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Characteristics of Three Sustained Dense Fog Events
Across the North China Plain
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Abstract: Based on conventional observation, the NCEP reanalysis data (1°X1°), regional automatic mete-
orological station, data and .-band sounding data, three persistent heavy fog events lasting over 10 days
across the North China Plain in 2000 — 2013 are analyzed. The results show that all the three sustained
dense fog events occur in the background of zonal circulation. The geopotential height field, humidity
field, tempereture field and sea level pressure during the events are very similar. The surface weather con-
ditions at the beginning of and during the dense fog events are also similar. The sustained dense fogs in the
North China Plain are caused by the long-term static and stable synoptic pattern which is attributed to
blocking function of Mountain Taihang and Mountain Yanshan to cold airs in the zonal circulation setting.
Several upper short wave troughs mobiling to the North China Plain and large-scale sinking movement lead
to the maintenance and enhancement of fog. Topographic convergence line caused by Mountain Taihang
and moderately stable inversion which is formed by west current crossing Mountain Taihang also play an
important role in the enhancement and maintain of the dense fog events.
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Fig. 2 Spatial distribution of dense fog days in three sustained heavy fog events in Beijing, Tianjin, Hebei
(a) 9—18 December 2002, (b) 18 —28 December 2007, (¢) 8—31 January 2013
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Table 1 Statistics of 3 sustained dense fog processes
(according to the 08:00 data from 140 stations in the south of 40°N in Beijing, Tianjin and Hebei)
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Fig. 3

Mean geopotential height at 500 hPa (a, unit: dagpm) and mean sea level pressure (b,

unit; hPa) during the heavy fog process from 8 to 9 December 2002
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Table 2 Statistics of surface meteorological elements in three sustained dense fog events
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Table 3 Statistics of upper-air humidity in three sustained dense fog events
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Table 4 Characteristics of inversion layer at Xingtai, Hebei in three sustained dense fog events
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(a) Height-time cross-section of wind field and humidity (shadow) (37°N,116°E),
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temperature advection at 850 hPa (unit: C « s~ ') along 37°N at 08:00 BT 8—31 January 2013



%Al

B4 AL IR 3 RS R 5 i R B AR AE SR o b 435

Sk TR AR ST 4 3 L R R AT L BR 40 AR L S
JEL s 0 — K AR BB X P b 5 V8 R 48 s AR 31 BH P4
PSS E R . P4 R SR B e S "B
B —J7 18T 5 32 100 At AU 5 28 1L A0 98 38 R ATt B %
23 A L) A S 0 7 A0 HE FR A N SR T AR R
S — ML T Y S A RO T L AR R R T
JOAH B R AR RN B A% R (B 3b) A A6 IR Ak T
RAFREERZ T . 5 B RIE S AT %
FEWBL., S — O, M ALER M 5 S A AR Bt
ARG 32 K i B L 742 ARG I 2 39
[ R o [ W S s R T ) =l N W O
0 DT B 22 30T 8 A5 B L i KR AR L A R
TREFMH I 3X— S 1000 hPa X7 (K] 7a) i
16 K37 (B 7o) B DL M 50 BE e 3 DA AR 19 F i
K HBAY 9 55 1 A AL R 7E 1000 hPa Ji 3 (& 5¢) N
TN IR,

(2) PG A6 B J PG 56 12 1 55 48 25 Rt i Bl e
A1) B RAT 1L UTHG I A ) T J5 DX 2 5
W2 4E R B R, M 2002 4FE 12 A 8—19 H
850 hPa V-3 X i v LA H (W) » HE b 3 7 b X
Z V0 A PE A A ] AR L S, T TR .
500 1 850 hPa e F # 5 F (|8 9a Ml 9b) . A&k K
BB 43 1 DX Ry 55 04 F DU T B A R AT L 1A
SEJE B . FULEEE N 0~0.1 Pa» s ', M
X9 B A 3 B3 i (P 8b) nf LA HAE 900 hPa LU
TR B R R R)ZEE R E .

(3) KAT I HLTE 19 55 — A1 & A R Hb 1
BRI Ta.7b 5 T 2002 4 12 H 8—19
H 08 i 1000 hPa X 37 Fit sth i A 3% 1) F- 35 3, vl LA
E s WL R AR — & AR AL PR a5 K AT 1R
17 ) M T 58 A 2k - 3X 45 0 B 4 R AR R 3 o 3 1) 67
B8 RAL VPTG DUAR S L B AL R,
5 AN IR S K 55 Y b T AT 1000 hPa fil S 2 XL
Yyt 2 n st CEImE) o mT UL AE ] 6 5L, O 2 A7 A
B SRR m AT R E A R G LR X AR
B LR WIAFAE A R 3T 2 i KR AR A5 e P R
£ S T I F 55 30 149 A5 B« 35K AT LA 8 ot K ooy 1LY
KEZFWRFEE 2, BAXFHILESLEE A
FE AW 7 32 B 1l XA R BT 22 S R
PR IE] s PGB A A AT 1L A I 3 S s i B R AT L DX
FEAR S L R 5 B0 KU e R ) S SR 53
J2 - JUAR B B 2R b RURE 38 T AR A 4R T i A B
TV B8 25 SR BE B F5 P M AR 6T I 22 it [m]
Tt ARG SR AR b XU TR e v T A3 A% b

TV 58 5 2 9 25 1) A g g B2 L 421K, 76 1000 hPa (2
200 m) LT,

5.2 “FHREREER

AT L 2642 31 3 WK% St K AR K A 7E 2 1) B
T B R S M AEX PP IR T 19— AR AE 2 22 0 I
3. MUEMEA R BB, &0 ERBP eI
AR R AR e T, I S e A — A
HH 30 04 R E 2 e D L R R 2 A /N (10 Y
~40%), JuHAE 850 hPa D) I W, X T
P70 A e b ST TR R 55 1 R AR AR R R N
HA TR, W5 2 3805 0 B R s
55 o ) B 2 0 55 1 2R R A AR AL i L b F i A
FERTES 55 — M %5 o0 2 m Al ok 5 o s
5%, 3WESMEREF RS BIRSRA 3~4 14>
W mAedt, B 8 4t 2013 £ 1 H 831 Hi%E
SR S BRI AL AR B #B (37°NL115°E) K% 8 %
([ 8a) FH 377 (I 8b) Y vy -k fi] 3] v /&1 m LA
FHH,.12 H.14 H.19—20 H .24 H5HA 4 83k
FEILBE R T 1920 H B J2 0 5 #0488 K 1 et I8k Al s
K B S A B 055 0 5 A s oA 3 A JE U A N
Yyzs [ a5 A 2 A B R 0 T AR AR, 925 hPa DL |
AAXFHEE A 10% ~30% . 5 8055 4 F5 s s . )
WL — AN (12 B )a . 5 HESE Sl BN 50
SR IG IR 110 35 55 AN DA (13 H) , 5l 3k
PN A5 U A 94 3 55 YA A (23 HD
Wil L 25 0 KU AE R 80 il LA b s o 3k ol B 42 A i IR
AUAT LA (1) 28 50 D il 2 T 0 vl B & 28
T80z A F T 1 0] 3t 1 4 S E0 R T A
I 55 1 Az J0 RN A4 5 AH R o A0 SR 2 0 B AR K Y o 5
TR, WAl AE & S8R KB = 3 2, g (K55
U555 BT . (20 8 s R T I P T P i ol 3 I
S 3 JEL P 900 300 3R o (3 3 )2 2 45 ke e A AT
PN | S VN - -7l =it i 1 I
(E 8T LAE RS 12.14.24.28 H 4 NE
FE3E 2 AR 25 43 BIAE 975~850 hPa tH L T 2~6C
B YL W 11—14 ,22—24 .27—31 H =ASBrBs i
KEAFEFINTE . M 850 hPa ¥y 37°N AT fif i B °F-
B 28 - ) 0 T P S TT LLE . K e
i), 35 X (115°~ 118" E) 45 55 AY 1% - I i 1% » HoA —
MEANF 0.5X10 4 C « s ', Hip 11--14,2324,
27—29 H Wz - I i 2% B 0 1 B B 43 ol %o N A B 0
OV 25 i B, (3D fen 25 Al I 7Y R A K e O Y B
2R AR R % AL JES TR B L R



436 A

% ERNEC

BT CF%s. WREEMARLE, SRR
o eI = R A L LR R SN A P ]
4n 2002 4 12 H 14 H .15 H.2007 4F 12 H 26 H .
2013 4E 1 F 14 H .30 H .31 H #B & #7445 37 55
ATLLR I, 7E 14 B HTi B B A SR dERE R R 155 X
(EWE) . (DR 5 AT s 28 2 05 LR
AR KA T Ulis 8l 5 BOK 25 W B AR DT
HHFREEFENIER. N3 RSHRZEH KFELRAAT
DAL GR D T34 dREP HREEA 21 d.

5.3 ARETREHEMR

Ay ATTIR T 3 R S K 5 o R b T B R S 1
e B - 34937, B B4R AU BT TR R 4 b X DL
iz s ¥, fEAEICFEE,.500 hPa KL EERT
PUSFRABXT B 2, 700 hPa J UL F F Ut i2 30 A8 % 4%
55 76 ML TE J2 (1000 hPa DL R . J5 355 45 Hi X

45°N

Mgy EItizsh, B9 4l 201341 H 831 H
08 Wi fry 25 T 3 F- 137, v LUA 1,500 hPa, 4
6P I R BB 43 L IX. 08 B 34 3 B B AE 0. 1~0. 2
Pa s ' (& 9a) ;850 hPa,08 i -5 7 &k 0~
0.1 Pa -« s ' ([ 9b) ;1000 hPa, £ W 3t 4 36 F J5
WMTEMEHAEs), PR EE RN —0.1~0 Pa -
s VB 90) . AP R AR A R R AL (RIS

M 2013 4F 1 H 831 H 08 B i It %< 1§ #
(37°NL115°E) 3 3 B2 A ey B2 - B i) 701 18 e (1 10)
EHH.1 H 8—31 H#HE,.700 hPa M DL FIHA RN TF
VLR R , TE EOE B EAE 0. 1~0.8 Pa » s ', T {F 900
hPa DLR W DL g5 0 E A< b . B3 E R
—0.4~—0.1Pa~s ', NEFEIFESE. B/F
Bl — U LT B I i A ] IG 2 R BB AR B —
WRZE W ks 4R, #lw,11—12 H. P& 2N
55 (1) b Thiz sh &% 8 T UiE 8, K55 50 3k 3% Jin 5

40

35

T

by
0.1

110 125°E 110

125°E 110 125°E

K9 201341 H 831 H oS maREEMEELEY (i .Pars )
(a)500 hPa, (b)850 hPa, (¢)1000 hPa
Fig.9 Mean vertical velocity (unit: Pa « s ') at 08:00 BT 8 —31 January 2013
(a) 500 hPa, (b) 850 hPa, (¢) 1000 hPa

111 32224 H. 900 hPa LI F 3K F AR &
K FUUHEJE1£0.8 Pa s s 'y fEBEX KGR T Ui
Bl KRB 14 35 & JEH] 100 35K, JFiESE 3 d
A4 80 Bk L 1 529—30 H . )N F Ui 8% hy - F+
B3, K5 w8 70 b Ry 36 uf;18—19 H b Ft
BB, K] —0.4 Pas s ML T BES, K
55 HH 8 95

NS, T W SR [ R S o AN (R T
iz 8y — 7 WA R T 0 8] 0 28 I AEHE . o — 7 T R
) R UL RBR S T A2 2 B IR A E R AT
ARFREME B, 2T U2 g nss ef L2 5 e
JEEEHE— 25 s AR T ORI TR 5
FEAR R 5 YN lizs sl 55 sl P IR 2 B TS S e .
%) 100 2 0 59 5 5 BOK F T AR = L i K %5

20134E1H

H
K 10 20134E1 H 8—31 H&gM K%
o R 9 T (37°NL116°E)
1o -t ) 5 T P (L Pae s™1)
Fig. 10 Height-time cross-section of vertical
velocity (37°N, 116°E) at 08:00 BT
8—31 January 2013 (unit: Pa s ')



%Al

B4 AL IR 3 RS R 5 i R B AR AE SR o b 437

6 & it

Xf 2000—2013 AEAL I 5 3 A4k 10 d L B
PR F R REHAT TR b 1 3 IRiEZEPE R
T it BRI R S ML I R AR AE i BYZ RRAE R RE
RO H SRR DA S A AT 5 3% S K 25 1 s B R 4
FRpLd . 45 L .

(1) 2000 4E LA 480 F I A0 2B T 3 IR 42
10 d DA b 50 LK 5o 38 i 1) 3% 2 1 R 35 ad L 2 IR
WEE 12 AL, 1 W BIZE 1 A, 2002 4£ 12 A 9—
19 H K% ol H ¥ 55w Bl £, 2007 4F 12 1
19—28 H % 22 K %5 o 2 o B fi ok OF 35 68 WL B I
f£),2013 4 1 H 831 H K25 ik P % 2L i i) i K
SWESMHEREFLRERY KRR ERXIAET W
500 hPafm 4 P10 AR GRS R E 55 H
W ICAHAL . 7E 500 hPa @& B4 b Wl v i 26 —
i —, Fe b 7 K0 o Ml IX 52 55 v A s ol L LA
60w P9 s NP ARG R E AN S
ARHIRBAEILACER Sy v TR L A2 G F i Ak 7E e e AR e
IS AES T s m S R WL TR
1 S R 3 1 98 YRR AE 2 850 K 925 hPa fE4EJL -
ik B PSR A ) AR L BB L T 1000 hPa 5 81 K
B 2R b A ) 7Y e T A

(2) 3 LM K5 i B RS RE N %
HF- #3000 B 2228 0Ja B AE 0. 4~9. 1°C 5 i EE AN
AR YEAE —6~—2C ;% H V- &
MZER 0~0. 7C ;38 H 349 40 X W B A8 638 Bl 72
91%~97% s B KGHEAE 1~2 m « s~ 5 5 KU1 1
T RS KA RUPT 7 E ] B K RO e R R
ARG R R XUFD P XU ] B 0N o o A R 1 4
FHERE 4 : 850,700,500 hPa = J2 - 4 40 X i 5 Ry
29% - E R S 25k 16 C 5 1000 hPa #3734
AR BE ] Sy 83 %6, - R R s 22 3°C

(3) 1 25 4 ] PR 90 K o) [ 4 45 5 B0 % 25 T
Sl 55 . 0 bR AT L e 1 X ¥ s A BEL R AT 55 3
B A AE T R R R R AB 3, B AR AL PR RS
KRR ARRE., gl RET s 240 T
P J D A G Bl A K RUBEE T Uiz ) 5 BOR 55 4k Ry A
TS . 3 AN KAT I TR 1 AR ) MR B A 2 % D v
AR AT LT U IR S B R 45 AR et 2
0 BRI 5 in s AR LR A

&% ik

WA RINAR  EEF. 2013, JUTH— IR B8 M 55 4 5 B Y B Bk

AE B 5 R F a0 B, R 4R - 71(5) :940-951.

WRIH AHEA0BE. 1995, KA T ILZRISE KU BURAS AL, 0 J /T4 - 14(4) 2443450,

A7 B S BRI B TR 2006a. LT J— UK RS2V K 55 o AR
SrME. ARG 24 3. 22(4) £ 340-350.

AT Sr & 2R 2R PR . 2006b. AL R — RS K % ad B i 3
T RHE. BTG, 17(2) :161-168.

B, TG G A, 2014, BN — RRR LM K R 0 L R
IE K AT ML A3 B AR, 40(11) 1 1324-1337.

WO R TFER R, 1998, BT 9 KL B RHE. Mt KR %
fi 242 . 21(2) :254-265.

FRAW], JLLL, $ 30, 45 2005, 2004 4E 4 FE AR LT R RS K 55 RS
M2 WA . <4, 31(12) :51-56.

ZEVLUE, EFR AR, FL L. 2010, A6t S Ji 5% 42 K 55 19 R AE 40 .
] VA VR 2 4R . 40(7) 1 15-23.

ZEVT L VAR ST L BERRAK L 2. 2007, A2 40 5 — R %5 R i AR 1Y %
THBAIF I 1 LG Be 4k . (6) :820-827.

XM TS0 IR A, 45, 2014, 2013 4F 1 VL5 25 5 K B 4 R o
BLEIAHT. K% . 40(7) :835-843.

XIEGZ R, 1957, iR A6db TR A T8 . bt K22 40 ,1:107-113.

TS SR LAV L 45 2014, — WORR S I R 25 i )2 &5 0 R AE
TS WA BT . K5 40(6) . T15-722.

Lhep s HE Y T B4 L 45 2007, TR X Y K AR AIE 40 B M Fii
5 BT A S Y. 12(6) : 795-803.

BAH M Bt 4. 2006, FdU TR S5 R AE MR G4 K4 32(1) . 78-83.

TEMTEIE TR IE ™ S0 L 25, 2008, — W AE T 1Y T U 4 A 55 5 AR 1
fE. FE B MR, 38(6) :776-783.

F 2R AL V&L 45, 2014, WRFE B %) 2013 48 1 44—k Kk
B X LR . A% .40(12) :1522-1529.

FRRE L BRI E AR, S5 2014, 2013 4F 50 A 3% E T A4S Ml X 9 55 IS
el H AT P E R MR 2,44 15-26.

F AR AN E 5. 2014, 2013 4 1 38 [ v 43 #0658 5635 Y 19 4L
RS0 7 42 %) 5. b L B2 Bk, 44314,

F R T —i0 . 3D . 45, 2012, K A7 1l 28 78 5% XU R A0 G 145 fiE
AL T - Goih Rk, w4 .31(2) . 547-554.,

SME L IR TE TR L S 2009, — R RS M e 5 RS R VK P
3% B W AR AE 43 BT e ARG . 28(2) 1 258-267.

R, FEbent AE 48 2011, i E KRE 1951—2005 £ F 5 F K
WAL, B R 27(2) 1 145-151.

TRALFR R IKEE L 45, 2013, B o — R S 1k Uk 25 R Ak B Bt
JEHEAE ORI AT K55 39(10) : 1284-1292.

AR AR, IR AL 2014, 2013 AR 1 J] v [ AR 4R S Mk SR % SR
SRR B HhERR Y, 44.27-36.

AT K ST AR 2006, Al S JE Il S0 S F RRAE . T R R B B
247,29(1):107-113.

Nancy E W. 2007. Some Aspects of dense fog in the Midwestern U-
nited States. Wea Forecasting,22(6) :457-465.

Nancy E W, David A R K. 2009. A climatology and case study of

-

continental cold season dense fog associated with low clouds. ]
Appl Meteor Clim,48(11):2200-2214.

Stepnen H, Robert N S, 1981. High-inversion fog episodes in Central
Califoria. J] Appl Metor,20:890-899.

Tardif R. 2006. A climatological study of low ceiling and fog events
associated with the occurrence of precipitation in the northeast-
ern United States. Preprints, 12th Conf on Aviation Range and

Aerospace Meteorology. Atlanta, GA, Amer Meteor Soc, 5. 1.



