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Current Status and Developing Trends of Ocean Color Satellites

WANG Lili ZHAO Hongzhi ZHANG Keli
(DFH Satellite Co.,Ltd.,Beijing 100094 ,China)

Abstract: After several decades of development, remarkable achievements have been made to China’s
marine satellites and corresponding remote sensing applications. Satellite remote sensing has been
playing an important role in Chine’s marine information services. Firstly, the development trend
of international ocean color satellites is analyzed through the research on the development course
of international ocean color satellites or payloads. Secondly, the development course of ocean
color satellites in China is reviewed. Thirdly, to gain an insight into future development strategy
of ocean color satellites, the shortcomings in the fine observation of ocean color is focused on. Fi-
nally, the development suggestions of China’s next generation ocean color satellites are put for-
ward, which could be used as a reference for China’s future development of ocean color satellites.
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Table 1 Comparison of typical ocean color spacecraft and payloads in the world
/m
/km /nm /nm
OrbView-2 1997 SeaWiFS 1100 2806 402~885 8 20~40 442~674
Terra/Aqua 1999/2002 MODIS 250/500/1000 2330 405~14 385 36¢( 9 10~20 516~1087
Suomi NPP/
2011/2017 VIIRS 375/700 3000 402~12488 22 15~20 164~739
NOAA-20
2109
PACE 2023 OCI 1000 2663 342. 5~2260 7 5 —
SENTINEL-3A/B 2016/2018 OLCI 300 1270 403~1040 21( 16) 7. 5~20 600
GCOM-C1 2017 SGLI 250/1000 1600 380~868 5 13 8~20 200~400
COMS-1 2010 GOCI 500 2500 X 2500 | 392~905 8 10~40 1000
212
KOMPSAT-2B 2020 GOCI 250 2500 X 2500 | 370~1280 .1 10~40 1000
( ) (3 ( ): 2011
, Suomi NPP ( 1(a)) 2017
[@Y) ( ). 1978 1 (Joint Polar Satellite
-7 (Nimbus-7) , System-1,JPSS-1) VIIRS( 1(b)) .
y R 2016 2018 Sentinal-3A
) Sentinal-3B ( 2(a)) OLCI(
0 2(b))
(2) ( ): 1997 ( ), ,
2 o
(OrbView-2) (Sea , 5~
Viewing Wide Field-of-View Sensor, SeaWiFS) ., 10 ( )
1999 2002 (Terra) , NPP JPSS-2( 2022
(Aqua) )L JPSS-3( 2027 ), JPSS-4 (
( Moderate-Resolution Imaging Spectroradi- 2032 )3 VIIRS
ometer, MODIS) | 2002
(Environmental Satellite, Envisat) . 2023 - -

(Medium Resolution Imaging
Spectrometer, MERIS)
( ) . .

- (Plankton, Aerosol, Cloud,
ocean Ecosystem, PACE)
(Ocean Color Instrument, OCI)
MODIS  VIIRS ,

5nm . , Sentinel-3
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Fig 1 SuomiNPP satellite and its VIIRS instrument
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Fig 2 Sentinal-3A/B satellite and its OLCI instrument
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Table 2 Comparison of ocean color spacecraft and payloads between the 1* generation in

China and the 2™ generation in the world

/pm /m /km
SeaStar 1997 SeaWiFS 0. 402~0. 855 8 s 15~20nm 1100 2806
Terra/Aqua|1997 /2002 MODIS 0. 405~0. 877( ) 9 . 10~15nm 1000 2330
Envisat-1 2002 MERIS 0. 407~0. 905 15 s 10~20 nm 300/1200 1150
8 ( 20~40 nm) + A :1600
0. 402~12. 50 1100
2 B :3000

HY-1A/B |2002 /2007

A 0 42~0. 89

4 250 500
B .0 43~0. 69
8 +2
0. 402~12. 50 1100 3000
HY-1C/D |2018 /2020
0. 42~0. 89 1 50 950
0. 345~0. 395 2 550/1100 3000
3 o , VIIRS,OLCI
( ) ( 3 )
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Fig 3 Development course of China’s ocean color satellites
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Table 3 Comparison of ocean color spacecraft and payloads between the 2™ generation in
China and the 3™ generation in the world
Sentinel-3A/B Suomi NPP/JPSS-1
OLCI VIIRS
: <5
/m 300 375/750 <500 <100
1220
: =60
/km 1270 3000 =3000 =950
: =950
/pm 0. 403~1 04 0. 4~12 5 0. 35~12 5 0. 40~1. 04 0. 35~2 5
22« 9 +
21 s
5+ 15+
16 18 1 +38
+ 4+ 4
)
7. 5~20 :18~50, . ;15 ~ : 10 ~
) 40~180 _
/nm :15~60 40; :40~80 405 :20~50
, Q0 4~Q 625 ym
/ :164~739 K; « 2
7 1000 K3 0.4~0. 7 ym 0. 4~0. 65 ym
:122~463 K; ): >1000K;
4 300 K, 500 K,
;0. 058 ~0. 549 K; . =180K; / _
200K < 500K
(NEATD) ;0. 029~0. 414 K ;<0 1K
600~900 K
2.2 4 OLCI
s Table 4 Signal-to-noise ratio of typical spectral bands
for OLCI instrument
A N b
/nm /nm ( )
o ’
o Oal 400 10 2188
[13-15]
’ ’ a2 4125 10 2061
) Oa3 442, 5 10 1811
Qa4 490 10 1541
1 0ab 510 10 1488
) Oab 560 10 1280
. Oa7 620 10 997
Oa8 665 10 883
a9 673. 75 7.5 707
’ ’ 0alo 681 25 7.5 745
o OLCI Oall 708. 25 10 785
[16-18] 300 m . Oal2 753 75 7.5 605
10 nm ,
5 MODIS
1000 s - . .
Table 5 Signal-to-noise ratio of ocean color bands for
2000, 4 ° MODIS instrument
//pm ( )
300~500, MODIS 8 0. 405~0, 420 880
(MODIS 5 ) 9 0. 438~0. 448 838
b
10 0. 483~0. 493 802
11 0. 526~0. 536 754
. 12 0. 546~0. 556 750
1000 , 13 0. 662~0. 672 910
OLCI 1 OLCI 14 0. 673~0. 683 1087
’ ' 15 0. 743~0. 753 586
2.7 ) 16 0. 862~0. 877 516

OLCI
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’ ) 1 km )

, 5~10nm o 500 m,
[19-20] , 5)
MODIS 10 nm, . ,
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1 2 ,
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) 1 02 ‘um
VIIRS
(Day night band, DNB) ,
tezl | , SGLI ,
b 2 b
[23-24] s
[25-30] , [4-7] ;
4) .
. @D)
VIIRS L2z, N N .
375 m, 750 m; (2



30

30

(1]

(2]

(3]

(4]

(5]

L6]

(References)

[Cl//

2011
,2011:1-12
Wang Lili. Small satellite progress in ocean color remote
sensing and applications [ C]// Proceedings of 2015
Small Satellite Technology Symposium. Beijing: Chinese
Society of Astronautics,2011:1-12 (in Chinese)
. ,2018(5) ;24-27

Zhang Keli, Bai Zhaoguang, Wang Lili. Development
history and prospect of China’s ocean color satellites
[J]. Satellite Applications,2018(5):24-27 (in Chinese)
[J].

Bai Zhaoguang Li Yifan Yang Wentao. Achievements

,2008,17(4):17-23

and prospect of China ocean satellite technology[]].
Spacecraft Engineering,2008,17(4) :17-23 (in Chinese)

Ll ,2019,41(10):99-112
Lin Mingsen, He Xiangiang, Jia Yongjun, et al. Ad-
vances in marine satellite remote sensing technology in
China[ J]. Acta Oceanologica Sinica, 2019,41(10);99-
112(in Chinese)

[l (
Lin Mingsen, Zhang Youguang, Yuan Xinzhe. The de-

),2015,37(1):1-10

velopment course and trend of ocean remote sensing sat-
ellite[ J]. Acta Oceanologica Sinica,2015,37(1):1-10(in
Chinese)

Ll ’

[yl ,2015,34(3);21-25

L7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Jia Yongjun, Lin Mingsen, Zhang Youguang. Progress
and development orientation of independent oceanic sat-
ellite remote sensing technology in Chinal J]. Journal of
Ocean Technology,2015,37(1) :21-25(in Chinese)
, , [Jl.
,2008,10(6) :56-62
Jiang Xingwei, Liu Jiangiang, Lin Mingsen. Satellite
ocean exploration of space in China[ J]. Engineering Sci-
ence,2008,10(6) :56-62(in Chinese)
(1988—2025)[J]. (
),2011, 41(12). 91-103

He Mingxia, He Shuangyan, Wang Yunfei, et al. Chi-
nese spaceborne ocean observing systems and onboard
(1988—2025) [ ] 1.
University of China, 2011, 41(12): 91-103(in Chinese)

Sensors Periodical of Ocean

[Jl

Yang Baohua. Constructing China’s ocean satellite sys-

, 2011(5): 1-8

tem to enhance the capability of ocean environment and
disaster monitoring [ J ]. Chinese Space Science and
Technology, 2011(5): 1-8(in Chinese)
1] .2018, 38(3); 78-82
Li Ke, Zhang Liang, Wei Lan, et al. Thoughts on the
developing status of seasat civil-military integration
[J]. Hydrographic Surveying and Charting, 2018, 38
(3): 78-82(in Chinese)
, . [J]. .
2014,427(7) :29-36
Chen Shuang, Liu Tao. Review of international marine
satellites[ J]. Space International, 2014,427(7):29-36
(in Chinese)
[l , 2020(5) :1-6
Wang Wenjie, Jia Dongning, Xu Jiali, et al. Review of
the development of global marine remote sensing satel-
lite[J]. Bulletin of Surveying and Mapping, 2020(5):
1-6(in Chinese)
C R Mc Clain, G Meister. Mission requirements for
future ocean-colour sensors, in Reports of the Interna-
tional Ocean-Color  Coordinating Group [ R .
Dartmouth, Canada: I0CCG, 2012
Qi L, Z Lee, C Hu, et al. Requirement of minimal
signal-to-noise ratios of ocean colorsensors and uncer-
tainties of ocean color products [J]. Geophys. Res.

Oceans, 2017, 122(10) . 1-17
Chuanmin Hu, Lian Feng, Zhongping Lee, et al. Dy-



51

(16]

[17]

(18]

(19]

[20]

(21]

(22]

[23]

[24]

namic range and sensitivity requirements of satellite o-
cean color sensors: learning from the past[J]. Applied
Optics, 2012, 51(25): 6045-6062

Donlon C. Berruti B, Buongiorno A. et al. The Global
Monitoring for Environment and Security ( GMES)
LJ1
Environment, 2012, 120 37-57

Berruti B, Mavrocordatos C. The Sentinel-3 Mssion
[C]// Proceedings of the ESA Living Planet Symposi-
um. Paris: ESA, 2010

Klein U, Berruti B, Borde F, et al. Sentinel-3 payload
overview| J |// Proc. of SPIE, 2009, 7474, 747405
Tao Z,Lv T T, Zhou X, et al. Monitoring of sinking

Sentinel-3  mission Remote Sensing of

flux of ocean particulate organic carbon using remote
sensing methods[ C]// Preceedings of the IEEE Inter-
national Geoscience and Remote Sensing Symposium.
New York:IEEE, 2016
Ll
Shao Lianjun, Zhang Honglei. Yang Jingfei. et al.

,2015,30(4) :104-108

Core metadata for remote sensing data of

meteorological and oceanic satellite [ J ]. Remote
Sensing Information, 2015, 30 (4): 104-108 (in Chi-
nese)
Cui Tingwei, Zhang Jie, Groom S, et al. Validation of
MERIS ocean-color products in the Bohai Sea: a case
study for turbid coastal waters[ J]. Remote Sensing of
Environment, 2010, 114(10): 2326-2336
NPP-VIIRS

0l
( ),2021, 46(5):208-237

Wu Yizhen, Shi Kaifang, Yu Bolang. Analysis of the

] ]

impact of urban sprawl on haze pollution based on the
NPP-VIIRS nighttime light remote sensing datal[ J].
Geomatics and Information Science of Wuhan Univer-
sity, 2021,46(5):208-237(in Chinese)

L.

Li Yingchao, Liu Jianan, Shi Haodong. Research on i~

,2021,50(7):0712001

dentification of marine oil spill based on polarization
characteristics[ J]. Acta Photonica Sinica,2021,50(7) ;
0712001 (in Chinese)

’ s ’

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[Jl. ,2019,64(31):
3213-3222

Lu Yingcheng, Liu Jiangiang. Ding Jing, et al. Optical
remote identification of spilled oils from the SANCHI
oil tanker collision in the East China Sea[ J]. Chinese
Science Bulletin, 2019, 64(31):3213-3222(in Chinese)
He X Q,Stamnes K, Bai Y, et al. Effects of earth cur-
vature on atmospheric correction for ocean color
remote sensing[ ] ]. Remote Sensing of Environment,
2018, 209.: 118-133

Pan D L. Mao Z H. Atmospheric correction for China’
s coastal water color remote sensing[ J]. Acta Oceano-
logica Sinica, 2001, 20(3): 343-354

’ ’ [l

LJl. » 2006, 10(5):
732-741

Ding Jing, Tang Junwu, Song Qingjun, et al. Atmos-
pheric correction for Chinese coastal turbid waters
using iteration and optimization method[]]. Journal of
Remote Sensing, 2006, 10(5): 732-741(in Chinese)
Chen Jun, Lee Z,Hu Chuanmin, et al. Improving sat-
ellite data products for open oceans with a scheme to
correct the residual errors in remote sensing reflectance
[J]. Journal of Geophysical Research: Oceans, 2016,
121(6): 3866-3886

Pan Yanli, Tang Danling, Weng Dehe. Evaluation of
the SeaWiFS and MODIS chlorophyll a algorithms
used for the Northern South China Sea during the sum-
mer season[ J |. Terrestrial, Atmospheric and Oceanic
Sciences, 2010, 21(6): 997-1005

Menghua Wang, Howard R.Gordon. Sensor perform-
atmospheric correction of

ance requirements for

sensing [ J ]. Optics
Express, 2018, 26(6): 7390-7403

M D Goldberg, H Kilcoyne, H Cikanek, et al. Joint

satellite ocean color remote

Polar Satellite System: The United States next genera-

civilian polar-orbiting environmental satellite
system[ J]. Geophys. Res. Atmos, 2013, 118 (24);
13463-13475

M Wang, X Liu, L Tan, et al. Impact of VIIRS SDR

tion

performance on ocean color products [ J]. Geophys.

Res. Atmos., 2013, 118(18): 10347-10360
( : )



