BT 5 5,
RZEH) PM, s IR B TR . RSN AN PMys IEA B, EARFBRSEET, PMys HOF
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BAVEZN, MAEEEAE CELEPIR” AN S PM, s TTYRIRGL, DIGusn BriAfsR . B il A5 Pl PM, 5
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