C ) A

» D) ©

TFremer cnes e 13ra METEO
DETUDES SPATIALES T HI E H__r: N n‘ FRANCE

Designing new ultra high resolution
Sea Surface Temperature products

iN coastal areas for the future
TRISHNA mission

Laura Orgambide™, Emmanuelle Autret ¥, Elea Paul 7,

Jean-Francois Piollé ¥, Stéephane Saux-Picart?, B Gamet 7

(1) Ifremer, Univ. Brest, CNRS, IRD, Laboratoire d'Oceanographie Physique et Spatiale (LOPS), IUEM, Brest, France, (2) CNRM UMR3589, Météo-France - CNRS, Centre
d'Etudes en Météorologie Satellitaire, France, (3) CNES, Toulouse, France



Sea Surface Temperature interests and existing products

Essential Climate Variable
(ECV)

marine biodiversity

Sea Surface

weather and lfemperature
oceanographic
forecasting systems
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monitoring

water quality
monitoring

Suffers notoriously
qguality in coastal area

1-km resolution products

VIIRS (Suomi-NPP) AVHRR (METOP)

SLSTR (Sentinel-3)

GHRSST*

study mesoscale and
sub-mesocale features

*GHRRST:  Group  for  High-
Resolution Sea Surface Temperature
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CALISTA product for the future TRISHNA mission

High spatial resolution
thermal data
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New coastal applications

water quality

monitoring aquaculture

offshore activities

CALISTA
product
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A high spatial resolution
SST product

split-window algorithm

calibrate and validate
the estimated SST
product with GHRSST
SST products and/or in-
situ measurements

*CALISTA : Coastal 100m resolution Sea Surface
Temperature from satellite infrared sensors
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INnput data and area of interest

High spatial resolution thermal data Iberia Biscay Irish (IBl) zone

Datatype:
ECOSTRESS et oL .

E.U. Copernicus Marine Serv. Information

— downloading 35 To — 3 thermal infrared bands

— over lberia Biscay Irish (IBl) Zone in the 8-12.5 um

24

— from 2019 to present — 70 m spatial resolution
48°N

r 22

©GSFC « ERos

— downloading in progress ... — 2 thermal infrared bands 3
— over Iberia Biscay Irish (IBI) Zone inthe 10.6-12.5 pm q N
— from 2021 to present — 60 m spatial resolution

36°N

GHRSST SST products for calibration and validation
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Figure 1 - Sea Surface Temperature MYP model over Iberia Biscay Irish (IBl) zone.
Source: E.U. Copernicus Marine Service Information.



5T ESTIMATION WITH SPLIT-WINDOW ALGORITHM

MATCH UP
DATAFRAME

= 3 millions of
match-ups

SST estimation method with 4 split-window equations

&

i 1 Linear
Test dataset regrassion
Ta% for
coafficient
&1 Km estimation
. . AFFLY DQUATICH
Validation EOR [STIMATED 55T
dataset
257%
&1 kKm
ODMEREISON OF 55T
BCTALLM

GHREET 5ET

EETIMATED

SILLCTHN OF BEET ALCORITHR

!

in-sitw
MmEasuroments

and
EETIMATED

S8T

COASTAL 55T
product

4 split-window algorithm tested:

— NLSST

estimated SST =(a x BT8 + b x (sec-1) + ¢ x dBT +d + e x (sec-1)

— NLSST2

estimated SST=(a + b x(sec-1)) x BT8 + (c +d x (sec-1)) x dBT + e + f x (sec-1)

— NLCSST
estimated SST=(a+ b x(sec-1)) x BT10 + (c +d x (sec-1)) x dBT + e + f x (sec-1)

—  NL3CSST

estimated SST=(a+ b x (sec-1)) x BT10 + (c + d x (sec-1)) x dBT8 + e + f x (sec-1)

where dBT =BT10-BT12,; dBT8 = BTS - BT12 and where sec is the
secante of zenithal satellite view.

—3 4 equations x (3 reference sensors (VIIRS, SLSTR, AVHRR) + RTTOV)

= 16 combinations to assess 4
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PREPROCESSING

MATCH-UP
MORE OR LESS 1H30

Match-up database for algorithm definition
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Brightness

Temperature
either ECOSTRESS or

Landsat 8/9

GHRSST

SST PRODUCT

VIIRS, Sentinel-3.
METOP

Mask

land [ cloud
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MATCH UP
DATABASE

> 3 millions of
match-ups

Mask
QL good
quality data

&1 km

4

Resampled BT
Masked and
« reprojected

=1 hm

GHRSST SST
Masked and
reprojected

=1 km

ECOSTRESS - VIIRS on 2020-05-07 (UTC)

ECOSTRESS: 2020-05-07 23:26:24 | VIIRS: 2020-05-07 23:50:00
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41°N
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Figure 2 - Example of match-up between ECOSTRESS and VIIRS.
Source: Laura Orgambide, CALISTA project.

masking process reveals
quality defect in products
(see discussion)

match-up database requires
to select data carefully (see 3.
Data)



3 I\/l et h @) d Number of match-ups with ECOSTRESS according to 33T values Number of match-ups with ECOSTRESS according to SST values

at day at night
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— around 3 millions of .
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between 280 K to 300 K £ 200000 7%
5 S 4.2% 4.2%
and day/night flag N . 37%
100000 * 2-2%
— most of match-ups have a o000
time delta inferior to .
c D
more or less 30 minutes P A B R R

time delta time delta time delta



4. First results Comparison GHRSST SST with ECOSTRESS Land Surface Temperature (LST)

Land Surface Temperature product from NASA

Difference between ECOSTRESS LST and GHRSST SST Difference between ECOSTRESS LST and GHRSST S5T
by sensors by area
10000 Sensor 17500 Arfea
METOP Mediterranean
SENTINEL-3 15000 Atlantic
8000 VIIRS
12500
-E 6000 Metop bias = -0.92 -ngﬂ 10000 Atlantic bias = -1.02
!3 sentinel-3 bias = -0.99 S Mediterranean bias = -0.89
7500
4000 )
VIIRS bias = -0.9
5000
2000
2500
0 0
-3 -2 -1 0 1 2 3 -3 ~2 -1 0 1 2
difference (K) difference (K)
— With Land Surface Temperature (LST) match-ups, a — Cold bias over coastal regions in the Atlantic and the
systematic bias of 1 K is observed (See D. Wethey's Mediterranean Sea

presentation)



4. First results

Validation of
ECOSTRESS
estimated Sea
Surface Temperature

(5ST)

—» NLCSST equation
ajusted with Sentinel-3
data was selected.

— SST bias ~ 0 K when
compared to the
Sentinel-3 validation
dataset

SST bias ~-0.2 Kwhen
compared to the METOP
or to the VIIRS validation
dataset

Count

Sea Surface Temperature retrievals
from Ifremer CALISTA product

Difference between ECOSTRESS estimated SST and GHRSST SS5T
by sensor

Sensor
8000 METOP
SENTINEL-3
VIIRS
Metop bias = -0.22
6000
Sentinel-3 bias = -0.0
VIIRS bias = -0.22
4000
2000
0
-3 -2 -1 0 1 2 3

difference (K)

The estimation SST with ECOSTRESS images is computed
with NLCSST split-window algorithm and adjusted with
Sentinel-3 SST product.
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SENTINEL-3 GHRSST SST

280

Linear regression with NLCSST and Sentinel-3 match-ups

280 285 290 295 300
ECOSTRESS estimated SST

See Discussion

presence of outliers

masking problems and image
noise

validation off the coast, not for
pixels close to the coast (in-situ
validation required)




Relation between residuals and latitude Relation between residuals and longitude

4. First results

i E 4 E 4
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5. Discussion Quality assessment of ECOSTRESS cloud mask

. [] notdetected cloud . . [] not detected cloud
ECOSTRESS Cloud mask at day time [ detected cloud ECOSTRESS Cloud mask at night time [ detected cloud
ECOSTRESS Brightness Temperature (10.52 pm) on 2019-02-25 11:53:50 (UTC) ECOSTRESS Brightness Temperature (10.52 pm) on 2019-05-21 03:16:29 (UTC)
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Observations: Challenges and solutions:

— underestimation of cloudy pixels at day and night time —» selection of ECOSTRESS dataset by visual inspection to

: : avoid clouds in the match-up database
—» cold fronts sometimes detected as cloudy pixels

using external data such as SEVIRI cloud mask and
work on cloud masking method




5. Discussion Quality assessment of ECOSTRESS land mask

LAND MASK ERRORS —>

ECOSTRESS Land mask on 2020-08-15 08:54:26 (UTC)

1°N
0°N
water
 |and
9°N
B°N

ECOSTRESS Land mask on 2022-08-09 12:24:46 (UTC)

-
water

s |and

APPLY SHORELINE —
SHAPEFILE

> for French coast: Land-Sea Limit produced by
the SHOM

> for European coasts: Europe Coastline shapefile
produced by the European Environment Agency

REMAINING
CHALLENGES

i Souree: 'Sent/héﬂiﬁz;‘ESA.

Geolocation Mapping tidal flats

DYNAMIC
— LAND AND SEA-ICE MASK
IS NEEDED
¢ .. : Sentinel-1, ESA.
Sea-ice mapping *SHOM : French Navy Hydrographic and

Oceanographic Service 12



Perspectives and future work

improve the representativeness
and the independence of the dataset

ECOSTRESS estimated SST on 2019-12-10 11:00:37 (UTC)

sensitivity study to aerosols,

denoising turbidity, etc.

290.5
44°N
290.0
43°N =
L5895 <
a1
- 2
improve cloud o
. i L
masking and land- 42°N 289.0 %
sea-ice discrimination = validation with in-situ
288 5 measurements
41°N
288.0
40°N
6°E T°E 8°E 9°E 10°E 11°E 12°E
error identification
Contact:

laura.orgambide®@ifremer.fr
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