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Fig. 1 H-8 satellite image of study area at 15:30 (UTC) on April 29, 2020 (a) and distribution of main flow fields in the study area (b)"**
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#z1 H-8 B GK-2A K BR4HE
Table 1 Band characteristics of H-8 and GK-2A

H-8 GK-2A
Bkl
7 /um FRUb IR /um BT RSP km e /um FU K /um BT R P /km
1 0.43~0.48 0.47 1 0.45~0.49 0.48 1
2 0.50~0.52 0.51 1 0.49~0.52 0.51 1
3 0.63~0.66 0.64 0.5 0.63~0.68 0.64 0.5
4 0.85~0.87 0.86 1 0.85~0.88 0.86 1
5 1.60~1.62 1.61 2 1.37~1.38 137 2
6 225~227 2.26 2 1.59~1.63 1.61 2
7 3.74~3.96 3.89 2 3.74~3.93 3.87 2
8 6.06~6.43 6.24 2 5.79~6.63 6.40 2
9 6.89~7.01 6.94 2 6.74~17.21 7.04 2
10 7.26~7.43 7.35 2 7.20-7.42 7.24 2
11 8.44~8.76 8.59 2 8.41~8.77 8.47 2
12 9.54~9.72 9.64 2 9.43~9.81 9.50 2
13 10.3~10.6 10.41 2 10.12~10.59 10.37 2
14 11.1~11.3 11.24 2 10.90~11.56 11.35 2
15 122~12.5 12.38 2 11.81~12.92 12.34 2
16 132~13.4 13.28 2 13.02~13.57 13.24 2
2 BATHEEAHNEHFESTHNIEZERBEIE
Table 2 Satellite remote sensing image data used for infrared radiation characteristics determination of sea fog
H i1 H-8WEMIE} ] (UTC) X 42k
1 201843 H23H 18:00, 18:30, 19:00 I
20184E3H24H 11:00-12:30 ([EIf% 10 min) B
20184E3A24H 13:00-19:00 ([ f%30 min) BRI
201843251 11:00-19:00 ([a] %10 min) VYA
20184E3H26H 11:00-19:00 ([EIF#30 min) B
2 20184F4 4 18H 17:00, 18:00, 19:00 O TRAAR M ALV
3 20184FSH8H 13:00-19:00 ([f1] {30 min) BRI, IR AU, AL T AR R R I
20184E5A9H 11:00-19:00 ([#]f%30 min) PRI RS IWAREEARIR T, I T AR BRI
201845 A 10H 11:00-15:00 ([A]f%30 min) B RS IR R IR | AL T AR R AR
4 201846 19H 21:00 Iy I R A S
5 20194F2H24H 18:00 BRGS0
6 20194F4H7H 11:00-17:00 (/& %30 min) T R . WL AR | AR L B VS ik
20194F4 A 7H 17:20-19:00 ([ F% 10 min) OGP SV, . WV B AR MR . A M 3 VS e

LA B, BE A KRR = 5285 4 e o s, MR T 4 VAT A e D% B, T %5 L B 25 JK IR
T O BEAH S 2040 9.64 um P BER T A AW FUE = 78 9.64 um I BE Al 13.28 um I BE A =2 IR A
MW, 204 13.28 pm BB LA AALBRAUKIRANES W R R, HodAE 9.64 pm i B, W55 RS a5 KRR R T
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Table 3 Satellite remote sensing image data used for algorithm validation and result analysis
Hi H-83LM i [E] (UTC) GK-2AXM A ] (UTC) X J5k
1 202042 18H  18:00, 18:30, 19:00, 19:30 18:00, 18:30, 19:00, 19:30 {738 e TR | 5 9
2 20204E4H29H  12:30-17:00 ([AJFA30 min)®  12:30-17:00 ([AIFA30 min)" ILACE BRI i ALHE , BOEIHIEL
20204E4H30H  12:00-17:00 (F]fF60 min) 12:00-17:00([A] {60 min) AR B AR IE  EhIAL AR WO ok
20204ESATH  12:00-14:00 (]fF60 min) 12:00-14:00 (/)60 min) U B S N = | A N R P NHE3E
3 20204E5H 16 H 11:00 11:00 B R FRE SV
4 20204523 H 12:00 12:00 AL ARFIRT IR AR AL AR
5 20204E5H 26 H 19:00 19:00 I ARILES. B LS
6 202046 H3 H 12:00 12:00 BHEIE  AR  BSTER SR

TE: #FR YL B T#55 KA A R B ER J3 Ak, 1 [a] [ B 10 min .

290
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¥ 246 = =G - WAk
] =iz =~ v
12 224

202 +

180

389 859 964 1041 11.24 12.38 13.28
B/ pum

K2 AE 2RI 7 AN /Y52 I 5T A
Fig. 2 Distribution of brightness temperature of different types

of feature in 7 channels
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MT MBI 2E . IR E S0 TS i
25 KA FIIE = 76 3.89 umil BE 5 8.59 pm 3 B ) =2 iR
% (BT 35— BTg50) F1 9.64 pm P B 5 10.41 pm B 52
Tk 22 (BT o= BT 0a), MTTT U5 BH 1 55 55 W 25 7K ARG
7= A A by B DX
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HAr A FE =5~ 0 K Z (0], 05 25 2K AR 1 52 i 25 ( BT 50—
BTss) WK T 0K, 521 2% (BT s — BTs50) 0] 143 55 16
Z5 R 25 7K A 15 25 19 58 1 25 (BT o6 — BT o) B 1 43
MAE-35~-20 KZ[A], —ft = R 1Y 58 i 22 ( BTow—
BT o4) KT =20 K, 52 25 ( BToes = BT 100) 0] F T 53 2§
HEM KR,

AN, & 3b 7 T 55 A AS F X 4 AR = A
ATERCG ] E S, BRI oK = AN 25 7 52
25 (BT 559~ BTs59) Fl (BT 064 — BT 10.1) I I 58 S R A AH AT,
Ry T 2 U B RN AR 2 1 £1 A A A 22
5,06 K AE 3.89 um U B 5 9.64 wm U B 1Y 47 il 25
(BT 35— BT o) A1 3.89 um % Bt 5 8.59 um I Bt 19 52 1R
25 (BT35— BTss0) 4T T 20 H7 (1 4). B IE 4 W] 50,
FHREARFUR B FEATE B ] o3 % o AT 55 F1
= 52 25 (BT 35— BTs50) (HI T A i fE-3~0K
Z 8], 5k 25 (BT 35— BToo) (HI P A HE 19~25K
Z IR, T3 R 2 SR AE RS & LK (BT 30 — BTy,

BT 43— BTs5+5
BTy~ BT o) MR T 21 (18, =5) MR =
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R GiT25 K2, 185 HRER/ANT 0.9, K = 1
KT 0.9, BEHIRERATH T 85 L= .
33 BENSERST

%5 5 HoAh = A L, % TSCHDGH, 1= T
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Fig. 3 Sample distribution areas of different typical features
(a) and their scatter plot distribution on ( BT 34 — BT 59) and
(BT 964 — BT 19.41)(b)
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The sea fog area is identified as area 1; the water area is identified as area

2; the low cloud area is identified as area 3 and area 4
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Fig. 5 o (BT;g) frequency distribution of sea fog and low

cloud
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Fig. 6 Night sea fog monitoring algorithm based on multi-exponential probability distribution
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Fig. 12 Sea fog monitoring result based on data of H-8 on April 29, 2020

5 BE AR 4> A (B 12¢, B 130); B T 12 B 20 43
(UTC), fEC A1 55 3k 5 29 120 km &b A7 /)N T AR
FoR 25 A i (R 12d, 18 13d); 96 1 76 55 Bt 25 1 1) 72
A DY JE R R YR (K 126, Bl 13e); 7E 13 1) 30 43
(UTC) ¥ #0418 B8 AR il 2, IRl B
FEE MG AL ERUY  LL AR P B R O AR 5 X (]
12, &1 130); ML 5, 1555 32 A i 1) e b & 2 K e, )
T 32 T A S 2 ARV, 1] AL A2 il b A B2 L, S 28 3k i
Yk 2z 1] WO AL R 5K, 1 55 B AT DL AR R
(Fl 12g, B 13g); EF 16 i 30 43 (UTC), M &AL H 5
AR S5 A, P TR 55 X I b v s BT, e, T
%5 OV 4k T B BUA, 55 10 IR0 A8 R0 , 10 AL i
CP 121, 51 131) 0 W0 %5 5L 37 b7 b 38 B 1 A Y 9 25 1)
AR, AR KRR GE R

VR 55 = F 2 — R MR S 3 55, ) R R v
FUBERA TR OB N — R B BSR4 1 14 14

i & 14an] WL, 16 11 B (UTC) B . 580 38 77 76 O o XL,
GHTE 12 m/s 747, i e KURI] T B A v 1 I 25 <
Wk BB L I, e B R A T S
A KR, B S s A SRV BE 2 35 31 85% LA
I, 0~500 mib 3 iR 2 B 477 (K 14d), BRIBZS S
T EBA K ZE OB B T T, 75 5 V8 KBRS IE LT %
(K 12a &l 12¢, & 13a 2 & 13¢); 11-17 B (UTC) #
8], i e KRR SEAE TR, B 6 AN B dth Sy 38 | 390 T ok 12
B 23R, A5 25 SO R B — ELOR R AE 90% LA |,
0~ 500 m (139 i 2 &5 Fr i sk (8] 14d), 151 X 45
W55 AW A K (B 12d 218 12f, B 13d ZE 130 3t %
R (B 12g% & 12, K 13g =& 131),

6 ZEiHITE

AR SCVEHE 20182019 4F 78 B . i Ik & A Y TR
A, I H-8 TR UL S AR 5, b 1 i 5s



176

MHEEdy 4345

a. 11:30 (UTC)
115° 120° 125° 130° 135°140°E gy 300

b. 11:40 (UTC)

115° 120° 125° 130° 135°140° E

¢. 12:10 (UTC)
300 115° 120° 125° 130° 135°140°E g 300

40° 290 40° faE W 290 40° « 290
N N | o N
350§ 280  35° 280  35° 280
3(0° 270 & 30° 270 ¥ 30° 270
z= = =
25° 260 1] 250 260 iR 250 260 iR
200 250 500 250 e 250
150 240 s 240 s _ 240
% 230 % 230 % 230
d. 12:20 (UTC) e. 12:30 (UTC) f. 13:30 (UTC)
E g300 115° 120° 125° 130° 135°140°E g 300 115° 120° 125° 130° 135°140°E g 300
290 400! : s 290 400 i ' ) 290
N N
280 350 280 350 280
270 % 30° 270 g 30° 270 %
) I - |
260 12 50 260 48 550 f8 260 12
250 L0 250 L. 250
24 24 24
0 s : O s 0
230 % 230 W% 230
g. 14:30 (UTC) h. 15:30 (UTC) i. 16:30 (UTC)
115° 120° 125° 130° 135°140°E g 300 115° 120° 125° 130° 135°140°E g 300 115° 120° 125° 130° 135°140° E g 300
40° e 200 400 (SRS O ” Sl 290
N N N [ 7 o B
35¢ 280 35° 280 350 ) 280
300 270 % 30° 270 % 30° 270 %
250 260 18 5s0 260 18 550 |8 260 12
200 250 0. 250 0 250
150 w0 : 10 | 240
W% 230 W% 230 W% 230

13 2020 4F 4 F 9 H AT GK-2A U 1018 5 i 45
Fig. 13 Sea fog monitoring result based on data of GK-2A on April 29, 2020
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Nighttime sea fog recognition based on Himawari-8 data

Hao Shuxin **, Hao Zengzhou 23 Huang Haiqing 23 NiuRui?, PanDelu®®, GuJ ixing4

(1. School of Geographic and Oceanographic Sciences, Nanjing University, Nanjing 210023, China; 2. State Key Laboratory of Satellite
Ocean Environment Dynamics, Second Institute of Oceanography, Ministry of Natural Resources, Hangzhou 310012, China; 3. Southern
Marine Science and Engineering Guangdong Laboratory (Guangzhou), Guangzhou 511458, China; 4. Yantai Marine Environmental Monit-
oring Center Station, State Oceanic Administration, Yantai 264006, China)

Abstract: Sea fog is a kind of disastrous weather phenomenon which occurs on the sea surface. Mastering the distri-
bution and dynamic changes of sea fog can effectively reduce the disasters caused by sea fog. Satellite remote sens-
ing observation has the characteristics of near real time, wide coverage, continuous observation and so on. Espe-
cially the geostationary satellite remote sensing observation with high time resolution, which can continuously and
dynamically track the occurrence, development and extinction of sea fog. The sea fog events in the Yellow Sea and
Bohai Sea are taken from 2018 to 2019 as examples in this paper. Based on the analysis of the multi-channel bright
temperature radiation characteristics of sea fog in the Yellow Sea and Bohai Sea by using Himawari-8 (H-8) geosta-
tionary satellite data, the separation index of sea fog and cloud, the separation index of sea fog and water, the slope
index of multi-band brightness temperature difference and texture index of mid-infrared bright temperature are
defined through the difference and ratio combination of different bands, and the night sea fog monitoring algorithm
based on multi-exponential probability distribution is proposed to realize the automatic identification of sea fog at
night. The algorithm is applied to H-8 and GEO-KOMPSAT2A (GK-2A) geostationary satellite data respectively.

The position distribution and coverage area of sea fog identify by multi-time satellite observations of six sea fog
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events from February to June 2020 are compared to achieve mutual verification. The results show that the al-
gorithm proposed in this paper can effectively recognize sea fog at night. The monitoring results every 10 minutes
of continuous observations of H-8 and GK-2A at night on April 29, 2020 are selected to follow up and analyze the
area where sea fog occurred, it shows the occurrence, development and evolution of the sea fog event clearly. It in-
dicates that the algorithm can monitor the distribution of sea fog and track the development and change of fog. It

can provide scientific basis and decision-making basis for the prevention and mitigation of sea fog.

Key words: sea fog; infrared remote sensing; geostationary meteorological satellites; band combination
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