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Macroscopic and microscopic physical characteristics of two

supercooled fog processes in Lushan Mountain
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Abstract: Comprehensive fog observation campaigns at Lushan Meteorological Bureau of Jiangxi
Province were conducted with a fog drop spectrometer and an automatic weather station in January
and December of 2016, respectively. This study investigated the physical characteristics (macro and
micro) of supercooled fog and elucidated its evolution mechanism. Combining observational data
with NCEP 11 “reanalysis data, the macro and micro physical characteristics of two supercooled
fogs cases (case 1 on January 16-17, 2016, while case 2 on December 25-27, 2016) were analyzed.
Our results revealed that the evolutions of the two supercooled fogs were strongly correlated with
the movement of cold front. From the formation stages to the development stages, the dominated
wind direction below 800 hPa changed from southwest to northerly, the front edge of the cold front
arrived at the study area, and the temperature near the surface decreased sharply in both cases. At
the mature stages of the two supercooled fogs, the rain stopped at the near-surface and the wind
force weakened, meanwhile, the front inversion layer appeared in case 2. During the dissipation
stages, the wind direction in 900-500 hPa changed into north in both cases and the wind speed below
800 hPa increased obviously. For micro characteristics, the average droplet spectra exhibited
bimodal distributions in both cases, with the main peaks at 4.9 um. However, the secondary peaks
were at 8.9 and 11.0 um in case 1 and case 2, respectively. Both cases presented instantaneous
droplet spectra with the main peaks between 10 to14 pm, and the frequency were 12.4% and 46.3%

in case 1 and case 2, respectively. Both cases had a transition from warm fog to supercooled fog.
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Compared with the warm fog, the number density of supercooled fog droplets in each size increased,
especially for droplets with particle size below 14 pm. The correlation between fog droplet number
concentration and average diameter in the whole process of case 1 was weak, which may be affected
by factors such as fog droplet collision-coalescence and droplet competition for water vapor. Case
2 showed positively correlation among the fog droplet number concentration, average diameter and
water content in the whole process, which indicated that the fog process was dominated by
condensation nuclei activation and condensation growth. The strong low-level jet in southwest, the
obviously decreased temperature in near-surface, and the inversion layer were all found in case 2,
resulting in the wider droplet spectrum, the more prominent peak between 10 and 14 um particle
sizes in droplet spectrum, moreover, higher values of number concentration, average diameter, and

water content comparing with case 1.

Key words: supercooled fog; Lushan Mountain; frontal inversion; scale spectrum distribution
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Fig.1 Location of the observation site.
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Table 1 List of instruments used.



e LRSS P 7¥ 1 U0 S R 43 2R i
gAY FM-100 5 1 2-50 pm, 1 s
A B K AR IR AR TPS-3100 B K = 0-50 mm h™', 1 min +0.5 mm h™!
RAMBRE s W= 5km LLF 10%,
OWI-430 RELEE. RAIE  0.001-10 km, 1 min
% 5 %) 10 km 15%
‘ IJE 1 °C,
T 2 R i HMP155 W R 1 min :
W 10%
e 2 K T 05103 P R 1 min +0.3 ms’, £3°
NN CNR2 K U o 1 min <10%
140 FAREAL > 208, BRI AR VEE N0~50 pme HI TSR (0~2 pm) 0B 45 5 5 52 3]
141 BRAEIR GRIGHRTRD Mgz, FrLfE RV AT K6k Tk (145, 2011 o HE I
142 USRS E R EOTH A B F R EOREN (cm®). FBWMEA T EZD (um). EES/KELWC
143 (gm®). ZiHUE(E EA2Dp (um) 5530 ELAR I B B Cofll B B % AL R BB 20T, 75 7772 [FINiu et al.
144 (2010):
N = fn(r)dr (1)
145 v (um) NEERY SR LA, n(em™® um )RR SR RO .
2
D=— d 2
Nfrn(r) r 2
41
LWC =1x107° X py X f?r?’n(r)dr ©)
146 po = 1.0 gemAKENE.
dn(Dy,) 7,
= (4)
deo Dfo=Dp
147 Dr (um) NS EAR.
Cd /. I(Dfo - D)zn(Dfo)deo (5)
ND?
f:orsn(r)dr f:or3n(r)dr
== = (6)
J, ren(dr||f, rin(r)dr
148 rc (um) N HBNFEALIG A2, BT
N1/6
_ —4pl/6
Te % 409 X 107 B on 1o mr7s ™
149 Pron (1.15X108s1) NLK R K.
150 2 RRFEHBMHMBIEA



151
152
153
154
155
156
157
158
159
160
161
162
163
164

165
166

HINCEP 1< 9Z6/IN N 4% k1 BERMS 2 1 X 25 117] 111500 hPafiz 5 i 5 . 850 hPazk ~F- XU id XL [r] |
850 hPaf X % (F2) o M1 20164E1 A 1516 H, ZHi/R L LUIbHL X A5 5 1B & & 201 %
JRBELZE ro e R S 2R G RS B AR I8 5 i A E DU /R T — 3 AN TR i ¥4 IR AE R A
PIZHTR R 16 17 I BEAB AN e 1 5% 15, v 2 S LA HIOR SR N R Y Bl - 5 ik R
AT ERGHHb X 1 R SO R eSS, R SCRE AN, AT ROBRIR 2 SORIRE R ¥ s e TR E
R E— A, Tz &R, DL I AR I RS 912 20164F 12 25427 H 47 /K
L BAZR 3 DUIZR 30 DX AW A N i B AR B R SORBBA S Inse, SiRME IR, A Ao 7 R SRS
PRIIFIR AT 11 3 o ZR S o DX e, 7 L Lo R IS AR R RS MBI LAR LG, A2t R
IR 2R S AR R (24/880) B RS (iR T 2 11, PR AN 275 Lo a5
MK A% B R

AFEMRESRERGHBER, 054 HEEES R % ). J5 LT o6& e, x
AR T BRI TR o BRI 2 A RS SR AT Y VG R ARAE AT I O B L A 4
THA RIS TE MR 55 , T 5 RS T A4 23 S5 16 B SR AE R B A A 3 — A ARE T 1) 4 Bl 55
REMIL RS . 5 ISR, B B R R AR TR RI0 TUUF, DR s 55

» o
==

80°E 90°E 100°E 110°E 120°E 130°E

2016-12-25 08:00 10 mis

AHAHREE (%)
< .y
50 60 70 8 90



167
168
169
170
171

172
173
174
175
176
177
178
179
180
181
182
183

184
185
186
187
188
189

K2 Ca) MEILAT (b) /M2 S A4 500 hPafiz i (FRZkD 850 hPask 1 KU XA (L
3> | 850 hPatb e C(fukn) MI4rAis F AR I S AL B

Fig.2 Geopotential height at 500 hPa (black lines), horizontal wind speed and direction (red arrows) at
850 hPa, relative humidity (color scale) at 850 hPa at typical times in (a) case 1 and (b) case 2;

the five-pointed stars are the location of the observation site.
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Fig.3 Height-time profiles of air temperature (black lines), horizontal wind speed and direction (red
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formation stage, development stage, mature stage and dissipation stage of fog cases, respectively.
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Fig.5 (a) Fitting of Gamma distribution of average spectrum of case 1; (b) temporal variation of fog
droplet spectra of case 1; (c) fitting of K-M distribution of average spectrum of case 2; (d)
temporal variation of fog droplet spectra of case 2; I, II, Il and IV are the formation stage,
development stage, mature stage and dissipation stage of fog cases, respectively.
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Fig.6 Fog droplet average spectrum of each stage in the two fog cases: (a) case 1 and (b) case 2; I, 11,

(b) AMFI2; 1. M. TRV A58 5 (1 T R B

Il and IV are the formation stage, development stage, mature stage and dissipation stage of fog
cases, respectively.
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Fig.7 Cold and warm fog droplet spectra in (a) case 1 and (b) case 2.
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292 Fig.8 Temporal variations of (al, a2) fog droplet total number concentration N (blue), fog liquid water
293 content LWC (red), (b1, b2) average fog droplet diameter D (blue), fog droplet peak diameter Dp
294 (red), (c1, c2) auto-conversion threshold function T (blue) and dispersion Cgq (red) of case 1 (left
295 column) and case 2 (right column) ; I, II, I1l and IV are the formation stage, development stage,
296 mature stage and dissipation stage of fog cases, respectively.
297
298 K3 MIRZEFHr B HZS B E
299  Table 3 The average microphysical parameters in each stage of the two fog cases.
A5 B B N(em?) D (um) LWC(gm?) Dp(um) Ca
116 [ 18:00-21:40 147.6 5.4 0.073 44 037
AN 1 116 A 21:40-17 H 10:30 162.4 7.7 0.086 52 051
2016 4 1 ] 17 H 10:30-13:30 446.6 7.8 0.257 55 0.55
IV 17 H 13:30-14:00 186.6 4.4 0.052 3.0 045
43t 7 202.5 7.2 0.108 50 049
125 0 18:00-23:00 83.4 5.6 0.033 42 048
i) 2 125 H 23:00-26 H 15:00 281.8 10.6 0.291 10.0  0.44
2016 4 1 I 26 [ 15:00-18:00 318.8 10.8 0.390 103 045
IV 26 H 18:00-27 H 12:00  239.4 8.0 0.133 72 0.46
S 237.4 8.8 0.195 8.0 0.46
300
301 T AT TE 5 b AN R B B ) B R B B AR OGP, AT DUHE R & S A B R (Lu et al,
302 2013) . EONPIRZEILFEN DAMLWCHIHI R E. AMBI14 i NS DI AR ER S, A pil24nid
303 FENSDKIEMK, MKAHON055. WIREELEMINSLWC, DELWCHINIEMGK R, Lt
304  =WPEEBERRINY, BT A RO S B TR, R K S RT R R AR B R AR
305 (BZE4E, 20110 o AR ELRE DU KL 7 iE A AN 22 e 45 1 KON I, N DATLWCIR] 4
306 K (Niuetal., 2010; Zhou etal., 2013) . A REFFHCERMNIAR A, NI 2 (8 S MEIF45 5, 5K
307  NTFEFEMIDIE K. " HAEILH SRR 55056 FARRAER RTINS DRIIEMH SRR R, M2
308  DABEGEIZIEA MBS GO T T EIVELR 2 M PN IR 55 & B B BE 2 B AR G S R
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Fig.9 The correlations between (al, a2) fog droplet total number concentration N and average diameter

D, (b1, b2) total number concentration N and liquid water content LWC, and (c1, c2) average

diameter D and liquid water content LWC; I, II, 11l and IV are the formation stage, development

stage, mature stage and dissipation stage, respectively.
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