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The China France Oceanography Satellite (CFOSAT) and Haiyang-2B (HY-2B) satellites were successively launched in China
in 2018. As missions for measuring the dynamic marine environment, both satellites can measure the nadir significant
wave height (SWH). In this project, the HY-2B altimeter and CFOSAT nadir SWHs have been validated against the National
Data Buoy Center (NDBC) buoys and the Jason-3 altimeter SWH data, respectively, which resulted in CFOSAT nadir SWH
having the best accuracy and HY-2B having the best precision. The SWHs of the two missions are also calibrated by Jason-
3 and NDBC buoys. Following calibration, the root mean square error (RMSE) of CFOSAT and HY-2B are 0.21 and 0.27 m,
respectively, when compared to Jason-3, and 0.23 and 0.30 m, respectively, compared to the buoys. Our results show
that the two missions can provide good-quality SWH and can be relied upon as a new data resource of global SWH.

Using simultaneous observations of wind and wave fields by the CFOSAT, this project reports preliminary investigation
results of the typhoon waves during the passage of super typhoon Lingling (2019) over the China offshore waters. The
results show that the significant wave heights (SWHs) are over 5 m on the right side of the typhoon track for wind speeds
over 14 m s-1, agreeing with the theoretical estimates. The dominant waves have wavelengths of 150 — 180 m, and
propagate eastward for northwestward blowing winds. The misalignments of the wind and wave directions increase with
the distance from the typhoon center, agreeing with theoretical prediction. We also present the typhoon monitoring
results with multiple satellites such as CFOSAT, HY-2B and ASCAT.

HY-1D satellite which is China’s fourth series of ocean color satellites, was successfully launched in 2020. The overall
objective of HY-1 serial satellite is to monitor global ocean color and SST (Sea Surface Temperature), as well as the coastal
zones’ environment. Using HY-1 C/D data and Sentinel satellite data, this project investigates the sea ice, oil spill and
green tide disaster in Bohai Sea and the Yellow Sea, red tide in East China Sea. The results show that combing HY-1 C/D
and Sentinel satellite data have played an important role in ocean ecological disaster monitoring.



Monitoring of marine environment disasters using
CFOSAT, HY Series and multiple satellites data (59310

Jiangiang Liu'?, Ying Xu!?, Daniele Hauser3Jing Ding'?, Qingjun Song%?, Maohua
Guo 2, Tao Zeng?!?, Xiuzhong Li4, Wenming Lin*, Lingling Xie®, Fran@is Schmitt®

!(National Satellite Ocean Application Service, MNR, Beijing, China) ,

2(Key Laboratory of Space Ocean Remote Sensing and Application, MNR)

3(CNRS/LATMOS, Guyancourt, France) ,*(Nanjing University of Information Science & Technology, Nanjing, China)
5(Guangdong Ocean University, Zhanjiang, China) 5(CNRS/Laboratory of Oceanology and Geosciences ,Wimereux, France)




kW NR=

Out line

Background and proposal
CFOSAT /HY-1/HY-2/GF-3 Sentinel
Validation of CFOSAT and multiple satellite data

Validation and merging of HY-1 and multiple satellite
data

Monitoring of marine dynamics and marine environment
disasters with multiple satellite

Next Plan



1 Background and proposal

® As global climate change intensifies, many countries are facing
Increasing marine environment disasters. These disasters, such as
typhoons, giant waves, macro algal blooms and decrease in sea ice
COVer pose a serious threat to coastal areas, aguaculture and
maritime transportation. Therefore, it is essential for governments
to respond quickly and reduce the loss and damage of these
disasters.

® Satellite observation plays an important role in monitoring these
marine environmental disasters by its unique advantages.
However, monitoring of marine disasters with a single satellite
data is extremely difficult due to the limitations of observed
parameters, resolution, and revisit time etc. Consequently,
utilization of multiple satellites data iIs inevitable and superior.



1 Background and proposal

® Taking advantage of the multiple satellites data such as CFOSAT, HY-1,
HY-2 and multiple satellites, this proposal aims to provide the combined
satellite monitoring of marine environment disasters. Three aspects of
research will be carried out.

» Firstly, the validation of CFOSAT and multiple satellite data will be executed.

» Secondly, the validation and merging of HY-1 and multiple satellite data will be
executed.

» Thirdly, the multiple satellite data are combined to present the monitoring
results of marine environment disasters. Meanwhile, data processing methods
regarding the above three aspects, interactions of observed parameters and
evolution mechanisms of marine environment disasters will also be investigated.

® This proposal has across subjects in Marine Disasters & Coastal zones
Including algae and phytoplankton blooms, marine dynamic environment
and marine disasters.
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3 Validation of CFOSAT and multiple satellite data

CFOSAT Mission CFO SAT

Chinese wind scatterometer (SCAT)
Ocean surface wind vector

French wave spectrometer(SWIM)
Directional spectrum of ocean surface waves

Nadir wind and Hs

Launch 2018.10.29




CFEOSAT

Chinese wind scatterometer (SCAT)
» Provides g v
'
° GO *\" QA
* Ocean wind vector at the scale :
12.5 km x 12.5 km/25 km x 25 km
e Swath ~ 1000 km

> Expected accuracy:
* Wind speed 2 m/s,

* Wind direction 15°
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CFEOSAT
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CFOSAT

French wave spectrometer(SWIM)

» Provides :

* Directional wave spectra

* Significant wave height and wind speed

* 0o mean profiles, 0to 10° H~518 kam

» Expected accuracy: Arienna sperture: -2 ’ R .
* Energy error <15%, § g
« Wavelength error < 10-20% (70 - 500m) ., ey
* Azimuth error < 15° 57%{ / @ - ?8.%
* Nadir SWH max(10%, 50 cm) N '
.

Nadir Wind Speed max(10%, 2 m/s)
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FOSAT

CFOSAT Significant Wave Height
(20190501T000001 — 20190507T235959)
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2D Wave Sprectrum

Leftbox483, 2020.10.08 23:59:17.2 UTC
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CFOSAT SWH STD (m)
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CFEOSAT

Nadir SWH Precision Analysis
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Density plots of precision for CFOSAT, HY-2B, and Jason 3
SWH STD dependency on SWH. Bin size is 0.05mx0.05m.
Black line shows the median of each SWH bin.
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Collocation characteristics for CFOSAT and Jason-3 Nadir SWH
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Collocated CFOSAT Nadir and Buoys SWH
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CEOSAT

 CFOSAT met typhoon Lingling
(2019) and measured wind
and wave fields at about 10:22
UTC on September 4.
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* Comparison of the CFOSAT wind vectors to
the remote sensed surface winds from
CMEMs two hours later at 12:00 UTC on

September 4, 2019

* The mean difference of wind speed is 1.1 m/s
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CFEOSAT

The SWH and Dominant Wave length of SWIM observation
during typhoon Lingling
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CFEOSAT

 Comparison of CFOSAT observed
SWHSs and estimated SWHs based
on the P-M spectrum.

Stewart (2008)

NOTE: SWIM product version 4.3.2

— P-M left

® SWiM-left |_

——P-M right
® SWIM-right
< SWIM-nadir

Latitude / °N



CFOSAT

e Comparison of observed deviation

angles and theoretical deviation

angles.

0 = cost(a/x) (x>=a)
Moon et al. (2003)

100
b)
® 0
90 + a =10 km ¢ - .
o o ®e
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observation of wind fields
and wave fields under
typhoon Lingling.

CFOSAT simultaneous observation of super typhoon ‘Lingling’in 2019
Cover story of Acta Oceanologica Sinica 2019 38(11)
By: Ying Xu, Jiangiang Liu, Lingling Xie*, Congrong Sun, Jinpu Liu, et al.




e Simultaneous
CFOSAT
observation of
wind fields and
wave fields under
typhoon Maysak,
2020.

FOSAT
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I : SA Normalized Radar Cross Section /dB
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Chinese GF-3 satellite

* GF-3 SAR has 12 imaging modes, e.g., Spotlight (SL),
fine strip (FS), quad-polarization strip (QPS), and
wave mode (WAV).

17.0°

On 5 December 2019, The footprints of CFOSAT passed
the 6 GF-3 SAR images

acquired in FS mode
imaged at 10:48-10:53 UTC




CFEOSAT

One-dimensional CFOSAT-spectrum
and the GF-3 SAR spectrum

* GF-3 SAR spectra were most consistent
with the CFOSAT-spectra at incidence 10°

e Short waves with wave numbers > 0.1
rad/m were undetectable in the SAR
spectra

* CFOSAT spectra, however, were up to
0.25 rad/m wave number.
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On the First Observed Wave Induced Stress over the Global Ocean

Sheng Chen, Anna Rutgersson, XungiangYin, Ying Xu, FangliQiao*

Later summer
®|ndian Ocean monsoon zone
®\\esterlies of the SH
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Directional and frequency spread of surface ocean waves from
CFOSAT/SWIM satellite measurements

E. LE MERLE, D. HAUSER, C. PEUREUX, L. AOUF, P. SCHIPPERS, C. DUFOUR, A. DALPHINET

Map of SWIM BFl,; computed with beam 10° spectra
from 2019-09-10 to 2019-09-22

Directional Benjamin Feir Index
(BFI12D)

First map of BFI at the global
scale

obtained exclusively with
observations.

Appropriate indicator of non—linear
interactions between waves and of

probability of occurrence of
extreme waves

BFl5p (rad‘l)



Asymmetric wave distributions of tropical cyclones based
on CFOSAT observations

* Yanping SHI, Yan DU, Xiaoging CHU, Shilin TANG, Ping SHI, Xingwei Jiang

500 _ CFOSAT 1500 __ MFWAM 1 Normalized CFOSAT
1000 @ WNP | -. _ - -1 100 | b WNP X =160 . o Positive value of the
500 | R i L e R | expectation reveals the
0 et 2 ﬁ:ﬁﬂ."-"" 0 de> peak SWH is on the right
Sl R L ] 500 | side about 251 kmof the
-1000 . 5;' = {1 -1000 | typhoon traCk
-1500 ~ — : : -1500
1500 T T T T 1500 T T . :
100 bl B | @[ e ENP | %7001 Similarly, the high wave
. S g . - occurs around TCs center
500 | I okl 500 | and the peak value of
-1000 } { 1000 } SWH appear on the right
1500 s — -1500 of TCs about 130 km away.
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On the assimilation of SWIM directional wave observations in

wave model : A success story from CalVal phase to
operational use

L. Aouf, A. Dalphinet, D. Hauser, B. Chapron , J. Wang,

F Tr\111/-r\11n

50

: Since 2nd february 2021 the
"3 assimilation of partitions
wavenumbers

is activated in operational global
model CMEMS and Meteo—France.

wave product such SWH is
significantly improved (SI of ~8%
s in average)

Bias maps of SWH : July - December 2019
. Impact of the assimilation of SWIM-NRT (Kx—Ky)

T T T T
-150 -100 -50 0 50 100 150
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Effects of ocean eddieson surface wave features

LinglingXie1x, KeyiTani, QuananZhengz,,3+, JunyiLi1, Ying Xus
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SWH at the inside the eddy are generally
higher than that outside the eddy.

The wave propagation directions change
significantly at the eddy edge where
submesocale frontal processes occur.



4 Validation and merging of HY-1 and multiple satellite data



Application objectives and configuration of HY-1

Operational monitoring of ocean color environment,
continuous get global ocean color and sea surface
temperature data, environmental change data of the
China Sea and its coastal zone;

To study and master the distribution of Marine primary
productivity;

Study the meso-scale of Marine environmental change;

Monitoring environmental changes in China's coastal
zone.



Application objectives and configuration of HY-1

It focuses on the monitoring and forecasting of ocean color
environment, red tide, green tide, pollution, fishing grounds, sea
ice and sea surface temperature.

Service in natural resources survey, environmental ecology,
emergency disaster reduction, meteorology, agriculture, water
conservancy and other industries.

Adoption of morning and afternoon networking to increase the
number of observations and improve the global coverage capacity;

Equip with ocean color and temperature scanner, coastal zone
imager, ultraviolet imager, onboard calibration spectrometer,
ship automatic identification system.



Technical specific of HY-1

Five payloads (COCTS, CZI, UVI,SCS,AIS)

COCTS: ocean color and sea surface temperature scanner, global operation, spatial
resolution of 1000 meters, width of more than 2900 kilometers, 10 channels, SNR is
better than 400, daily access to global ocean chlorophyll concentration, suspended
sediment, soluble organic matter, sea surface temperature and green tide, sea ice,
Arctic and Antarctic sea ice information, the production of scale 1:100 million to 4
million topical map;

CZI: Coastal zone imager, with a signal-to-noise ratio of more than 250, spatial
resolution of more than 50 meters, a width of 1,000 kilometers, 4 channels, no
lateral swing can be achieved once every three days coverage, high frequency, fast
timeout, time series images can show the seasonal changes of vegetation and the
process of water changes in rivers, rivers, lakes and seas. Can make scale 1:50 to
200,000 thematic map
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W Satellite characteristic
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HY-1A HY-1B HY-1C/D
Launch lime 2002.5.15 09:50AM 2007.4.11 11:27AM 2018.9.7 2020.6.11
11:15AM 02
Equator crossing time 8:53-10:10am 10:30AM 10:30AM 13:30AM
(descending node) (descending) (descending/scending)
platform CAST968 CAST968 CAST2000
Mass 367kg 422.5kg 816kg
launch vehicle CZ-4B /pigback CZ-2C CZ-2C

Orbit type Near Circular and near sun-synchronous
Period 100.8 minute 100.8 minute 100.34 minute
Inclination 08.8 deg 08.8 deg 98.5 deg
Altitude 870> 798km 798km 782 km
Attitude control 3 axis stabilized 3 axis stabilized 3 axis stabilized

Satellite tilt (0, 20, -20)
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Satellite characteristic

each pass,1 pass ( 17 minute)
outside china/COCTS

- ‘ ™

pass,4-5 pass (34 minute) outside
china/cocts Or 2 pass outside

HY-1A HY-1B HY-1C/1D
COCTS and CZI COCTS and CZI COCTS and CZI
UVI SCS AIS
Repeat period 3days for COCTS, 7days ldays for COCTS 1days for COCTS 3days for
for CZI 7days for CZI CZI
Memory onboard 80MB 250MB 512Gb
Downlink X-band
Date rate 5.3232Mbps 6.654Mbps 190Mbps
TT&C link S-band
Manufacturer CAST
Designed life 2 years 3 years 5 years
Work mode 2 pass in china, 23 minutes | 3passin china, 23 minutes each OCT AIS 24 hour work

CZI 39 min outside china




ot

Major parameters of COCTS

Parameter HY-1A HY-1B HY-1C/1D
Spatial resolution 1.1km 1.1km 1.1km
Scan coverage 1400km 3000km 2900km
Digitization 10bit/pixel 10bit/pixel 12 bit/pixel
Radiometer accuracy 10%0 10%0 10%0
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COCTS bands and detecting object

Band ( microm) Main detecting object

0.402-0.422 Yellow substance. water pollution

0.433-0.453 Chlorophyll absorption

0.480-0.500 Chlorophyll. seaice. pollutant

0.510-0.530 Chlorophyll. water depth. pollutant. suspended
sediment

0.555-0.575 Chlorophyll. vegetation. sand

0.660-0.680 Fluorescence. suspended sediment. atmospheric
correction. aerosol

0.730-0.770 Suspended sediment. atmospheric correction.
vegetation

0.845-0.885 Atmospheric correction. water vapor

10.30-11.40 Sea Surface temperature

11.40-12.50 Sea Surface temperature
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Major parameters of CZI

Parameter HY-1A HY-1B HY-1C/1D
Spatial resolution 250m 250m 50m
Scan coverage 500km 500km 1000km
Digitization 12bit/pixel 12bit/pixel 12 bit/pixel
Radiometer accuracy 10%0 10%0 10%0

.

" ‘*~<;iE;:;‘ =" i .a-f:;;;'

TEREERRFEERENAE
‘ v1r1-ﬂrrﬁw-nvrwurw =




.‘7,

el

CZI bands and detecting object

Band ( micro m )

Main detecting object

0.42-0.50 Suspended sediment, pollutant., vegetation,
sea ice

0.52-0.60 Pollutant., vegetation ., ocean color . sea ice

0.61-0.69 Soil. Atmospheric correction., water vapor

0.76-0.89 Soil. Atmospheric correction., water vapor




5 Monitoring of marine dynamics and marine
environment disasters with multiple satellite

Marine satellite remote sensing
reality applet

Get through the last mile of the
service user
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Monitoring of Typhoon Dujuan with multiple satellites

FEEDR VA %OBE& - NXC67%mm)N11:13 FE#ESE“AE BB & - N3 & 68%mN11:11
S SR BANE XN O) B SR BANE

028208088%, FOEEL30.1° FILEES.6°, K9%, RIER23XK/# 130.1° RVEEE6.6°, 9%, RUR23K/F,
s &/

{ g AR A
“, T CESII

/'/6 ///%
2 - /“

N 1188202101

0%/2008:00 3 NSOAS~g N
> 4 / _ 02/1420:00.
. ——

02-14 02-15 02-16 02-17 02-18 02-19 ( R %
v oo oo foo oo oo o oo e ¥ 14 0215 02-16 02-17 02-18 02-19 02-20 N
SR S SN\ \ |n||m‘1|n|u|||\JQ||||H\ nirfin| ¥y
84z = d ] = T e H

g M

Metop-A




/gli:EE n.‘n
i & IR lrﬁ'l ¥ 7

ft’x!f?rminl ], IEREEBE

03/02°08:100203/02419°03
*




fEBHE il F & @ N & 30615% =0 18:55 FEZDD“ATARE282® SN B 55%m)11:58 FEBIRANO 080 SR BE69%m)19:17
B SR BAE s g SR BANE ol g ESLRBEME

ERASK /D, BANX(STY)=D5 (MAYSAK) 08831H118Y, HE2E128.3° & 29.8° A0\ RE30.3°, mj:us,& KBRA8H /7D,

/
| | : L x/\/ \\//\\/V//\/ \l/’/\,/ '
el . ! 1. 08/27.2000 3 i \09/022000_,4,\ = — \ e ¥ \ \ \7
LA m ! 1 / f i

08-24 08-25 08-26 08-27 08-28 08- 29 08-30 08-31 "7' s 09-02 09-03 09-04 09-05 09-06 RA
‘i|l|IIII!IllI]IIlIl‘IlIIlllllllJlIIHI!llHl\IIII ' \linn u|||ul|\||||||l|||\||||||||||1|||||||e|||||\||||| KN I \[1||||]|||||l||||||||||]||||\}|1||||\||1||1(|||| KNT]
LT ARTLTS A 72 N n i \ < 1/ > ’ / g / 5 : ST - oy

- - r [ | . N \,

. B | R —"\
=z BEKN DB ME | 28 %4 ® =x SEAN D2 ME . =8 % ¢ = BEX T2 § SH 2H]
‘ | L NSOAS , O 5 L NSOAS ~ . :

(s 3
> g i [




PEBID“VZ@MES8@ - QO B 100% &) 05:44

B LIRS HIE = #g ESLREE

B O
N )

12-17 12-18 12-19 12-20 12-21 12-22
i 5 Wt B O o Y R 2 7 R 0 T ) T oSSR S8 O M 5 o Y i 0 O ST 0 O I I ¢ 5

g H43 =

“FOSAT HY-2B Metop-A Metop-B

01-03 01-04 01-05 01-06 01-07 01-08

wME CFOSAT HY-2B Metop-A Metop-B




FEESER S 208 v @M -

p=3= MER==R N hEd gl

N 3 & 34% @ 11 19:50

O]

*

&k

i 10

&t
=

czi

=59

[ 1]
B%

<3 &
Atk PNE=

158 20 BY

4

Redth 5

e
[y
x|

&
J<

N

dJi0

FEBEHD T OB @™
HE SR B AIE

124.8° RILEEE18.4°, RMF115%%, RUESOXK/FDs

N B & 42% @m0 19:28 FERDR N O v @M -

18 B 2-H0hE R IS

N B & 36% @ )119:45

W
N ) )
| 8775202102
/ ,7 =

B y oo
) - . gy 00
nsoas e N - AL L/ Itk
/045(520:00 s ‘//‘ |
; ’ 04-15 04-16 04-17 04-18 04-19 0420 0421 R2 15H 20 B¢
||||l|l/||l||III|IIIII_IIJIIII||IIlIlllllllllllllllllllllllIllllllIIIIlIIlI!IlIIIIIIII ¥y
v = B Ty

SR § B IREH M HER # B

e CFOSAT HY-2B Metop-A Metop-B

et 300

m/s 3 .

”



Sea Ice monitoring
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Sea Ice monitoring with HY 1C/1D in Bohai
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Sea Ice monitoring with HY 1C/1D in Bohai




Green Tide monitoring

DEERFHIMNERERE 1E RR SR A N 7k P [ DEERGH RN AR B 1ERE

120°00'E 120°5'0"E 120°100"E

120°00'E 120°5'0'E 120°100°E

120°5'0"E 120°10'0"E

z
°
o
&
o
8

35°45'0"N
35°45'0°N

z
=3
ol
B3
o
&

35°45'0'N

35°40'0"N
35°40'0"N
35°40'0"N
35°40'0"N
35°40'0"N
35°40'0"N

120:00F 120:50°E 120100 120°00°E 120°5°0°E 120"100°E 120°00°E °5'0" 120°100°E

RESE TR HY-1D o5 -
o)) el i BRI TR Y10 ; BRI T IY-1D

%ﬁmﬁ £5032000 He)N % b A: 0652000 RIS 4 b Z: CGCS2000

. A9 3 1. —— W 2% TR T 1u

0 1 2 4 5 SATTAL 8 W B 4 5 %;r[fﬁ;ﬁ R %;"I_mﬁ —
e PR 2 20204£07 F 06 A 131 IR = < o1 2 4 6 ML : .

R AT IR TR A1 o Pl r) ;20204107 A 06 A 131 _—— BRI 2020407)106 1130

s ENRGRIR BIPEMAT: FE DA R 0 Bl s [ K BT s




DE

R T A R SR

121°30'0"E

z
o
=]
o
©

121°30'0"E

121°35'0"E

121°35'0"E

121°40'0"E

121°40'0"E

32°55'0"N

BE

A1

1=

%

e

=0

I BB (A2 15 ]

33°100"N

121°300"E

121°35'0"E

121°40'0"E

121°40'0"E

33°10'0"N

32°55'0"N

NG ERE

33°10'0"N

121°30°0"E

121°40'0"E

33°100"N

32°55'0"N

A b AR
HEim:
IMARTRIRL: —
W i) -
e Lp 2

1y-1D
CGCS2000

20214F05)15] | L3t
1 2% TR g Y o

T
L
B —

IY-1D
CGCS2000

AR —

) 2
T R

2021470551 1 138
6] 2% T B L HT ol

g LR
bR R
EREM: —
AR —
FeleIn in) -
il 1= B -

HY-1D
C6CS2000

20214205 F15H 131

1 52 B BT M R




Ref.

3000

2500

2000

1500

1000

500 =

Spectral Profile

- Ulva

/™ Clear water

/7 . Moderately turbid water
___~ Sargassum

" Turbid water

Ui | | I | 1 | | |
I

C

00

S |
| Y E—

Wavelength (nm)

Hh S5V kK

EvEEK

Enteromorpha

Gulfweed



HY-1C/CzI
2021.05.22

W& WrE S RERS R
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Enteromorpha cover

area 25 km?
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6 Next plan

Validation and compare
information extraction and mix together (fuse)
Time series data (information ) / big data display and research



Thank you'!



