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Abstract; This study discusses the concentration characteristics of PM, jand PM,;, as well as pollution meteorology in large-scale and
long-term heavy pollution in the Beijing-Tianjin-Hebei region and its surrounding areas from November 23 to December 4, 2018, where
the primary pollutants are comprised of PM, s and PM;;. The monitoring results obtained from ground-based and vehicle-mounted
lidars, as well as the HYSPLIT4 backward trajectory combined with meteorological factors analysis are discussed. The accuracy and
uncertainty of the air quality forecast model of NAQPMS, CMAQ, and CAMx during heavy air pollution were analyzed retrospectively.
The results show that PM, ;and sand dust in most cities in the south-central region contribute to severe pollution levels. The hourly peak
concentrations of PM,; in Zhangjiakou, Beijing, Shijiazhuang, Handan, and Zhengzhou were 1589, 864, 794, 738, and 766
pg-m ™, respectively. The respective hourly peak concentrations of PM, swere 239, 319, 387, 321, and 380 pg+m ~*. Ground static
pressure field, high humidity, inversion, and other static and stable conditions, as well as sand dust transmitted from the northwest,
were important pollution meteorological and weather factors. The monitoring data of ground-based lidar and vehicle-mounted lidar
combined with the HYSPLIT4 backward trajectory analysis showed that the air pollutant transmitted from the Southwest and Southeast
during the heavy pollution period was primarily PM, ;. The air pollutant transmitted from the Northwest during the two sand dust
processes. Moreover, the model of NAQPMS, CMAQ, and CAMx performed well in forecasting the heavy pollution process in the
Beijing-Tianjin-Hebei region and its surrounding areas. However there are slight deviations for some individual cities, related to
uncertainty in the meteorological model prediction, atmospheric chemical reaction mechanism, and pollution source list. Furthermore,
the reduction in pollution source emissions caused by pollution emergency measures was also one of the main reasons for the
overestimation.

Key words: Beijing-Tianjin-Hebei region;nested air quality prediction modeling system (NAQPMS) ;PM, , ;air pollution meteorology ;

sand dust;back trajectory ;lidar;forecast assessment

Wi EHA: 2019-08-14; 21T HHA: 2019-09-17

HEEWE: ERHARFEESTH (41875164) ; B F H I &I H (2017 YFC0209805 )

EEE N %?%%981 ~) 2 RS AR R G R, RIS T ] g B T R A BE (@5 | E-mail : zhuyy@ cneme. cn
* MEVEH , E-mail ; gaoyx@ cneme. cn

ek



2 34

R A . B R S 0 X P, 28 IV b AR T 35 el B R AE S T 8CR o 575

STAE SR | T E T I R 391 X AT 5 10 B B ]
K T 2 2, o AR B A 7 2 3
TR, SR T EN . R K 12
e, R A BE 5T AT 0 T Y5 Y i B A A L KR
PM, ;75 Y 5 F ok 75 e S5 4 1 IR T 4 7 i
LT BT R I K S RS e R B
HE R R TS Y BRI | LA M 5 SR
el RN MR B AR R L R
AR RS S ML KA T T e i B SR 1),
SO N PR DTS e TR [ TR IR R S
Tl IR U A A TS e st R A )
TR, RN B T = oA LR S 8 15
e EE T SO X S AATILA
{00 o 08 T P 2 e e A
SIS Y (i S PM, FE TR T TR L O
A B, A A Y 60% LA 12
JHTITA 25 PM B985 73 Y V8 2 2 Ik 0 e i
MBI IR T, AR, FF B S BRE | i
B Z2BH L MBS RIS 52 s 4 B A 0
9 R 5 T B, BT 0 O e s
BRI R % T 1

SHE AT R A5 2 A O T I
2 AU i KM L WA P R A

SRt B T S e B R e X
HU AL T, S PG b2 KB B A B B 5,
B AL E PM, VR b Tk PM, (5 7
UK AL B HL X 1R A TR B 2 T Vb R A
U 3o P 0 52 7 b O M P s 5 S
A TR THT PN D A B T o 5 30 T B 2 M
R AR T A5 e I 0 520, 5 B 7 2R 05
PRI

2018 4E11 A 23 HE 12 H 4 H 53N JH0
HB B A T — WK T DA 3 e A, 5 DA F Y
Y B e, B SR P K | R I K A A
HLA PML, B PR A B B 5 et R 4
BT 17 e ) 5 0 TR, 3 40 i B 2
T TR TR 37 e 7 2 LA B .
RSN E BT PM, 1 PM, o 6 2 A AR (A
TE UGS T, N5 SR 1 3 M RO R
IR )5 T A , N A T M AT T T o A A
A D08 T B R R4 5
T TR U A b B PR 3 2 DR
ST R (R PR RO,

1 oaksEE Y 3
1.1 é{&iﬁrﬂ% & e S
73 Rt R R P B M R

AT LR e 36 B e AT LA ) PR 5 St s 9 3

ARSI, ORI I Y A HE i k28
Wt (LR FIFR 2 + 267 i) . (5B AT BF 5% 2 $AX
Sk ML IRTIT 5 Y A7 1 M 55 s 2 e 11 o T
W B P T S Y R B i
At R, M SRR A T RE ), 17 L2~ A
(5032 A M35 JHE RO B [ I 10 32 8 % 1
ISR, R e, 75907 T35 Yot LN, BT
QAT DTS e A o T SR T RO 7
IR T B P 5 4 R 45 R A
TTLRATTFFE. BLAh, TR 15 He i R s TR
OIHTBEI TR R 22 J5  TA  RE  , A
TR S T DA TR 405 SR 3 T SR A 10
T Y 7 220 G , X DB A0S e HE A7
BBia RIS, T I 0 255 S5 e i
0 0 T Y5 R ) PR R 39 T 8 T3
G RS AYNCEEREN (T S

DL PM, | B3 05 Y 0 T 05 e e b A e
RIMEE Y R BB R . R s
] DR TS0 M P 1 1 i T 3 L g [ 23
ST ES Y. A K = A XZ R SRS,
B RIRRG AR WS BP0 R (e

HAZEE , FZAFE AQI(air quality index) . PM,
I PM,, , HeHE (R BE 23 S B ARE) ( GB 3095-2012 )
FICIRE 25 TR PN BRI (147 ) ) (HJ 663-
2013) BEAT VA SO TR I8 B SR Rl o 7 3
B IS SR A BGE AL DR R BTR R A
G RAIDUT. Bda oAb BER H SPSS 19
Origin 2018 1 Excel.
1.2 fFAHEE

23 A TR A T 4 [ S U R T R
4, &% F| NAQPMS ( nested air quality prediction
modeling system ) #5 | CMAQ ( community multiscale
air quality ) 1% 30 Fl1 CAMx ( comprehensive air-quality
model with extensions ) # 2. 3 MR 2 X 38k K /N ik
B RS EON  BER AR 30 = E A B
ARIE. . H ] PP AR T R s TR X, KT RS 23 R
S5 4515 A5 km. B D24 N 25N,
115°E, /K F-J7 11 2 Lambert #% 5277 =X, & 57 7]
Sigma-Z HJEIEBEAL R 2R R FHIE R K57 2016 =5
AR A A% AL 42 1 75 4 PR B MEIC ( multi-
resolution emission inventory for China) ,¥5J& 0. 25° x
0.25°. 2k /| WRF ( weather research and forecasting



576 7D 53

L 41 %

e
&

model ) “TRBL L) 1 3K 5l , TR TR 90 46 7%
. BB % Sk A NCEP ( national centers for
environmental prediction ) 4= Bk S 42 i 41 70 #7195 Al
GFS( global forecast system) . fifi } HYSPLIT-4 ( hybrid
single particle lagrangian integrated trajectory model4 )
Je AR [ 5 T BE 24 h V5 YLl HLal i ih o5
ZHE 39.93°N, 116.33°F, /= 43 %4 100, 500
11 000 m. SR 5 Bl [ S P MR U B NOAA
(national oceanic and atmospheric administration ) 4=
R G FERHFE AL 258 GDAS (global data assimilation
system) LR GERE, KGE 1° x 1°, B8 K R https . //

ready. arl. noaa. gov/archives. php.

2 #HRE5itig
2.1 I5YeEAR N AR

2018 4E 11 23 HE 12 A4 H , 5HEts ) J85h
ML T —OGER K] PM, B iy
AT R S A s Y AR TR 1 (a) SO

JEL L IR 43 3T PML, R PM /N AR AR 1R . i
WHE G Y ARG T 11 H 23 H b A g
ARIE, WBER TG | K Fa] g b5 22 B 1 e
L PM, R 1 B 5 e W i vh 2 T IS G PM, 5/
IFve B B i A 245 pg-m P (ZEFH). 11 H 24 ~ 25
H, XIS I T 5 e i E, PM,,  FE AR 4k 15 5 15
Yok 11 H 26 HE5ME 11 H 28 H, XIH
X 22 2N PE AL AL e FE S e, Vb2 i BT PM,,
WSEHGE T 1(b) ], e)m ik B H 5 5K F,
ALk A | dbat, A5 SRR H PM,,
JINEF e B (R S JE K BT 589 | 864 | 794 | 709 Fil 656
pgem . 11 H29 HE 12 A2 H, XLz /M
9 A RSN, S SR RIS A UGE 2 R, HAb i X4
HErErh B VY AN IR RS Y G YY)
H9PM, B PM,,. 12 A 3 HE SRR, Z B
BV ZAricl BB , OISR R VY BELA PO,
HE TSI S TS e, A TR T
L ATRIE A DML/ B (BT s

400
— %
— dex
— {4
— Y
. 0 — m
'
£n
=
B
= 00 b \
N
. ’\ \A
¥ S )
100 L ’ i!‘ -
BN N\
B\
0 1 1
1 600
— W — ARE (b) PMy
]400-_4h};': K
i — Kk
1 200 :
£ 1000
=11]
=
§ 800
600
400
200 2 ¥ ; R
v A W 5 o . = -
“-] 1 1 L L 1 L 1 1 L L 1 1 L 1 L 1 1
(=1 (= (=3 (=1 (= (= (= = (= (= (=1 (= = (=] (= (= =1 =1 =
= = = = = = = = = = = = = =] = = = = =
ct 8 B E B E B B E B B E BE E B Bt g B
oy -t - Wy o -] -~ | o0 [ (=2) (= — —_— o ol o - =+
8 9 g9 & § 9 § 9 § g § 9§ 2 5 g g g 2 g
= = = £ = = = = = = = o (S o 8 o o
B (H-HTH)

1 SRR AL RS PM, F1 PM,, I

Fig. 1 Time series of PM, 5 and PM,, concentrations in parts of cities in Beijing-Tianjin-Hebei Region
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