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Abstract: Based on the data of automatic weather station, wind-profiling radar, ERA5 reanalysis, Hima-
wari 8 high resolution satellite and FM-120 fog droplet spectrometer, we discuss the circulation pattern
and microphysical characteristics of an sea fog event that happened in southern coastal area of Fujian Prov-
ince on 7 April 2019. Circulation analysis shows that this sea fog event occurred under the control of west-
to-northwest flow at 500 hPa trough bottom, while from 700 hPa to surface there was uniform southerly

flow. The sounding situation was stable. Before sea fog event, low-level wind speed decreased significantly,
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increasing the thickness of low-wind speed. This situation provided stable circulation for sea fog. Hima-
wari 8 satellite images show that the sea fog rapidly formed in the Taiwan Strait first and then advected to
coastal area affected by low-level southerly airflow. Hydrological analysis indicates that there existed a
cold water band and large temperature gradient near the shore. Sea surface temperature (SST) varied be-
tween 18 C and 24 C. The air and sea temperature difference was between 0 'C —2 'C with sea surface
colder than the air above, which contributed to the formation of advective sea fog. Fog droplet spectrum
analysis shows that visibility decreased dramatically while particle number concentration (PNC), liquid
water content (LWC) and droplet spectrum increased significantly at the same time. During the sea fog
3

3

process, 5 min average PNC exceeded 200 cm™* and instantaneously reached 468 cm™® maximum, and the

average PNC during the fog process reached 100 cm™*. The 5 min average LWC reached 0.41 g » m* and

3

1.35 g » m ? instantaneously. The average LWC during the fog process reached 0.17 g » m *. Fog droplet

size featured double peaks with 4 —6 yum and 22—26 pm intervals respectively during the fog process. This

indicates that small and big particles both can contribute to the formation of sea fog.

Key words: sea fog, air and sea temperature difference, fog droplet spectrum
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Fig. 1

(a) Locations of Xiamen Station and Xiang’an Station, (b) distribution of

automatic weather station, wind profiler and FM-120 at Xiang”an Station
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20:00 BT 7 to 10:00 BT 8 April 2019
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Tabel 1 Comparison of fog droplet parameter at Xiang’an Station with other coastal and inland regions
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(a) Diagram of particle number content (colored) of different diameters
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(b) average particle number contend during the fog period

4 ZhipSitie

AR SCORI)F M 18T 20 3 O8I0 5%k XU 4R A BE
BHERAS PR kL 516 8 Sl iR LR %
BEAFIE T 2019 4 4 H 7 H [ e U — R 55 o) B
{14 2 3 T 345 0 T AR R AIE R FM-120 78 25 % %
IXHIESE T 55 AT SRR . EEE0RT .

(D) PR 55 3 2 500 hPa & /i (4R 78— 75 b
A R 55 00 i VS VS R OIS B P I b T
55 R S5 BT HL T ZE 2 000 mo R B XL Y
BN 55 XL TR R B, L e R R
K Rt B 1) R A 4 AL 5 S 1 B T TR 4 R0 S il 1 K
AT

(2) i 43 HE% TR I R L vk it 25 ok R i o
T BT 1) i T U DX B R R M R SRR . B
Vi e PN ARG 2 O R R T B I b X A AT R A
Br & W] AR i SR 25 7E 0~2 C, H Ak
TR TR BR B R W IR TE 18~24 CL VR Xl 3
~5mes VHMTREREHENIE . T
V55 1) T A R A S ARV RO IR 25 T
2 e 8 BE A AT XU . AE AR TR RN R AR AR R Y
FERt b Wb TE 2 2 km S — 30009 55 VY U L T
MR T 18~24 C SR ZEN T 0~2 C
S ¥ A I 55 I AE 2 2 B 9 O L X R ) ey

DA FH 5 43 B R 0 ) R0 T8 A T 22 5 ok SE A
.,

(3) 3912 3l e DL 32 B S o 1 B 6 R B0k
A B8 I RS K R K 5 O 0 R
Sk 25 W] 5 min P2 0 B0k BE 06 (8 B = 2k 200
A e em 7, BE B S KORL T BOHR B GR F) 468 A4S -
o 5 min PFIHEBKEREEATREE0.1 g
m U PL LR IR E] 0.4 g o m L BRI B K AE A F
1.35 g« m LI ASKE B m . w5 i
HH AR R T R R S IR LU 25 R R A VA 4 I HE 4~ 6
M 22~26 pm, Z5HE R MR R /INBL T B0k 1
PR R T C=lsE  al 1 o  (E IANY YA A €7
/N 20 pm DA OB T 5500 BE 1 R S K B Al
HE— PR,

(DA L 2 1) %5 1% 1% 2 I Deirmendjian 43 #fi
FRAE « 5 PR VT 55 A e DX 178 5 18 328 U 4R AF A7 B G
Z5 . BORBE RIS R R EIRE XA R
- I/ TR Bt PR AR ST XA WA K )
TFAEFE AR SV U X, 5 T A T A R I O
SRR T B 0 N e ) e [ LA A e
FE R AU G R o SR 2 R W B KR
WA K it s FLACTT AT 0 ARSURE ) 1) 5 /S

cm

S % ik

FIMEA - 2006. v [l 3T ¥ 1Y J5¢ 0 25 ML A0 A E L AL 38 2 A B 722 Al 19 1F 52



el

A MR U IR — U BRI 55 O TR R BERR AL 20 A 167

[D]. M & : B 5 {5 8 T K2, Bai B R, 2006. The character,
mechanisms and interannual variation of China inshore sea fog
[D]. Nanjing: Nanjing University of Information Science &
Technology(in Chinese).

852 A, RO ARIAL L 1995, FIE IR T 5 FAL R R ST . e At
KE¥BE¥4R.18(1):114-118. Bao B T, Shu J X,Zhu B Q.
1995. Study on physicochemical properties of urban fog in
Shanghai[ J ]. ] Nanjing Inst Meteor, 18 (1):114-118 (in Chi-
nese).

FEBHE A =5 U L 5, 2018, AN TR L B2 S 80U O XTI 9 e
DX it % 5 A R BB R i [T ). R AURE A, 42 (6) ¢ 1344-
1362. Cui C X,Bao Y X, Yuan C S,et al,2018. Influence of dif-
ferent boundary layer parameterization schemes on the simula-
tion of an advection fog process in Jiangsu[ J]. Chin J Atmos
Sci,42(6) :1344-1362(in Chinese).

AT 5 5% 50 M SHEH L 2002, F I 1L 3 v 5 I W B AELT ). AR R R
2F 4R . 18(3) :227-236. Deng X J, Wu D, Ye Y X, 2002. Physical
characteristics of dense fog at Nanling Mountain region[ ] ].
J Trop Meteor,18(3) :227-236(in Chinese).

TR, 59 L 1k SR AL 55 L 2004, — YK B 18R 16 55 < 0 v 0000 5 0 A
UBFFE—Lh 2004 4F 4 3 11 A EILT]. op E 7 K22 4
34(5):720-726. Fu G, Wang J Q,Zhang M G, et al,2004. An
observational and numerical study of a sea fog event over the
Yellow Sea on 11 April,2004[J]. Period Ocean Univ China, 34
(5):720-726 (in Chinese).

SRR F84 [, 2016, Jb AT 2009~ 2013 4F ] ] F5 82 1 K 5 1 2 A
e H G5 BRI R [J]. KR ,40(2) :296-310. Guo L .
Guo X 1.,2016. The type, vertical structure and physical forma-
tion mechanism of persistent heavy fog events during 2009 —
2013 in the Beijing Region[]J]. Chin J Atmos Sci,40(2):296-310
(in Chinese).

B I R I L AF L2016, B ISR PY R E BT BUR 5ok R R
JEIrm L)) K4 R .44(6):928-936,955. Han M, Gao S, Zeng
J Y.et al,2016. Status and development direction of sea fog re-
search in western side of Taiwan Strait[ ] ]. Meteor Sci Technol,
44(6):928-936,955(in Chinese).

WO, B, X AR B 55 2009, 78 44 3t XU 5 Y R0 BN A A AE
(1] ¥ P24 42, 31(2): 17-23. Huang H J. Huang J, Liu C X.
et al, 2009. Microphysical characteristics of the sea fog in
Maoming Areal ] |. Acta Oceanol Sin,31(2):17-23(in Chinese).

BT B, BB 552010, 4% Hb X 5 K B B T I R AE K
HERAKTHE W E R LT # %R, 32(2): 40-53.
Huang H J, Huang J.Mao W K, et al,2010. Characteristics of
liquid water content of sea fog in Maoming Area and its relation-
ship with atmospheric horizontal visibility [ J ]. Acta Oceanol
Sin,32(2) :40-53(in Chinese).

WOHEZE , AT, X 2, 2015, — YA 1 WY T 5 A 91 A 0 {45
WBF5E T, R 2% 7. 31(5) 1 643-654. Huang H J, Zhan G

W, Liu C X,et al,2015. A case study of numerical simulation of

sea fog on the southern China coast[J]. ] Trop Meteor,31(5):
643-654(in Chinese).

B o, R R B 455 2010, 46 g 1 I R 10 55 2o AR o A T AR R 3C
PRRAELT]. KR4, 34 (4) . 715-725. Huang J, Wang B, Zhou
F X, et al, 2010. Turbulent heat exchange in a warm sea fog
event on the coast of South China[J]. Chin J Atmos Sci,34(4) :
715-725(in Chinese).

S M AR L WK A 45 1998, 7 b X4 5 25 A R B 45 H R
H A [T, %5 24(5) : 3-8, Huang ] P, Mei Q Y,Jin Y C, et
al,1998. Micro-physical structure features and evolution proces-
ses of radiation fog in Huning Region[]J]. Meteor Mon, 24(5) ;
3-8(in Chinese).

R TR R SR AT L 55, 2020, Tt Bk 8 SR BT RL 9 51 T TS Y
FBFHEAIHT L], PR RE 2 244, 40(2) : 450-458. Jiang Y C,
Zhang H Y,Zhang W ,et al,2020. Analysis of urban boundary lay-
er characteristics based on ground-based remote sensing data in Xia-
men[J]. Acta Sci Circumstantiae,40(2) :450-458(in Chinese).

IR BRI X H e, 45,2019, 2018 48 I — R 5 L35 2 1k 55 -
FRAMMLI]. A %.45(8):1123-1134. Lei Z C, Zheng Y Y,
Liu Y F,et al,2019. Causes analyses of a severe continuous fog-
haze weather process in Changzhou in 2018[ J]. Meteor Mon, 45
(8):1123-1134(in Chinese).

AT X B B L 201 1. R IR 55 55 T T AR BE 0 S0 L i AR R0 R 0
ZAFL)]. R BE%,35(1):41-54. Li Z H, Liu D Y, Yang J,
2011. The microphysical processes and microscopic conditions of
the radiation fog droplet spectrum broadening[ J]. Chin J Atmos
Sci,35(1) :41-54(in Chinese).

BFAZ 5, 1994, BT A FF MY EAERRELT] AR %
52(4):477-483. Li Z H,Peng Z G,1994. Physical and chemical
characteristics of the Chongqing winter fog[J]. Acta Meteor
Sin,52(4) :477-483(in Chinese).

BT R L1995 MR X AR Z M AR ELT ], /g st LG ¥ B
#2.18(1):46-51. Li Z H, Wu J.1995. Winter fog droplet spec-
trum features in urban area of Chongqing[ J]. ] Nanjing Inst
Meteor,18(1) ;46-51(in Chinese).

TR IRAR BN RC, 1993, T PO XA 28 55 1 28 TROWL 45 1) B L
HAL ] B R4 2 e 2 4, 16 (1) 48-54. Li Z H, Zhang L
M, Lou X F,1993. The macro- and micro-structure of winter fog
in the Chongqing urban district and the physical cause of its for-
mation[ J ]. ] Nanjing Inst Meteor,16(1) :48-54(in Chinese).

AR F SR, EIEAE, 2008, 8 YV 1 55 1 Kk A B0 A IR 43 T
[J]. ¥ PE2EWF9E,26(3) . 71-76. Lin W H,Jiang R F,Wang Z T,
2008. Analysis of the occurrence and origin of heavy fog in
Meizhouwan Bay[J].J Mar Sci.26(3):71-76(in Chinese).

X3 BH 5 2011, B 5% 4 75 55 2 T UL B4 4 1 L A 9 LD . i e e
A EE TR K. Liu D Y, 2011. Observational study on the
winter fog macro- micro-physical structures in Nanjing [ D].
Nanjing: Nanjing University of Information Science &. Technology

(in Chinese).



168 A

% 547 %

S 3 B AU L 4 2L 45 2009, 2006 4F 12 H B RUIESE 4 RIS 1Y
TRy LS A R AR AL ) ). A4 2 4], 67 (1) 147-157. Liu D
Y,PuM]J,Yang J.et al,2009. Microphysical structure and evo-
lution of four-day persistent fogs around Nanjing in December
2006[J]. Acta Meteor Sin,67(1):147-157(in Chinese).

XU/ SR PR, 45 PRFE L 4L 2005, & B K 25 1 MR RR AE T A8 Ak ) B
L] WS R 5. 16(2) :220-230. Liu X N, Zhang H Z,
Li Q X,et al,2005. Preliminary research on the climatic charac-
teristics and change of fog in China[J]. ] Appl Meteor Sci, 16
(2):220-230(in Chinese).

Bl RS, 2R A7 B 7L 45 2010, I A 28— IR 3 o B R IWOUL 45 4 1
RASFFE B B 23 B L], KRR 2, 34 (4): 681-690. Lu C S,
Niu S J,Yang J.et al,2010. Jump features and causes of macro
and microphysical structures of a winter fog in Nanjing[ J]. Chin
J Atmos Sci,34(4) :681-690(in Chinese).

Bt R AR RIS, 45, 2014, VT M X — YR ¥ 5 A0 1 55 1 ) B
FAELT]. KRR ,37(2) 1 208-215. Ly ] J.Niu S J, Zhao L
J,et al. 2014. Microphysical characteristics of a sea fog influ-
enced by a cold front in Zhanjiang[J]. Trans Atmos Sci,37(2):
208-215(in Chinese).

DG E R RE A 2011 48 2R IG5 1 S AR LR E 4
BrlJ]. P AL < 4. 32(s1) :69-73. Ma Z G,Zhang C G,Chen
J J.et al,2011. Analysis on climate characteristics of coastal fog
in Fujian Province[ J]. Chin J Agrometeor, 32 (s1): 69-73 (in
Chinese).

A AR B 42016, SEAROR P E ERFST IR LT]. A4
B gERE.6(2):6-19. Niu S J,Lu C S,Lv J J,et al,2016. Ad-
vances in fog research in Chinal[J]. Adv Meteor S &. T,6(2) :6-
19(in Chinese).

WEAGAE L™ SO, T R L 5F L 2008, B A ZE 55 0 R Tk SR Y ) R
FEWFFELI]. 6 A 42, 27(5): 1111-1118. Pu M ], Yan W L,
Shang Z T,et al,2008. Study on the physical characteristics of
burst reinforcement during the winter fog of Nanjing[]]. Plat-
eau Meteor,27(5) :1111-1118(in Chinese).

VO B, X AR 4L 2010, 1 5 pHE R IR B AR AE L) ). F R %
% ,26(1):71-78. Shen C, Huang J.Liu S D, 2010, Characteris-
tics of quasi-periodic oscillations (QPOS) in sea fog[J]. ] Trop
Meteor,26(1):71-78(in Chinese).

TR 1998, 5 T W e i 55 1 AR AT AT LT ], B IS, 17(1) 25~
28.Su H M, 1998. Climatic analysis of fog in Taiwan Strait[ ] ].
J Oceanogr Taiwan Strait, 17(1) :25-28(in Chinese).

FMAE.1983. ¥ 55 (M. Jbat: i 7 A AL, Wang B H, 1983, Sea
Fog[ M]. Beijing: Marine Press(in Chinese).

FHE R EMFLE L 25,2019, — WOF 1R 2 0% 10 AL 35 45 10E BF
%[J]. K% .45(3):395-406. Wang B N, Zhang X R,Pu M ],
et al,2019. Characteristics of the formation and spread of an ad-
vection fog[J]. Meteor Mon,45(3) :395-406 (in Chinese).

FEBK S Rk 2020, HEFE IE A HIL H Ik 1 5 0 I B R 40 A 2
HAE— R B RS g i LT ). R4, 46(1) :89-97. Wang

H B, Wu H, Li Y, et al, 2020. Validation of rotorcraft UAV
boundary layer meteorological observation data and its applica-
tion in a heavy fog event in Yancheng[]J]. Meteor Mon,46(1):
89-97(in Chinese).

EP AT BT L5, 2019, Y — UCOT- TR A 5 09 T B2 H K
WASRRAEL]]. R4, 45(9) :1299-1309. Wang Q,Li J,Fan M Y,
et al,2019. Microphysical structure and evolution characteristics
of an advection-radiation fog event in Jinan[J]. Meteor Mon, 45
(9):1299-1309(in Chinese).

F S0 R B A A 2007. e U8 RBE 11 AN BV 55 I 2 B0
SRS EEILEEBE ST ], AR 4R, 65(3) :406-415. Wu D, Deng
X J,Mao J T,et al,2007. A study on macro- and micro-struc-
tures of heavy fog and visibility at freeway in the Nanling
Dayaoshan Mountain[J]. Acta Meteor Sin, 65 (3) : 406-415 (in
Chinese).

R, FBELT, R/ 2009, FAIFE (M. db gt db st d AL, Wu D,
Wu X J, Zhu X X, 2009. Fog and Haze[ M. Beijing: Beijing
Press(in Chinese).

IR R KA BRI, 1994, 55 B 95 55 55 0 % 5 & K HOR I 5 20470 .
WEPEI VA B R, (2):174-178. Xu ] Q. Zhang Z, Wei H, 1994.
Measurement and analysis of droplet spectrum and liquid water
content of sea fog[J]. Trans Oceanol Limnol, (2);174-178 (in
Chinese).

VE4 B, 1990, I 7Y F7 36 55 19 e it 43 A LI 1. 5 PR TR L 7(3) 1 58-63.
Xu J J,1990. Statistic analysis of sea fog in the west coast of
Taiwan Strait[ ] ]. Mar Forecast,7(3) :58-63(in Chinese).

U SCHE S X g BE S AR A L 4 L 2010, B st i X TR 25 T A T B 45 4
fiE[J]. K4 .36(10):29-36. Yan W L,Liu D Y,Pu M J,et al,
2010. Formation and structure characteristics of precipitation
fog in Nanjing[JJ. Meteor Mon,36(10):29-36(in Chinese).

R VR 2R AR BKEE L 1989, A Ll b IX 75 225 55 (1 T2 RN R BELAS 1
(). ¥ P24 4], 11(4): 431-438. Yang Z Q, Xu S Z, Geng B.
1989. The formation and microphysical structure of spring sea
fog in Zhoushan Area[ J]. Acta Oceanol Sin,11(4):431-438(in
Chinese).

FrARI, £ ST, SSCR], 2015, At ik 3 X A 7 55 5 9 I 25 A f
ARARREAE [T ], A [ R 2% U BR B} 2%, 45 (5) . 649-655. Yin Z C,
Wang H J,Guo W L,2015. Climatic change features of fog and
haze in winter over North China and Huang-Huai Area[]]. Sci
China: Ear Sci,45(5) :649-655(in Chinese).

TAEYE AR XIS 45,2015, 2007 4 12 J B RC SR &l B
RO S5 Hy B AR AR L) ], RABH3#.39(1):47-58. Yu H Y, Niu S
J.Liu P,et al,2015. Evolution of the macro- and microphysical
properties of precipitation fog in December 2007 in Nanjing[]].
Chin J Atmos Sci,39(1) :47-58(in Chinese).

S A B S 2013, VT M IX I 1B R ) R
1 R B WORBHE 23 B[], KRB, 37(3) :609-622. Yue Y Y,
Niu S J,Zhao L J,et al,2013. Study on the synoptic system and

macro-micro characteristics of sea fog along the Zhanjiang coastal



el

A MR U IR — U BRI 55 O TR R BERR AL 20 A 169

area[ J]. Chin J Atmos Sci,37(3):609-622(in Chinese).

AR BE L RN . 2009, MODIS & BOEUE £ 1 E 4 1 i bk i
5 W e A R LT ] 0 U842 4, 20 (1) 2 8-16. Zhang C G,
Cai Y Y,Zhang J C,2009. The application of monitoring sea fog
in Taiwan Strait using MODIS remote sensing data[J]. ] Appl
Meteor Sci,20(1):8-16(in Chinese).

TREFEE RN BRI AR. 2013, — UK R Y I 55 O B 45 Al A 4 43 B
[J]. RAR,37(3):552-562. Zhang S T, Niu S J, Zhao L J.
2013. The microphysical structure of fog droplets in a sea fog
event in the South China Sea[ J]. Chin J Atmos Sci,37 (3):552-
562(in Chinese).

RIS BRK S, 2008, 3T 4 o [ i 55 WF ST HE R LT . o [ 9 R 2
2#4,38(3) :359-366. Zhang S P,Bao X W,2008. The main ad-
vances in sea fog research in China[ J]. Period Ocean Univ China,
38(3):359-366(in Chinese).

TRIRF e B, TRk, S5, 2014, 3R [ 2R FE U U — YK ) R 55 46 T
Iz R B LD . A R P R 24 2441, 44(2) : 1-10. Zhang S P,

Long J C,Yin Y J,et al,2014. Analysis of the process of a local
sea fog lifted into low cloud in Eastern Chinal]J]. Period Ocean
Univ China,44(2) :1-10(in Chinese).

TR BERE S SR ET L 55 L 2015, IR P 5 — R 55 0 AR R A 1 B HGR
IREFAEBFFEL)]. P A4 237 . 31(3) : 385-394. Zhang Y. Fan S
X,Zhang S T,et al,2015. The microstructure and characteristics
of fluctuation of a sea fog along the west coast of Taiwan Strait
[J].]J Trop Meteor,31(3);:385-394(in Chinese).

Eldridge R G,1961. A few fog drop-size distributions[]J]. ] Meteor,
18(5):671-676.

Kumai M,1973. Arctic fog droplet size distribution and its effect on
light attenuation[ J]. J Atmos Sci,30(4) :635-643.

Kunkel B A,1971. Fog drop-size distributions measured with a laser
hologram cameral J]. ] Appl Meteor,10(3) :482-486.

Roach W T,1976. On some quasi-periodic oscillations observed dur-
ing a field investigation of radiation fog[J]. Quart ] Roy Meteor
Soc,102(432) :355-359.



