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Application of dynamic threshold method to sea fog
detection with FY-2 satellite

WU Xiaojing', LI Yun', HUANG Bin*, WANG Xi', SONG Wanjiao'
(1. National Satellite Meteorological Center ,Beijing 100081, China; 2.National Meteorological Center ,Beijing 100081, China )

Abstract Effective observation is a key factor in improving cognition and prediction of sea fog. Satellite
data is the most feasible observational data source, but requires high quality and fine detection
technology. In order to improve the sea fog detection accuracy under current conditions of FY-2 data
resources, a new method of sea fog detection for Yellow Sea and Bohai Sea is put forward in this paper.
The new method is based on dynamic threshold technics, and includes temperature, texture, noise
detection steps. The test results of day-time sea fog detection experiments show that though it still can be
improved during autumn and winter, the detection accuracy has been close to the international advanced
level in spring, which is a high-occurrence season of sea fog. To further improve the new method, more
sea fog events need to be collected to optimize the threshold acquisition scheme.
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Fig.1 Scatter graphs of the daytime sea fog regions in the range of 3.9-10.7 wm (a. FY-2E, b. MTSAT)
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Fig.2 The conceptual graphs of satellite images(top) and histogram distributions( bottom) in different channels( from left to right .
LWIR, MWIR, MWIR-LWIR, and visible light) using dynamic threshold
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Fig.3 The flow charts of sea fog detection (a. original procedures in night, b. improved procedures in daytime)
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Table 3 The KSS check index

Aty pURIIIRES 4 IE#I(R) THI(M) WHN(F) AN POD FAR KSS
1 1144 11 9 36 1088 0.55 0.03 0.52
2 1108 20 10 23 1055 0. 67 0.02 0. 65
3 1203 44 17 25 1117 0.72 0.02 0.70
4 1048 104 30 26 888 0.78 0.03 0.75
5 1194 59 13 16 1 106 0.82 0.01 0. 81
6 1335 117 39 38 1141 0.75 0.03 0.72
7 1071 131 36 20 884 0.78 0.02 0.76
8 1030 8 3 4 1015 0.73 0.01 0.72
9 1080 26 10 20 1024 0.72 0.02 0.70
10 1057 12 8 27 1010 0. 60 0.03 0.57
11 747 8 6 19 714 0.57 0.03 0.55
12 811 3 2 30 776 0. 60 0. 04 0.56

. . LY S N AR MTSAT LI ZEk} g 405 o 2, H
4 ERMEE Iy LS e 8 T 2 3 x4 31 0 W
H A sh 2 BE W (E AR B R B A AR R B 1 25 191 1 Xt T, 25 ) it A I {1
KRS a]  H BN T FY-2E/F/G (g Z Rz hagiR2E(E 7).
BIFAR, B, 5 X = 25 TR, 81k

(a) ST ZAR] SR (b) FR LTSNS (©) A oG A
5000 5000
8 000
4000 4000
6000
£ 3000 < 3000 &
= o
& 2000 lﬂ§ 2000 l&i 4000
1000 1000 2000
0 0 0
260 265 270 275 280 285 270 277 284 291 298 305 0 10 19 29 38 48
FHiR/K FLIR/K ST 1%
5000 7000 12 000
6 000 10 000
4000 5000
. < & 8000
< 3000 < 4000 N
=] e F 6000
8 R 3000 s}
& 2000 & = 4000
2000
0 0 0
260 265 270 275 280 285 290 270 276 282 289 295 301 0 11 22 34 44 56
ZEIR/K FELIR/K S5 #1%

17 MTSAT( |) il FY-2E(F ) BHIELLA (a) HIELLAN(b) AT LG (o) 838 Zh A S {E it 2k
Fig.7 The dynamic threshold curves in different channels (a.LWIR, b. MWIR, c. visible light) of MTSAT (top) and FY-2E

(‘bottom)
it 3R Bk B L o ) MTSAT (5 {8 53 5] EAG I 285 5 L 9000 22, Dt R T RT DO B A 7

B KRR LA 265 ~292 K, HiE LT Ak 270~313 K, A FREL, Hoh Al 27. 3 33/, H et — 5 X A%
D—ll_jlﬁ6%~27 3%0 {Eﬁﬁ%o meﬂ:djzuxlﬂﬁﬁ:ﬁéﬁqjﬂm%ﬁﬁqjﬂg



40 G S

ERE

%37 &

Z AR A, T JHC A 0 e i X8R 4 D A [ o A
N Te L), B SE — AN A f5e vy i (9 068 L, 3 1
JEIBEE Bl /N 7 FY-2E 30 285 B 19 i 2 14 v
A LG B A 217 1 (L 2 S B Y B T X

b TN
. /1 5 b

B (2011-02-23 03 00 LTCY

E 8 FY-2E(a)5 MTSAT(b) H3H 45 5AGI % H
Fig.8 The sea fog images (a. FY-2E, b. MTSAT)

5 &#it

O DA RIEH KRB Z—, RIEM A
JRIBIR T T3 55 ) W A O, PR T X T U S AR
1) ot e B R AR 5

SAEEAT LI 5 4 2% 14 T AT B v A A
WSS AR SUAE S 43 25 B A DN B3 1k vh B0 5 4R B 1
EREAR, A 5 5 dilik it T — &N
G N (5 (1 A BB LA ek B L 0 | e R ) 4 s Ak B
SRS Tt A T Y S5 A W B R T vk . Rk
AN S5 5 47, S5 A58 , £ % 2015 4 b 5 2
S LI P G 5 2 B, XoF 8 9 T A R 2 1 R AR DN 2K
AT, 20T R B[R] 2 7 i K o 10 I 20 265 10 5K
B B B A T (5 SR ) B IEARIE T
BV VAV 55 2 A 1) O, (R e X R 4 B
ZANEEIN = 855 28 542 0 AR S R B, i ]
A Ve PR R 15 Y 20 T 0% 0 7 2, B R S B UG A i >R FH
AR A, DR R 2h 2 R A S B A A
X SR R 55 2 & A 0 K 80U R A 22
Ao XA T 2 T3 ek sh A B A N i E
I 75325, HEBR A ™ it T e A e A

MHTH— A F L% TR K = DS 8 A
FERD, TR 18 B0 55 H AR S 80 L T R Y R S s

& TS (Quantization of digital count [ bit] )
PN AV B A, OB T [ B AEL 6 ~ 40 i [
BIERME . PHITE FY-2E A F B b mo ke 500
1Ml MTSAT &5 2= (K 8) o

@'l‘v ‘. -

], MR SE T Bez — i 3h A5 B E HR 1Y 2%
B RS IRR B A TR EE A 2
O M DX 55 A I 7 A I T AL 55 BE T B B T, A
BERBIWTFE AN O (E o (H H 5 2 A W LR
2256 iz FH T Aot 5k, i S0 4R B K U A AR
W ET LTSS,

Brigh - B AR AR 20w AR A5 P B Ak B A
R

SE Mk

[1] Zhang S, Yi L. A comprehensive dynamic threshold
algorithm for daytime sea fog retrieval over the Chinese
adjacent seas [ J ]. Pure and Applied Geophysics, 2013,
170(11) :1931-1944.

[2] Wu X, Li S.Automatic sea fog detection over Chinese

using Terra/MODIS data [ J ].
International Journal of Remote Sensing, 2014, 35(21) ;
7430-7457.

[3] Bendix J, Thies B, Cermak J. Fog detection with Terra-
MODIS and MSG-SEVIRI[ C]//Proceedings of the 2003
Meteorological Satellite Conference. 2004 :427-435.

[4] Bendix J, Thies B, Cermak J, et al. Ground fog detection
from space based on MODIS daytime data-a feasibility

adjacent oceans



52 4]

FelE A F A BT it (X

S DREFERIEA 41

[5]

[6]

(7]

(8]

(9]

[10] %

[11]

study [ J]. Weather and Forecasting, 2005, 20 (6):
989-1005.

Cermak J, Bendix J. Detecting ground fog from space-a

microphysics-based approach [ J]. International Journal of

32(12): 3345-3371.
Yi L, Zhang S, Thies B, et al. Spatio-temporal detection

Remote Sensing, 2011,

of fog and low stratus top heights over the Yellow Sea with
geostationary satellite data as a precondition for ground fog
detection—A feasibility study [ J].
rch, 2015, 151.212-223.

Ahn M-H, Sohn E-H, Hwng B-J. A new algorithm for sea
fog/ stratus detection using GMS-5 IR data [ J]. Advances
in Atmospheric Sciences, 2003, 20(6) : 899-913.

Lee J-R, Chung C-Y, Ou M-L. Fog detection using

Atmospheric Resea-

geostationary  satellite data: Temporally continuous
algorithm [ J]. Asia-Pac J Atmos Sci, 2011, 47(2):
113-122.

Cermak J, Bendix J. A novel approach to fog/low stratus
detection using Meteosat 8 data [ J].
Research, 2008, 87(3) . 279-292.

be . FY2C # (R R TR BB R 25 HR T ke bF 5T
[C]//2007 EPEIRFSERWE M
RG4s, 2007, 347-357.

Hunt G E. Radiative properties of terrestrial clouds at

Atmospheric

visible and infra-red thermal window wavelengths [ J].

Quart J Roy Meteor Soc, 1973, 99(420) : 346-369.

[12]

[14]

[17]

Eyre J, Brownscombe J, Allam R. Detection of fog at
night using Advanced Very High Resolution Radiometer
(AVHRR ) imagery [J]. 1984, 113
(1346) : 266-271.

Cermak J, Bendix J. Dynamical nighttime fog/low stratus
detection based on meteosat SEVIRI data: A feasibility
study [ M ]//Fog and Boundary Layer Clouds:
Visibility and Forecasting. Springer, 2007 1179-1192.
Ackerman S A, Strabala K I, Menzel W P,
Discriminating clear sky from clouds with MODIS [J]. J

Meteor Mag,

Fog

et al.

Geophys Res: Atmospheres (1984-2012), 1998, 103
(D24) . 32141-32157.

QX/T 267-2015, T3 & 3 J% 25 Wa ) 7= & il 4 452 AR 5 0
[S].

Gultepe I, Pagowski M, Reid J. A satellite-based fog

detection scheme using screen air temperature [ J]. Wea
Forecasting, 2007, 22(3) . 444-456.

Bendix J, Thies B, NauBl T, et al. A feasibility study of
daytime fog and low stratus detection with TERRA/
AQUA-MODIS over land[ J]. Meteorol Appl, 2006, 13
(2): 111-125.

Calvert C, Pavolonis M. GOES-R Advanced Baseline
Imager ( ABI) Algorithm Theoretical Basis Document for
low cloud and fog [ R]. NOAA NESDIS
Satellite Applications and Research,2010:69-70.

Center for



