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Abstract

With global warming in recent decades, the melting of Arctic Sea ice has been accelerated, results
in abnormal atmospheric circulation which has caused frequent extreme pollution weather in Bei-
jing-Tianjin-Hebei (BTH) region. In this paper, spatial and temporal characteristics of extreme
pollution events in BTH from 2000 to 2022 are studied. Extreme pollution events are selected
based on the 95% PM; 5 concentration threshold (162.5 pg/m3) in BTH. The results show that a
total of 135 extreme pollution days occurred in DJF (December, January and February) of the past
23 years. The pollution mainly occurs in the southeast and central BTH, and it is high in the east
and low in the west. The frequency of extreme pollution events shows a significant interdecadal
decrease after 2014, and no extreme pollution events happens after 2019. The average duration of
extreme pollution events is 2.3 days with a maximum of 10 days. Extreme pollution events mainly
occur in January, with fewer occurrences in December and February. In high pollution years, the
Siberian high weakens, the anomalous anticyclone is established in Northeast Asia, the prevailing
westerly wind weakens, the temperature inversion increases, result in poor pollution diffusion
conditions, which are benefit to form extreme pollution. The Northeast Asian anomaly anticyclone
is influenced by a quasi-circumglobal teleconnection originated from the North Atlantic.
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FURF ORI EEER L. BUaAMSCeht, BEITERATTRE, R KR P H
QeRAMIFEm, o Hi 25 NRA GRS Jh 25k . I HREE L LR ERACRANRI, ikt
VIOIE AL ORI RN, A B 5 R UMIUA . W TE 51 At B 5 e I LR R &
XHARTG QR BTE BATH BOHLE],  HER PP AL 5 G (@ RERIASE I, LR HESD TS e R <A B AR
AROT ST, A EEE .

R RIFAR G 15 QT B 5 atE M R R UM R AR KR SR E L], K
SR L ARAR[2], T3 KGR BUR[3] S ARXTHR L 1 (4] W5 R v B AT b KGR (Y FEAG T4 5
JE KRR IE 3 UAL S (R B2 Sl 40 I eI AR B 15 5 2 5 S IR B
3, RIS R KIS RGN th 2 (gt — R IR BT ARG, 2D IRl 2 hys5 ¢ [5] .

FEFEBR RBEMIR AR b, 5SS Y 5 AR AL [ SUhe S W B UIAE OC . T ok T AR B 7 S e
AL A TE R . An 5 N (2020) R I AR AL B AUl R o HOFRSEIS 1] 8 R, st 5 Rl b R E A
Rossby i VI[6]. VTP Rossby i AR AV TU KRR U, FARAE4E, 2
A B ERSH ST A S X 850 hPa [R5 s U DA, RETTHY 95 1 X2 AR 7
Tzl HFREURERSRE]: B, AR RIS H R SRR T R R AR Iy, KR
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PR RS . HET, KZHWT SR T RSG5 i e B i, i st sl is Je R AR RUZ
IR ETINRA R ;s K2 EWTRR T 15 RG], ShZ A (B 75 0 Bk, ATt Fife
Hrith 20 DIOR S BRARRE LA AL PRI AZALIE B« BRAEM S KBl ” TR, AT AR LA 4 KR 3¢
FEFM DTS Y FAF 2 B FTA AL RAIE, S m AR R R R R G A2 A

2. BiEMAE
2.1 Bath¥E

AT R0 M EHEE H ECMWEF (European Centre for Medium-Range Weather Forecasts) 2 fit
[ ERA5 (ECMWF Reanalysis v5) %t k}[9]. ERAS /&% T 2016 4Fiz 1T IFS (Integrated Forecasting System)
Cy4lr2 74, B ERA-Interim E#iAHLL, ERAS FEA IR HAD U GREZR I B 5 m (W e M
FIEEME; [FI ERAS o8 T HURERIM T, BRI o PR Ea 2] 7 B0, Bl s pE A — 3k
) TET, Bt E A ROC SRR ESDIRAS . ERAS HUEHE 4t TR ZE B E KRR g E
SiRE R, RHERRIRGE TS 538 R AR 5200 DR~ DA R PP-Aik A=A A2 A 1R 52 0 48 7 THT#S ,
HHEERZ .
2.2. BERISEYIE

ARG Y 53 F L PMys N, R AHI 848 FH 0 25 <005 e ok B rh [ R0 o0 30 SE IR B R 2 e
£ (Tracking Air Pollution in China, #% TAP). TAP Z. 7 IR IMNLEe2: IR, T RIERH v %%
T 1 PMos #BE[10] [11] [12]. H AT, WORHSIEA 2000 4 1 A P46, 2023 4E 2 A 453, TAP &7 7 Higk
AL 52 ST AR SR ST PM s YR FE o LES 7 S A AU R A B AT R IR R 2R MO8 RN 248 58 BAR FH D7 T A AL
P, RS E ARG TE PMos IRIE o 1XA Bl T80/ D AR e i 77 R 0 Js PR, sty 5500 A1 A 35 B A 4 ok O 5
8, AHFTLEH T 2000 4E 5 2022 4EAZE(12 A 1 . 2 A)SUHEFHIX Y PMos 50 . A8 0
A5 12 H FER A o

M TR B H UL PMy s W BEEUR S BT A oo RO P AP R BOE S A& (B 1), 18 1 3R89
PM, s VPR FE N 91.6 pg/m®, hrdEZEN 43.1 pg/m® SRARIEZ /3G 1 95% BRI XTI K] PMys #BE(E N
162.5 pg/m®, 7555 H 50331 PMys BT 162.5 ng/m®, WiZ H WA MRS 4 H . Bkifise st 135
Mg H .
2.3. GWIFZRH O R

2056 1E A B B (Empirical orthogonal function, fiifk EOF) /il — R WAk gt ik, EEAT
IR SRR P S EIE . EOF M RTERR Y WIS HiBRYFLS S5 ) iz M, TR
522k R G0 1) S RS RIS AR ARFAE[13] o 75 125 I A AR RN SR A6 B 1 23 R — R 51 R A8 [ 2 () A
A A] R A XL AR AR T B (A1 G54, I I [A] SR EN R 1 4% (8] 45 M BB I [A] 148 4K, . EOF
IR BAR D IR AT

(1) MEEUE: KRG EOR R R, Hd g — FIARER AN 8] s (=S I 5 A 1)
FE—ATAR IS ) A

(2) VFE TS AR BN SRR R AR SR AR B T SR T 2 R BOR DGR R, X e R s e T AN [
(1) Rt ] (R AH DG
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Figure 1. The normal distribution of daily mean PM, 5 concentration (unit: pg/mS), the dashed line
is PM, 5 concentration at 95% percentile

B 1. FEXEEY PM,s s RE AL : ng/m®)RIEASS RIS, BLkH 95%E S IBE R
PM, s SR EE

3. FURHE PM, s /RENET = 9 H T
3.1. HImiTREMRIESRTIE

Kl 2 ¥ 135 M5 G H AR ICAE I, BN OO — i 5 Geid 12, (LB AR 1 o v G
IR (R), LT3 65 Ukufiis Yeid . M AREEM TS el B R AE H I A B, Ao Jeid 72
FERATE LA, HkZ 12 AM2 Ao Ko iiE Jad FERan Ko 148 3 K, #@id 4 RIS 4
IR D, s A I — O IH 10 R B a5 Gead B, A AE 2009 4 1 H 28 H % 2009 42 F 6 H.
KRyt K 3 RIS Yt FE R ZELE 1 H . 1E 2010 SE 2 /i, &Z5 Rk A E S5 Yeid B2 k5
W2, it 37 Wk, HrpEer K 3 R AR5 Yl FR I 6 UG 1M 2010 415, B JRCHET it R o,
Wity 5 Y i FEHCER R 2010 422 A, it 28 k. AR EB K 3 KMk 5 Yl #2455 2010 42 |
/b 18 2010 45, BUMAIMEAR R T — R 50 b, S Inss K05 Ra 2. 38 m DIt
e HES VBT AEIRSE, DL RSB S . Rk, AT TS Yl FETE 2010 AR AT, 1E
2010 4 JE 9855 -
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Figure 2. Temporal distribution of extreme pollution days
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Figure 3. (a) Total number of 135 extreme pollution days every year from 2000 to 2022 DJF, (b) total number of 65 extreme
pollution processes every year from 2000 to 2022 DJF

[&] 3. 2000 £ & 2022 FL£F(12 A\ 1 B\ 2 B) 135 MRIHSHEARERE, (b) 2000 FZ 2022 FLF(12 /. 1 B,
2 A) 65 MRmISREERFHE

HRAE ] 3(b), BRFER A 5 i AR BB 2R 1R [B] VA R 20018, R AT H AR v Sy it R 19 N3
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BT U S PMos IR EEHEAT EOF 70, JPRSERIEAEI 4. 1P 4(a), HUAESE PM,s iR SR — LS 1
JiZE TUHRAR K 93.5%, FRWIA RS PM, s R FEAE AR b RUSE_E I 2 AR (URPAE 1 B2 ph 5 — RS [ 4
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7980 pg/m® Fitio RIEZSTE] L PMos ¥R B85 i (1 X 48U T B0 SR R 30, T P AL YS Y39, EOF 4y
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Figure 4. (a) EOF first spatial mode (EOF mode 1) of PM, 5 concentration (units: pg/m?, shading) from 2000 to 2022
DJF, (b) Mean PM, 5 concentration (units: png/m®, shading) from 2000 to 2022 DJF, (c) Bar plot of first principal com-
ponent (PC1) of PM, 5 concentration (units: pg/m®) and standardize PM, 5 concentration interannual variability (curve)
from 2000 to 2022 DJF

4. (a) 2000 £E & 2022 F£&ZF(12 B+ 1 B\ 2 B) PMys iR (B4 : ng/m®, )5 —23 [B]4E 75 (EOF mode 1);
(b) 2000 £EZ 2022 & ZF(12 A, 1 B, 2 B)F PM, 5 iKE (B AL: pg/m®, HE)HIZE 5% ; (c) 2000 F£F 2022
FZZF(12H. 1. 2 B)PMysiRE(EBAL: ng/m’)BSE—EM S (PCLFREIFFRANL PM, s 5K EFFRLE 2 (HL)

MRAE I 4(c), M EOF FrfiRif1 5 — F sy (PCL: AR EN M /A0 ol LUK, BUEREEHIIX PM, 5 R 32 2
S FERIRG RN, KRR AE 2014 4 DLJE SR E AN X PM, 5 R BE R I B S5 1 3 ek N
B, R T UG Y I B AR PR ECE IE L o KRR I A BT 1 PM, s R FE AR S Y R BRI I
Btk 75 200 3 15 e A R AR A P A8 2R (41 (0 28) o A 0 T 8 1, iZ i 28 55 PC1 M 5% 2 8k 0.92,
EIGHRTL T 99%IH) & 25 PEAG IS BRAE,  VE W BV B X V5 eI o — ARSI S RHE T PM,s iR E AT 5T
BRo WHEBREZRET 1A EZ R 8 SO RS 44, B 2002 47, 2004 471 2006 4.
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Figure 5. (a) Mean sea level pressure anomaly (unit: hPa, contour) on high pollution years (2002, 2004, 2006); (b) 500 hPa
geopotential height anomaly (unit: dagpm, contour) on high pollution years (2002, 2004, 2006); (c) 850 hPa temperature
anomaly (unit: °C, shading) on high pollution years (2002, 2004, 2006). Red lines denote positive values, blue lines denote
negative values, the shaded area is the area that passes 95% student-t test, the orange square is the approximate position of
BTH region

5. (a) EITHRELZ(2002 ££. 2004 ££. 2006 FF) P TFESIEET (BN : hPa, FEL); (b) EITHELZEF(2002
£ 2004 £, 2006 £F) 500 hPa SFHIAEEIEF (AL dagpm, FEL); (¢) BITRAELZ(2002 £, 2004 4, 2006
£F) 850 hPa SIRIEF(BiL: C, HE); ALK FRIEE, BLRFKAE, PEREAET 5% EZ I HIXE,
BeRFERREEXEARRVE

WP U BRI (18 5(a)) b fie 2 35 BRFAE DA AL~ 2R i 43 J5E (R IR H S 5 AR 25 T T A o ) v 26 P 52
PSSR H R AR IR 0 A, = A I 5 O A T AR PV - JBBR. ZRI6NE H A
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OB TG, S HEIE R EARRIE . U B ML X AT AR AL S SRR R I, R A R M X e
I, EIH IR AR LA R A, RAEH A KOOSR, RUZH X 78 X s . 8
KA 850 hPa IR 37 ( 14l 5(c))th 2 30 H 5 v 23 6r 3 v B2 7 AH 6T I () 74 R (T e ) B 8 (s R ) Y 4 7 45 44
FRIE, SUEESDHLIX AL TRE s R pra il Sk B s, st B X 5 e ik m R &AL ER T 4
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N T o S G A R AR R BE R AR W MR AREAE, AR 135 MRS % H I K S iss ,
HHT BRI . S5 RERH, =7 500 hPa 1o 34 = B BE T3 (14 6(b)) & i & HFIRFE 2 AL Bk v i 26 A
BE RGN OR A3 1) TR SR ) (R DR ASRE AR DG 71, A B =2 — IS R & — i ik, i dEBRIE . 1A
R ARAGTHLIX, B RNAEKPPE P 2R B X3, e — LT gtk — B “f - 1E - - 1IE -7 F
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Figure 6. (a) 500 hPa geopotential height average (unit: dagpm, contour) on 135 extreme pollution days; (b) 500 hPa geopoten-
tial height anomaly (unit: dagpm, contour) on 135 extreme pollution days. Red lines denote positive values, blue lines denote
negative values, the shaded area is the area that passes 95% student-t test, the orange square is the approximate position of
BTH region

6. (a) 135 MRim5 4 HAY 500 hPa PN BSE(BAL: dagpm, F{EEL); (b) 135 MRimisHHAY 500 hPa IS
FERET (AL dagpm, FfEZK), ALRRIEE, BEARAE, BEXEARE SNEEHRBAIXE, BERGIE
REFTZEXIGAHMNE
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Figure 7. (a) 850 hPa temperature average (unit: °C, contour) on 135 extreme pollution days; (b) 850 hPa temperature ano-
maly (unit: °C, contour) on 135 extreme pollution days. The shaded area is the area that passes 95% student-t test, the orange
square is the approximate position of BTH region

7. (a) 135 MR 5 HAY 850 hPa EI KB (B : C, EHE);(b) 135 MRimis HAY 850 hPa KBRS (8 L: C,
FEE), PAZXEAET SNEEEREHNXE, BaFERRTEERBABMNE

F 1 8 A3 34 v B P 46 1) 51 T (36.5° N 28 42°N “F-34y, RV RTid: Sl [X 4 FE Y [~ 48)), Ry s i TR
B R ASEAFITRIAES]T, pEF RN eI T, 2k RS 200 8 (R pE R R gk,
WEHZIRE AR E . MRS R I B 451 (K] 8(b)), BT X XAE T T R4 T i 7 F 4%
HlN, RS ML HLTH 1000 hPa #Ef#1 %2 500 hPa, FREAXILEH NIRRT, KBRS,
AFTFI5 Gy BORIARE s T pUR S X, 3 B O e P (1 8(c)), RBATEMN IS YL IiR], & Bz 3)
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Figure 8. Zonal section (from 36.5°N to 42°N average) (a) Geopotential height anomaly (unit: dagpm, contour) on 135 ex-
treme pollution days; (b) Temperature anomaly (unit: °C, shading) on 135 extreme pollution days; (c) Vertical velocity ano-
maly (unit: 1072 Pa/s, shading) on 135 extreme pollution days; The shaded area is the area that passes 95% student-t test, the
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