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Table 1 Spectral range of MODIS partial bands
BB St FEl/nm S3PE/m

1 620~670 250(FRFE 1 000)
2 841~876 250(FLRAEH 1 000)
3 459~479 500(FERAEH 1 000)
4 545~565 500(FERAEH 1 000)
5 1230~1250 500(FERAEH 1 000)
6 1628~1652 500(FERAEH 1 000)
7 2105~2135 500(FERAEH 1 000)

31 11.770~12.270 1 000

32 13.185~13.485 1 000
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Fig. 1 Positions of oil platform observing

the measured data
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Fig. 2 Flow chart of Bohai Sea ice thickness retrieval algorithm
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The red character part in the figure is the new step of the Canny operator to extract sea ice cracks”"*, and the blue character part is the improvement of the parameter

setting of the sea ice thickness exponential model'"”!
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P18 25 ) S R B K, PR A DX AT 4 7 A S TR
R T T DK DX DN B9 I K R R O i A8 T 9 DK

T 7K DXARTTAR 4 B 5, DK IXAR ST AR 9 Bl A (A

i P 2 B o AS A 1 925 o) o T 3 R A 4 11, 45 2R A

123°E

411017o 118 119°  120° 121° 122°

Pl 6b [t 7, H &1 AT LA 1B 5 09 9 7K B R 38 00 A B A
FFE IR b A e . FEADRSE i ] BRIk
H4 98 7K B v FH [T 2 1 0.06 725 Ay i 1A 458 ST o 195 140
M B AR A VB T ZE 0.05~0.13 Z M B sh S 50 MA .

123°E

117°  118° 119° 120° 121° 122°

T T 41°
ey 0.30 0.30
N — ks N
— R AR X |
\ 0.25 0.25
4001 400
0.20 0.20
39°k 2 39°F 2
0.15 = 0.15 =
0.10 0.10
38° 38°
0.05 0.05
37° 0 37° [ - 0

&l 6 Wi X R R (a) A K R RS A6 (E (b)
Fig. 6 The albedo of Bohai Sea (a) and the albedo of sea water interpolation (b)

4 4 0% 7 i JT] AVHRR 338 52 38 vk 5 35
XoF 3 Ul 3R B A B T 1R B S (2) 228 K (4),
Vg PKRE R A R 25 (Rl ) K B H 3k ik S0 <5 B A
A, o ()Pl TR UL 25 H , o Pl 73 1 B 0.1 1 0.7,
SR B S oA, BRI I3 125 9 004 SR FH KRS 522
WEHE 2 5305, OF BLgs (Rl vKE H B A B A e iR
2, [ A ATt TR O DR R ], e A 2R
], o) U AR A TR], P00 AR S B 28 56 B i v 1
T LA, AS PR HE BT DL B AT R B
Ty DB

Ha = =I{[1 =@ (h) [ @] /(1 = s/ @)} /. (4

Ry T A B A T B 04 50 Ul R B B A T, AR S
i AL by JBCES 43 9K JE S5 0 548 A Sy I 2 580 A (LA
A7 EG UL 2.2 795, K% R H 1 9 MODIS A G i1 B 04
FRA (3) 15 B3 AN X 11 o B3R 3 3 e 4B 30T Vg
VK 7K X R 3R A B 1%, AR AT S I B3040 BT 7 o7 1 vk

g K IR A v SRE K DRI SN ECHE B, i 7K B TR
Rl RE IR AR A (4), S B 1,

F 2 (4) AT, S0 R K, P B ARLIS EHE H, >5Ti
VRSN BE BERASE /NI, 235 o3 BERUEL P B/, RV A3
NI 2R 2 T B AR G R R IR 22, i A A
H A SR I e TR oy il AL 7 e, S
JEE R/ N R 9 K il 2R R, A 0 B, BEUIRE R e, 53
AR A T o 2B L, DK T IR AR B TR UK
ST, T DK PR B A | I 3 S W A A AR B
FCAR BRI Mo s 072, E 5 o T A TG vk AR UL R 1Y
FARZ L, It LATE S BRI FH v — K S 08 2R 8 e, B
W RE A o R T A% 21 0 28 e, ARG VA 1) B0 52 1, T
BN S AE B p AT HE— AR AR B HATIE 7 A
B SR R B B E S 219, S T i/ K (B2
VKIS /N T 6 om) A R B BRI 22, 3L JE DK ) S5 080 2R
BB 7 R 2 50, B EDN 1.85(14 7



1240 2R EJEAE. JET MODIS $UHE /Y )i 5 oK 5 BE S Ak

77

Tl S 2k ), AR 250 0.58, SRS BEAT B G L X
X A - S R 0 2 LN A B fEL A7 F 25 (18 7 o
P AR AL 2 0], e A B A B 1.74(1 7

B L ).
6 —
\
o o WEkTEwR R
5t oY o JEUkTEM AL
° i
A o N — PR |
5 o V- -EWARBANIME
g CO) 0\\
& 3 ° ° * '~
= % e
iﬂﬁ oL ° © ; oo: _________
T o T_—_J'j T e eI o=
1 S ':,r”
O ('\1// 1 L
0 5 10 15
FBRVKJEA/em
B 7 IR A2 5 D vk RS 5 o0 0l 3R 5O 1

Fig. 7 Scatter plot between attenuation coefficient and meas-
ured sea ice thickness of training data sets
500, 2 S Il W S R ) il B 2%

The green dotted line is the auxiliary line to help describe the conver-

gence process
vk Bt E SR MEIR IS

AR S 3t AR S B0 B 9T 4 B R AR A S
B BB 25 = A R . TR 8 R TV VKRS B I
T 85 L X U UK R B SR e | VA 7K SR R e I IE D, 28 5
U o AR, Y T DK IR R v 15 7K I HR
R e M AR, T KR B S 45 T 0, B % T K R
e BN, VKR B 45 R B B BT . A
Y K IS A8 R e NS B A 0T ARG A4 TR UK TR R
e X 37 A VKRS S TR 5 R . IR A AR TR VD VR A
14 7K X S M T, e g ¥ ), G S IO 1 g K R R R
@288 (0.09~0.13), Wk 35 S LATE (4 [ 22 {8 0.06,
IS8 11 T KRS B A A Al K, B T UK A X, L i 4
A AT LATKE] 5 om ZE A7 o T AR ST A4 AR 40 5 B
{50 T K R R A, 2 B /N R R DR D X
Vi VKR BE ) ST 45 B, 6 T R IR Sl 0.15 B UK, 1

34

o 1182 119° 120° 121° 12°E 118° 119° 120°
N a BGHEAT AN b Bl
e
40° o T 40 Eemmem i
e
Py i A
390 f gl LER - 390 : A ging
e S
%. e
350 SRS, 3l
S
Ly o
37° S 37° -

BA VK S IR 96 K R B R e 0.06 38K 31 0.1, 23 2
LR 8.7 cm i /NE S em(w BN 1.74), b, A
SIS I K04 AT MODIS %448 70 357 46 B T 1ok Vg X
T UK Y B B3 R U R B, U B 1,74, 5 Z i
[ 1.209 AH LGS, KR 5 38 25 R A AR 4 7N 30.5%

0.30 . :
— 0, =0.06 11,=1.209
025 | — %008 1,=1.209 e
’ 0,,=0.10 2,=1.209 s
- -0, =0.06 1,=1.740 2,7
020 F =0.08 1,=1.740 “
e - - 0,,=0.08 p=1. ’
£ s
i vz 7
b 0.15 ’
=
®
0.10
0.05
0 . . , .
005 010 015 020 025 030
%@%}iﬁﬁgaice

[d 8 AR 25 S B0 ST 45 AR5

Fig. 8 The influence of each parameter in the model on the

retrieval result

4 SCEZERAX SRR

{5LA 2010 4E 1 H 22 H R, 1 3 >4 H )i it
[X. MODIS FLR &l . i FAS SCHR H 0 KoK 43 1 B30k 4
IO DK L, AR5 (i FH 4 BR0OG 2 A80 p adt i 5 ol it Js
VL, DL Yuan 5500 1 2 25 5080 1k 9E 17 g KR
TR, A RN E 9 iR . WUKOK A BRI K R
AR ST BOHE vk LS 2 H OB (& 3) (99 vk
FERE O SRR R AL ORE RPN S % N U/E<
T R B S 3 25 S T, it S 1) B T 45 4 (&1 9b)
L5 2 WA E A /0N, 78 U VD B VR R R R 1 X e
Sk S, b e VA VS R SR M Y K T AR LT a7 B ) VK
(1 3), Btk i 33 2k (18] 9a) Xof 3k b 8 K (4 iz T 45 i 22
AT 0.1~0.15 m Z A, 1 ek i 5 Bk A R R 2T
0~0.05 m A X [E] P o P B0 GHE TS 45 2R 5 Yuan

121° 122°E 118 119° 120° 121° 122°E 0.30
rw-\._;}a\ N c. Yuan%[zs]m%% .':‘:\.._ ) | .
A 5" " 1%
” % ‘ 025
t ;._ aed 400 o 4
v | } 020
A Yo =
e - 390 5 . . 10.15
=
0.10 2
38°
0.05
g |
370 i i : . __

P9 it i 5 B2 S S 45 R X

Fig. 9

Comparison of retrieval results of Bohai Sea sea ice thickness



78

MAEEd 4445

Ao B 25 L (18] 9¢) BEAT X LE 43 BT, 2 [] 1 28 448 5%
P 2243 5]} 0.045 m 1 0.027 m,

F T 5 Yuan %5020 22 28 50458 A0 16 i AH B v AR
25 [F]E BU  e R 0k 1) LA 00, JCVRAE iR 22 ks
S AR o PR A ORI Tl v i b A o 5 S A A
P L o R S SRV EE SR G L b M 08 5 N . B

T rP g K R R 3R v 5 TR AR 0 Y BSCHERICR, 73
AR Ho — NSNS — SRR R AL, P i
S5 5 I B EAT LU, 4 AR i A5 R L3R 2.
o LA Hh AR A HEAT IR 22 20 A I AP ) 0 4 D
AR, 15 3.3 715 5 A T D AR Kl IR A9 1T 2
AT

#z2 BAREENXBBEINHEEREER
Table 2 Measured data of test data sets and retrieval results of Bohai Sea sea ice thickness
38 Wl SNl S REERTEEE O RRRE EUEE K R R fxaﬁzﬁﬁnﬁi% Ypan%”ﬂ )
JELJE /em JEFE/em FE(70)/cm FE(TD/em  FEEE(T2)/em BUSEREE(T3)/em  EJEE/om

20094F12H19H*  J79-3 5 35 11.42 5.6 8.06 7.93 8.95
20104F1H6H*  Jz9-3 8 6 16.6 9.49 13.66 11.54 12.7
201041 A 11H*  Jz20-2 5 3 14.24 5.88 8.47 9.9 9.28
2010417 24H*  1Z9-3 15 125 13.6 6.39 9.2 9.45 7.99
20104F25H*  J79-3 20 14 24.76 14.16 20.37 17.2 15.65
201042716 H*  Jz20-2 8 6 11.38 5.59 8.05 7.9 11.61
20104F216H*  J79-3 6 4 4.04 0.52 0.74 2.81 2.49
20104E1H29H*  j720-2 4 3 5.92 2.66 3.83 4.11 3.37
201042 12H*  1Z9-3 8 6 10.9 5.77 8.3 7.57 9.85
20134E1H26H* 37202 8 55 12.23 6.74 9.71 8.5 11.21
20134F2H2H*  JX1-1 10 7.5 10.65 6.85 9.85 7.4 10.87
20134F2H2H*  JZ25-1S 30 225 17.09 11.29 16.25 11.87 14.81
20134E1228H*  Jz20-2 4 2 1.71 0.82 1.18 1.19 1.45
20144E 1 12H Jz20-2 4 3.5 17.84 10.78 15.52 124 13.8

20144E1718H  JZ9-3 10 4.5 10.94 5.57 8.02 7.6 10
20144F2H11H  Jz20-2 8 4 12.37 6.84 9.84 8.59 11.61
20164E1 7 7H 179-3 12 6 9.22 3.97 5.72 6.41 6.85
20164F1H8H 179-3 13 8 10.44 4.5 6.48 7.25 7.25
20164F1H9H  JZ20-2 19 7.2 10.14 6.08 8.75 7.05 10.45
20164E1H12H 7202 13 5.8 10.29 5.21 7.5 7.15 8.64
20164F1H 130 JZ20-2 13 55 12.46 4.6 6.62 8.66 8.01
20164F1A18H 37202 10 5 20.56 12.09 17.41 14.28 14.42
20204E12H31H 793 14 7 12.68 7.99 11.49 8.81 13.41
20214E1H 1H J29-3 12 6.5 17.29 8.95 12.89 12.01 14.83
20214F1H7H  1720-2 14 7 14.01 9.1 13.1 9.74 14.35
20214E1H 8H J29-3 14 8 22.02 13.62 19.6 15.3 17.68
20214E1H10H 37202 12 6 19.59 9.82 14.13 13.61 14.65
20214E1H13H J79-3 10 7 18.63 10.69 15.39 12.95 15.35
202U4F1ALTH 579-3 14 9 15.59 7.99 11.5 10.83 13.78
SRR R PR 6.66 0.49 3.66 2.57 4.13
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Optimization of the Bohai Sea ice thickness retrieval algorithm based on
MODIS data

Zhu Xingyuan', SuJie"?, SongMei', Yang Qian'*, Liang Yun'*

(1. College of Oceanography and Atmosphere, Ocean University of China, Qingdao 266100, China; 2. Key Laboratory of Physical Oceano-
graphy, Ministry of Education, Ocean University of China, Qingdao 266100, China; 3. State Key Laboratory of Cryospheric Science, North-
west Institute of Eco-Environment and Resources, Chinese Academy of Sciences, Lanzhou 730000, China; 4. State Key Laboratory of Trop-
ical Oceanography, South China Sea Institute, Chinese Academy of Sciences, Guangzhou 510301, China)

Abstract: Sea ice thickness is a crucial parameter for monitoring and studying sea ice in the Bohai Sea. Aiming to
get more reliable data conveniently, we improved the ice thickness retrieval algorithm based of MODIS data, includ-
ing the ice separation process and ice thickness calculation method. In terms of ice-water separation process, some
steps like binary processing, threshold discrimination were added based on sea ice extracting with Canny edge de-
tector, which successfully realized the automatic high-precision extraction of sea ice range in the Bohai Sea. Mean-
while, through experiments, we optimize the parameters of the exponential model between sea ice thickness and al-
bedo, including sea ice attenuation coefficient and sea water albedo parameters, to make it more consistent with the
physical characteristics of the Bohai Sea area. The sea ice thickness retrieval results of the improved algorithm are
compared with the measured data of the Bohai offshore oil platform, and the error reasons are analyzed. The results
show that the average absolute error decreases from 7.05 cm to 2.74 cm, and the correlation coefficient increases
from 0.434 to 0.485.

Key words: sea ice thickness; Bohai Sea; retrieval algorithm; MODIS; ice-water separation
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