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Simulation of a Heavy PM, ; Pollutant Event over
Beijing-Tianjin-Hebei Region in October 2014
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Abstract: In recent years, the eastern part of China, especially the Jing-Jin-Ji (shortly for Beijing-Tianjin-
Hebei Region) has suffered increasingly severe pollution of PM, ;. A case of PM, ; pollution over the Jing-
Jin-Ji Region during the autumn of 2014 is studied with WRF-Chem model in this paper. The results show
that the pollution was caused by a stable weak-high pressure system with the dominant southerly wind on
the surface. The temperature inversion layer further suppressed the diffusion of pollutants in the vertical
direction. High concentration of PM; ; mainly spread in southern Beijing, Tianjin and northern Hebei
Province, where the contribution of secondary PM; ; was higher than that of primary PM, ; to most of the
pollution areas. Vertically, the secondary inorganic particles accumulated around Beijing, then became a
high concentration region affixed to the ground surface. On the other hand, there was a zone of high pollu-
tants over 1. 2—1. 6 km, and primary pollutants only had one high value area near the surface. The vertical
distribution height of PM, ; showed a similar trend with the boundary layer height.
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10 1.16 1.24 1.33 1.45 1.29 1. 50
11 1.12 1.19 1.24 1.38 1. 30 1.53
12 1.08 1. 14 1.32 1. 40 1.26 1.69
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Fig.5 Sea level pressure (a,c,unit;: hPa), height at 500 hPa (b,d, unit: gpm)
and wind on 9 (a.b) and 12 (¢,d) October 2014

3.2 EiHE PVL BIKESHHMERE—R.ZKX
PM, s Xf 8K B Y STk =

6 S PM, o it M 11 H 7 2 7 B 19 7K P 7 A
K. 10 H 7 HEAEILRE 0 M IX A PM. s ¥ AE
10 pg + m " RUT - b5t R B Kt b #8559 b 4 45
{9 DX SR A7 A2 /N ] 80~100 pg « m " B RR TG 3,
29 H . LURAT IR B 1l ik LA R B89 50 S ER 70 3
D JEAE 80 pg » m LA b ZHTHR B T e (9 X 38 |
TR T TS G LA b oA R AR AL PML s W
£ 200 pg e m " RLE o ph T M KU BN L X R Y

HYRI— B H T 10 B, BA R XE % e
LG gy 88 T RAT I A s X, A 11
Ht b7 BB W M T SR B T RAT B
Hi X 75 e W, 2 s T XL 1 2 E e R S A G
U RIS, 2 12 B O EEE AL AR ) PM,, S A
T B S PR 1] R 7 7 HOR A R L 5 g i R 4
B 19—k PM, s 4346 BC.OC Fl OIN, 43
i EBZE S I T4 3 )k B R e
W PM,; f34% NO, .SO,> Fl NH, ", =k i ki 4
Br 177 SO, \NO, HE g B i B 4 8 i A A0 28 A,
A AT R AT RO v A AR A R AR A DX



57

0o 56 2014 48 10 7 U FE L X — I PML 5 75 42 5 78 1 BB A3 40

833

FERAR . 75 4 B2 P Ag — L IR PM, X A
e B By TTEk 2R (B 7O W] LAE 2L 725 YL W JT 3R 1) 10
A7 H,—¥K R PM,, s %42 B 5 Y i X4 57k R
FEAHRTE 50 Y0 A2 A7 RAT I LLAL 9 X sk 7 Hb B
RELRR - 75 U2 40 30 i 26 o i — W75 e AR b, Ik
PM, ;[ TTRk 2 i3k 75 % ~80% . | T ¥5 4L ™ & 1Y
9 H ., i5 Y X Rk PM, s stk &R LI, K478
60 %0 LA o Horp X b 50 Ml XY BT R R ik 7090 ~
44°N
42
40
38

36

34

44°

42

40

38

36

34

7550 {5 et 7 B R H R AL AR AE 7500 A b L Ut
Wl PM, 5 15 3 1 58 28 A0 o 3l 3 IXCHE i /9
SO, NO, ST 5 AL P 19 R 5 e 2
B RAE LR SO (NOy 4§, 12 H 5 G ¥ 8 i

TH AL — 3 A IC M B 1 PML 5 4 v el Jb R 3, —
U PML 5 X 3 — #8731 BT kR Sl — ¢ PML 5 1 5
FIR 3 U I A 55 0 3 5 1 2 R PML s 1 T B
SO ST I A — ORURE )

0 5

10 15 20 40 60 80 100 120 140 160 180 200 220 240 260 280

B 6 20144F 10 H 7—12 H PM..s H Y349 BE /3 A (i :pg » m™*)
Fig. 6 Daily average concentration of PM, ; in 7—12 October 2014 (unit: pg * m *)

3.3 BPMLBR—R.ZRASHEEDHFL

AR SCAR 5 G 3 18] 1 32 5 KU, BE HOM 1L AR
2 bt B OF XL E R AT A & R 1l AR
(D2) L i (B2) 19 £ 1] B A2 100 m & 2 km
) PM, s EH AR, B8 10 H 9 His YK
S PM s A A — R 2R PML s Ik BE AR Ak . AT LA
ki fe 10 H 9 H— KW H PM,; 4 1 bl
BN T A AR A IR KO KU O 0 A
DX P A a6, H i — U R TS Y A A AR AL
NG

02—08 B} (AT ¥ Ryt st i) A KR i 31 7

JZ T BE AR AE 100 m DL, db st BE 3 0 1 A2 Ak
PM, 5 14 15 {5 A H B A 33— X 38k 190 3T b T A0 9
KT 130 pg« m 1Y I8 B A L 300 m, AR
) 300 T2 v A ) T SOk ) 1 L ) T GE S
T M TAT 1475 G ) S A T AR HE O R A X (A
HENE ERRZL . 1.2~1.6 km & EF |,
AFAE— A PMo s WRBETE 70 pg « m A Y B
TG YL IX B R PH R S0 sk 3 B i 6 i A
SR L 152 R BT B AN R T B 14 B e
BENT 1 km PL b 65t R 0 0 e Y PM,, 5 328 8 1]
G A 2B IR A B R T A A T
X HE S AT TR, HEZE 0026



834 A

% 842 %

JE U ] 9% £ 100 m e Ay PR BRI SRR R ok
— UL T MU PM s W B TF. B — R
FEFCIE AN AR EE S i A1 1 o ] DL 25 5 200 550RE )
32 JE A5 I R W S [0 v 20 M T S B0 R Y (8] T

X EE 00 55 08 I i ThT o (L T 78 149 4 B2 T b L AL 5t
Ak v L P IS W Bl 1) AE A B X S e T KT 1) L
T R AL 40 11 i 326 A

B’ 7 2014410 H 7 H(a,b,c).9 H(d,e,DH 112 H(g,h,1)—¥K PM,; (a,d,g) Fl
R PMy s (bye, b Xt B BE (ol £, D (9 BTk SR CBRLAT . 00) AR B (B0 pg » m™° ) S IR ]
Fig. 7 The contribution (unit; %) of primary PM, ;(a,d.g) and secondary PM, ; (b,e,h)
to total concentration and the comparison of PM, ; total concentrations

(cof,i, unit: pg+m ™) on 7 (a,b,c), 9 (d,e,D) and 12 (g,h,1) October 2014

QYJ\\:YK PM,,; E"Jﬁﬁﬁzﬁ %?EKEJ JEKEJ
7 JBE B X PML s B BTRR AR A AR R ). 7R b 5
T b TET AR PML 5 S (E X — IR K PML s R A7
(i — 1 T R DX 3 72 e H R ok o — B 3
Bl AL SR R AR B IR A5G . 02—08 .
ﬁﬁlzjl’ji—‘ﬁ\\:ﬁ\ PMZSKEH"J%—{E%BE 60~70

pg e m I HLTE PM, s (9 STRREAH Y . BR TR
HiTE AR B AL 1S 10 2~1.0 6 km 1Y X 8§
WAFLE—A> 50~60 pg + m * ) PM, J5 4 X, H
TR PML s 1843 A RS BE 2 BN R XMk B Dy 40
~45 pg e m i — R AE [F] — DI Ak B2 Ay 10~
15 pg e m o [A)—MF %0, 3 M — U K PML 5 X



BT

il Lo 45 . 2014 4F 10 H pUHZEH X — 2.5 15 S 3 R 11 B R A 4L 835

SR BE TTRRR KA R 5 D 6. 1 D4 A, A
D7 25 B PML s I R 1 /038 43 189 3l ) i 3% ok T, B
Z (1) J2 E (7 25 38 3 S A RN R AR L. 08—11
B 305 b T DX 38— K PML, 5 % S vk B 1Y BT ik
RAE 407 LA BT R T 14 B — 3R PM,, 5 19 ¥ JiE B2
WD R A 25~30 pg e m L X TRE TS
] 5 5 ZU TR G M R AR 30 2 1 v BEARAIR i IX.
B HRA TS e O IR A BB T RS TRl iy R EE

02:00 —{RPM, s

& /km

B /km

B/ km

&R/ km

B /km

B/ km

A g e

37 38 39 40°N 37

IN DZ BZ BJ IN
]

0 15 25 40 60 80 100 120 140

B W PMLs B F RGP IR A G B — A3 1
{EEFMU RO R i GBS T M AT 35 #1400 mZE AT, b

BRZHEWAE 1 km 2247, BT 20 BF LR
E*ﬂ‘(w%)ﬁ%‘{?%%%‘ﬁ@?@ﬁi&@amﬁiﬂillﬂ‘(ﬁﬁ:
WM BT, AT RAE, B R AE A2 3 ik AR
() PM, s 78 283 TR A T U0JG 43 0 580 3T M 18 119 95 4
ARBL

02:00 —{KPM, s

39 40°N 37 38 39 40°N
BZ BJ IN DZ BZ BJ

15 25 35 45 55 65 75 85

Bl 8 2014410 H 9 HE PM, s (ZMD . — R Ch[a) A=K PM,. s (45D
J R TR B e pg - m ) W3R LA A0 A0 L2 AR Ak (R S0 ER)
Fig. 8 Vertical profiles of total PM, ; (left), primary PM, ; (middle) and secondary PM, ; (right)

mass concentration (unit:pg * m™*) and planetary boundary layer height(black line) on 9 October 2014



836 A

% 842 %

B 122 p b A0 A AR S IS K R Y
PM, - 5 B 73 A i 8] J3> 51 CI&E 9) WF 5 AR AL R AE
AIE SO H B 518 A0 - PM, s £E 3 B 5[] 1 (9 73 A
o SR BUZ R A W A IE A O . A S LA
B B 1 T R E R (B 10O KRB LB T 14 B IR
JRE i e 2 5 B0k /N B9 L AL 08 R 20 1 H 7 300 ~
500 m (4T i A7 A5 2 R TR 2 60 R B
G 0L R B M XCOR Ol T AR E AN B R R
WM TG Y Y i HERL, 10 H 02 i, S BRI 8 A7 7E
MHL TR ZE 100 m 14 I 3t 396 3L 3 o 3 07 1) b+
R R PR 85t o 2 S0 UK R 8 9 e i AR 1 IR 2

2.5

M

=) 1.6:

§1.2:
i 0.8:
0.4 /

02:00 10:00 18:00 02:00 10:00 18:00

T T T T T T T T T T T e
1 5 20 40 60 80 100 120 140

BEl9 2014410 H 9 H 08 HEE 11 H 08 M52 B3k 1
I b PM, s 0 A (AL pg + o ®)
i 52 B RSSO
Fig.9 Vertical profiles of hourly PM, ; (unit: pg+ m *)
and planetary boundary layer height (black line) at BL
Station from 08:00 BT 9 to 08:00 BT 11 October 2014

1.9
1.71
1.5

_Qm—

I
1.1
0.9
0.7
0.5

0.3+

(a) 08I+ (b 14ft}

(c) 200 (d 02fkf

T/C T/C

8 10 12 14 8 12 16 20

7 11 15 19 7 11 15
T/C T/C

B 10 2014 4E 10 A 910 H Z 0 kR & H R4

Fig. 10 Vertical distribution of temperature in 9—10 October 2014

4 75 8

ASCH A WRF-Chem H RUEE LR AL 27 8 & 4
A 2014 4F 10 A 712 H AT 3 X — K PM, 5
15 U B BEAT BEBLIE 5 F 90 3 1T e AR i R X
TE e 35 By 1A I 25 03 A R AR DL R — 0 TR )
Xt PM.. s ¥ B 1) BT » 7 3% PML 5 193 B0 A b 47 1
FEAR b . S5 R

(1) 3 ARG G i e 00 02 59 v TR 2 1) 19
R RARGE i 35 K1) 2 g R 3 B 1) A 5
i J2 A7 AE S 1 — 2 AT 95 e W o 5 BT
i1

(ARG Y 1) PM, 5 i e BE 250 A 72 4L ot
I HB R EE AL ER 5T b 0 XS, IS B T
HE 5 Hb SRR 3R W A e XU B R 3 R AT 1L
B3 s R AE L PML s WA A A5 5 T, HLAE VS e i
PR 9 H 0 5t BTG Y K BTk RAE 7026 LU
i KT — W PM. s o 7615 44 BUS 1975 35 KA
— K PM, s I STHR % 5 T Ik PM,.5.

(HIEEI M .10 H 9 HIGH M H . PM, ;
— YR URL ) L 3T M TR A AE = (R PG 7E 02— 11 B
Xof e e BB Y TR R A 40 % L) L1 2~1.6 km (1 |
25 e (B X DA R A ) R 4 Sk 3 O el TR
TEE 28 5 P o Ak RO AR B X A IR
PM, s Wi 5 1 L2 A8 40, B8 5 25 iR



5507 3

0o 56 2014 48 10 7 U FE L X — I PML 5 75 42 5 78 1 BB A3 40 837

B I FE— [ v [l 3t T, S BOS SR N EE
(4 I & iy 351 1o R B 8] 350 17 AT AT AR M 95 e
F14 7315 ey JBE 0300 )2 g 2 2 WD ) TE AT O

&% ik

BTSN EE R T .. 2014, K EARAE UL AR IR I B R4 .40
(1):114-118.

AR PR ZEH . 2013, U5 — KRSt 25 5 0 B 0 B B
e B F 53 B, SR AF 4R 71(5) :940-951.

AR IR EHL. 2014, 2013 4F 1 H bt X 5 55 g ok R S LS AL A A
A BT S S HEEHESE . 19(2) : 140-152.

K H ATSLE. 2013, 2013 4F 1 A R K. % .39(4)
531-536.

EEE R DML . S 2008, K RIS R 0 B AL R AE Y
WRF-Chem FU{E AL o E A R4, 28(9) :828-832.

TEMN SR EAHE gl 2015, 2013 4F 1—2 A% KA 2
BRAERT A HT. K% . 41(9) :1144-1151.

BRAEFT . HUNE . a5, 4. 2014, b 5T K JA 3 IX 2013 4F 1—3 H
PM., 5 A FFAE. BT A5 54 5 25(6) :690-700.

L, S R 45 2010 b B R ) R R A& MF TSR IR
B HRAE. R4 37(9) - 1126-1133.

KRG MR IR55. 2002, 65T KA AIRLF 19 8 W6 4 7. SR B R
2 ,23(6):11-16.

INECF S BARK , S T2 %5, 2008, K HEIE X Bk 2 PM,, 5 i 12 ¢ JiE
BT RAE R T . K42 34(10) :60-66.

FEFA IR AT, AR . 2006, KA I BT M4, db at: & 5 A &R
269-330.

E AR VR LRI 5. 2008, A I B2 EUH A HLF 58 31 ik Jie . R
BHaE,32(4) . 987-995.

R 2005, 56 T 58 5 % 0 X AR R A TE e, K5, 381
(4):3-7.

TR, TR R RS 45, 2008, 350 Fk 28 R 1 IR M EE Y
. E TR, 28(1) 1 2-6.

TR, T 2L NS L 45 2007, A6 5T HL X PMy, 5 (9 180 43 45 AF 1ok U5 43
Br. A %229 . 18(5) 1 645-654.

PG 0BT L 3R S A 25 2012, JEE 2 R B IX 43R A%
S R SR . 23(3) 1 285-293.

BB, TR R R E 4. 2008, b 5Tl KA BURL ) T PM,
PMy, s Jii i e 3 B H AR 24 4 23 0 R AE 40 A7 SR B 12, 29 (1)
3275-3279.

WET L ZEF BB R T L 20122, 2009 KA TR HAKAE W E R K
TS YRR . R4, 38(9) 1 1096-1102.,

Wi R T 2012b, Kt — WRF SR AR UL BE S 1 1 52 i [
BT, K5 .38(6) :688-694.

Tl .5k J7 48, 2015, 2014 4F 10 H RS WA R4 Hr. A% .41
(1):126-132.

iR 258, TR AL 2014, 2013 A 1 T ot [ R B 4R 2 Mk R %5 SR
AP MARR M. R EBRE HEREE 44 (1) 2 27-36.

KW OC B EC

KNS SRV L RE A, 4. 2014, AR AP R — K I X SRR
A3 BT 5 BUE PRI S R B K% 2R 31(3) 1 337-344,
SR/ B 2014, v TE AN () DX ORI A 2 I 43 YR R L 2R Ok TR

BRAE. R %4, 72(6) :1108-1117.

TN PMR IR, TR, 4. 2013, TR R 25 -5 R B % VA B S %
FlE 4, 58(13):1178-1187.

A Th gt e, 2008, KHET R ATS G PR HE RO Bl . B R 2
1R .28(2) :368-375.

An X,Zhu T,Wang Z,et al. 2007. A modeling analysis of a heavy air
pollution episode occurred in Beijing. Atmos Chem Phy,7:3103-
3114.

Chan C K, Yao X. 2008. Air pollution in mega cities in China. Atmos
Envir,42(1) :1-42.

Che H,Xia X, Zhu J, et al. 2014. Column aerosol optical properties
and aerosol radiative forcing during a serious haze-fog month o-
ver North China Plain in 2013 based on ground-based sunpho-
tometer measurements. Atmos Chem Phys,14(4):2125-2138.

Duan F, He K. Ma Y. et al. 2005. Characteristics of carbonaceous
aerosols in Beijing, China. Chemosphere,60(3) :355-364.

Jiang F,Liu Q,Huang X,et al. 2012. Regional modeling of secondary
organic aerosol over China using WRF/Chem. J Aero Sci, 43
(1).:57-73.

Ma J Z,Chen Y. Wang W, et al. 2010. Strong air pollution causes
widespread haze-clouds over China. J Geophys Res, 115 (18)
311-391.

Ma J Z,Xu X B, Zhao C S, et al. 2012a. A review of atmospheric
chemistry research in China: Photochemical smog, haze pollu-
tion,and gas-aerosol interactions. Adv Atmos Sci, 29(5):1006-
1026.

Ma ] Z, Wang W, Chen Y, et al. 2012b. The IPAC-NC field cam-
paign: A pollution and oxidization pool in the lower atmosphere
over Huabei, China. Atmos Chem Phys,12(9) :3883-3908.

Quan J, Tie X,Zhang Q.et al. 2014. Characteristics of heavy aerosol
pollution during the 2012—2013 winter in Beijing, China. Atmos
Envir,88(5) :83-89.

Zhang R J, Jing J, Tao J, et al. 2013. Chemical characterization and
source apportionment of PM; 5 in Beijing: Seasonal perspective.
Atmos Chem Phys,13(14):7053-7074.

Zhang X Y,Wang Y Q,Niu T,et al. 2012. Atmospheric aerosol com-
positions in China: spatial/temporal variability, chemical signa-
ture, regional haze distribution and comparisons with global
aerosols. Atmos Chem Phys,12(2):779-799.

Zhao B,Wang P.Ma J Z.et al. 2012. A high-resolution emission in-
ventory of primary pollutants for the Huabei region, China. At-
mos Chem Phys,12(1) :481-501.

Zhao X J,Zhao P S,Xu J,et al. 2013. Analysis of a winter regional
haze event and its formation mechanism in the North China

Plain. Atmos Chem Phys,13(11) :5685-5696.



