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understanding of the vertical structure and physical formation mechanism of these heavy fog events is limited due to a
lack of high temporal resolution data of fog microphysics and atmospheric profiling data. In this study, we investigated
the type, vertical structure and physical formation mechanism of 13 fog events in autumn and winter in Beijing based on
the atmospheric profiling data of Microwave Radiometer Profiles (MWRPs) with 35 channels produced by Radiometrics
Corporation and routine meteorological and satellite data. We classified the 13 fog events into advection fog and
evaporation fog from their basic formation processes. Radiation fog as part of the persistent process was not listed alone.
The average top height of advection fog was less than 1.0 km, and that of precipitation evaporation fog was between 0.5
km and 1.5 km. Advection fog in the Beijing region was mainly caused by the cooling process of warm and wet flow
advection from the southwest and southeast moving over a cold underlying surface. The strong inversion formed was
favorable to the sustained development of the fog events. Evaporation fog was caused by the cooling process of water
vapor evaporated from falling raindrops, or the cooling process due to cold air advection. We also categorized the 13 fog
events into those with single fog structure and those with fog—cloud structure, based on the vertical structure observed by
MWRP. Some typical cases were further verified by satellite and surface meteorological observation data. The results
show that advection fog and evaporation fog accounted for 69% and 31% of the 13 fog episodes, respectively, indicating
that the heavy long-lasting fog events in Beijing were mainly caused by advection and precipitation processes, which was
closely related to the abnormal weather process. The proportion of single-structure fog was only about 15%, while that

with a co-existing structure of low-level fog and high-level cloud reached about 85%. Severe fog events, lasting for more

than three days, were almost all characterized by a fog—cloud structure.

Keywords Fog type, Vertical structure, Multi-channel microwave radiometer profiler, Beijing
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Fig. 1 Comparison between liquid water content (LWC) retrieved from MWRP (Microwave Radiometer Profiler) and LWC observed by FM (Fog Monitor) on

4 December 2011
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Table1 MWRP (Microwave Radiometer Profiler) observation models, occurrence times, durations, types, cloud conditions,

and physical mechanisms for 13 foggy processes in the Beijing region

A TS KA IA] FFELI (] Byt BEILLHEN ALK
13055 2009 4F 11 H 25 [ 12:00 24 h Figs w TG e T3
23055 2010 4F 11 H 29 H 09:00 72h RRiE w T A< IR 4590
33055 20114F12 A1 H 22:00 134 h P 7z 4 AT A VIR MR, 4 H S A AR F -
4 3069  20104E9 H 15 [ 17:00 24 h FRKZERZE 7z [ K3 RV T 1k
53069 2011 4F 10 H 30 H 06:00 48h Figs & T4 e T T3
6 3069 20124 10 JJ 26 [ 02:00 31h PRKZERZE & [ K R EITE 1
73069 20124 12 12 [H 00:00 120 h ERE & FRKZE R (THE) BHITER, A TR T80
8 3069 20124 12 JJ 20 [ 14:00 13h HRZ & FRKZER (THE) BHITER, A TR &R T840
9 3069 2012 4F 12 A 28 H 01:00 13h Figs & TG e T3
10 3069 2013 4E 1 A 11 H 00:00 110 h Figs & TG R T T3
113069 2013 4E1 H 19 H 19:00 35h RRiE & T A< IR 3890
123069 2013 4E 1 A 22 H 22:00 17h Figs & TG R T T3
133069 2013 4E 1 A 27 H 18:00 78 h Figs & T4 R T T3




2 FEANAE S JbaT 2009~2013 MR FREE I R 2 TS L i B 4548 2 ) B TR
No.2 GUO Lijun et al. The Type, Vertical Structure and Physical Formation Mechanism of Persistent Heavy Fog Events ... 301

T v P B e LU LWC FomiH b, A2 DA
RIS T 5 Wm . Wi — 2 4k
F, KA i ARR & T B, AR
RnFZ AL, K EUARRR ST,
LA RH=100%& /R~ =T 5 H 7] LLRAN LWC
A BRI SO R . B —ZF E5 RN RH R 25 10
[ Hrn 5 LWC KRMIZEEE Hiwe B €M%
Tt 55 0 e PR P R 2 I 7 2 2 S KT MWRP
XF LWC H1 RH ) Js i J B 22 S AR IR R 22
AR EAHIN, mEHAFEH G R 5] 85% 4
A7 s Hyn, max 157 25 55 SAF- G5 K (1) 85 vai 2 T iy JRE I
¥J7E 3.5 km VUL, A8 2 )i 51 Hrit, max DM 0 km 33
HH 257 i ol R U M TR B K AT

F2 AtFE#X 13 XEBEMNE (3) IaES%it
Table 2 The statistics of fog or cloud top heights for 13

cases in the Beijing region

HLWC, ave HLWC, min HLWC, max HRI 1, ave HRI 1, min HRJ 1, max

N ]
M &R /km /km /km /km  /km /km

1 PR 0.660 0350 1400 1.794 1400 2.000
2 P 0.527 0350 0900 0367 0.000 1200
3 % 0.522 0350  1.600 2.066 0.000 5.000
4 BKFERZE 1458 0500 1.800 2391 1400 3.750
5 % 0481 0400 1200 0935 0.600 3.500
6 BRKHEKRZE 0640 0350  1.600 1.668 0.400 4.750
7T HERZE 0.632 0350 1500 3.675 0.000 5.000
8 ERZE 0473 0350 1200 4923 4500 5250
9 THZE 0.516 0350  0.600 4.823 4.500 5250
10 “Fiiss 0.553 0350 1400 2396 0.000 4.750
11 Vi 0.587 0350  1.500 5.103 4.500  7.000
12 V% 0491 0350  0.600 1467 0.000 4.750
13 s 0.818 0350  1.500 2.750 0.300  5.000
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Table 3 The statistics of PWV/( Precipitable Water Vapor),
LWP (Liquid Water Path), LWC (Liquid Water Content),
and the strongest inversion for 13 cases in the Beijing region

PWV WPy

(PWVye)  (LWPy)  LWCu 1°C Hyr  Hg
M) 25 cm mm /gm™® (100m)" /km /km
1 PR 2231 (1.563) 0.772 (0.249) 0.059 1.0  0.0500.450
2 V% 1.185(0.777) 0352 (0.073) 0.060 32  0.2000.000
3 T 1.887 (0.777) 0.705 (0.058) 0.158 2.1  0.1000.000
4 [RKFERZE 6543 (6.106) 2.108 (0.416) 0.581 1.1 0.0500.000
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6 BKFEKRZE 3.677(1.975) 0.750 (0.085) 0216 22 0.1000.000
7 ERE 1.588 (0.805) 0.624 (0.151) 0.127 12  0.050 0.000
8 ERE 1.240 (0.819) 0.307 (0.072) 0.059 0.8  0.050 0.000
9 V% 0.761 (0.624) 0.231(0.132) 0.042 1.1  0.1000.900
10 “Fii% 0.944 (0.425) 0.424 (0.057) 0.076 22  0.1000.000
11 % 1.962 (1.063) 0.541 (0.137) 0.108 0.8  0.1000.900
12 % 0.726 (0.572) 0.216 (0.120) 0.038 0.7  0.0500.350
13 % 1.455 (0.729) 0.569 (0.157) 0.107 2.0  0.1000.000
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Fig. 2 FY-2E (geostationary satellites) IR1 (Infrared Radiation 1) infrared cloud images (color bar represents the value of brightness temperature, units: K) at
(a) 2200 BT (Beijing Time) 13 December 2012 and (b) 2200 BT 15 December 2012
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Fig.3 Temperature (green isoline, units: °C), RH (relative humidity, color shading), and wind (wind barbs) distribution at (a, ¢) 925 hPa and (b, d) the surface
at (a, b) 2000 BT 12 December 2012 and (c, d) 1400 BT 15 December 2012
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Fig.4 Temporal cloud and fog physical parameters during 11-17 December 2012: (a) The top height of fog related to LWC (green dots), the top height of fog
related to RH (blue dots), the upper and lower solid lines are PWV (Precipitable Water Vapor, units: cm) and LWP (Liquid Water Path, units: mm),
respectively, with the black part representing PWV and LWP during the non-precipitation period and the red part PWV and LWP during the precipitation

period. (b) Intensity, thickness and base of inversion
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Fig. 5 Temperature (green isoline, units: °C), RH (color shading), and wind (wind barbs) distribution at 0800 BT 13 January 2013 at (a) 925 hPa and (b) the

surface
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Fig. 8 Temperature (green isoline, units: °C), RH (color shading), and wind (wind barbs) distribution at 0800 BT 30 January 2013 at (a) 925 hPa and (b) the surface
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Fig. 9 Visible cloud image of Terra/Aqua-Modis (Terra/Aqua—MODerate-resolution Imaging Spectroradiometer) at (a) 1330 BT 29 January 2013 and (b) 1055
BT 30 January 2013
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Fig. 10 FY-2E IR1 infrared cloud images (color bar represents the value of brightness temperature, units: K) at (a) 1330 BT 29 January 2013 and (b) 1100 BT
30 January 2013



2 1] FEONAE S JbaE 2009~2013 SR RIFREL M RS I, T T 4540 S BT R R
No.2  GUO Lijun et al. The Type, Vertical Structure and Physical Formation Mechanism of Persistent Heavy Fog Events ... 307
BHPPm S e Wb < B E R AR AL W4 SRR, T PRE R ERIRIE, LWC IAF|

Ab B IG5 < X . T 30 H AT
Yol (B 9b) g riEmT, ash K (& 10b)
W EIALAMERE, WEAZKR . W FY-2E
IR1 2040 = BB (gD mf LA, 2013 4F 1 H
30 H 00:00~16:00 f5k A VUM = FR, 2013 4F
1 J 31 H 14:00 ]2 H 1 H 08:00 3k A P4Eg J5 1) i)
JEIR 2 R IE 5T

27~31 HRZd B seqe 27 Hig BB,
28 HAJESs, 29 HAF Gk ER s, b
H 30~31 HWIR= R, W Z 3 ArmF
WM G E, RES) 31 HAFKIERS. H11& 11a.
b A A, 29 HARJG 2 km BUR 1 B 2 N R 8 T
ThiE KA, B4 “B” 44, 5 925 hPa
REBEZHN R —8 iR, 1
km 5 8 BT AL A AR, X SRR R A ok,
P TREIA SR E 4. 5 RH A LWC FoRi

Height/km

Height/km

0.08 g m>, FETEEEAFH 1.5 km Afi. IEHITEE
MERBRIE, B~ RE %, BT oM ER,
PRI T K B S e AR 1 R SR I RRR s> T
MR R . RN BTz RS R KD,
MT = IAER R AR, W98 T2 FrIus
B, AR 1) L B A R, P AN
bk, R (ILE 11d) 30 H 25 X ik
B AR . 31 HZ W27 R A %
% UK, FHE LWC 14,

PWV Fl LWP [{A4816 5 2 25 [P AR i FE LA —
O 12),27 Hp#) 28 H 421 Huwe 76 500 m
iti, 29 HVZ 1 Howe tH7E 350~500 m 47,
HRREE R E R IE, 30 H 52 2 5% W 55 15 i i
BT, Howe EFF8) 1.5 km UL E, TiaTiEE
Hru 76 5 km KAy o $EANRIRE P e ol (R 069 1 A7
28 HFF2129 H Pz fml, RIRT—RZJa il E—

Height/km

Height/km

0.0
21Jan 22Jan 23Jan 24Jan 25Jan 26Jan 27Jan 28Jan 29Jan 30Jan 31Jan 1Feb
2013

Date

K11 [Ee6, {HA20134E1 H21~31H
Fig. 11  Same as Fig. 6, but for 21-31 January 2013
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