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Abstract By using observations of meteorological variables and PM2.5 concentration, together with the meso-scale
numerical Weather Research and Forecasting (WRF) model, the weather conditions and boundary layer meteorological
features were investigated during haze periods in Beijing in January 2013. The comparison with observations shows that
WREF is able to reasonably reproduce the spatial and temporal distributions of the meteorological variables. Analysis of
the heaviest haze periods, which occurred during 10-14 January and 27-31 January, shows that meteorological factors
and high concentrations of atmospheric particulates are both responsible for the haze pollution. Small or calm wind and
steady atmospheric stratification led to a decrease in atmospheric diffusivity and accumulation of pollutants. In addition,
the southerly wind carried surrounding pollutants and water vapor to Beijing, which not only increased pollutant
concentrations, but also favored aerosol hygroscopic growth, and extinction increase, which consequently led to haze
formation and visibility decrease.

Keywords Haze, Numerical simulation, Meteorological factor, PM2.5, Cause analysis

WE B 2013-12-17 W], 2013-12-30 BENEE R

BEIWE  EERARREEILEIUH 41375151

EEEN  XEeE, %, 1989 4EHAE, Mil, THZMFHRAIERAPA. E-mail: liurt@tea.ac.cn
BIEE  #F&E, E-mail: hzw@mail.iap.ac.cn



2 1 M Fi 4k L &2 50 S ) S AF IR A
No. 2 LIU Ruiting et al. Analysis of Meteorological Characteristics during Winter Haze Events in Beijing 165

1 35|

jillf3

AR, B A Tl AR 38 i AL RERE AN T i,
ZUFRFLEIK, SRR BT, PR IR
W, MREIARVE G, 10 RS 5 Bl e R Lk
B, KAVEHLIRGH 358 #5500, 2012 3
R 36.5X 108 t, [ — R BRIE Y 2
70%, EmAT B E ) EARREIR s Uhah, FRERT
MBI IRGER I, 2012 4, TEREMA B
1 AL5H, VEFRA K5 N — 2R .
PR BRI T RE I R BRI R %, R
TR RSG5 e 2012 4F (o [EFRER 5L A
WG o, AR SR 2117.6X10°
t, FAALIHER A 2337.8 X 10" to 3% BSHEE K
SRR ST G n] T A SO PR A R
JE, LT B RGN R — IR B
SRRSO BRAR S, A RE W FRAIG, MG HE
PEE, DA R R R (R,
2008).

WS G RA T ARAE S R R0 DR TR S5 2 )
(QX/T113-2010, FESAKRJF, 20100 o, & X5k
(haze) Ay KM ANGL )T A KL S350 5] MLV i 48 25
L AFACERE WL /N T 10.0 km (045 /< V%0 1)
MG, FFARTN, felEzE, SR EHE T
B, o NATTRIZERS o A2 is T B A f B3 i ™ o 1)
AR FEI . WEFURIN, 5580 KA RS AN R T,
CIBGBVRRR S ER DNYNE N TP O NG 51595 X TR )
T RBRY, s g Rk, )M, K
DRI 5 I 350 9 5 32 PR BT S 5 N A 5 DK
% (Tieetal., 2009).

AR E W K T EZR IR L . 500 (2011)
WFFCR I, U AER A5 (V) H BT kR o, DAk
FE] 2R 3 vl X 3oA ], K5ORS 1950~1970 4
(RAEAR JLORIE N 21 H i i1 4E4E 100~200 d LA _E. 5k
NHEE (2013) BTG BEIRMIER, 1)
o R LA 55 5 RSk AR ) 32 TR DR R RS
WG . RIS LB R TR . AL
Ty BHRRER . B AN TG 2 B ) 0T e TR Bz v T IR,
X5 28 B PR T B0 N T e e HE TR D) AR
Ko WM (2013) EiEXIE R 2013 FH) % FH
KA R (PM2.5) KU HTRIL, Lo
FERTITTIRER N 27.6%, AHhi5 Jedi b HLsh 2 Fik

PRI TTRR R > B4 21.5%A1 18.7%. BLAN, XS
(2009) AL 2007 4F 4 A — IR K 5
KA FE T R PR AT T R A5, R
SRR, RO JE B (Aerosol Optical
Depth, AOD) 1i 3 MiB L#SWIRIGm, Hjmih
VIO BE ) 3G, WORCRE IR ST . BK L AR
(2013) T 2006~2009 4 3 8 Ak i 5
RAHHE, F5H PM10O FIAH X 5 S 5w fig 005 0
SRR R, Horh b e IR AR Ao A
TR U . A A (2012) JEREX) 2009 4F 10
H 14~27 H, FRtH X R 1 — IR R KSR
A AR R A AR G B R IR 1) o A R
o M XOR A E AR e, RS . TG
W, ART KSR KA, HokRE 22 L
5 b DR FE AR 8 7 25 1R e () A B S i
FRIIK S (2008) I I 2% 5 B A A R 48 Models-3
(MM5/ SMOKE/CMAQ) M} Bk = A1 i H1 X K<,
IRFEHEATRIEST, &5 B W B 5 15 st RURE T XU £
FH AR FH S 26 38 RS A2 B S 43 A1 T8 KR
WEAESE (2013) XA 2011 4F %5 55 KUK A
B ORAAH TR . R, AR R DAl
TR 49 o 0 A R 4 PR B B AR AL AE R AT T 4y
B, $RH 5 5 KA AR LR IR 2R L ]
YEFHTE L o

2013 4F 1 J, 255 R/ S P B b AR O 4y
HUIX, 2 oA T AL, b 4 o™
HEEFRA, MADUS G %5 RKECh 1954
SELURRMIRZ . KR, RYE R % 5 RS
G T A B S O

A SC ) FH R0 P 7 5 S 3 N A ORI S %
Bl g REER ST S TRk g WRFE [0
5%, AF 2013 45 1 FAbRtHbIX 255k Geid #E R
RAH FALFZ AT T 04, WE9iss
PRI B AL 7 55 50 R R it — 2 2%

2 MR

ARG, 2013 4F 1 H i< 500 050 ki
T [ AR IR b T R A i A
(http://cdc.cma.gov.cn/home.do[2013-12-17]), {uh
IS AL XN E . LI 8 AN
Wk i (GEEWE 1 ), Py 1~8 4k
O EHREE . L SR R L B Nk



U I T N 7 T 19 %

166 Climatic and Environmental Research Vol. 19

42°N

41°N

40°N

39°N

38°N

37°N

36°N

113°E 114°E 115°E 116°E 117°E 118°E 119°E

189104 PaXIA
SpuUB|gIYS Pesol0
spue|qniys usdo
seuueAes Apoop
SBuUBARS
spue|ssels)
SPUEBJISM JusuewIad
spueldosd

dn-}ng pue ueqin
80| pUE MOUS

152104 JeS|pEOIg SNONPIva(

m m
< <
o @
s 2
Q «Q
GEac
(O]
[ONEN ]
S5 S
z @
g 8
s a
= O
o Q
2 =
53
-
m o
o =
= O
g 2
@

Pl 1 AT D 182 R X 3 pA) R Y 288 L 5 e T O 3 507

Fig. 1 Setting of simulation aera in model and landuse type in the study domain and the locations of sites

188104 Jes|o|pasN snonploaq
oleso|\ uoleieboy [einieN/puejdol
pajelabap Ajesieds Jo uaieg

(RS2 S AN GERH 3 ABFF A UR R (AQL: S ik =

Jeatuh (' 54510 IR EdERIE T3RE AURERGUGENIRED kB Tt i iRy
ML W] MK %% Chttp://weather.uwyo.edu/upperair/  Jaj [ 3ifi - Chttp://wsbs.bjepb.gov.cn/air2008/Air].aspx
sounding. html [2013-12-17]), WFSEI A 504 2013 [2013-12-17]) Frifitdbatri 35 AN -3k (3% H
1 H 12 H. 29 HE08:00 Clbmthffa], FED A Hdig. e N RITMERRE G (2012) &
20:00. ATk CABTA T RAR A (AQD HARRUE GRAT))



2 19
No. 2

M Fi 4k L &2 50 S ) S AF IR A
LIU Ruiting et al. Analysis of Meteorological Characteristics during Winter Haze Events in Beijing

167

(HJ633-2012), K& 1-uli 2 S & a0 A0 o 4
WURIY IR TR S, SO AR A6 4l ki) 12 H
W PEAG A B 5T 35 AN 135 1R~ Y4

3 EANA

AT P2 NCAR SEIEG TTFAmh R
¥R RS W AL U Weather Research and
Forecasting Model, AR FTRH 2 J2 M ik
25, 2L (35°N, 115°E) Arfuly, ZRp8J5 1
160 & 2, FEAL 71 140 N A, AKCE RN
27 km, i 7 ERE S HIX 5B R RV
FEAEI — REE— W IEHX, ZRVGITIR) 76 K5, F
677 ) 91 kg i, XA HEE A 9 km.o BI)Z
TR 50 hPa, HEEJ3A 30 7. ASCHIRE
L, AR FERH Lin et al. 404677 % (Lin et
al., 1983); K #EHKH RRTM J7%& (Borge et al.,
2008); AL PHRS K Dudhia 75 %; & 30 min AT
— S SRR R E R A Yonsei
University PBL J5% (Huetal., 2010); =it
K H Kain-Fritsch (new Eta) (Kain, 2004) J7%;
i T R FH A & 1 3k et )2 A UCM (Urban
Canopy Model) (Kusaka and Kimura, 2004) [/ Noah
LSM i fE . 28 2 IEMARIIX .
RN 1 B

BEAERH 6 h 12k, 1° (ZfE) X1° (L) 1
NCEP Fr#rtkl (FNL) Aty anis fid
Fo . BRI, 2012 4F 12 H 27 H & 2013 4

13U H, BT S RG] o 2L+ 8
B A R ARSI AT AL GEAR 3%
45, 2011),

4 FERSH
4.1 fERFIMNHESSEESZA L
411 RBAFEEE G A

M1 AT LG, ABECRT DU 1 s e s [
IR, RAICRECY 0.82, HrhdbptFiR
AAHOR R BT 0.9, (RS R AR ILT 15%,
o R A ki 2, 1 LA AT R = o

PRSI AR O R AT LRI, B IR
o4 0.62, HA ORISR E R A (0.8). KK
BERLE AR = (9%), (H R @B R T,
HRE L 2 > (2%), R E KR .

FEOE P AR DG R B AR 0.76, Forhdbnt,
FHCAH G R e (Z124 0.9), B 8 Al pi
FEXTR PRI s AR LT 20%, JLroRE:
i ZE e/ (2%

B2, WRF 1] LU i sz e b it — R e—m
Hbu DX b T BERGEEER R S  AREE
412 AFHE;EAH AL ZETI

BB EELT 1 A SRR (5
20), W: 1 A3 H. 17 HimEs, 1 H 12 H. 23
FIFI 28 FIMI R o AL A e b e e HH b T 2
AN, AH R _EAERL LU R (0.9 °C),
R 1 B AL XU L s &y, (AR

F1 dtFm—XRESTIEHEX 8 MHEWNES 2013 £ 1 BERMFIMNSSEZN LLRIT (S@8IES, 2007

Table 1 Comparisons between the observed and simulated ground meteorological elements at eight stations in Beijing—

Tianjin—Hebei area in Jan 2013

il Mk HIAHE
FfC T BREGT T s T AT T T BT
BT BB ROCREOESC % M B ARRREC M MWW B ARREREC Wk Bl

bt —4.68 —5.56  0.85 —0.88 0.23 1.82  2.16 0.72 0.34 0.19  61.29% 48.00%  0.89 —1329% —0.22
M —6.87 —7.03  0.92 —0.16 0.02 1.58 1.86 0.64 0.28 0.18 83.16% 63.22%  0.83 —19.94% —0.24
FHG —5.79 —853 091 —2.74 0.47 1.64 194 0.75 0.30 0.19 66.58% 63.88%  0.88 —2.70% —0.04
Kt —4.74 —7.29  0.88 —2.55 0.54 223 1.87 0.80 —0.36 —0.16 67.06% 6547%  0.77 —1.59% —0.02
FE —693 =593 091 1.00 —0.14 2.06 2.11 0.68 0.05 0.02 74.61% 46.17%  0.81  —28.44% —0.38
TRsg —5.97 —6.22  0.86 —0.25 0.04 1.95 124 0.62 —0.71 —037 79.29% 62.53% 081 —16.76% —0.21
i —3.96 —4.33  0.83 —0.37 0.10 228 3.04 0.69 0.76 033 65.87% 49.98%  0.86 —15.89% —0.24
TR —5.55 =595 092 —0.40 0.07 1.14 184 0.54 0.70 0.62 80.97% 66.22%  0.81 —1475% —0.18
i g{F¥) —556 —6.36  0.82 —0.80 0.15 1.84  2.01 0.62 0.17 0.09 72.35% 58.18%  0.76  —14.17% —0.20




qofE 5w 5 19 %
168 Climatic and Environmental Research Vol. 19

FOA & B S e 7 KGR AR A, a1 L H L 8 H
24 HIGRRAT 7 Hy 12 H. 28 HIFZN . AR
UL B LU AR AR 2 22%, {HI2 5 0
AR I AR —B, B B Wit HH W R 8 v 1 I B
(n1 A 12 H. 23 H. 29 HY LAEHFFTI B
JESZSUREpINIOFEESN
42 EFEFTEMRREEST
421 EERAFRAT =

2013 4F 1 A, dba— RE— Wb X 3Lk 4 4
W5 Gt B, Bt 1 H 10~14 H;
F AN 27 H—H LR 31 H. K3 &
IS PR b TR I () A 3T 1 4 ORi 4 H 50k AR
th, AILLES], 10~14 H. 27~31 HIbmm&y;
T2 WREE G YHELE, A6 12 HR129 H, 415k

H #4939 B 49 5913 31 403.8 pg/m® Fl 343.6 pg/m’.

K da SR et X E S R AR E (0 S
i, LIAEAIEE, RS R K 4b
R, ACE T AR T35 AR, Sk 55 1) g XA
Hil, AR SO L R R, oK B RE T (R RE
AN ey =2 BIBH P oA A B MER, 1 b 1 <
VS ISR BE RURE R BE 386 I, A A T 55 5 R AU B
Jio
422 HB@AGIFE

A0 30 b A T 5 R R A OB )9
Ak (B2 R 3) [ Ee iR, FE 55 R
RESSGEFMAEDN LR, RN 12~13
H. 28~30 HFHAHGHEEA AT 75%, 29 Hi
1K 89%; TG Y SRR, 28 HALA

1036 — Simulation —-- Obs (a)
©
o
<
Q
1Jan 4 Jan 7 Jan 10 Jan 13 Jan 16 Jan 19 Jan 22 Jan 25 Jan 28 Jan 31 Jan
_ ) . (b)
% 2F Simulation Obs A A e
R 72
[T |\ o
£ -10
(7}
[ 14 1 1 1 1 1 1 1 1 I |
1Jan 4 Jan 7 Jan 10 Jan 13 Jan 16 Jan 19 Jan 22 Jan 25 Jan 28 Jan 31 Jan
"o [ — Simulation —--Obs (c)
£ 6.0 |
3 3
L9 =
(9]
Q.
o
©
£ R
EY L
1 Jan 4 Jan 7 Jan 10 Jan 13 Jan 16 Jan 19 Jan 22 Jan 25 Jan 28 Jan 31 Jan
2z 100% — Simulation ---Obs E(_i-)
S O80% et et e
£ .
2 60% |
2 40%|
T 20%
[}
o Oo/o 1 1 1 L L 1 1 1 | l

1 Jan 4 Jan 7 Jan 10 Jan 13 Jan

16 Jan 19 Jan 22 Jan 25 Jan 28 Jan 31 Jan

Date

K2 destsf 2013 4E 1 A (a) UK. (b)) MhAE (o) KR (d) AR BE MBS W& % be

Fig. 2 Comparisons of simulated and observed daily mean (a) air pressure, (b) temperature, (c) wind speed, and (d) relative humidity at Beijing station in Jan

2013

Concentration/ug m-3

0
1Jan 4 Jan 7 Jan 10 Jan 13 Jan

16 Jan 19 Jan 22 Jan 25 Jan 28 Jan 31Jan
Date

B3 MR ALRTs 2013 47 1 4 0kid H 38 EE
Fig. 3 The observed daily mean concentrations of PM2.5 at Beijing station in Jan 2013



2 1 M Fi 4k L &2 50 S ) S AF IR A
No. 2 LIU Ruiting et al. Analysis of Meteorological Characteristics during Winter Haze Events in Beijing 169

EHR
13401 7 12 H 088 i LB
1301 A 12H08H B F B UES

EHR

(a) 13401 7 12 H 088 850 1 & 0 (b)
13401 7 12 H 0884 8507 1 & S 15
13401 A 12H 08F 850 Wi B 45

K4 2013451 H 12 [ 08:00 (a) 850 hPa fil (b) HiFI R (R EIKUF http://218.94.36.199:5050/dmsg/korea_map.htm[2013-12-17])
Fig. 4 (a) 850 hPa and (b) surface weather conditions at 0800 LST 12 Jan 2013 (weather map source http://218.94.36.199:5050/dmsg/korea_map.htm
[2013-12-17])

1800
1200

PBLH/m

600

0
1 Jan 4 Jan 7 Jan 10 Jan 13 Jan

B 5 2013 4F 1 F A6t sl bl 72 i B B 1 AR 4L,

16 Jan
Date

19 Jan 22 Jan 25 Jan 28 Jan 31 Jan

Fig. 5 Variation of the simulated hourly mean planetary boundary layer height (PBLH) at Beijing station in Jan 2013

1017.8 hPa; KGEWBIHMET 1.7 m/s. ] 5 45 H T4
BRI 52 = B T AR Ak, o] DU BIAE S G
BEM 12 HF29 H, AR IRS E & B #E 300 m
Kk, A AR, X5 1 BBk e
BN TE] (12 H . 29 HD A AREFRIxT N .

IR 2013 4E 1 AEFEFMNALES
REEM R ZVEAAG I R R TG G
AN DL, RS R Y8 TG R )
RPN 55 50 Y ) OB R 35 o ASCRIFSEI 2 AN HYS
et B (12 HF 29 HZEAT), Hmgsk. /A
IR E KA Ry HLRE 1 9gs, AR T
P B R A R AV R 5 4, A
DI RGE R TRE R A TIEZ e S I S g 11114
I, A nigsE, BEmERE WK, KA
Fi o
423 FHEALAFE

1 H 12 H 08:00, AEFURHULI A8 2 7= U Hb T 1
T 22k 800 m FIAH X AE Sl (80% ~90%, M,

Kl 6), 20:00 JTHh v ZARAAAE, (HAE
AR (70% ~80%), K€ Al e 4 -6 Fl
TR BRI K, 5 s ks 13 H
CElug > 08:00 Izt it 4y P sk g9 AFE e, 20:00 7
A — 99 10300 25, 55 LX) BV R A2 40 Ok Ak
FERIE/N, TE R AR S 12 HIEAM Y.
29 H 08:00 F1 20:00 {EiT HhHIA BRI IE L Z, &
FEIEF) 1400 m, AHXREELE 90% /e, ot il
(1) 58 P I AR FE RIS KT 12 H 55— AN
PR 29 H 08:00 7Em7¥ 5 km JeAy H B
FERMEIX (~60%), XFEEE 717 KRN 2 25
AR T O AR E TR R, %5 5
FIF 5 T FE . kAl MBSl T A I T
A, A BERRSBET T B TR 2 1 AR, XA
J5 T 153 A A ARG B AR A B, (H4aX
R AR D ZE ARG R
43 FEEEESEIEMEERSHR

HIE 7 770, 11 H, dERTH X A Vb Rl



qofE 5w 5 19 %
170 Climatic and Environmental Research Vol. 19

(b)
3001+, 300f
3501 350
450 450
o 550 550
o
<
3. 650 650
750 750
850 850
9751 ! 1 ! 1 1 9751 1 1 1 1 1L
-60 -50 -40 -30 -20 -10 O -60 -50 -40 -30 -20 -10 O
Temperature/°C Temperature/°C
(©) ()
3001 i
350
450
© 550f
&
S 6501
750
850
975F > T < fersk L TN

1 | Mo 1 1 Z
20% 40% 60% 80% 0% 20% 40% 60% 80% 100%
Relative humidity Relative humidity

(e) ®
3001 300F
3501 350
450 450
o 550F 550[
&
S 650 650
7501 750
8501 850
975 1 1 1 1 1 2 19751 1 1 1 1 1 { 1
60 -50 -40 -30 -20 -10 0 -60 -50 -40 -30 -20 -10° 0 10
Temperature/°C Temperature/°C
(h)
300 300
350 3501
4501 450
o 550F 550[
&
S 650 650[-
750F 750
8501 850
975} o750 S

1 1 L 1 1 1 I 2
20% 40% 60% 80% 100%0% 20% 40% 60% 80% 100%
Relative humidity Relative humidity

6 dbxt20134E 1 H (a=d) 12 H. (e-h) 29 H 08:00 (751> Fi
20:00 (A7 41D REFBURIER = U0 I P A~ RUAF R P T R 2R I (3l
B, ri M

Fig. 6 Simulated and observed vertical profiles of air temperature and
relative humidity at 0800 LST (left panel) and 2000 LST (right panel) on
(a—d) 12 Jan and (e—f) 29 Jan 2013 in Beijing (model results: solid lines,

observations: dotted lines)

KGHEL A 3 m/s, AR AR, KB HL X A
40% ~60%; 1M 75 R P A AN R S X .
12 H, Jbxtmi M2 mE K, S5Pd07E L
HOAHE, ENXHHE <2 m/s [/ RETH R
DX, XU 1 sl N Qe BRe D) B B ORgg,
b IR AG N R B R KBk Tk s e, A
P AWFER, BT R R E, b
4 T IS AR R X T A ) AR B i & 60 % ~
80%, A3 ATV e I W T 16 K R e g i, ik
MRS 3 K< 28 H, JbatHX A Fadb R AR 5
WAZIEDX, WA K, 298 1~2 m/s, JbERi 430
Hiy XA G Sl 60% ~90%, F) 29 H, JbE
AR A i A A, G ARG AN K, (E A R P A BT
B0, AE G AR e A X T 90%, X 5
(178 AR A

i b S U B b T I 55 g TR AR S AR A
TR e S AR Ak, DA A s e K YR s
WY, TEVE RN RIE T, G50
(1SR AR A A2 55 55 E B GR35 . 25 5 KA TE
F8G, — 5T R AR AE iRk B (R Ok, 5 —
07 TR 52 BIRS R () R SRV B 4B, 2 N
I AR DR 25 3 ) 4 T ) &5

5 #Zig

A SR FH LI =5 2 R AR RORL ) K T %
Bl R4 &R A REEHUE RSB WRF 1)
B, % 2013 4F 1 HAb TR X 55675 G RS
JEBFA T )Z BRI AT T 08, RUT
%'VB:

(1) WREF #E30] DLAS I b Jse il b i — R fE—
b [ N P YT S e 3 o Mol o | PP = W
A IR B ADL AR b G 0 LT R e it
(PIABEAEL o AT LA G b ASE UL T 7 )il v Y 0 A 1)
FERRAE, A B Hb Jse il b T 39 3 2 1 A 9 AT K
TRNINE TPeSuR

(2) J@EEXT 1 H 10~14 H. 27~31 HPHIKE
Z5 55 R AR, /N AEGE X AR E R AR
g, DASJE TS G Rk s, AU 7k
SO DG e B, T HLAT R TS I A I
K, AHEEg R, B S .

(3) TEVGRRIEARANAR I, K XA
FEDO 52 1R S AR AN Z5 5 T IR OB DR 35



2 1] HEGEEAE: AER AT S AR T
No. 2 LIU Ruiting et al. Analysis of Meteorological Characteristics during Winter Haze Events in Beijing 171

Feay - N
- A F—>
i \\ . .~ o
42°N _ Y 42°N
= R
4N — {\\: m‘ VS N o
B > 2 W ' fous
Y & St ~———
a0°N —E PN @R o7 TONNACg 0N
I ; '5/‘ "‘ LA NS R
’ - ) | Y ‘»‘\\\\\\’-”/’/
o O\ | Y s‘\\F’W// oN —}
39°N L | VAR %4W/// N 7 s
¢ BRNPP>>555 7 ( 2
, L\ - n A AR > Lo
— K Vs s aa A AR 3g°N — g L7
-\ VN s a2 g o a3 A2 / \\ f//
\ NS S A JIATAAAA” /// / ”
/ RSPy VPP EF) & f / IT
. e NN Y N A 57 ‘ :
37°N J \lf,;; 17 . /r L 1Y
< -1 1 Ll x h!
- SeeNE 11 N~ Lok
- ’r\ \111( 1117 36°N— Ir\\_,f t 2
: fT\\\\\TTf///(ﬁ f e
W SRR Y o 4
T3E  114°E  115°E  116°E  117°E  118°E  119°E ME 114 115°E  116°E  117°E  118°E  119°E
PA P PP A>T apfp
f"%‘%&' N Al
> 7,
a . 1 N
=Y 4 X Y>>

A A
® a0\ Y A >
AT GA A > >

- 27> =

A >>

40°N S P » - = .7 40°N ] - P x4
EAE R S 7_'(
AA A
> AAAAAT
39°N —| /' 39°N — K e st AN e
/ - - RN REOCCNCNEC e
I( l - S CEC NN e &
k &£ & e - e S SN NN
o " o e NN\
Eaily \\ Sy \ o & K N Y
) K w ¥ ¥ v o wrbrecececerd d
// WY L el Y/
37oN = i 375N = Ve v v v W Vieweaeecey | |
™ 7,” NN E NN AL s
\ Vv i ¥
P | 177 RN
36°N — J - At — ) AR AR
[ Nt 2 AR AR
J Nt Vidlydvy
| I A a A R N R e )
113°E 114°E 115°E 116°E 117°E 118°E 119°E 113°E 114°E 115°E 116°E 117°E 118°E 119°E

—_
4ms’

10% 20% 30% 40% 50% 60% 70% 80% 90%

7 BB AL — R X 2013 4E 1 () 11 HL (b) 12 F (o) 28 Hy (d) 29 FFFH R XHE 18 25 18] 43 A7
Fig. 7 Simulated daily mean surface wind field and relative humidity in the Beijing—Tianjin—Hebei area on (a) 11 Jan, (b) 12 Jan, (c) 28 Jan, and (d) 29 Jan in
2013



qofE 5w 5 19 %
172 Climatic and Environmental Research Vol. 19

Bust ROEERICR L PRoet e whAREsR i AR A
RERErR R LA B .

S 3@k (References)

Borge R, Alexandrov V, del Vas J J, et al. 2008. A comprehensive sensitivity
analysis of the WRF model for air quality applications over the Iberian
Peninsula [J]. Atmos. Environ., 42 (37): 8560-8574.

MRk, bR, fugif, S 2008. 1 RUTE 5k XURITHAE G KO0 BT = £A
WL IX K50 RSB [T]. KSRFE, 32 (3): 530-542. Chen Xunlai,
Feng Yerong, Fan Shaojia, et al. 2008. Effect of the off-shore background
flow and sea-land breezes on haze weather over the Pearl River Delta
region [J]. Chinese Journal of Atmospheric Sciences (in Chinese), 32 (3):
530-542.

WKL, BfR, MPEAE, 4. 2013. 2006~2009 4F-F [F B I T4 R R
AE LM 7o [J]. FREERFE, 34 (8): 2925-2932. Dai Yongli, Tao
Jun, Lin Zejian, et al. 2013. Characteristics of haze and its impact factors
in four megacities in China during 20062009 [J]. Environmental Science
(in Chinese), 34 (8): 2925-2932.

RS, WA, SR, 4 2011 WRF BEUK b T AL 5 A X
ARG EEFE BRI A L T (0] R, 31 (4): 484-492.
Dong Junling, Han Zhiwei, Zhang Renjian, et al. 2011. Evaluation and
analysis of WRF-simulated meteorological variables in the urban and
semi-arid areas of China [J]. Journal of the Meteorological Science (in
Chinese), 31 (4): 484-492.

T4, TARME, REE, S 2012. 2009 4ERKZE R RHLX — RIFLEE K S
RAEFEITF [J]. %R, 32 (3): 246-252. Gao Cen, Wang Tijian,
‘Wau Jianjun, et al. 2012. Study on a continuous haze weather event during
autumn of 2009 in Nanjing [J]. Journal of the Meteorological Science (in
Chinese), 32 (3): 246-252.

FIEDE, TEiE, S H R 2007, i A BEREXT AL 5 KRS 5 (1 R
gL [J]. K% 5355244, 23 (3): 58-64. Gao Yuanyuan, He Jinhai,
Wang Zifa. 2007. Simulation for impact of urbanization on
meteorological conditions in Beijing area [J]. Journal of Meteorology and
Environment (in Chinese), 23 (3): 58-64.

Hu Xiaoming, Nielsen-Gammon J W, Zhang Fuqing. 2010. Evaluation of
three planetary boundary layer schemes in the WRF model [J]. J. Appl.
Meteor. Climatol., 49 (9): 1831-1844.

Kain J S. 2004. The Kain—Fritsch convective parameterization: An update
[J]. Journal of Applied Meteorology and Climatology, 43 (1): 170-181.

Kusaka H, Kimura F. 2004. Coupling a single-layer urban canopy model

with a simple atmospheric model: Impact on urban heat island simulation
for an idealized case [J]. J. Meteor. Soc. Japan, 82 (1): 67-80.

Lin Y L, Farley R D, Orville H D. 1983. Bulk parameterization of the
snow field in a cloud model [J]. J. Climate Appl. Meteor., 22 (6):
1065-1092.

B, FA, SR, S 2009. K5 DR b AR IR W U 5T
(3] Ak SRS, 14 (2): 153-160. Min Min, Wang Pucai, Zong Xuemei,
et al. 2009. Observation and study on aerosol properties in hazy days [J].
Climatic and Environmental Research (in Chinese), 14 (2): 153— 160.

AR, L, 5w, 55 2013, FREIC P AU TR A 2R 55 1R TG B
PR R AT [J]. B S W REGER JE, 38 (1): 33-36. Pan Benfeng,
Wang Wei, Li Liang, et al. 2013. Analysis of the reason of formation and
the characteristic of pollution about fog or haze at key cities in autumn
and winter in China [J]. Environment and Sustainable Development (in
Chinese), 38 (1): 33-36.

SN 2013, JbHUITINIZE S5 Qe R R doel S0 (], CAEWTS
—— BRI R ) TR, 5 (3): 233-239. Peng Yingdeng. 2013.
Analysis of the causes of recent Beijing haze pollution and its
countermeasures [J]. Journal of Engineering Studies (in Chinese), 5 (3):
233-239.

Tie Xuexi, Wu Dui, Brasseur G. 2009. Lung cancer mortality and exposure
to atmospheric aerosol particles in Guangzhou China [J]. Atmos. Environ.,
43 (14): 2375-2377.

Feh. 2011 RERAME RS H (1] REER2 58K, 34 3):
157-161. Wu Dui. 2011. Formation and evolution of haze weather [J].
Environmental Science and Technology (in Chinese), 34 (3): 157-161.

S5, BRI, LR, AF 2008 BRI gE R AU = % &
WY [J]1. MHA SR, 19 (1): 1-9. Wu Dui, Liao Guolian, Deng
Xuejiao, et al. 2008. Transport condition of surface layer under haze
weather over the Pearl River Delta [J]. Journal of Applied Meteorological
Science (in Chinese), 19 (1): 1-9.

TRANRL, PMRIE, EEGR, 4. 2013, & E 5 R KA E1 S
[J]. Rl2#a R, 58 (13): 1178-1187. Zhang Xiaoye, Sun Junying, Wang
Yagqiang, et al. 2013. Factors contributing to haze and fog in China [J].
Chinese Science Bulletin (in Chinese), 58 (13): 1178-1187.

PSSR 2010, FEFOUIANTERAESE (S]. Jbat: B HikAL. China
Meteorological Administration. 2010. Observation and forecasting levels
of haze (in Chinese) [S]. Beijing: China Meteorological Press.

e N RSORIE PR fR A6 2012, PRI BURIREL (AQD BRI E
GRAT) [S]. H E PRI} 27 H 4. Ministry of Environmental Protection.
2012. Technical Regulation on Ambient Air Quality Index (on trial) (in

Chinese) [S]. China Environmental Science Press.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


