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Abstract

Using daily air pollution and meteorological elements data of Chengdu plain from January 1, 2014
to February 28, 2017, the temporal and spatial distribution characteristics of air pollution and
meteorological factors were studied. Combined with the correlation between the two, influence of
meteorological conditions on pollutants concentrations was analyzed, and the main factors were
extracted by principal component analysis in this article. Statistic results showed that: 1) In
Chengdu plain, the air quality was best in autumn and worst in winter. PM2 5 and PM;o were the
primary pollutants. On the whole, the air quality in Chengdu was the worst, and Mianyang and
Ziyang are better. 2) In Chengdu plain, smaller average wind velocity, higher static wind frequency
and lower rainfall in both autumn and winter, especially in winter, suppressed the diffusion of
pollutants. The average vapor pressure, mean air pressure and other meteorological elements had
a significant impact on air pollution.
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1. 5|18

P& b E A BT IR s R AT 2015 AR EPASDIRGLAIR) (11878, 2015 fF4 [ 338 Mg LA B3 =S
AR 73 AT R EIE bR, TR E A5 G s bR R B B B AL PM, 5
O; f1 PMy i %o RIS RHEH T ANMRMEE, 1R ANTHIRIEZIR B ETr, MR EBa o8
FR . BEE AT R R SRR S, ATE@IMEAL T RSN, & IR0 X 2 <5 G
IF Fe i 52 e T o

FEEFFINTAC AT 44 DPPER TR, WU RERAETTRRE . A AR P
EFE2]. BHIE SR TT 2N S G AR, BRI . KR RS R A
BRI T B B OB RS Y TR IR L RO BE A (3] i RS AT TR BT SR T A U B A R 2 AR
IS, FFREAT 1 500 hPa SAY5 4L H RS [4]. BRENIRSE ATE R . 5 B iou, R 0%
X APL 5 GH T AR SRIEREAT 7007, ARZT R T A, bR KGR
FER T EARM[S]. 77550 RKHE T RR RS TR B ZN ARG GRS AT IFEm[6]. 5¢
MR XIZRFSAEGRAE M5 IR KM MRS (7] (8] 5 RBEEE R AR 2012 R AR 13
LR PMI0 J5 Q4R 0F 70 A B 5 M i 2 PH AL S IR T B 3 58 HARAE R 2 10 R R VI [9].
SRARSE T T 2014 SRR T R RTG RRF L SR T, JFRE R — IR EL s Gt Rt AT 1B 2247107
EIRWE A RE TG RV IE S A A GO AR G, e SRS RSB &M E VIR, Bl KR
TSRV 7 E 2R R T R0 S K= BR= AT, i FLAT i 475 75 A M i 2, EATAH ORI I,
Bt 2 58 5 5 [XC (10 B AR 7 BH <58 RS T it XAk Ty, 6 St i e R T F AR R VR 4 Mt ) 7 SR B U

JEAR R ol XA, A Bl RA R TR AR RE 2 5 rmod R e s, i
PSR X I T KGR BN, KPR RE NS, KRAURGERERE R, AR 8, SEERGRF 2
Ko ATLEEI KA T AR AR B AL SR GRG0 22 S5 G HRE i, BT U 45 R m] o
S JE 2 AT Gead R KT Gl v A TR SR LB AR IR AR T S5
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2. ARKBESHFZ*
2.1. RRKIR

1)20144E 1 A 1 H~2017 42 A 28 H&HS MBH. 4iPH s SR ER, 201541 A 1 H~2017
2 H 28 HIE. %EFH, LAK & WIS AQI. PM, s(mgrm ). PM o(mgm ). CO(ugm ). Os(mg'm ).
NO,(mg-m )iZ H ¥k .

2) Hp E A G X TS R H AR AR, AR ZERH L 4P JE L BRI R R FE R TR
AFERE S PHRGE(mes ™) PSR (WPa) HIRES () FHE(C). FH7KIKE (hPa). 20-20 %
KEE(mm). “FHIAXEE (%RH).

2.2. fAIRAE

1) BT S 2 S5 R AR i

AHTEIRTT AQL 4. F (IR BT R M R E R ARG, 2T AET., BFE KFE L
), ST ARG, X RK . ARG QUIRBL A AN AR iR B B IR, A ER L AT AK
ARG YRDL, LR, 49 373 05 Qe S AT RHE

2) MAETZSIG YIS IE SRR ERIIRR

a. HiL T AR X 75 Gk B (1 R i

SR A S G E D T <A BORE B 0 B2 XU m Bk, Sev AR 4R FH 2014~2016 F-FK 428 PM 0.
PM, s (1)~ 359 o B A< o X 1) A8 Ak i 2R P, A b T XA 1 695 G 6 FEE TR 52

b. 1 T XUIHORT 5 G JE 1) 52 0

SR HH SO GHE TH BRE A B S 2 R BT RL, SRih Rl 4RBH 2014~2016 Rk, &
Z H P RGEAR GRS . AN IR . 226 PMo. PMys HISF3 B IR L BE RURLREE I, 454
FRASTJEAK . A TR AN B R, 23 A i T RN 5 G0 B PR 5

c. L T PR 7K 2555 G ik B [ 5

S o S G 80 Wb TS TR B SR S 20-20 I BEKE RN St it 48PH 2014~2016 4
K AFHTPHBKEDL, %H] PMo. PMys BIFI5 0 SR R IR B AR T I, 43 Hh T P 65
LA P52 0 B J5 R

d.PM o PM, s Ji 5 BE -5 1 T 5 < 5 TR 2R RO AH 96 b

iz SPSS #A:4r AT 2014~2016 FERGER 40 BHAK & 2275 S (ES EZE 04T PMys. PMyg. NO,,
RBHEZL 3 HT PMass PMo) H-FI5 R B B S5 M T 8 S R BER AR G, ol 2 25 PEAG 30 R ff e %
REERIRERURIEMIEE ., HEAAHX R AT

e == M

3. B RIEE ST ES
3.1. AQI TE{LASE

3.1.1. AQI £EBRIE (L e
SE X SRBEESEN . BPRER R BT 5 LB BRIFER. % 1 NRGEF IR LS8 2014~2016 4E
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BEF R TREFHIT G Y S RIF R A Git s W], BT I — P 253 REARE
R4F, HHROLLVREES RO TR TA 78 K, HAFN 21.48%, PHIG YA W, (UBHERAE L
MEo PRI 2R R R ETEME, A7 WA P 2 U AR i, OO SRR 1 AR IR
735N, AQI A PRASAL TN WL 2015 SE4R PN AU i R AF A ik 83.20%, 2 2014 F R K 32 K, BIR
T TR A X MV SRR il B SR AT 28 )68 5 58 M AR B 1k

Table 1. Days and good rate distribution of air quality grades in five cities from 2014 to 2016
F 1. AT 2014~2016 FEESREFRASRBRRFRN

F R RRER R
W i H — — — — R IF5/%
It =S BTG g G Y EERERC Y gL
2014 14 204 75 29 29 6 61.06
2015 25 186 108 21 21 1 58.29
2%
2016 27 187 104 35 13 0 58.47
SEME 22 192 96 28 21 2 59.27
2014 80 185 52 25 22 1 72.60
2015 63 197 67 22 7 0 73.03
il B
2016 66 182 88 27 3 0 67.76
SEYME 70 188 69 25 11 0 71.13
2014 81 189 67 19 9 0 73.97
2015 9 206 47 10 4 0 83.20
Z5FH
2016 88 191 65 19 3 0 76.23
FIME 88 195 60 16 5 0 77.80
2015 39 190 96 24 14 0 63.09
JEl 2016 31 216 95 19 5 0 67.49
“FHMH 35 203 96 22 10 0 65.29
2015 65 218 63 13 1 0 78.61
PR 2016 49 220 87 6 3 1 73.50
SEE 57 219 75 10 2 1 76.05
BOEE 56 198 78 21 10 1 69.79

3.1.2. AQI TV (L IHE

2014 £ 3 H 2 2017 4 3 H BGERFJR TN RTTE B S 45 K 0L E AQL I ZE 15440 thid, il 2 pir
Ne B 1N EIRTTR TS R U B OUTRET RGN, 7T IAFHR S SE RN R Z, KPR
s FoR DU, HIRERTE, B KEGRRAESRM RN B 1(0) &3 E S YLl H I
RBNBIE, FTIA FEGIARGEOTE, . KR, wiis ™ ERIRm RaEmn s, &%
UL LS RIG R HBURIE 17.7%, MEZFHN 0.7%, ZWEREE. S, SN 2505 4458
FERUR .
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Figure 1. (a left) seasonal variation of frequency above light pollution; (b) seasonal variation of frequency above severe pollution

L (aZx) BESRULBIVIRFHEWN; (b) EESRUEHIARFTEN

bR, WMECTIRA . BETAERE, B, KEMLF, AQI F 1 ARMRHERZ, WukFEK.
AR, TGS T R R AR SR SR DU 2 TS S R

3.1.3. AQI B {LHE
BCERT AT 2014 4F 3 H~2017 4 3 H AQI A¥MEA AN 2 fiim. &3 AQI H AR E A KEL

FEL, 120 1 HRBEX, SR FSRER A, B2 mKERAR, AQI MMEHINIE 9 H. R
5 R AQI ZETLFHE: K. XFTARENIREVIA . WHEEIRT, B AQL A ¥ME £k B i s
HAh &, SRR ERE BRI, M 1~6 H. 7~12 AR E RGN BRI 486 .
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Figure 2. Monthly average of AQI for each month in five cities in Chengdu Plain
B 2. BEFRAMETERH AQI BifE

3.2. REFSRAFESH

32.1. HESRY

BB TR TR 2014~2016 SE(E ILFIZEBH A 2015~2016 F)fk. XEZTHESRENRE KL E, &
PTG JeE e S R B U, a3 R

B 3 AT, AR 2014~2015 SFEAKZEE Z5 J W E 28 PMys. NOyw PMyg, 2016 SFRKZEHIL O3 75
Boi ZFH BRI PMys. NOy PMyg: [FIRT, FHECEKTR, 478 PM, s 768 2005 S S I LL B OK.
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Figure 3. Primary pollutant frequency
3. BEEISRMEIImE

BAERR AR B R E Y, BAHER S, S SRR SRR E . I 2014 FEK. AT
B R) FER PMys. PMo. NO,. 2015 4E, [ 2015 it NO, REAE N By g i il, KEH 2
G408 PMyss PMygs O3, AZENIN PMys f PMyos AT, AHEGRKER, 428 PM,s 7E 1 BG4
ML ERCK . 4RFH 2014~2015 Ak AT EEG R EE L PMys Ml PMy,, HKEHIDE NO, & O,
T9hes MK, &7 PMys fE W Ei5 e I ELE A K. 2016 KA FHIIHE O, i it f2, H
VRN T 2275 B A 53 0 75%H0 63%. Fu R R, L2 KA H ) NO, Fl VOCs &5 Hii &4 i 7
EREIR AR R ARG RS 11], HEERAGRE™E, FRIRZ, 4FRD. T
PAEMRH A SRR, IR, SLEIRET S, MU ERAR R, HESEMEZ AN
B, BERATMER R . JH 1L 2015~2016 F R 1 25 4o 3 22 PMy s« PMyos O, AZENN PMy 5.
PMyo. B, FHECEKZE, 478 PM,s fE 1 25 b BB K. B 2015~2016 4FAKZE oy 5 4
LR PM v PMys. Oz ZFENIDN PMys. PMygo [, HHELRKT, &7 PMys fEH ZI5 R b
It ER K.

g LR, SREFESSRE. LT AR RERMKEAEAFNG IR &M m, R &F
% HBUBURLITE G2 (PMy.s, PMy) [12] [13], #0 R SCKE 32 B M1 R B R A AR IR 53X W R 5 Je ik /% 42
2 AR AR

3.2.2. BETRZE S MIFHE

FIF 2014 4£ 3 H~2017 £ 3 AEILAFEBA N 2015 £ 3 A ZE 2017 4E 3 A)i5 4Pk 25 H W
THERK &7 PMys. PM FRIRERIREE, 255015 2 FivR.

SEAFIW IS, 2014~2016 F AT JERK. 422 PM . PM, s T35 SR B 75 25 (7] AR R I A
FRAER AR X, B2 S05 Yed R E, T BE AR RO I AR BH . B PHYS YRR AR B . PM s PMy s F2 BHJR
TR EEHA R T AIEHR[14], BUSHTE PMyon PM, s 5 B BE 1) 25 (8] 40 A RHAE 5 &3k i
TR Ko WO SCEIUARPH . BESPETT, TRK A =15 I RFAIE
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Table 2. Average mass concentration of pollutants in five cities in Chengdu Plain in autumn and winter/(ug'm )

2. BMFREMET SRS ST RERE/ (igm )

AR A TR P4 R R/ (ug'm )

I AT E=St
PM; ;s PM;
= 53.68 91.29
B &4l
L ES 96.83 153.64
M 4236 69.34
TR
PE S 84.41 128.94
H*ZE 37.98 59.36
ZH
L ES 77.86 112.08
= 53.70 83.35
JE
PES 89.63 128.90
ZE 33.08 73.08
ERH
L& 65.38 128.27

4. REFEREPFISHESKRERNXR
4.1. R ER SRR E R

W 4(a) B, B AKZE =i Jeb ot Sk FE Bl A ) AR A R AR — 5, o PM, 5. PM 84k it 42 AR AH
Bh, EXEZ ARG, RPEAL T PM, s IS B m A, FUOR I X WP g XU i 2 e e, T
BIR B E N 65.86 mgm >, FERARAE ) 2.13 5. PM, o i i« AR P2 R B IRE 70 515 111.82 mgrm ™, 58.08
mgm . 1M NO i 5 75 R P8 74 g U A B g5, L PHALES efi€. R4 ZE PMys. PMy, S IR FE R
A A IR — 5, RS A . WP R XU PM, s R SRR FE BRI MR AL 176 7 T XU Jo Bk
B, ARRRAER 1.88 f5. 1 NO, ZAbi TR, Wsh/h.

Wi 4(b) B, 2R PHAKZE PM, 5 PM o Joit S04 FE i X [ 48 A i A — B0, WG 75 J b XU 349 o 9 B A 1K
VG AU P Y B e, P S I, SR B AR 2.20 fif 2.23 f5. SRFHAZE PMys. PM,
R SR T L) AR A AR — 5, WRAR G X2 T R B A, 7 7 e XU P2 T A v, P 22 S
e B A A B ARAA ) 2.23 £+ 1.90 fiF.

250 160

P34 )5 R P/ (mgm®)

Jerde

A

Figure 4. (a) The relationship between pollutant concentration and wind direction in autumn and winter in Chengdu; (b) The
relationship between pollutant concentration and wind direction in Mianyang autumn and winter

El 4. (a) BEREFSRMRESKNENXR; (b) HEREFZRIRESKENXR
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2E Tk B PEAL XU RS 4BBH TS U i B R, A AT IS Ry B v R XU A
FI5 9y 8, S80S R IR R
4.2. ME XGRS 589K E B F 0
4.2.1. HhiEm RURKFE

BN T 0.5 mes ™ I EIRGE SO, XIE KT BT 0.5 mes™ H N 1.5 mes™ I XUE SCAZN
P[15]. HIE 5 AT, BRAZERER. 4P RGEL/NT 2 mes™, AARLIRRE /N, /NP XG5 T
121, 2355150 ms™, 1.10 ms ™', BT/ A T XGEARAE /N XS Bl A AR S, M8 S,
Y BH X K

2.00 i [ et %0

1.80 80
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Figure 5 Monthly average wind speed change (left) and static small wind frequency (right) in Chengdu and Mianyang in
autumn and winter of 2014~2016
5. FLER. #RBH 2014~2016 SFRREFR FHRELW(E). & NRIRE)

K. AFTEFNRIR WA 6 B, N RITRBER XU o BRAR . 4 BH 5 T M T X 25 A A e 2
AR, AZE N RICR A & T TN IR H A4 — 2, 08 B ER /N XU IR B, G2
20 Ff. 14 . FIRS, RRAESERNIET400H, 08 AF KA ZE 29.97% 19.62%.

4.2.2. WEHRNESSRMKEXR

T G R B XGRS W] 6 BT AR 4 H R T RK A 2215 Yk B RG89/, 4
RAAZERGE > 1.5 ms™ 1, PMysy PMgn NO, P BB BE M T # /N RS BIFEIR T 21.29%,
22.09%, 24.63%. BJ W RGEXS 15 G g R RA s e, Y Al AR, DY, M
TEIAZE, “FIRGER /N BFN SR S, R RS gE R 5 e S8, R 5 4%,
4.3. HiEPEK EXTRMRE R

Pk EFNTRmE 7 s, EATFHBEKESTAZE, B9 RAFYEKESRRED, 11 H
JE AR IE S, KRG 2 1 Bk MAE, S 1 AP K A 0.19 mm, 18 9 H 1 4.28%.
BCHR ZRPHIS T AR A=K B AC, Z 570

15 Y R R P B K AR ] 8 BT AR 4 BH P T RK & 2275 e ik i A B o /K 2348 o it
BN WERESKET K R AR, PMayse PMg. NO, TR EWRE L B, MK EL 20 mm P LR,
1SR R IR L 3 I FEAE T 52.00%, 59.04%, 34.99%. W] WLEE/KIEFEAE 1E 3 KA B Bk s &5
GWIPE R, b B BURL I R W B T B A PR 3, T NO, MR R AR/
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Figure 6. Relationship between pollutant concentration and
wind speed in autumn and winter in Chengdu and Mianyang
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Figure 7. Monthly average precipitation changes in Chengdu
and Mianyang in autumn and winter of 2014~2016

7. BRER. 4RPH 2014~2016 FRKEFF FHMEKETK
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Figure 8. (a left) the relationship between pollutant concentration and precipitation in autumn and winter in Chengdu; (b
right) relationship between pollutant concentration and precipitation in Mianyang autumn and winter

8. (a %) MEMEFSRMKESHKEBHXER; bF) WIEREFSRMRESHEKERNXR

44. SRYRERESHESKRERNHEXTH

2014~2016 AR 47 BHAK & 205 Ge H T 2 R iR B2 15 M T 5 R BRI A SRR N 3 P
H1 T RAE TS LT T KUK (I A R ik, IS 3 2R35 RWIIR I 2O T B &
Z 2 SEHNI Ve e I AR ), 3 BT AT N UTE S, IS5 RMITTAR I IR BE e AL U 595 Gk 2
R FEIRSTS RIREE 8 TR, PUONIREZRS I, WA R R Res, iR AEA
TS g E D A S RHHMTIR G, MY EL MR 2P E R, KRR, TR S
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Piledg, WIIREEAR, P LAFE KIS 515 feikZ 2 R <. HIRNR S5 RYIkE 2 2IEM%, H
SRR T PMyo T BTSRRI SGIE B 25 o P AR 575 Rk L Geit 2 ORISR 2, 4kl
TP S PMa sy PMyo SUARSS, (RS PM,o IUAHOCPEIEIL | R PEASG . — ARG DL T, 2 Ui
Ky AKIRE RS, KR E B T RS RV . (BT EHE R AT KL FZHZH, W
ARG, KAZEFE, T5RDU PM, s IR KA TR . BEARAMBE I RI R 5 S o i i
ERA, WA B A kA, SRR R S TS IR R B R 3 O R 16] [17] [18].

Table 3. (a), (b) Correlation between surface meteorological elements and pollutant concentrations in Chengdu and Mianyang

3. (a)s (D)BLER. LRPAMESRERSSRMREMHEXME

(a) SPHIRGE PR HIERE PR CPEOKIRIE CPAERNREE 20~20 IR E
Pearson F2GPE  —0.279%*  0.157%* -0.007  —0.387** —0.356%** 0.053 —0.196**
PM, s
25 0 0.003 0.898 0 0 0312 0
Pearson AHJCHE  —0.298%*  0.202%* 0.032 —0.398%** —0.379%* -0.02 —0.225%*
PM,,
I 0 0 0.542 0 0 0.7 0
Pearson FHJCPE  —0.445%*  0.125% 0.068 —0.185%* —0.169%** 0.086 —0.203**
NO,
B 0 0.017 0.199 0 0.001 0.103 0
(b) FHRGE  CPHARE S HEEH CPHSRE CPRKERE CPRMGHEE 20~20 B FKE
Pearson fHEME  —0.350%*  0.239%* 0.1 —0.454%* —0.413%* -0.038 —0.161%*
PM, s
e 0 0 0.058 0 0 0.465 0.004
Pearson AHICHE  —0.333%%  (0.274%* 0.160%*  —0.440%* —0.441%* —0.158%* —0.182%*
PM,o
B 0 0 0.002 0 0 0.003 0.001

T FRRIRAE 0.01 AR R FHIR, *FIRAE 0.05 KPR LR K.

5. &hig

AR SR BT SR T 2014~2016 4 Hb RS R B2k} 12 52 BORVRIS Yo B8, 520007 1 RGAT
R, 4RkH. JEIL. BRI SIS IR0 SRR E RN AR, 5T 458

1) 2014~2016 &R0 J5 23Ul &2 R AF TN 69.79%, 15 3WIRGLVR S JhF, HA2FR
21.48%. AQI EViIMEEREE, &, EEFAMERE, B, KERE: WEEZEIRERATM, 5
AQLIME, 9 A AR M, M=k Lz, 4. JHET.

2) BRI SR HIE H 3 50K EEPEGFIEZER, 8 AQI ZVF ¥ 1 & 1Wii5 YW1k
N BT G AR AR MR . ZREFFEE B JL T AR SR TA RGBSR,
B R A2 IS G4 (PM, 5, PMyg), %AZEJUAME . PMg. PMy s P35 i fE 94 B A 25 0] 43
A E RN AR A ot BIASSR05 Yedn 8, R RO M 4RBH PR TG e B AR R

3) Geitit BN, A MRAR L RN 8 « 405 BH 194 11 775 G o R P AR AL, (E I 78 XU Rl T o 75
WP RE X b XU 4R BH 5 R AE 2SR5 Yo BT BRAK . A2 RGHAFAIE R~ 38 RS DS, /N AU A 1
AFRKEERE, FRRANERES AR, SRR £FRKETDTHKE, AFTK
SRR TR .

4) EHYIRIE S RGE . PRI PR 20-20 I REKE R RE MK, 5PSAER
EMSE, W5 FIARXHREE . H RSO S A B
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