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Fig. 1 True color RGB images covering sea ice in Liaodong Bay from December, 2021 to March, 2022 CZI true color RGB images
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Fig. 4 Discrimination of cumulus clouds in images

25 A5 20 pk N A B TR R an 1A 5
TN IR OCHE S A 24 — A HY-1C/D
TREZEHE, MNEAFREM S (BxMED)
BYSEI 5 2 B AT I UK 5 T T RV 7K %) B S
225 PEAL R 3 TR R B R D' 1 R AR 22
I S VKBRS T CZI AR Byt vk 4
B B 6 fir s, 20214F 12 H 5202243 A %)
G390 X5t 17 ¥ UK F U A BRN UK 25 R A B B, W R
S DRER7 S o A VS I o A 1 N 727 & (F (N BT NV
o s 25 43 HE A 1Y CZLEHE B S8 BEX 1L 2R 145 ¥ kR A
UKIA R AL W 725 2 (8] 43 HE R AR IR CZLE A 7T L)
UL T000 281) g DK 9 TED RS 28 () SOIURRAE DA R AR /N
)RR K R TRE K T 7K 8] 1) A/ INGE B 5 T s Ao [) 3
U RT LK I DK 4 4 A7 3 AR Ak 3 R A TR SO0
W, ARSI, WEkAE 1 H P R A k2
S RRCTRNE S| D230 -1 B 527/ 7 o (TN B NP R 53 G
SR PR, = UK R ER L 2 B
TSNS Y 25 . AR SR A, DL B
T8 = 1 5B COCTS AL A1 ik BE %5 18] 43 2R
(1100 m) IEfik T CZI%HE (50 m), b T HRIETEIK
T A HERR P, B 2= R 43 R v DK A
MR AGIRGBITHIN R, X B N
T VKR 2 32 AR TR Hh ) 2 T R R, (EARGE T
T UK 8 TR o

(b) COCTS $ A4 LT A

R CHPRR, G ZFEA, HEETEEH
BEVKOK IS R E R R, e 5, 2033 H AR HL
F{E 0.02, SEHRVKIK AT ES .

BT/K m
1.16 267 283

4
R(86S)/R(670) e =

(¢) COCTS SEAR A LR
LI BRI

(b) NIR-red reflectance
ratio of COCTS image

(¢) BT of COCTS image

4 IR TSI R S I R

41 BERKZREEMHE

15 VK % £E £ SIC (Sea Ice Concentration) #5 f¥)
S B THT AR PN R URBE S B A e b, R ARSI UK
JLHISIE (Sea Ice Extent) F1 KT AL SIA (Sea Ice
Area) WA XF TGP, UK A A C
WF5E 2T R RS (8] 3 BE RSB ISR, BN 2
il NOAA SR FH )Ml 55 Al g vk o 48 B S ik, (8
FEHET VIIRS Bdfi 25 18] 73 B R0 750 m IO £10GI BL
(662—682 nm) 4l yK 5 4l 7K AR TC A4 S I 56 22 7
SE I UK BT o5 FE A B (i 55, 2016) o A
HEBR = R R i A ARG R, B 6 XIS 25 251
{9 CZIFI COCTS Rl L 34% , M vk AL FEAG T 05X
e

O%’ Rp < Rwater
R, =R,
SIC, = Rl—iR’ R...<R, <R, (5)

100%, R >R,
A, SIC HIBUKEERRE, R GICEFRIUN R,
R, FIR, 43 BIACFRELK NS vkAG T 0 B S 5 3
R, UES KR TAA L, 2K HKTM<65
B, R, UEHN0.05, RHRTUMA>65 0, R,
WE R 0.07, MRALTF R, B, ATIA N &4k &
JCs R IBCHETMGICALE A 50 x 50 ME 0T A



2288 A% HY-1C/D 2506 0937 2R V8T vl 5 45 5 903

BER R MK S (Liu %, 2016), MR B RZEIAG, MEAKHIG KRG KRS
TR, ARSI 0% R AT R, F

COCTS LIB§. / CZI L1B§14 /

Y v
ICQS%C;%? COCTS BT4 CZ1 R 1%

R..(865 nm)/
R.(670 nm)>Y KA
FS
*/E!{: %{: ch, difference
v
Hofth =R Ry ditference0.02 AN

K

5 HY-1C/D TR TF R vk S0 SO

Fig. 5 Flowchart of the identification of sea ice using HY=1C/D satellites

d 4 4 M
A A L LA

Prep
PPPP
. POEPP




904 National Remote Sensing Bulletin i & 54k 2025, 29(4)

Fig. 6 Sea ice extraction results of HY=1C/D images
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Fig. 8 Difference of sea ice concentration in multi—resolution optical images and comparative validation of sea ice coverage
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Abstract: Sea ice represents a typical natural phenomenon that affects the marine and coastal environment in North China; thus, it is the

focus of marine environment monitoring. Timely and accurate remote sensing data about sea ice is crucial for emergency treatment and

recovery. Various remote sensing technologies have been applied to sea ice monitoring, with Sea Ice Concentration (SIC) serving as a key

parameter indicating the spatial distribution characteristics of sea ice. Among these, optical remote sensing is frequently used. However, sea

ice and different types of clouds (i.e., cirrus and cumulus) have similar reflection characteristics in Visible and Near-Infrared (VNIR)
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wavelengths, thus posing great difficulties for the optical extraction of sea ice. Haiyang-1C/D (HY-1C/D) satellites are the first operational
ocean color satellites of China, and both of them are equipped with a Coastal Zone Imager (CZI) and the Chinese Ocean Color and
Temperature Scanner (COCTS), which can technically support the fine and dynamical monitoring of sea ice due to their wide coverage and
high spatiotemporal resolution. In addition to the VNIR bands (412—865 nm), the onboard COCTS sensor can interpret the thermal
characteristics of targets, which would help distinguish between sea ice and clouds. In this study, Liaodong Bay of the Bohai Sea is selected
as the study area, and synchronous CZI and COCTS images covering Liaodong Bay from December 2021 to March 2022 are collected and
analyzed. The main objective of this study is to verify the feasibility of HY-1C/D satellites to detect sea ice, especially the image
characteristics of typical targets (i.e., sea ice, seawater and clouds) in optical (i.e., VNIR) and thermal infrared bands. Using the Brightness
Temperature (BT) difference between sea ice and cloud in the thermal infrared band of COCTS, sea ice and cirrus clouds can be
preliminarily separated. However, the difference in BT between sea ice and cumulus clouds is minimal, which can be further separated in
accordance with the NIR-red reflectance ratio. In addition to the sea ice identification, the application of SIC can effectively unmix ice-
water pixels and improve the estimation accuracy of the sea ice coverage area for optical images with different spatial resolutions. The above
results can confirm the capability of HY-1C/D satellites in sea ice detection. Therefore, HY-1C/D satellites can provide reliable data and
improve the monitoring of sea ice.

Key words: HY-1C/D satellites, sea ice, spectral features, brightness temperature, cloud detection, Sea Ice Concentration (SIC)
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