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Abstract

In this paper, hourly observation data of air pollutants in Beijing, meteorological observation data
and NCEP/NCAR reanalysis data were used to systematically analyze the air pollution situation, to
summarize the variation characteristics of particulate matter concentration in different time
scales in Beijing from 2015 to 2017. It was found that air pollution index of Beijing dropped, the
air pollution situation improved, and the average daily concentrations of particulate matter and
nitrogen oxide decreased year by year. However, the highest daily concentration of PM, s was 6.7
times higher than that of the grade II limits by China. The average number of days for the daily
concentration of PM; s exceeding the grade II limits by China reached 32% of the total in the whole
year. The problem of particulate matter pollution still deserved attention. 7 cases of fine particle
pollution in winter during the whole cold surge process were selected to analyze its causes of at-
mospheric circulation. It was found that the combination of stable atmospheric environment, high
humidity, poor horizontal and vertical dispersion conditions and external pollutant transport re-
sulted in the occurrence of polluted weather in Beijing. After that, the upper-air blocking situation
collapsed, the horizontal trough turned vertical, leading the cold air southward. The northwest
clean air flow cooperated with the surface Mongolian high pressure system, which easily caused
severe gale weather in the Beijing area, broke the inversion layer, and enhanced the particle dif-
fusion ability. At the same time, the cold air southward will form precipitation weather and fur-
ther remove the particles. The pollution weather ended.
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1. 5|15

KATGHe, XARERIGH, EES ISR NO,w SO, O3 COL HIKIY) PMys LA
FIWR AR PMyo, 1X 675 G2 SRS T 25 58 % A BRARBE ILEE  52ma A ATI4a e SR A 1] [2] [3].
KB FALTT PR H G UMD RE S B I INIPIR 2R GEm A R S5 [4] [5] [6], A RURi 4 e
PMas 2R NATT OB B NAA G 70 (1 2 Z5 5[7] [8]. IEHERNI5 Gy BlZ iy K, K
IGHRAEEHFP NS > =0 > K=#/ > BR=M[9], BUFMI X KI5 RBa @iy, 5
KATT R T AR UL 5. Flocas SN R IMIE T 5 R TG AF X A el it X
G YT A A [10], 1 ] P BIF Tt A IR SR 34 RS 2 5 T AR e 2 S e B b T 5 e HEAA
P A1) [12] [18], ANITREMA Y5 G R I RRATE IR, LEIngE —E PR T 5T FERE A 2 UM R
ALK REE RIS G, w2 g sSSP IR 5 YR < [14].

BEN 21 ALK, HUASIX S H B AR 2@ S [15], AL st i A T et Sl i e i L, 2
ANNEE 2170 75 BLEh A 8ok 500 J3 I RERT, Him Qe BAT XIMERAE, 32 2 XmE o mT, 5%
AR BEETS G R [16], WORIATS G DB BT IUARAL SRR SO, ¥5 e AL 5T B 25 4e[17]. sesht
FPIARAT I Ae4Re L Rt OP R REEIE, ML R BRI FETT L) “ 8 IR[18], kst
T Dy A AL b DX ) Rl it 45 SR RUBE PG R AU 2R B LR a8 R B 5 [19], J 34 X35 e i)
I HE— P INE AL AT RS o BT RTH X™ E RIS BRI AR S5 [20]5F 70 R DAL At X &
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TR F RS TR KT ZRESIRAE ST HRZEM MG ER, 0 E R 5 58
Fe H T R AT e S T BCFR) i e VB ATL A B0 s MBS [20) NORE 51 S st Bt X 5 G R U 0 N
9 2, MZHLX VG R R TR BB TR TR T AR O [22] R0 il i R K [23) 4R T i
KI5, 53 i X I P S G

H AT AG 5 17 A5 Gl b o0 TG P RS R R e i b, HL2 BORRF T — A5 e RS R,
B RGMEMLEA M. RIUIEASCRI AL R 2015 E~2017 4 (1 K05 Y m 5is , 404 7 Jba i
KATTYMROL, 25 T BORADIR B AR ARFAE, AT PEAl Ab 5 T A5 Gzl A Rk s I = & 2R
7 BN YR A RE, FIR 1981 45~2010 4EF1 2015 4~2017 ) NCEP/NCAR FH- 4%tk 434
R RAOIRRRT e JERORSEARE, DA AE 5K 05 B piia TAR SR HERL = Ak 4

2. @5 H%

AT TREAE A : 2015 4F~2017 4 (1 K S05 G iz i WL Ao CR A0S B PMasy PMygy SO,
NO,. O3) FI[FI ) H FL TR MM BEEL: 1981 4£~2010 £EAN 2015~1017 SF I FR AT 836, BURHYSRIE T NCEP
(National Centers for Environmental Prediction)/NCAR (National Centers for Atmospheric Research), =%¥[8]4;#f
#oly 2.5° % 2.5°, FFA 500 hPa i fZ AN 3%, 700 hPa A%, 1000 hPa KU FIiE-F i< .

AR E G R, BT 2015 4E~2017 4F 3 4 RS TE G, IRk H ¥
WP AL, ANFREE, FIHIIRIE 2012 48 2 A %A HAE 2016 4% 1 7 1 HAE4[E 5Lt GB3095-2012
RS RBEIRE) ) ZbrrE[24] G 1), Seit HBRAHBIR KB, o Hy5 Y 1iE

Table 1. National environmental air quality standards
#* 1. EBRMETSRERE

o X WP FRAE (ng/m®)
5 g P4 TR
—% =%
T 20 60
SO, 24 /N3 50 150
NI 5] 150 500
e )] 40 40
NO, 24 /NI 80 80
1 /N 200 200
Hi ok 8 /71 100 160
O3
1 /NIy 160 200
A 40 70
PMyq
24 /NI 50 150
T 15 35
PM,s
24 /NI 35 70

TG ETTGARBUR MR T RIS R BR AR RFIE, 5 GRS G 4R B T RS BV A
AAGHSAL, TS G A R BN AG FF05 Be R B RS R DTk . SR A RREOH A
H:
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P=2n=FR )
CREE SUNEE SR (R | GG MANSWAE
R= Ci/Si 2
EESURTEN {§agC SASWAE
F=R/P ®)

KA P AT RLEETSGARE PG | DU JT5 B 462, Fi REE | RS Ge qd K5 n AT 3
T, CioNEE | TS 4 i ik B AR 3 (O3 9 Ogean THBNFIHIEE 90 A7 F 43 40), SioAER | AR5 4
PRSI AR R ], B TS AP BREE S 3R RSl EAnifE) (GB3095-2012) H 1 — 2 br
[17].

15 R RS B 5 IR HE BRI R Gk 3L Rl e, A R BR AR H 5| A SE T
X5 e RSIVE R, AR SCLAYS Yo R AR5 i Sl PR AR I 3°C ubn BT H 2015 4F~2017 4F 422 (12~2
H)BEA#E 2SRRGB TS e R G R A5 R R 7 flansk 2. FIH 2015 4~2017 1)
NCEP/NCAR F 7 Mt 5 By E Yo RAOIFERT s S5 BIE b, IR 1981 4-~2010 4 30 4K (1 FH- 4t
TORM 38 R 3t — 20 i KRR R R IE . A B 5 SR Y5 e R A FE T 4875 Yo KA 3R
HI— K, GRRASEPRRIGRRAFFENB, HRRAEIHRERERRE R EG—KR.

Table 2. Contaminated weather processes in the winter from 2015 to 2017
= 2.2015 ££~2017 FEFH)FRR[ITE

TRRALRE R (C)
2015.1.3~1.6 4.2
2015.12.8~12.11 3.2
2016.1.20~1.22 3.6
2016.2.10~2.13 4.1
2016.12.20~12.23 3.9
2017.2.14~2.17 3.4
2017.2.18~2.20 44

3. LR ERAIAY R B T FHE
3.1 JtEHITRER

7% 3 iTLAE H, 2015 4E~2017 4F 3 AL i R A 15 IR0 P BT F%, ) 2017 4E PH T
B 7 18.0%, ERHALEI T KIS YUIRUBREITF . S95 3Wis e e B R BUE S, Hoh PMys
FelRi N, 3] 2017 4 PMys S5 R0 Fa 50 % T 28.3%, PMyoikZ, FFET 18.2%. M5 45t
FAF T LUE H 2017 A22535 Jpnd A6 5 1 K05 B DTk AT 8 PMys > PMyg > O3 > NO, > SO,, HHt
SO, At b Vs Ge vtk tb E i/, NO, 5 Oz fT (5 LLE IR I, AEAT /N T Tk xt Jb 5 i 8445 YL IR
DL TTRR, PMys 5 PMyo JETTHR T 0.54, Fr LUK A& Jb 5 e B R0T5 3e, X B EHIE T S0k 75 e
CLAEIBHTIARAL S SO, 15 YN AL 5T 1) =BG W45 18 . SUR SCOHT T BRI IR LR, ik
HUAHRORL ) PMys BV5 G KA R, o Wi v K05 e R AR R AL AL
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Table 3. Pollution Subindex P; and Pollution Load Coefficient F; of PM, 5, PMy,, SO,, NO, and O; in Beijing
2 3. dL3T™H PMys. PMyg. SO, NO, F1 O3 HIISHMEH P S5 AR F;

PM2s PMyo SO, NO, 0O,
SE4 P
P, F P, F P, F P, F P, F
2015 2.23 0.35 1.54 0.24 0.2 0.03 1.18 0.18 1.25 0.2 6.4
2016 2.03 0.34 141 0.24 0.15 0.03 1.13 0.19 1.24 0.21 5.96
2017 1.6 0.3 1.26 0.24 0.12 0.02 1.08 0.21 1.19 0.23 5.25

3.2. dtRTFRABBIREEWL

K 14 Al os 7 b 2015 4E~2017 4 PM,s. PMyg H W EEAR L . MEEAK 7, JE 52T PMys. PMyg
SAEBARE AR R H IR E A R I R U B PM,s 6 H IR EASETE A 5 ng/m®~472 pg/m®, &
PR B vk 6.7 £i%, 3 42K, PMys i H MWK BB bR KB EE 347 d, SE# A RECN 1165.7d, FH#8
FREETL 32%. PMyg ¥ H VR FEAS AU TE A 9 ug/m®~772 pug/m®, 772 pg/m® I8 VR B R AR AE 2017 4E 5 H
4 H, ZHREREh X2, KA R R RS[25], WRRSAULE PMy FIHKE 5%
T . 2015 4E-2017 4 PMyo AR RECN 117 K, SERLEARRECN 39d, #FRREELEIN 11%. % EAT A
T H B A6 5T AR 75 AR T2 i, ABT5 G il AR AR IR
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Figure 1. Daily concentration of particulate matter in Beijing (a, b refer to PM, 5, PMyq, respectively)
Bl 1 derdHaZE BRETE @ b 55018 PMys. PMy,, T[E)

3.3. LRI AREEN

K 2 7355 2015 4E~2017 4F PMys. PMyo IO H SR EEARAL, = 4R rp RIS e it A R AT W] S 1)
25t . HERT LR H, PMos (1 ] S BE AR B 4 | 5 U B9k, RME HHIRAE 8 H iy, (e 12 H~1 13,
EAERKE 2017 SFHBIREA T R, H 9 H~12 A NEABONIE, XWEES 2017 b atiigTfE
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HIB TR S BE TAEA K. PMyo IO B EEARALIE LT PM,s, {H 2017 4 5 3 H BIIKREIRTE, 45&1%
57 4 HRWAERS, SHHERTGX AN R B S M B R, & R™ BRI R 5 5
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Figure 2. Monthly mean concentration of particulate matter in Beijing

Bl 2. bR THIRAI A EREE L E

3.4. ERTFRA N EREEWL

3 RALIT 2015 4F~2017 SERURIAI /N ARG . W F T LLE H, PMys /NP IR FEEAE SR
B KEBUAR L, MELFBEAE, ZIEEES 34 ug/m®. PM,s 7ETUZE 24 /NP
FE43 5124 66 pg/m3. 51 pg/m® . 69 pg/m® . 88 pg/m®, HFHFEN, PMys/INFHKFELE 10 I /2 A3k B3 — A
AR, X T]BEAE KOAHLBNZE B e ) RSB AW ANLBN BB UL SGE S RIS e AR E
WRZRIE, REESER, WREEZIAE 50, T EY BRI, (BRI R #26], 1 17
IR BIAE s TRV G2 B, FOREEF IR BT, 88/ NE(EAE 22~1 i I AKEFNAE 2 22086 AN,
NI E B W R, FE 7~8 B AN 16 B ) HIIAE] T AHE (60 pg/m) AR GHE (67 pg/m®), 1E 21 IHAR] T &
KAE (78 pg/m®)e &Z PMys /N HR U B, 7F 7~16 RHREEMEAMAZEAR KR, 1€ 22 WA B KME, |
TAZE TR, Fo/NI R Bk vy T HoAh 2T,

HKAZE, PMyo /N EEEIL S PMos 50, B E Z0HOK . FEE PMyo /NIIKEE R W 8531,
UEEAEL R IR VEEAFL 3 il H BULAE 21~22 BF T 9~10 B, 2B FH IR E 70 3ol R BWLAE 5~7 I AT 13~15 B, iX £ PMys
ANEF IR AR AL, {H 5~16 B PMyg /NI (ISR T 42, 456 Fik PMyg A 9B ARURHIE R 13, 1X
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Figure 3. Hourly mean concentration of particulate matter in Beijing

3. AL R R E A AL

4. BFERRSIRENFRRE S

JEH T B RS G LABTRE TS Yo 32, T 0K A 4004 PMg s S A A {8 B 5 Al K . ORI F 3
R FEETFEAZ(12 A~1 A, H PMys 5 PMyg KB HIMI SRS, MO H 2015 4:~2017
SERZN T BIAER TS G R A RE, R NCEP/NCAR 20 #T #kHy 5%t 500 hPa ()3 53, 700 hPa
11X 1000 hPa JA3% A1 T S 39 80 & B oy, IR 25 30 4RI -0 At BORMBUEE ¥ o0 BT, RS %
9 BE 53 A TR A5 B (1 KSR IR R

] 4 2 i5 Yo KA FE T SR & BRI, A s [ 4(a) il UG HTET5 Yo RSO R AT, 500 hPa
mEY B X 2P A IR E IR R S, ARt AL TR SRR, S2eEAbRREE e, 51
RN, KIRENEAT 2 A EA(E 4(c)) UL T2 @ O8], SR FAMERL, AR
FER, K RGE S, BRI 8 R, NG TERGTE RS B35 (E 4(b))rT LAE H, 500 hPa
B b i X A B s FE RSP IR - A - OF - Ssr A, BESPRRAE 305 #) 100 gpm. 110 gpm. 60
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gpm- 20 gpm, A5 WA IR T B s B b [ X, o E NS AR XU 1T SR A R
DUMZRIIPR T S AR KA AT A o, 9 M5 AR MR (AR B 0 S T, TERORIRR A, A
HAFIGRAR IR BHER LTS R R A v 2 R — o AT T RGEAH LS 75, 5 AE St i b e
M DX ORI AR R TR RGBT R, AN T R 78 30 i T P HER

W
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b Ay
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Figure 4. The synthesis and anomaly fields of the elements before pollution weather process, (a) 500 hPa potential height
field (filled, unit: gpm), temperature field (solid red line, unit: °C) and 700 hPa wind field (vector arrow, unit: m/s); (b) 500
hPa potential height anomaly field and 700 hPa wind field anomaly field; (c) sea level pressure field (unit: hPa) and 1000
hPa wind field synthetic field; (d) sea level pressure anomaly field and 1000 hPa wind field anomaly field. The black points
in the figure represent Beijing, the same as below

4. FRRESIEFMEERNERIFAMIETFS, (3) 500 hPa uHESEIHGET, BiL: gpm). BEMHELEELEL, B
fi: ‘C)FN 700 hPa RIA(REEFSL, BI: m/s); (b) 500 hPa fi#h =I5 F17F1 700 hPa RUAIEFEF; (c) SEEESE
H(B4L: hPa)Fi 1000 hPa KAEMIA; (d) B FESEHETFHF 1000 hPa MiFE T, EHEESKFILRES,
T

TR R S R A U AR W 5] 5 s, Bei & (14 5(a). Kl 5(0)) Bis Rl
R SEEAFER, a4l 5(a))%& W] 500 hPa AR IEH iy — Bkl Jba T w2 4E 55 ve X, B
BRI, SRR AR AT RV b, M A /INR TR, ORI £ 3k SR b BT AR
HHRRAH R LT AR P E PR ER AN TR EAIE, A SR AR TR
AV PR, TR RIEIR ISR, AN s oK ARG e T, A RTR AN IR SR AE T T [27]; 55 UL [RIA 500 hPa
(/&1 5(a)) e FZ L s DR A — MR A AR AL - PH R R SR BB ZE e, R TR B 5 AR &
Gl R E AT AR X B, DA 2 B IR R L 1 R R 52k
700 hPa (4] 5(c)) i 8 LA £k DA vl it N, AR T RRIR U IE AN 2 R UER, Eh T RA R
FABE, TR REVERN D, SR BRI, BRI, $R moOR Mk FE (28]
WA i e T Pt — 0O R 2 AL TR R AL AR A, AE AU XL T P e e e 2 T8
AR, S ECBURAA S 4 B 55— 757 A v s 1 i 0 140 2 i XA 2 A B = o N <5 DX
Pmid AR . B3[54 5(b) AT EAE Hi, 500 hPa iy B b v i i [X A 3 s EBRF 3 S BLIE - 47 - IE -
(o347, (EEEAr B AT 1 R AR, ZR X EESF 43R 1, 5 Y 20 gpm 19 0% 140 gpm,
PPt AR A B HACHE I, IERRCP 5 B AN B A B S BUR R R IR ST, 10 ARSI KA 955
Fe PR X PE AL SR AR v BRI U . AT b 5(d)), WP AU RIS 2 AN IERESE
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L7 IR PE E AN PGP b, BEP IR EEXIA R 1 6 hPa, PYAEAC T U (1 I BE~F S5 f Hh y XU A
AR Ko

M, GRRAERES, P AR R, R A AR S YRR TS R U AR N ZE R 1Y
RGOS, R v s FHL2E g IR B A AE R e AN i 2 T i T RIFRO SRt mia P E
P RRIRAM TR RIS, AE— SRR LA R TR Z TR, s R =A@k, 2 R
BRI 2 TR AT T BRI iR S A0S 38 UKL B2, 0w b T A b DX A2 T P e e o
o B AR AH AR Rty AT B AERTRE ™ 1 BE 0, A T R A< g JRAB 5 SRS A S BTk ey Ak i, P AR
SEMIRAIEE . IR BRI RIEE B R AN A SR A ik 34 R/ F 3 850 1 A st TS
ReRAMIKA .
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Figure 5. The synthesis and anomaly field of each element in pollution weather process
5. SRR IRFEERNERIAMBE T

6 fEV5 PR G B R A R EIMEE &, S R R RO S, 2 P ORI L W
1%, BRI T K prdELL T . 500 hPa (K 6(a)) 3 FIim 37 9 74 IR 5 2R 1 52 B A 1A v AR AR ) 90 A1
KA, DLITBEZETE 010, B BRI F IR, 51 SR A A P (K 6(c)) BAb st X 52
Sl s, RS R G ELC A 5 3 A s T M e 2 R AR AR A, I R R A R R R
BATHE, KRAFRENRZ, PREEBZN S, T AT WAL, BRI 2 ELAK -3 8Ok R
uf s BRANA AR T SKIRASIE S TR K R, AR TR R 0 ROR I 1 2 B, PR ARBTRL iR
FEo w7 (14 6(b)) L 60°N LAABIX I i i,  DARG LAIERE- P, fh P s
QERAHTS HHineE, YEERREY R, XS TORVEH 11 R AT e, TR 5 s 58 LV Rl 4
/o T BT (14] 6(d)) 55 B R T RE AN, AL 5T X A2 2 A iU IR PR,
FEBAEAEAT 025 A5, b i KOG A 4 A B A 1 0

MG S, xR T, RAEEUBXIS R TR M 2R, ML S Et, B 2%
TR R IITEN . AEREVS 2T T PR R S i S = S RGBS, S atX G
SR ZU PR AN R AR R, AT AT RGER 2, AT BRI 3 13], R ¥ 23S TR R R R it
ISR, BRI, 5 R R
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Figure 6. The synthesis and anomaly fields of the elements after pollution weather process
E 6. SRRSPBEREERNERIHFIET

5. &ieFitit
5.1. &P

AR AL 5T 2015 4:~2017 SRR IS S . R IR ER SR U BT ook, it
W RATTHMEDL, G BUR AN FRII (8] RUBEIR BEARAGRFAE, R 3 4R 22K 7 B 40URi 75
RRARE, FFRBIHG A R AT, SR g

(1) AESTTTR AT QARG G AT RS R AT FAR AR IS5 R, L st i Qe
WREZET b, BRI A RAAC) H IR AR R BB AR/ (H PMys AR A EUR R AT 1A 6.7 fif, 3
HEbRARIL 32%, FURIS B AR EAS AL, FRN 5 MBI AR, FBPMy iRET

(2) T9HR AL RERT 2 PR — B (AU S R T = s R GO HL R > 2 A8 T B b DX O X
RIERA, TR R BORE, AR T BRI T (R . VSRRl Y, mEhmag- el
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