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The Microphysical Structure of Fog Droplets in a Sea Fog Event
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Abstract On the basis of the fog droplet spectrum and visibility observations in Zhanjiang during a sea fog event in
the spring of 2010, the microphysical characteristics and the correlations among microphysical properties, such as the fog
droplet number concentration, the liquid water content, and the fog droplet mean diameter, were analyzed, and the
dominant physical processes that govern the sea fog event were discussed. The result showed that the average fog droplet
size distribution was in good agreement with the Junge distribution. In the development and mature stages of the sea fog,
the broadening process of the fog droplet spectrum and the positive correlation between and showed that activation and
condensational growth were the main processes. Turbulent mixing tends to make the droplets homogeneous, with a
central diameter of approximately 3.5 um. Simultaneously, turbulence causes an exchange between the inside and outside
air, concentrations from outside air nucleation resulting in higher number concentration, and the condensational growth
results in larger droplets.
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Fig. 2 Temporal evolution of (a) visibility (Vis), (b) 1-min average values of liquid water content (L), (¢) 1-min average values of number concentration (&),

(d) 1-min average values of average diameter ( p ) in the sea fog event from 22 March to 23 March 2010

F% 1986~1987 fEHIHK E T I(H K 94.8 em™,
TVIR T EREE R, FIAnTER 1990 M
MEER, BRIV A 606 cm s 1HIXE R,

— R 107 em”; HWEEADN, THA 10em” (EM#
M, 1983), 1985 AFEWHTLAF 1L 55 I BOKR FE 13511
9370 em”, 1993 4ET5 15RO AR Ak i FAE
5.4~238.9 cm > Z A, 2007 4F /K4 M 2 LBk
JEPHIMEA 57.1 em” GEMEASE, 20100, Bhikit
VL BT Y HORE R 39.6 em ™o LA HK
BRI, R E R RS KRN 0.013 gm s
/N T I A X WSS, BRI AT REAT LA R LA B 58,
P o i R IR FE A, AH N IR 2 5 7K i
DB TR BT 1 i3 Bk . Sk A
(R T4 51 0.045 g m ™, MA/KERET 0.1gm™,
I HAE AR Z R FE B IIB B, 7K U A
EX— 250y, S e A X R R
V55 K B AR AR R I 45 SRABAH >, (H Tk
%2 (REWLJEART 500 m) REFEAI I 4R 4 S 205 7K
P T HUR, T B ADIAR DL R

bR AIE Y K 22 S S0 M 2 o 2 i D T 5
ST it PR RO AT A b T B AN N S R
o R R SESE RN S SRR, &
Jas HTFRT 20 pm RERZHBOREARAC, [
LA 3 X d K AR A A 22 57 B 5 /K BRI X B
HEIK.

F1 TREMEMEHIERBIFMLSEE
Table 1
during different stages and the whole fog event

ki (gm?) T B U
HAE HAE

P15 i TEEE Gm) m) (um)

BB 1 0.004 0.001~0.025 68 1.0~833 36 158 28

Mean values of key microphysical properties

HORIE (em™)

BB 2 0.021 0.001~0.155 365 1.0~2195 54 182 28
gt 3 0.019 0.001~0.141 578 1.0~1390 44 222 28
FirEt 4 0.002 0.001~0.012 119 1.0~423 36 106 28
i 5 0.008 0.001~0.071 31.7 1.0~131.8 46 212 28
ek 6 0.005 0.001~0.033 70 1.0~784 38 104 28
A 0013 0.001~0.155  39.6 1.0~2195 42 170 28

P RIS ST



xR ¥ 7%

556 Chinese Journal of Atmospheric Sciences

Vol. 37

32 EiHENH

H T EFEREAS 1B B S5 ) BRI I 25
B EAT IR SE s 25 1 o0 A M 22 /e — 9K &l 1 (& 3,
WICTERED, YAAbRR A EAA R, BOK dN/AD
ANF T e pum RSy, LU S G () BN AT B
ST R S RO RO S ZE . I 3 AT, %
T B B s A AR T A /N i (CEARAE 2~5
pum Z A, NRFRERRME, #] 5 pm A4, dNV/AD
MKTF 10 em™ pm ™ N EUAT 1 em® pm™' . KT
— iy RIS, I K AR 50 pm,  {HECE A
RN WS AR B (1 BB B AP AR
AR, A E R BEEREAE . W5 R BL (2
BB, ZMIEL n. nve. KX Btsh
A B A K I R VR R, T RO IR (i
HEUHSE, 2008). W% MAMBL (3 BrEo, Xk
BEWRERRE S R B BERAL, 3 B BORT 2 B B
W L EA, X — R By AR L KR
F, (RIS LA B BAETE, UL B G R RS
Wb THERF Ko W I EEY B (4 BYBD, X —BrB
WA MR, S5O R RS, REE R
W NI, RGN, 2 RSN AT
R 5B, X—ES 2. 3 BrBufitt, e
F 4 pm WX B, SRR, 255 2. 3 BB
oA iZesr s, W TR, (HISEm kK Eas s 2,
3 BB LR TAT, AR S MBI g A 2k
NAFT I, XX B B ARSI K 3, AilE
LRSS . W HEITE (6 BB, iX—FrBeil
il ES AR S [P N Rt i N S
W, RN, ATREFERE A 2 R AUKR P R,
SEMFEIHEL, FI LW

Bl 4 25 T Az R 1 F4 2w i, AR

10 | ! | ! 1 ! 1 - I
o o MW i
Junge 2 it &
6 L R?=0.96 _
y=243x"%

Il Il Il Il 1
0 10 20 30 40 50
D (um)
4 P Junge AL A
Fig. 4 Fitting of Junge distribution of average spectra

PESMFERLAT Junge 04 Cn(ry=ar™, HF al b
NFRFESHO, D RIER R AT T B
Ho B 4 AT 0L, BN A i ) /AN — i, 55
FEAERAE 2~8 um X B, WY FARLE 2.8 um. fUl
H 8 R, P Sr Ai GEAR U R9% A2 Junge 4341
AELER N N (D) =243D7"3, WAREHIE RE
R*N 096, MBI 4 drf LI H, SEMES L4 2k
oy B, RUZ AR AT PR AR AR UT S A VKIS
S5 [FTSAPIR I o AN R) H X 3 25 PSR 1% 20 A e, it
VT Hb DX ¥ 25 1 25 W 1% o A RRAIE 5 R A4 HU X L 7 By H
DX 55 1) S5 T T AT R ABL, A 05 1L b X 55 1 55
T > AT 22 RO, Sl Hb X 5 S R A A
Deirmendjian 734l (B AKEE, 1989). iy A i [X
() 53 i AT HAELEAS [F] (R 3 ATRFAE, TP X 75
% Junge 73 A, FEHHLX T4 Deirmendjian 434
CHMEZEAE, 20100, sk, W2 HAGEH K R
FRAE, X —E AR RGeS, AR T
%5 T A T PR PR AR
33 WMEXAR

h T RS L R 2 ) S A B R, TR
S BRI T 2 MM G R, B =AM 5
B, BATHOCHE T, B S (a) A
W R ROk E N RPEIY EAR D 2 AR R, K
R NPIAIREE, P OATRAEEE ISR (P /T
0.0001), MEIHE 2, FEALFEIKRE N 5B H
D RIFMXKR. B 5 (b) ke L 5HKkE
N IEAHRVERLF, MR FREELF] 0.80. K5 (o) &
FOKE L 5V HEA D X, NEPE, %
R RAFIIEAL K R iTATIRZ 2% BRI
Ny B AKSE RIS, TR K
WA AT IR R 1 — DA K S (274
25,1999, A, 20105 FFRGHESE, 2002). K
M S o =M 28 AP0 IEAH DG vT LLYIE
S, RS IR AR, RIS R AN
B, e DU B A A I 3G Kk 2o Al
HSCEEAE FAE AR G 5, ARG I [ B sk
ANTHOREE, TS FT RO FE R4 AR R A
AR P Ui XA IS, T
I WY BOSHE = AN B S 5 A O

A, WS TE I RS, — M55 i T
SEA KIS, AR By REHE A, DDA VR
K dr/de SHAER r il b GRSEFF, 2003), FrLA
B VR U 3R, KR TN R, W AR B —



31 TRETIEAE R I 25 T PR K A9 23 H
No. 3 ZHANG Shuting et al. The Microphysical Structure of Fog Droplets in a Sea Fog Event in the South China Sea 557

£
=
|Q
2.5 i
I — £ R=0.64, P<0.0001
2_0 1 A 'l A 'l A 'l A 'l
0 50 100 150 200
N{cm®)
250
200 | J
el
— 150 | i
E L
L 100} i
-4 i
50 | i
o™ ¥ — 2w RrR=080, P<0.0001
A 1 A 1 A 1 A 1 A 1 A
0.000 0.015 0.030 0.045 0.060 0.075
L(gm?)
IS
Z i
|Q
25} .
— 4538 R=0.78, P <0.0001
2 1 " 1 " 1 " 1 " 1

' 0.000 0.015 0.030 0.045 0.060 ' 0.075
Lgm®)

K5 () P TEEED (um) SEKREN (em™), (b) Hk

BN (em™) HHAKEL (gm® UKk (o FHHAD (um) 55

KEL (gm™) FIHISHES

Fig. 5 (a) Average diameter ( D ) as a function of number concentration

(N), (b) N as a function of liquid water content (L), and (c) D as a function

of L during the whole fog event
EFEEZ G, WS, BT, AR
KRS EFEARKE ], Pk, — Bl e/ s
g <1t pm) EARGKEKM=FR, XEn
AR KA (r>1 pm) BRI CF
WAE, 1983). JL8E, TERfREELSIEK A& T, W
W 5E AT LI N = 5500, AR R s R 1)
= AFFERAMBER, 1963). HE 6 (WG
KD w0, RN R R B, B 22 [ 22:35 2

Ja, M 22 H 22:50 V3 HAE 2.8 um, F| 22:55 13
BEAAREEE] 3.7 um, FH 5 /- EA G K
THIE 1 pm; [FFRERITEDLAESE Ok S5 1 R
W, M 23 H 06:44 “FIJEAE 2.9 pm, ] 06:55 11
FARIER] 3.6 pm, 11 23 BRI R], P35 B A s
B, TP R o S T P AR T 2
Z . WK, WIS AR SRR N, %A, b
SRR =, RWA KERSZZL, RN
A REAERNOB S Lk es, R KR (2R
BRAE, 201000 T 25 Bl o0 A A IS A), 3 oK
FORAR, b — 843 55 W DA 7 55 B ke AR
31, BEESIEKE R ER,  AEAH RN [A] P AR )
A2 5K ER A, BRSO TIZ
W, AR AR, RS, Rk, BE
JERGE R, NS T DA AR, g DL Bt A,
SR E FIIAEE, Al %5 BN <18 817 3))
N AWTIZ ), W B KR, A K
HBERZEN, KRR D 4k, SEAFEOUL 5K,
X ARAL A i 1K 2 5 N i 55 0 R P B A5 00T 1
P AUPS

Mg 25 I REAN R B B I ) B AR A AR 22 5, R
B RS 2 A ARG R X
IS B 7 FE 8 7B Bl AT 70 i B

Kl 7a FIE] 8a M55 IR A B, X—FrB—
HA AR, (HR T 2 RN, B0k
FEfwslN, KRR /N, Hod A A SN A
BrBUNT — AN

Kl 7o FE| 8b hifgZs (1 & FERT BL . THaA H K
ZRE, FMEAHEHE 7a BB, BukED
Bl @2, JKF) 170 em” oAy, WEMIG R E LA
RN, W&, X, SKEEE
Tk, N, L F0DRIIEMICE REF, 3L s A
BEATIGK E, SRR T, A DU P el 7
N, SFTRE N R D FIIEARSS (Niu et al, 2010a),
BN RN S D 3K, T IX — B B B X
FELS . X—BYBOh N, LA D RN, R
TAZ, JUHERRLT BT A7 Lugl Tt

bEE I R E R, B 2 B S 5 hE
ARG T, 28 3 BB K R, P E AR
AN, TIBGRIEG /MER LT AXTRE 7c Ak
(AR B, 6 Y B4R 3.5 um T EOR ERE—2D
WA, T B AN Z s R R S K HOR E 200 em /2
Fio WA 7c hRF & ME, X B BOk)E



PN S

558 Chinese Journal of Atmospheric Sciences

374
Vol. 37

D (um)

45L -
(c) o

i . )

40} o %°°§° ° g

' g |

35} — T TR -

3.0} o0 © ° 3 -

D (um)

25} -
0 3 ——R?=—0.004, k=0.00052

2'0 i 1 i 1 i 1 i 1 i 1 i 1

30 60 90 120 150

180 210 240

N (cm™)

5.0
4.5 |
4.0 |

35

D (um)

3.0

)
L o
2.5-?

R?=0.002, k=—0.00076

0 20 40 60 80 100 120 140 160 180

N (cm™)
7 AN BBOREE 5 P EL AR et

D (pm)

30 & ) o
00 o 2 —— R?=0.49, k=0.006

20 40 60 80 100 120 140 160 180

-3
N (cm™)
T T T T T T T v T L L)
36 (d) -
33} .
5 3.0} -
I, -
24| .
L o 4 R2=0.92, k=0.031 1
21 1 " 1 " 1 N 1 N 1 N 1

10 20 30 40 50 60

N (cm™)
T v T g T L o4 Ll

o 90
35| (f) y 1

e (e}
E sl -

Q

25| J

R?=0.89, k=0.046
1 2 1 2 1 i 1 i 1 ]

10 20 30 40 50
N (cm™)

Fig. 7 Average diameter ( D ) as a function of number concentration () during different stages

N RPFEIEAR D EIRS I IEAI SRR, R N A
D gk, ARG FEAK DRSS, DR ok AT v
NSRS E AR B IH S B K & s A
W, U BRE IR I IEAS A o 4o A 32 2
RERE . A HERREEALN 0, BRAFIRLTA, K
oy AR AE 3.5 um T, M, K
6 Y TR I (] AR AL B 46 A DA TR 2 R : 5
P WA H 4R CEMS K, 1989), ik il il £ 0
A5, AR T2 BEWN, &l Tz )
45 CEMS K, 1989). 55 BB B 1) 25 i 1

EIRBHFFAL, 4552 2R IXEIER, i
F Rt AR W] B2 B Is s L, /NS
N3 £ B (B e e N R RN R
ENiES), mAWERARKE; I i A
Z5 PN AN A 8 25 AL UK T R e s A T AL
LR, AT A KA 58 5 i~ 49 LA 1R AR A Ak
o B 8 BN, FEXFBL SRR
FAREATIT N BRI R, BoREEAR T, XA
Z— M R RS RS IS R i 2
W 1A%, AR R B, 25k



31 TREFUEAE: — IR a2 TR B S5 R A9 53 #T
No. 3 ZHANG Shuting et al. The Microphysical Structure of Fog Droplets in a Sea Fog Event in the South China Sea 559
) L T L T L T L T L T L T 180 T L T L T T T T “5 T ] 46
60} (a) Stagel o 38 T L (b) Stage2 oA Jaa
L Ao ]
sol. N £ T L 142
L -4 4.0
T ol 1% 2 &« ™ 138 &
£ I 1:0 E £ 1ol @ o 1" §
o = o | @ 436 —
S " . la = sl o 4% 1.4 1Q
) ™y <428 = 1 ;}/ ad A
60| -4 3.2
201 428 s Aé . i
- A N ——R2=0.85, k=7306.0 | a0k ?‘ A N ——R“=0.70.k=2100.3 {3.0
10} 0O D == R2 =0.93, k=166.8 - 2.4 B oD == R2=0.64, k=18.1 2.8
1 1 1 N 1 . 200 , o, [P TP B S | !
0.000 0.002 0.004 0.006 0.008 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07
-3, K
L{gm™) L{gm?)
240 ) ) ) L ) L ) ) ) - ) L ) L ) L ) L ) L ) L ) L L 3 6
| Stage3 60} (d) Staged 43.
(c) Stage . A, 42 K Jas i (d) Stage
200} AA & apdot 134
) ‘ * M 42 *r
AlfA A 4 a Q00 oo o8 ] 3.2
—~ 160} - Xl —~ o a0l 1°< ~
«? L ‘gg-g AM AT 32 e @ I e
€ " A ] 35 €& Jd30 =
o 120 A ; _26’00 o 3.6 ~ L 30} g
> o gg%O@ﬁ 112 = | 1.5 1@
@pﬁo 56 o 1ss 20}
80 ﬁ? ' - J28
o . A N ——R?=0.23,k=1312.6 ] 20 10} A N ——R2=0.85, k=9427.5
a0l I& 0 D == R?=069,k=173 1> . o D = — R?=092,k=319.7 124
000 001 0.02 003 004 0.05 0.06 0.000 0.001 0. 002 0.003 0.004
L{gm?) L(gm®)
180 T v T v T v T v T v T v / T d4aa 70 T v T v T v T v T }’ T v I_ A2
160 (e) Stages ] I () Stage6 <o o |
[ J42 sok
1401 o Jao L 13
120f 5o Jas 50 SEY
& 1o00f 4_—55&5&8;%&9 A s = &} -
A 94 S ] S o} g
\LE; sof- ¥ J34 2 E i {433 3
= o} 7% > 132 1Q = a0} J30 1Q
[ &;w 430 X
40} 38 A“ A ]
! £y e W J2s 20} 427
2or é et Ao N ——R®z039 k=45312 26 - A N ——R?=0.84,k=3160.9 1
°oF ° o D — — R?=026,k=30.1 24 101 o D — = R’=089, k=157 124
0. 000 0 005 0 010 0. 015 0. 020 0. 025 0. 030 0.000 0.003 0. 006 0. 009 0.012 0.015
Ligm?) L{gm?)
K18 AN B E K S BB LK S 7K P EAR AR DG
Fig. 8 Number concentration (N) and average diameter ( D ) as a function of liquid water content (L) during different stages
WM$@%EQ P, [T S AN 2T 10 um () kg, 7523 H 01:10~01:40
M SHENEEN, NMEZENKEBORERE  RBE (K 9), KMEDN, [R5
AR LR REAT T, UK A P2 R R CEISY, K, FEAEX W, SKEFIE/DN, HokER
1989). Klth, EAmmCHIEHRALT, 2 3K,
FRE R e oMl RERIfERE R T o /K& Kl 7d A1 8d HHC A PR R S5 il R 1) [R) )

RN FEE R YeE, Wk 3 s, i

EE/NT 10

um [PJX BN, BORER R, HHAZXR 10 pm [f

AT

BBL PG

IR 5 R

HFC SCE SO BARK T 10
um )20, EOREE RN T E N (EAR N T

W, WRZEHEA—HOTHIRE, X—MEm
SRR A 3.6 pm (K 1), T8 SE R 2 00 35
(), >3 25 IR T ) [t MRS Bl I, FLAE 2% B 1R 93 A
WAKIS], RILHS R CEMAAE, 1983), X—
BBV izAb TR —Z B, 5 —2 B AR 2A 1)



PN S

Chinese Journal of Atmospheric Sciences

560

374
Vol. 37

200 -

01:10 —=
160 - /\

1 v I v ] v LI 20
N (r<10 pm)

— ¢ — N (r>10 pm)

-116
08:30 =]
2 I =
2 120 2
’é‘ 01:40 'g
=, o =,
(=) (=)
7 sof hq =
s ﬂﬁ <
a0}
ok voses ™" togees’
) ) ) L.
2000 2240 0120 0410
22 Mar 23 Mar
Beijing time

9 WA/ TAET 10 pm ZHAUCT 10 nm 25 A )22

Fig. 9 The temporal evolutions of small droplet (diameter <10 pm) and big droplet (diameter>10 pm) number concentrations in the fog event

() 3X— I, e WA PR, &K E R
B E — HANEARAR K, P E AR AR
th, = AR S R IR G A

Kl 7e N 8e A EE IRk RE, X —F B
W FE IR ERFLERT A]. BKE. T EAL K
H B T AR ER 2 FEE 3 BB SS, X B
5 ik RV A B S 9 A R SR S IR X 4, R SR
S 3 BB E AL, AN, P E
RSHEORBERA AR 22, 58 /KR IAH A
U, IXABAR AT REZ BN A VER, A =AM
VB Z g, S . AR IR
ESUY L L S R PN A NPT B NN LR T2
(08:30~09:40), 2555 3 FrBeAFN, X—FrE
PR ORI EOA B RS ARIG 0, /1N P B R T e
/N B AR 0 B0 FE R e B 0 %, DRI, 5
53 MrBoAHbL, kBRI

Kl 7f K] 8F bt iifg 55 ik BR PV AT B, =
MUY SR B ROIEAHCH, =AMy
HERGWA, FRgEh AN, HEREEYISG
BrEcrkds. s ms G K 3 fE e, 1
TE RO B« Ta) B B B DA AT T B T i AR
TEV TR B 5 H I 387 (1) P AN DA, 32 fh T 2%
RAEHAE MR, ShAZ R A A<
AR e R IR (RIS, 20100, {H
SE/NEIIE A AR 2 A, DR, ] AR I T R )
TR S R 28 R IS, 55 2 .
[N I R R s, BT S KB i e

LRI, KW BRI TR, AR T
B, SEEWZER, BEWERS BT, Wmflis)z
MHE AR

4 #Eig

ASCHFIH FM-100 253 1% VPF-730 BEILE A
BERL, T T 3 MR i I 5 o R 1 O AR
fiE. FEELRWR:

C1D VT b X 55 % e 1 2503 1 34 0 195 &
Junge /M, P ZEGA R N (D) =24.3D7",
PIETEER 0.96, X—45F 5 %4 R 5 HUX (1)
S S AR, FBFF S Junge 431

(2) ARYHEZ R 2 v o L R R p A 2
SRIEAHCE, BUEORE . PR EARRS K
3N, e WA VK IRE 25 b R 2 L DL S i VG AL R e 45
B, AEIFBREEBCR A .

(3) 1R % RIER AR B, i35,
faa k. FEAR 3.5 pm FHELES, X8
SARTTRE IR AR« ol TRt 18 2ty 3 25 44
BB/ N E R L N Esh, AN RARTEK
AR 37 T A 25 4 A SR A0 5 A< AU
B E T, PR EARR N .

S X2 @k (References)
BroE, Sidisx. 1999. F) kb HERE O I ISRV WK SRy

AR T [J]. A 2E3], 1999, 10 (1): 3440. Duan Ying,
Wu Zhihui. 1999. Monitoring the distribution characteristics of liquid and



31 TRETIEAE R I 25 T PR K A9 23 H
No. 3 ZHANG Shuting et al. The Microphysical Structure of Fog Droplets in a Sea Fog Event in the South China Sea 561

vapour water content in the atmosphere using ground-based remote
sensing [J]. Journal of Applied Meteorological Science (in Chinese), 10
(1): 34-40.

Edson J, Crawford T, Crescenti J, et al. 2007. The coupled boundary layers
and air—sea transfer experiment in low winds [J]. Bull. Amer. Meteor.
Soc., 88: 341-356.

Bhx, E2T, WAL, 5 2004, BRVL =AML — kARG %5 IO BE A
WFSY [J]. % FRHE, 2004, 24 (1): 1-8. Fan Qi, Wang Anyu, Fan
Shaojia, et al. 2004. Numerical simulation study of a radiation fog in
Pearl River Delta regions [J]. Scientia Meteorologica Sinica (in Chinese),
24 (1): 1-8.

NI, R, BRIEH, 4. 2004, — PRI S5 GO W I S HUE B
FUBFFE——LL 2004 4F 4 J3 11 HAB1 [3]. B K224, 34 (5):
720-726. Fu Gang, Wang Jingqgian, Zhang Meigen, et al. 2004. An

observational and numerical study of a sea fog event over the Yellow Sea
on 11 April, 2004 [J]. Periodical of Ocean University of China (in
Chinese), 34 (5): 720-726.

Gultepe I, Issac G A. 2004. An analysis of cloud droplet number
concentration (Ng) for climate studies: Emphasis on constant Nd [J].
Quart. J. Roy. Meteor. Soc., 130 (602): 2377-2390.

Gultepe I, Milbrandt J A. 2007. Microphysical observations and mesoscale
model simulation of a warm fog case during FRAM project [J]. Pure and
Applied Geophysics, 164: 1161-1178.

WML, MR, BB A 2010, A4 LIRSS B K e TR AIE K
HRAAKTFRIENILGR D] WFEFi), 32 (2): 40-53. Huang
Huijun, Huang Jian, Mao Weikang, et al. 2010. Characteristics of liquid
water content of sea fog in Maoming area and its relationship with
atmospheric horizontal visibility [J]. Acta Oceanologica Sinica (in
Chinese), 32 (2): 40-53.

T, R, RS, 2010, MR U IR 5 Rl R v R iU R AT SR

fiE [J]. KAFEFE, 34 (4): 715-726.  Huang Jian, Wang Bin, Zhou Faxiu.

2010. Turbulent heat exchange in a warm sea fog event on the coast of
south China [J]. Journal of Atmospheric Sciences (in Chinese), 34 (4):
715-726.

WP, AT, BRAT, S 2000, 75XURSHLX 5 (1 HUE AU 5T
[B]. KA F}4%, 24 (6): 821-834. Huang Jianping, Li Zihua, Huang
Yuren, et al. 2000. The microphysical structure and evolution of winter
fog in Xishuangbanna [J]. Chinese Journal of Atmospheric Sciences (in
Chinese), 24 (6): 821-834.

ZEDEYls, Mk, WAL, S 2010, — K AL IS K S AR
FRIE [7]. PSS 244R, 26 (1): 79-85.  Li Xiaona, Huang Jian, Shen
Shuanghe, et al. 2010. Evolution characteristic of liquid water content for
a high-pressure pattern of sea fog [J]. Journal of Tropical Meteorology
(in Chinese), 26 (1): 79-85.

BT, SHEST, I, 5. 1999. 1996 4RI BUELE 5 RIKSS [ HLL,
FIFFAE (7], %53, 57 (5): 622-631. Li Zihua, Huang Jianping,
Zhou Yuquan, et al. 1999. Physical structures of the five-day sustained
fog around Nanjing in 1996 [J]. Acta Meteorologica Sinica (in Chinese),

57 (5): 622-631.

B, M, AR, S 2008, X PERZEYIE (M), dbat dbRTK
2R AL, 159pp.  Li Zihua, Yang Jun, Shi Chun’e, et al. 2008. The
Physics of Regional Dense Fog [M] (in Chinese). Beijing: Peking
University Press, 159pp.

Lewis J M, Kora¢in D, Redmond K T. 2004. Sea fog research in the United
Kingdom and United States: A historical essay including outlook [J]. Bull.
Amer. Meteor. Soc., 75: 395-408.

Niu S J, Lu C S, Liu Y G, et al. 2010a. Analysis of the microphysical
structure of heavy fog using a droplet spectrometer: A case study [J].
Advances in Atmospheric Sciences, 27 (6): 1259—1275.

NiuSJ,LuCS, Yu HY, et al. 2010b. Fog research in China: An overview
[J]. Advances in Atmospheric Sciences, 27 (3): 639-662.

RO, YOO, RIEEL, 45 2008. 7 RTAZRZ R TR S ) BRHL
ST (7). mRAR%, 27 (5): 1111-1118.  Pu Meijuan, Yan Wenlian,
Shang Zhaotang, et al. 2008. Study on the physical characteristics of burst
reinforcement during the winter fog of Nanjing [J]. Plateau Meteorology
(in Chinese), 27 (5): 1111-1118.

REEHF, B, FEE, 45 2003, KB M) dent UK
Hif AL, 522pp.  Sheng Peixuan, Mao Jietai, Li Jianguo, et al. 2003.
Atmospheric Physics [M] (in Chinese). Beijing: Peking University Press,
522pp.

Saunders P M. 1964. Sea smoke and steam fog [J]. Quart. J. Roy. Meteor.
Soc., 90: 156-165.

JEG AR, YO, RO, A 2002, FEIR LIRSS I R R SR S i
B [J] Al ReE AR (AARBERR), 41 (4): 92-96. Tang Haohua,
Fan Shaojia, Wu Dui, et al. 2002. Research of the microphysical structure
and evolution of dense fog over Nanling mountain area [J]. Acta
Scientiarum Naturalium Universitatis Sunyatseni (in Chinese), 41 (4):
92-96.

Underwood S J, Ellrod G P, Kuhnert A L. 2004. A multiple-case analysis of
nocturnal radiation-fog development in the central valley of California
utilizing the GOES nighttime fog product [J]. Journal of Applied
Meteorology Sciences, 43: 297-311.

TAAE. 1983, %5 [M]. dbat: Wi R4L, 352pp. Wang Binhua.
1983. Sea Fog [M] (in Chinese). Beijing: China Ocean Press, 352pp.

T, T4 1989, MM =WE: M), dbat: R4 RRAE, 486pp.
Wang Pengfei, Li Zihua. 1989. Microphysics of Clouds [M]. Beijing:
China Meteorological Press, 486pp.

MRk, VRAIHE, BREE. 1989. S L X 7R 55 (1 T] BRI A B 45 1
[7]. #E2ER, 11 (4): 421-438.  Yang Zhongqiu, Xu Shaozu, Geng
Biao. 1989. Formation and microphysical structure of sea fog in spring in
Zhoushan area [J]. Acta Oceanologica Sinica (in Chinese), 11 (4):
421-438.

JATEHE, B 1963, ST 23 55 T MR B K Il R B A T IR ).
RI2£3E R, 8 (6): 1-7.  Zhou Xiuji, Gu Zhenchao. 1963. A number of
issues on the cloud microstructure and precipitation on process theory [J].

Chinese Science Bulletin (in Chinese), 8 (6): 1-7.



N W 37 %

562 Chinese Journal of Atmospheric Sciences Vol. 37
22°N
100
48 10
= 1
3
36' ° 01
1S
o)
% 0.01
24 =
-3
2 10
104
12
10
0 10 20 30 40 50
21°N D (um)
110°E 12' 24' 36' 48 111°E
BT OB CGRT T R B3 AT B4
Fig.1 Experiment site (Donghaidao, Zhanjiang) Fig. 3 The average fog droplet spectra during six stages

D (um)

0.10
0.03

N(cm® pm™)

2000 0000 0400 0800
22 Mar 23 Mar

Beijing time
Kl 6 i o Am B I A2 1L

Fig. 6 The temporal evolution of fog droplet spectra




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /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


