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Abstract: Meteorological conditions may have a great impact on PM, pollution during the heavy haze winter in Chinese
cities. Here, we examined the effects of meteorological factors on PM, concentrations from December 2013 to February
2014, and from December 2014 to February 2015, in five cities—Shijiazhuang, Xi’an, Beijing, Taiyuan, and Guangzhou
exhibiting different levels of PM, . We found (1) meteorological factors affected daily PM, s concentrations, and variables
differed in cities with varied pollution levels. Significant positive correlations were obtained between humidity and PM,

concentrations in Shijiazhuang, and a significant negative correlation was also obtained for wind speed. Significant positive
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correlations were obtained between humidity and PM,  concentrations in Xi’an, and a significant negative correlation was
found for wind speed. Significant positive correlations were obtained between humidity/temperature/ minimum temperature
and PM,  concentrations in Beijing, and a significant negative correlation was found for wind speed. Significant positive
correlations were obtained between humidity/temperature/minimum temperature/maximum temperature and PM,
concentrations in Taiyuan, and a negative correlation was found for the maximum sustained wind speed. Significant positive
correlations were obtained between humidity/maximum temperature/precipitation and PM, 5 concentrations in Guangzhou,
and a significant negative correlation was found for wind speed. (2) Meteorological factors can explain the smaller
variability in PM, s concentration in cities that have heavier PM, pollution. Shijiazhuang, which represented a severely
polluted area, showed meteorological factors of 0.27 after multiple regression analysis (R*). Xi’an, which represents a
heavy polluted area, showed meteorological factors of 0.29 (R®). Beijing, which represents a moderately polluted area,
showed meteorological factors of 0.46 (R*). Taiyuan, which represents a polluted area, showed meteorological factors of 0.
67 (R’). The results provide a scientific basis for regional ecological environment planning and coordinated urban
development. Therefore, understanding the main meteorological factors and their impact on urban PM, in different cities

provides a theoretical reference for air pollution control and improvement of prediction accuracy.

Key Words: fine particulate (PM, ) ; temperature ; maximum temperature ; minimum temperature ; humidity ; wind speed ;

maximum sustained wind speed ; precipitation
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Fig.1 Maps showing the locations of meteorological and air quality stations in the five cities
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Table 1 Descriptive statistics of the indexes of the five cities

e st PM, 5 FHy e P
Type City PM, 5 concentrations Reference
FERT5 YK Severely polluted area ARE 221.54 Py
54X Heavy polluted area (S 165.43 oS
{5 Y b IX. Moderately polluted area B3 98.01 HH
V5 Y IX. Polluted area KJE 88.02 YN
7544 X Mild polluted area = 72.87 YN
2 ERMOH

2.1 BT PM, R EHFAE

e IR 2 Ui AR (T5 g/ m’ ) AT RIEA T PM, HIR AN 83.72% , BIBRIT RIS 7.57 (£ 2) ;74
% AHE RIEFNT AT PM, R BEBAR R AR, B AR Bt B s/ s ) MO AR Rl 52.33% , Feimi
HFRIEECH 1,08, $%18 WHO FRiE(25pe/m®) G FFEMPTLA T H PM, HREEHFRR N 100% , #ARAE 56
IRF] 24.71 1 22.98; LRI FAR RN 81.40% , HIARIEECH 0.04—13.21; RIFEH) MBI A Z PM, i B2 B bR
%4 91.86%F1 93.02% .
2.2 BRI PM, I ] S A AR

M 2 TR 5 AR s A 2 P R B B e R A0 KR, BB 31.27—396.30pg/m”,
B E I ETE 12 H 23 H HUONPEZ YR B I sh il 33.27—367.80pg/m’, e mi (E HH BLFE 12 H 24 H #%F
A WP BN 7.71—108.33pg/m” e S (R BLAE 2 H 19 H 5 FHARJS RS, WD st il 12.21—
75.02pg/m’ , B (EHYBUAE 12 H 23 H BRI, MR BEI B9 Rl 23.50—66.08pg/m’, Wi (HHIBLTE 1 6
H SRS PRk (36 2) 25 R AL,
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Table 2 Concentration of PM, 5 in the five cities

HERRE(T5) WHO #54f(25)
- - PM, s F¥i . Air quality standard of China Air quality guideline of WHO
Type City PM, HRFE AR AT EL bR AR AL
concentrations  Over standard ~ Superstandard ~ Over standard Superstandard
rate multiple rate multiple
FEE 5 YL X Severely polluted area HREIE 221.54 83.72 0.02—7.57 100.00 0.06—24.71
FHI5YHBIX Heavy polluted area [ 165.43 77.90 0.02—6.99 100.00 0.29—22.98
f¥5 Je i1 X Moderately polluted area b= 98.01 50.00 0.06—3.74 81.40 0.04—13.21
y p
V5YLHLIX Polluted area KR 88.02 58.14  0—1.62 91.86 0.04—6.86
fI75 Y X Mild polluted area J7MN 72.87 52.33 0.03—1.08 93.02 0.02—5.24
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Fig.2 Fluctuation of PM, 5 concentration and humidity
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Table 3  Nonlinear Curve Fit of PM, 5 and wind speed in the five cities

KA PM, s Wk BE L5 AN PM, i BEELA R
PM, 5 Fitting equation of wind speed and PM, 5 Fitting equation of wind speed and
PM, 5 concentration PM, 5 concentration
AR y=-2873.98In(x+78.86) +12780.70 4% y=-54.91In(x-0.71) +128.63
b y=-29.93In(x-1.16) +92.75 KR y=-32.87In(x—0.62) +94.98
TN y==17.56In(x+0.07) +80.78

FEAT I P02 AURT RIEANT M 5 AIRTP- R ) PM, O X RO AR AR (K 3 181 4) . —TF
TET 2 PR A AR X 75 B0 A 90 7 I 8 1 5 3 — T T AR XU 3 A OORE W 9 5 149 2, Ok A G R T
G SIAN IR RAE RUVE TR B A R T DX A 5 5 1) T 2RI

223 HWE
MITRE () 5) v LU A FE ALt AR TR 3 MR A946ZE PM, 2] H YR S AR B A2 fe ka3, T
HIEE R ARG .

2.3 KEHEEmW
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FEEETG YR  AE PM, IR E @ A FIE (£ 4), 54T PM, WK E IR EH R WAXHRIE (r=0.
53, P<0.01) ~FH¥I R (r=-0.22, P<0.01);

FIS YT  AEAZE PM, R R P 22, S5 H PM, R AR C Y B R I E AR (r=0.43, P<
0.01) SFHRGE (r=-0.37, P<0.01) Al KAFLEXHE (r=-0.26, P<0.01) ;

HREEVS YT Sk ET PM, R EEAR DG E R E R AR (r=0.61, P<0.01) ~F¥REH (r=-0.47,
P<0.01) FAHR (r=0.36, P<0.01) R KEFLEXGH (r=-0.25, P<0.01) Fl H #REE (r=0.24, P<0.01) ;

— e Gl T L R PM, (R FEAH DG BRGNP RE (r=-0.47 P<0.01) (e KIFEEXGHE (r=
-0.39, P<0.01) AHXHEE (r=0.36, P<0.01) fxmEik(r=0.36, P<0.01) H¥E(r=0.29, P<0.01) FlHfkik
(r=0.23, P<0.01);

RIS AT 5N PM, R BEAH G Y F BRI R i (r=0.34, P<0.01) PR (r=-0.32,
P<0.01) AHRHEEE (r=0.28, P<0.01) FERH & (r=0.26, P<0.01),
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MEL E53Hr AT LLE 52 M AN [ 3T A M T SR R R A AR, S T IR ARG AS T AR A5 B 256 5 )

FEE  ASCR IS PM, B B EPE R R N1, XF PM,  H B BEFT 8 48 109 358 45 B brfifk (£ 5.
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Fig.3 Fluctuation of PM, 5 concentration and wind speed
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Table 4 Correlations of PM, ;5 and meteorological condition in the five cities
\ , : 541 et A
4 HANRE TR BoAH S, LA —
PM, 5 R - . Maximum sustalned Maximum Minimum o
Temperature  Relative humidity ~ Wind speed . Precipitation
wind speed temperature temperature
ARIE -0.18" 0.53** -0.22** -0.19*
[LE7 0.43** -0.37"* -0.26**
dest 0.247* 0.617* -0.477* -0.25"" 0.36**
K 0.29*" 0.36"" -0.47"" -0.39"" 0.36"" 0.23*"
JMN -0.28** -0.32** 0.34** -0.26**
* o EAAIC + o« B FEAL
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Fig.4 The relationship between PM, ; concentration and wind speed
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Table 5 Multiple Linear Regression of PM, s concentration and meteorological variables

) % R? FRUEAL a5 77 7
City Adjusted R? Standardization regression equation

HEE 0.27(P<0.01) Y=0.53X, ; X, HIXHEE
(RS 0.29( P<0.01) Y =0.38X,-0.30X, ; X, MR ; X, . 359 Rk
deae 0.46( P<0.01) Y =0.53X,+0.29X,+0.2X, ; X : HIXHESE ; X, . H Y X, S RGE
N 0.67(P<0.01) Y =-0.27X,+0.44X, -0.40X5 ; X, : I RGH; X | AHRFRBE 5 X5« doe 0 Ui
TN 0.18(P<0.01) Y =0.21 X5-0.25X,-0.22X, ; X : e e it 5 X AHXPIREE 5 X, P34 R0

5 AT AT P R AL R 1 K IMIUCH T M <A1 G HE <P & <AE Bt <R, BRI XS PM, 5 F i B0 S i
RE IRV N I <A R E <P 2 < AU Rt <RI, ALT7 A PSSR v, P 4 J3E B0 g A 3l T 0 5R PRT 3 ) A S i
FERE S AR, T H TS B XA R EEL AR MU 20 Y R? Dy 0.27, 5 R IX Y P2 TR R Z ot A 530 R* R
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Fig.5 Fluctuation of PM, 5 concentration and temperature
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Table 6 Partial correlation of PM, 5 concentration and relative meteorological variables

AR P B

e F B R e e

IR S 357 R SR
PM, 5 H 551k Relative :F AR Maximum sustained Maximum Minimum F#Fﬁi
Temperature L Wind speed . Precipitation
humidity wind speed temperature temperature

ARIE 0.073 0.527 -0.061 0.026

(573 0.400 0.330 0.05

b= 0.376 0.522 0.330 0.255 -0.019

K -0.017 0.467 0.402 0.195 0.483 -0.036

T -0.264 0.204 -0.025 0.195 -0.065

3 iFig

H AR SEME AT T LU G AR PV, o R B A0 (A A S o R oI B R 35 KGR X ik T P, 5 ¥R
SRR, P35 KU | TR (] PML, ¥R 8 2 OAH O, AV B | H 24T | S v T S AR TR PM, R 35 22 1F A
5o RIRURT LA 3 7K P-4 2 VR B T80 1 e IR AN A0k A W F%J(E%ﬁuﬁ'mﬂma;%ﬁn%ﬁ iE7
VEF , AR IR AN SV R, il 22 R BR ) AR G 8 138 6 008 388 2o R 30 444 4K 2 A2 A 28K 7 ( 0.
005—0.050pm ) #5 Ak A FURAEZS (0.05—2.00pwm ) 17 330 PM, s ISR 2R o 303 0 [0 306 R 1) e A2 5 1 1o

FEA KRR VOC SOT NOS BT PM, AYSICIE , TS5 PM, B9 B THi ™ I I R B B & 5
M PM, ¢ B Y H A8 1k

http ; //www.ecologica.cn



10 A E = 36 &

RIS e B (3T, S0 PM, R EE I 2 PR W AR, A SCIBFGR 25 Rk , A1 52 E PM,,
W BE 1) 3B ARG R 3R SR A O B 5 S T P 28 PML, 5 VAR B2 174 2 2 X052 IR 38 D R G 0 B2 0 1 147 XUk 5 5% i I ot
PM, 6 1) SE SRR 4 PR AR | H 3538 RS- 35 XU 5 520 SR P, s ¥k B 119 2 B2 R 42 TR 3 WA |
I 1o R RSP $5 XUT 5 520 ) P, VR BB 119 2 B A R 3 O AR B 1 14 XRS5 o o A X R X
AR P At KIE M S AT PM, R EE BT 2, H BRAOE A R 3 AT PM,
WA R, IZEE R E R R R E R BAY RELh AECY ZEAL R P ORER) N A B 5T 45 SR A
L, PRIEAE B S AR I PM, ok B T R GE T, AR 5k TiT PM,, Ve BE RS 48 R 1 7 AN [l 19 Tl R 45

SGINERT PM,  H R LA SR R PM, W (0 TR B W 5 . DA AR SC 22 T2 i [m] U £ 378 2
REEFKE A RE<PT L <L < KR, JH%E R JEZ 04 BT AY n] e 2550, X PM, (R H AR S RO B
JE . BTLL RGN PM, 5 HR AR S B B R/ IMRIR A R < P8 & <db s <R R, T 4 NIRTTEY PM, 5
W BE A FE ST L SIS R, PRI, PM, o 6 R 1 b X S 52 R 3R RB A M R 1 A S B /s o B
LATRESE PN EE S L R DISMA LB R RS EZ ] PM, R AL, N PM, iR AR F AL AR, (A
HAGHZ NS MR A FKTEEAR, XIEH AT M4 ZE PM, MR IS5 (11.25—156.34pg/m’ ) B i
INTAIFRIE(22.46—642.8ug/m*) ALHT(5.6—355.14pug/m*) KI5 (14.41—196.46png/m’) . 1E PM, s J 31 Fl
BRI, G P R BB AR R I H AR SN

JUEAR SO 25 SR U b TG 28 )22 UG A X P, VR AT T 52 I (R K B2 NI ELZ5 R X P, 4 1)
WA T EE M, AHOCHIBFFEBRIZIR AT . AR REE S M 8T RUBE Y PM, s R B 4 e 6% 52 1
DRI RUBE 1) 15 G B 43 A o 2 TREVRIE S %o 115 G iy %) i85 DX 306 ol B0k 42 F 9 R K B 3 A ik F 95 A3 T2 1Y)

4 FELP

AR SR TR AT SR 5 - P M, 1 52 R, 53 40 R 5 4 S A 317, B0 PM
I E BRI T SRR TR PM, IR EI0%: & AR, i T .

(1) SR AP 5 PM, ; FRIE LI, LR RS R KIS , 15 PM, TG S R T AR, B
i 5% FE T4 % PML SR HE 0 B4 B 3 IR ; P 2 S AR | R4 MU JE SR AR | F 49
SR TP 449 R RS ARG EE |44 U AU 1 MR AR P KUk B R AT A

(2) PM, T BERR B HBIX. | 5 PR 22 REME AR R0 P, I A S 95 4 T M X 2 50 Ay
HEBCPIZE (0B T35 e X (0 75 0P 17 2 T8 50T 0 R S 0.27 , T 75 e K A9 TG ¢ 45 8 P 2 22 T
SEHE RN 0.29, 5 I AL 5 Tl AR I 2 20 IS0 R 0.46, KSR 1M % 2 00 WA ST R
0.67, /" ML % ZTLEIEAT B K 0.18,
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