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Downstream Ocean Applications

Dr. Craig Donlon
Hd. Earth Surface and Interior

ESA/ESTEC, The Netherlands

— == b - Lo

EEEEEEEEEEEEEEEEEEEEEEE



Overview

.

» The unique nature of our Earth
] ] The Ocean aqd Cry_ospher\e)
Observation Evidence Base I e
- Exploring the Earth — the challenge s e -
of individual measurements vs the | | .Joce
bigger global picture

« We are ‘in for the long-term’ —
Copernicus measurements

- Amazingly - we can’t cover
everything today...




TAKING THE PULSE ‘(’w
OF THE PLANET b

Essential Climate Variables are key indicators tha

describe Earth's changing climate. Scientists use LA

these variables to study climate drivers, interactions o3 - ~
and feedbacks, as well as reservoirs, tipping points > N\
and fluxes of energy, water and carbon. d - ' b

The climate-quality datasets produced by the Climate ‘
Change Initiative are a3 major contribution to the Y
evidence base used to understand ciimate change.

Satellite products provide :

a valuable complement to in-situ “
measurements. These observations ' N
are valuable (high confidence) 7 - —

for regional applications since
they provide multi-channel images -
at very high spatiotemporal
resolutions 77




Decadal Evolution in ESA Earth Observation Eesa
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Processes at work defining signals to measure esa
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Matthew Fontaine Maury
(1806 —1873): 1853 Brussels

Conference on Observation Practice

“There is a River in the
Ocean” he declared in
1844, ¢
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For Copernicus Ocean Topography, Sampling is the
fundamental requirement in both space AND time

esa
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Implemented by

Mercator

an Interna

iona

| as part of the Copernicus Programme

- GDernicu.s Ce

Globcurrent: global

Combined Geostrophy+

Ekman Currents

Copernicus Marine
Service
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Full catalogue

@ Home B Search [ AccessData 88 User Corner

Ocean Monitoring
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There is 2 ocean products corresponding to your criteria
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o 5:2028% (T8O Copernicus Sentinel-3

S3C: 20244 (TBC) V|s.|ble, Thermal Infrared and radar
altimetry measurements for 20 years
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The Beauty of Copernicus: First S6 Cross Track SAR Range Image with @esa
Copernicus SAR and Optical data

S6-MF Poseidon-4 altimeter reveals unprecedented detail in the Ozero Nayval lagoon and surrounding river areas.
Fully focussed synthetic aperture radar processing highlights the low noise performance of new digital
instrument architecture. This will improve sea level rise measurements in marginal sea ice zone.
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Wave Directional Spectrum from Nadir Altimetry esa

Geophysical Research Letters’ Sentinel-6 Nadir Altimeter 2D Wave
Spectrum compared to Harvest Buoy

Research Letter () Openiccess (@

SAR Altimetry Data as a New Source for Swell Monitoring
Ourania Altiparmaki g8 Marcel Kleinherenbrink, Marc Naelje, Cornelis Slobbe, Pleter Visser

iblished: 28 February 2022 | https://doi.org/10,1029/2021GL096224

IS SECTIONS = o A TOOLS < SHAR

Swells are long-crest waves induced by storms. They can travel thousands of kilometers e e e e e
and impact remote shorelines. They also interact with local wind generated waves and

currents. It has been shown that the presence of swell lowers the quality of the o :w (Fo3)

geophysical parameters which can be retrieved from the delay/Doppler radar altimeter ¥ Buoy

data. This, in turn, affects the estimation of small-scale ocean dynamics. In addition, the
resolution offered by the delay/Doppler processing schemes, which is approximately
300 m in the along-track direction, does not allow to resolve swells. This work presents a roo I
method which demonstrates that Synthetic Aperture Radar (SAR) altimeters show

08 SWH = 1.62m T = 14 29sec DIR =

£

potential to retrieve swell-wave spectra from fully-focused SAR altimetry processed data :7\1 : E )

for the first time, and proposes thus, that SAR altimetry can serve as a source for swell 3 - 5§ ©  RAW
monitoring. g vee “ 3 )
Variant A *with no extra technical development* B § .
will bring unprecedented coverage of the ocean | RN PR .
directional swell spectrum directly supporting ergunck dmanca il v ok movmbe oo
CMEMS coupled ocean-atmosphere models and Rania Altiparmaki <O.Altiparmaki@tudelft.nl>

marine applications
-=II==p£--I-II
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S3A+S3B+S6 sampling today [lfiffifii=== i Cesa
https'//0d|b2h/VFpQOP-a A CPLRRRPAIRAL I A7 S A AAY B AL '\ | .:::. 1 C
opermicys

AL LA I
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ll l"ll( : ]
.'l 1A 1Y (ll'l‘ll ALARAARENR
I'HH” H ll rl.ll. l l AR OARRARALALL)E

e A R A 'S3A+B after dy
S3A+S3B+ J3(S6) after 10 days Primary User Need: Better sampling and coverage
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Effective spatial and temporal resolution of ALL esa
available altimeters today

Effective temporal resolution DT2018 (days)

)°S : . :
0°  45°E 90°E 135°E 180° 135°W 90°W 45°W
100 200 300 100 500 600 700

Effective Spatial Resolution (km) (Balarotta et al, 2019)
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At this scale SKIM a 30km grid cell is small- like a dot - time scale o

N T . ?0 : (© 5KIM Lovel-2b U frange)

@ 5x1M Lovel-2¢ TSCV 30 km grid
© 5™ Level-2¢ Stokes 70 km grid
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’\r\ K4 ’ \/\ (’ A 5
~ e \“\\ - 5 ’

Mngcm ‘ M.L.T General Circulation Model :
SKIM can help determine if these model outputs are real (dimitris.menemenlis@jpl.nasa.gov)
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A coastal technology exists: HF radars measure TSCV
Land-based Doppler system with O(100km) range: cover fraction of ocean

NO TSCV WA
DATA HERE -

i3 !l Y radar

7 days of SKIM

y/ stations

_radar
7 stations

(T T T Thaaas
15 20 25 30 35 40
standard deviation of TSCV
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SKIM EE9 Candidate (Courtesy F. Ardhuin, PlI)

The Sea-surface Kinematics Multiscale monitoring (SKIM) mission is built
around a Ka-band instrument combining:
radar altimeter, disco ball, and speed gun ...

- - ‘.'r . ’ A 2 < B
- g E ‘Ne P &
\ & » \ .y : b
‘ v \ .. » ™) — i L ' L

Altimeter: 32 Khz PRF, 200 MHz bandwidth, SAR unfocused
— very low noise for sea level, wave height, ice freeboard ...

disco ball: a rotating plate with 8 horn feeds : one nadir beam (classical altimeter)

7 other beams
at 6 and 12° incidence
4 m range resolution

-

speed gun: Doppler analysis — surface currents, ice drift & wave orbital velociti:es.

27
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SEEPS SKIM Test Scene Generation T - CY YT

CLS  deimos

elecner group

To accurately simulated
signal

@ scC
—

28
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Regional L2c TSCV performance Xy IL0PS Cesa
« Scenario: one month of SKIM L2c from SKIMulator at %4>  with full CLS

propagation of uncertainty for: instrument, mapping, fine-pointing,

Uyp (6° bloom removed L2c¢ retrieval

U,,>5 m s, rain flagged) '

M2: RMS difference between the simulated Level-2c compared to truth <0.15 m slor 15%

hichever is greater) and a goal of <0.1 m sL.
(whichever is greater) 8 SKIM L2c Across Track performance

Region Ll Mapping Instrument Uwo Usso | Attitude l?Thfjtlt:’f

Ucp (Us) residual Ucp (Us)

Gulf Stream (0?3026) 0.05 0.04 005 | 007 | 0.01 (09§505)

Equator (0?3002) 0.02 0.04 004 | 005 | 0.01 (0%1462)
Fram (0?3009) 0.03 0.01 004 | 003 | 0.01 050
Region L] Mapping Instrument Uno Useo | Attitude BT'\:'I:H?T
Ucp (Us) residual Ucp (Us)

Gulf Stream (0?3037) 0.04 0.03 007 | 004 | 001 (00.632122)
Equator (0?3003) 0.01 0.05 005 | 004 | 001 (0(3_3336)
Fram (0%(296) 0.04 0.02 006 | 0.04 | 001 (0(3_3224)

SKIM can meet regional L2c performance requirements

H-—] —
r—
=== —

—ee O b B

29
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L2c TSC\

* - {oesa

rument mapping (least-

» Scenario: one
squared Gauss

* Metric M4: Pe

RMS of ‘Truth’
Ucp (Us)
0.21
(0.044)
0.18
(0.039)

Attitude

0.06 0.01

0.05 0.01

12
9 )
m
©
6 N’
a'd
Z
-3 )
V-O

Drmance requirements
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S3NG-T ESA Phase A/B1: baseline focus on radar interferometry @esa

Constellation of 2 European swath Sentinel-3 baseline continuity

altimeter satellites performance/coverage/revisit (ocean, ice, inland water)
from Nadir altimetry

Then we add New Technologies to enhance the nadir
measurements (NASA/CNES SWOT R&D mission will be the
first demonstration in 2023+)

<L2 @ ~ 12km ka-band (SAOOQ) for ocean surfaces (higher
native posting)

<Ku-band Nadir altimeter required at centre of swath for Hs
and long wavelength roll error.

<Enhanced hydrology and ocean height gradient measurement
<When Hs >5m performance in (SSH) and Hs is challenged

s sssee .- -

'''''

12x12 km L2
retrieval cells
(Radar is higher
resolution)

< First demonstration in space US SWOT Mission -
launch this year

fffffffff £ ¢ There will be a gate review @SWOT launch+14
months to confirm the performance of SWOT @L2 to
~ 50 km ~ 50 km proceed with the swath altimeter design

ESA EE10 Harmony &EE12 SeaStar mission concepts also
120 km relevant

31
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2030-Jan-02 10:00:00.000 UTC
Lat ;13707

Lon ; 122969
Intersection Mode OFF

Variant B: 2 swath altimeters (1/2 day increment)

s ge C NASA (v uibloserh sa s gov)



Interferometry; Addressing Sea State issues esa

SSH may be underestimated due to velocity bunching.

Layover, in the range direction due to swells, is expected to decrease the coherence of the
interferometry and increase the random altimetry noise.

Spatial smoothing is one of the main methods for reducing the residual error of sea

State l!a%%nggsht error of WISA/MB SA instrument operating point over (12.5km)?
08 12.5 km x 12.5 km

| — SystiMargin= 3 9B
| w— Cv5targin= 0 0B

ThaIesAIenla

- Space

o

Mission Reguirement = 0 4cm/(12 Skm)

Ground track

o
o
T
L

Random Height Error in ecmi( 12 5km)
(
"

03 < >
02} Nadir Gap
01
o 0.76° 153" 229" 3.05° st 4 57‘ 533" 50 km
% r ® 0 & 7 1 side swath
Look angle (%) / Ground range (km) 120 km
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co-funded with @ esa
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Dioxide Monitoring
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CRISTAL ~ @esa

Polar Ice and Snow =
Topographic Mission %%

Mapping polar sea
ice thickness and
land ice eleVation
with overlaying

snow depth
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Dense Polar aItimetry coverage

Coverage from one month

of Sentlnel 3 ( ) and CRISTAL (

’n i
:‘ Lo
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ROSE-L Mission Background and Justification Eesa

« Copernicus Expansion mission
Responds directly and traceably to Copernicus user needs
Provides new information not yet available through current Sentinel missions (Gaps)
Provides enhanced information in combination with current Sentinel missions (Enhanced continuity)

- Same orbit and acquisition geometry as Sentinel-1 (IWS) providing an operational dual-frequency system of
satellites and enhanced information products

« Two ROSE-L satellites : PFM & FM2 + options currently under Phase B2+ study

Enhanced Continuity with S1-NG filling of information gaps
Enhanced Continuity with ROSE-L

Sentinel-1
o Phase A ; Sentinel-1 NG
Phase B2 :
0 ~ ROSEL

Today 2028 Time o7
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ROSE-L Mission Requirement

High-resolution e.g. < 50m? for enhanced continuity

Swath width > 260 km for co-location with Sentinel-1 Interferometric Wide mode

Revisit: 6 days Global, 3 days Europe and 1 day Arctic !
6-day Repeat Pass Interferometry (with 2 satellites) to monitor surface deformation and motion Europe: 3-dy re\'/AiJst
Polarisation diversity to maximise information content and robustness of information extraction
(dual and full polarimetry)

Low Noise Equivalent Sigma Zero (< -28 dB)

Stringent data latency requirements: 10min over Europe, 200min Global

AlS-onboard to support Maritime Monitoring 12-day Coverage Més—'k
ALOS WBD - HH/HV - RGB COMPOSITE
Wave-mode to operate over oceans and open seas _ I 20190523 16:24

Enhanced high-resolution sea ice
information

Snow Water Equivalent through
INSAR

lceberg
detected by

Cryosphere

both satefites

o Improved Maritime Monitoring
Ma':'tm_'e (Iceberg, Oil Spills and Vessel
Monitoring Detection and Mapping)

Legera
() 408 e Ouecnes

N T

W0 O Aipen  CRAR W8

Sea Ice Mapping Iceberg Detection -
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ROSE-L and Sentinel-1 NG - Synergy esa

L-Band (1.27 GHz) C-Band (5.4 GHz)

Revisit Revisit
* 6 days Global * 3 days Global

¢ 3 days Europe 0.5 dav Arcti
¢ 1 day (Pan)Arctic -2 day Arctic

Resolution < 50 m2 Resolution < 25 m2

Dual-Pol (DP) and Dual-Pol and Quad-
Quad-Pol (QP) Pol

Swath (DP) 260 km Swath > 400 km . . R o
o) C- and L-Band combined acquisitions enhance the sensitivity

Launch: 2028 Launch: > 2032 to the geophysical parameters of interest (e.g. different
penetration in vegetation, snow and ice)
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-JJ\/ aglng of polar
oce m S5ea |ce and snow

Understandmg the polar*
~oceans and their |mpact-
on our changlng cllmate
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CIMR: Cryosphere-ocean-atmosphere processes @esa

1. Sea Ice Concentration

. Sea Surface Temperature |
. Sea Surface Salinit | - Thermohaline Circulation
. Surface Winds
. Sea Ice Thickness
6. Sea Ice Drif
7. Sea Ice Type

8. Sea Ice Surface Temperature
Heat
loss Seaice Seaice

Ice shelf pushed away melts ~~__

..._-_._.

Heat
l0s$

"L+ Brine rejection

D m—
989
VYV Y mor— G
N -‘,'/f’f
~’ )'/ '/;,
[Credit: Céline Heuzé] -
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CIMR conically Scanning, L-, C/X, K/Ka-bands (H,V, 3rd Stokes)

satellite
velocity

Pe—

»—

Backward Scan—1

— ——
— ‘ —

Edge of swath . Forward Scan
used for Footprint
calibration

Donlon, Craig; Vanin, Felice (2019): Scanning Geometry of the CIMR
instrument. Figshare https://doi.org/10.6084/m9.figshare.7749398.v1

& ecsa

AMSR-E/2 and SMOS Brightness Temperatures of Surface Types

AL —t

250 -~

225 A

¥
v ’
= 200 1
o ‘-~
a 175
€ I g
o
m 150 “ . ,,I
g FYI=First-Year Ice 7
= 125 A MY I=Multi-Year Ice ’,
? ow OW-=0pen Water ’,’
@ 100 - v
----- }—‘* V
151 pem——mTT 3 -==-H

Frequency (GHz)

Lu, J. and Heygster, G.: AMSR-E/2 and SMOS Brightness Temperatures of

Surface Types, , doi:10.6084/m9 figshare.7370261.v2, 2018
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Sea Ice Concentration

Sea Surface Temperature

CIMR_SST _No_Smoothisg

Arctic Sea Ice Extent (>»15% SIC) Monthly Time Series

March Yrend
46 Dhousand km’ Jear
2 Wdecade

‘A%llillbiillli

Seplember Trer
19 thousand ks’ ear
13.5%0ecate

Sea Ice Extent [milion km' ]
Lo
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o

[
w
-0
-0

Forty years of passive microwave satellite data
e
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T

Sowrce TUMETSAT Ol S e vosasd met nol
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1980 1985 1990 1995 2000 2005 2010 2015 2020 -
Thin Sea Ice thickness Surface Wind over ocean
AWVESA SMOS L-band Sea ice Thickness =~ (' /\/\//@esa = Crichand 10 K WS Kol PUR Biolies
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Sea Surface Salinity @esa

Sea Ice Drft, ice type, snow,
soil moisture...

(cpermcus CIMR Products and priorities (See MRD for details) & esa
Level-2 Processing 1
Conuntent L2 Prodect
Farrsly
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Sea Ice spatial characterlstlcs are complex

Satellite Imagery
M "%&k P " '“"'“’m Fob ¥ e e M 18
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CIMR -3dB projected IFoV and footprint size
CIMR compared to other PMRs

3dB Footprints

MWI-SG (2023)
BN AMSR2 (2012)
B CIMR (2026)

SMAP: 36x47
SMOS 32->80+ (mean:42)

35x62 24x42 ’x12
10x20 10x20 3.3x5.6
C X K Ka
6.9 10.6 18.7 36.5
Band name and Frequency [GHz]

3dB ellipse
diameters
[km]

antenna
reflector

footprint_size

(a+b)

 J
L

AMSR2
e=2.1m

footprint size:
® L: <60 km
C: =15 km
gl;z5-0 ' X: <15 km
@ > 7.0m (mesh) K: < 55 km

Ka: <5 (g:4) km

#CIMReu cimr.eu
@lavergnetho (9th sep 2019)
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8m K-band reflector (LEOB - courtesy LSS GmbH)



8-meter LEOB EM post-TVAC deployment (6th May, 2022)

“"motorized” deployment: complete cycle with latchin .
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mission, comprised
oose convoy with
tion ~350 km).

of a passive SAR and a
® ¢

lid Earth, land ice aﬁd
¢ o
. ® o

7 ey
: /Harmony will resolve (sub)kilometre scale motim
vectors and topography changes associated to

dynamic Earth System processes:

heat, gas and momentum exchanges at the air-sea
interface;

the inner structure of ocean-atmosphere extremes;
instantaneous sea-ice motions to characterize sea-
ice dynamics;

3-D deformation vectors associated to tectonic
strain;

topographic change at active volcanoes worldwide;

gradual and dynamic volume changes of global
mountain and polar glaciers.

Harmony is ESA’'s Earth Explor
, of two companion satellites i
\ Sentinel-1D (along-track sep

> Its payload suite consist
multi-view TIR instrum

Foreseen launch in 20
Multi-faceted mission
ocean)

Y V




Harmony in a nutshell

2 Harmony Satellites using Sentinel 1 SAR instrument as the illuminator.
Each satellite includes a SAR instrument receiver in C-band and one Thermal Infra-Red payload.

~250 km swath in Stereo phase covering 3-D surface
deformation ocean applications: surface motion, surface
winds, sea surface temperature, cloud motion.

> ™ | R + =+ Nl EE + THE EUROPEAN SPACE AGENCY

Cross-track Interferometric phase covering land
applications like glaciers, permafrost, volcanoes.




Bringing Harmony at the air-sea interface

esa

Exchanges of heat, gas, momentum at the air-sea interface depend on the thermal, chemical, kinematic
imbalance between ocean and atmosphere that are modulated by km to sub-km scale processes

< i< . Cloud street ‘

Organized L;\ \
Eddies (OLEs)| .\ _\ Cloud-free
| . | : r""<\\‘\ y \.‘\ :?\
Flux anomalies/| “’.T,CIOUG stregt “‘:'.',‘S c:\ ‘\_-‘.:,é, '\ - Top of
(Momenitym 18 Yy < >ls the MABL
: ’bj \ 1‘*‘ r
\ i ! e
* ' |
%N\ AL —— —
% NS | \ '

Current ' Seconda
Thermal O(1km
X feedback el ' circulation ( )
'1\ . fi ck A -
W) o — \)9 -

Wind-waves-currénts ..

- \ N "- = S .u‘ : . U
interactions - % Btokes dﬂﬂ- — - L
o\ SUITAcE waved o__ U Uo Up=Up=U§ " A
Langmuir ves r— ~—Ekmai ;
circgl t'l ' Q n '"{\ " Ageostrophic [Sea
ulation . Q \splral A ‘
Cfl‘(ulallon ! Mlxed Layel'
\‘~ v Y
Turbulence Entrainment C— Instabilities Depth

and internal
XX XAlong-front response 1
000Cross-front response waves

/ Air-sea quxeA

depend on

- Surface stress
impacted by currents
and winds, which are
affected by Sea
Surface Temperature
(SST)

- Boundary layer
depth (which varies
by 2 orders of
magnitude under
different stability

\conditions) /
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Submesoscale ocean features esa

 >FUNDAMENTAL )
Submesoscale processes modulate exchanges of heat, salt,
c carbon, nutrients between upper and deep
— layers, with unknown long-term impacts on marine
N \ecosystem and climate y

20km Sentinel-1 SAR

200

60 160

40 120 GKEY MISSING \
20 oo | INFORMATION
s Of «© | any topography-based mission
2 o0l '° | only provides non divergent
3 ol . fielil_s (sz[|> fie)lds, missing

. vertical flow
-60 b -120
@‘—A‘ =100 \ /

model simulation at ~2 km resolution (W/m?)
Su et al Nature Comm 2018 doi:10.1038/s41467-018-02983-w
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Gula et al. 2022 doi:10.1016/B978-0-12-821512-8.00015-3
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Small scale upper ocean dynamics esa

Harmony will resolve the high-latitude small mesoscale ocean surface dynamics and quantify the
submesoscale surface current gradients over all latitudes and seasons down to O(1-5 km) horizontal resolution

Coarse
(25 km)

Projected 2m temperature changes
(2070-2099, relative to 1990-2019)

Year
b Antarctic Sea Ice Volume (September 1950-2099)
4
z 2
-
g (4 e I | B T L N
-2
£
c -4
o
€6
S
-8 HR 1950-control LR 1950-control
— MR hiSt+scenano s LR DisSt+scenano
o o O O 0 0 O O 0 O
-7 -6 -8 -4 -3 - “ O S e R S S S L S o
7 -6-5-4-3-202 3 4 5 6 7 \q¢P°\o,\o,\q.»&%e,p,‘o%c,@mo,‘owcmo
DJF 2m temperature change [°C] v

Hewitt et al. Nature Climate Change 2022
https://doi.org/10.1038/s41558-022-01386-6

Rackow et al. Nature Communications 2022
https://doi.org/10.1038/s41467-022-28259-y 5
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L2b: Stress equiv. surface wind (U,,.)

& relative surface current (TSC) S
] — \ !
'-’_j Eloey |5 | = | | [ v ] S

Lic

37°N

7w wacs }
3

36°N

36°N

35°N 35°N

| [oMF TSC) CRr— |
adk ’ 10 km 'o ¢’ ‘ " - g <l 34°N réagraed Pyramcal Retieval
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Earth Explorer 11 Phase 0 mission candidates (1/2) esa

Cairt Nitrosat

Charting our changing atmosphere in 3D Mapping reactive nitrogen at the landscape scale
4 . )
f vioom chemical tracers X ALSRSROPSs Exsiaion
e temperature . =T (N, =NO, +NHy)
' aerosols ' '
from
mid-troposphere
\g to lower thermosphere)
Credits: \ [ \
Key science and mission objectives Key science and mission objectives
» To observe atmospheric composition, structure and dynamics  Detect and characterize individual sources of reactive nitrogen species NH; and

- To better understand the processes that couple atmospheric circulation NO, associated with farming industrial complexes, transportation, fires and cities

chemistry, composition and regional climate change Proposed mission concept

» Observe atmospheric NH; and NO, column densities

» with spatial resolution 500 mx500 m

Infrared limb emission imager (imaging Fourier Transform Spectroscopy)

Spectral coverage of 710 — 2200 cm-' at 0.1 cm-" * with high sensitivity to the planetary

* Mission lifetime at least 3 years

~« Tomographic 3D mapping of atmosphere (5-115 km) at 50x50x1 km3

B
\' Loose formation with MetOp-SG / IASI-NG for synergistic limb-nadir retrievals \ — /
56
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Earth Explorer 11 Phase 0 mission candidates (2/2) esa

Seastar Wivern
Observing global winds, clouds and precipitation

40 km stratiform

Measuring small-scale ocean dynamics

Key science and mission objectives Key science and mission objectives

* synoptic high-res observations of currents, winds and waves over coastal and « Measure in-cloud horizontal atmospheric motion and microphysical properties
shelf seas, and the Marglnal LdéZone
infer derivative préducts'suqh as vorticity, strain and divergence

. contribute tofa.m'l'dets.tgndjng;oﬁr air-sea mteractlons vertical processes and marine
WOdUCthlﬁfﬁ P ». ) + Establish benchmark for precipitation and cloud profiling

{r ‘ _plutiori models

» Extend lead-time and predictive skills of high-impact weather

» Contribute to reanalysis, improve weather and climate model parameterization

Proposed mission concept

PI}OpO ;ISSIOH concept Conicall ing W-band radar with dual polarizati I ir techni
ot x ° ‘3 =

. ISmbM,SAR system)‘gr squinted along-track ocean interferometry (ATI) from e bl o s o R - " PUSePTieciniaue
'spﬁe"\mth three beams (fore, aff, broadside) for full 2-D measurements  Sun-synchronous polar orbit with 800 km swath, daily revisit above 50° latitude

. Fﬁww sampling: fast 1-2 day revisit, or all coastal and shelf seas / \ 5-year lifetime /

57

= EH E B + THE EUROPEAN SPACE AGENCY

|4
Ak
+
+
I




SEASTAR Summary Eesa

SEASTAR is a dedicated ocean mission to
address well-articulated scientific needs for
new synoptic imaging of ocean current and

wind vectors at 1km resolution.

Its focus on key interfaces of the Earth
system makes SEASTAR relevant to a
large and growing community of ocean,
atmosphere, cryosphere, coastal and https://projects.noc.ac.uk/se

climate scientists and operators.

A ‘quantum leap in knowledge’ for Earth Observation and Earth Science

The first mission of its kind, with some ambitious elements, that builds on high levels of scientific and
technological readiness in Europe. A
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Ocean signatures, science and Applications of S2 Cesa

& Sentinel-2A Ocean surface roughness
~ (842nm) revealing ocean currents, waves,
N internal waves

60
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lif™

Sentinel-2
2 COLOUR VISION FOR COPERNICUS




Sentinel-2 MSI Features = New Opportunities @esa

H E; VNIR
N P
==l
) B/H cross-detector
B =i =

Sentinel-2 detectors

.

Flight direction 12 clusters (detectors), 13 lines of sensors (bands) in each

Odd clusters are looking forward, even clusters are looking backward,
spectral channel sensors also have relative displacement

Parallax angle between the two alternating odd and even clusters of
detectors results in a shift along track of approximately 46 km

(maximum).
Ground track |-

/ T X Inter-band measurement parallax amounts to a maximum along track
displacement of approximately 14 km.
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JGR Oceans

Research Article () Free Access

Sun glitter imagery of ocean surface waves. Part 1: Direction;
spectrum retrieval and validation

Viadimir Kudryavtsev 2 Maria Yurovskaya, Bertrand Chapron, Fabrice Collard, Craig Donlon

I: 31 January 2017 | https://doi.org/10.1002/2016)C012425 | Citations: 39
companion to Kudryavisev et al, [2017], doi:10,1002/2016)C012426
= = |, TooLs <

JGR Oceans

Research Article (&) Free Access

Sun glitter imagery of surface waves. Part 2: Waves
transformation on ocean currents

Viadimir Kudryavtsev 24 Maria Yurovskaya, Bertrand Chapron, Fabrice Collard, Craig Donlon

31 January 2017 | https://doi.org/10.1002/2016)C012426 | Citations: 39
This article is a companion to Kudryavtsev et al. [2017], doi:10.1002/2016)C012425
= - A, TOOLS
- Il W 411 = 1111 T =2

-
(3,

Veurrent, m/s

O
3

16 18 20 22 24 26 .

Longitude, ©

Figure 14 Open in figure viewer | #PowerPoint

Wave-rays of an incoming 75° (counter clockwise from the East) swell at -45°
latitude, with wave number k=2 5x102 rad/m. The altimeter surface current
velocity field is taken from http://www.aviso.altimetry.fr/en/data/products/sea-
surface-height-products/global/madt-h-uv.html. White box indicates area for
Sentinel-2 data analysis.
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esa

Surface roughness from sun glint at multiple view angles: example at medium resolution (250m)

—0.05

- 10.04

- 10.03

sarong

science of ocean glitter

33.5

33
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esa

Surface roughness from sun glint at multiple view angles: example at medium resolution (250m)

MISR Cf Radiance Contrast ]
37 « —0.05
36.5 - 10.04
36 - 410.03
0.02
35.5
¢ 35§
o
o
2
-
5345
34 sarong
science of ocean glitter
33.5
33
32.5 -0.05 65
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esa

Surface roughness from sun glint at multiple view angles: example at medium resolution (250m)

MISR Bf Radiance Contrast []
37 T : S ~0.05

- -
N

3 R &
- A ."‘.: \j LRGP e,

~

- 10.04

- 10.03

0.02

sarong

science of ecean glitter
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esa

Surface roughness from sun glint at multiple view angles: example at medium resolution (250m)

MISR Af Radiance Contrast []

- ) ¢ - L
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esa

Surface roughness from sun glint at multiple view angles: example at medium resolution (250m)

MISR An Radiance Contrast []
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esa

Surface roughness from sun glint at multiple view angles: example at medium resolution (250m)

MISR Aa Radiance Contrast []

B

37

—0.05

36.5 V S BT o - 10.04

33.5
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science of ocean glitter
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esa

Surface roughness from sun glint at multiple view angles: example at medium resolution (250m)

MISR Ba Radiance Contrast []
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esa

Surface roughness from sun glint at multiple view angles: example at medium resolution (250m)

MISR Ca Radiance Contrast ]
37 - TR e ~0.05

- 10.04

- 10.03

Latitude [°]
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science of ocean glitter
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esa

Surface roughness from sun glint at multiple view angles: example at medium resolution (250m)

MISR Da Radiance Contrast|]

.4 ".‘ - 4
» .

37 —0.05
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science of ocean glitter
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Sarong proposition of a viewing geometry dedicated to wind, @
waves, current and bathymetry

Angles of Sun, Satellite and Reflective Facet
Noyth

10:35:15

r 10:35:00
2(

10:34:45

* 110:34:30

sarong

science of ocean glitter

- -
gl T N BT

Northward slope z, (]

10:33:15

-
Sa—
-

10:33:00

10:32:45
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Copernicus Future development

esa

—_

CURRENT GENERATION 1

SENTINELS J

Sentinel-1A +B
C-Band Radar

Sentinel-2 A+ B
High Res Optical

Sentinel-3 A +B
MR Optical + Altimeter

Sentinel-4 A
Atm. Chemistry (GEO)

Sentinel-5P
Atm. Chemistry (LEO)

Sentinel-6 A

AItimeter

Sentinel-1C+D
C-Band Radar

Sentinel-2C+D
High Res Optical

~

I | Sentinel-3C+D

MR Optical + Altimeter

]

Sentinel-4 B
Atm. Chemistry (GEO)

Sentinel-5
Atm. Chemistry (LEO)

Sentinel-6 B + C

Altimeter

¥

NEXT GENERATION
SENTINELS

q

Sentinel-1 NG
C-Band Radar

)

Sentinel-2 NG
High Res Optical

)||

" Sentinel-3 NG-O
_ MR Optical

( Sentinel-3 NG-T

Altimeter
.

&

HIGH-PRIORITY CANDIDATES
MISSIONS
ROSE-L
L-Band Radar for Arctic and
Crysphere Monitoring, Land and
Emergency Mapping, Ground
Motion, Soil Moisture

A

co2m

Carbon Dioxide Monitoring

CRISTAL
Polar Ice & Snow Topography Altim.

CHIME
Hyperspectral Imaging

LSTM

Land Surface Temperature

CIMR

Imaging Microwave Radiometer

74
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Data Volumes are growing — e.g. Copernicus Sentinels Eesa
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Conclusion esa

Europe is providing an unprecedented and unique Earth Observation Observation Evidence
Base that is supporting an enormous and growing number of applications across all domains
The European Space Agency, together with the European Commission and EUMETSAT, is now
preparing to enhance and extend the Copernicus system

User and Policy driven requirements drive the system evolution

Continuity of Copernicus observables is to be guaranteed

Enhanced continuity sets next generation targets
The ESA Earth Explorer Program continues to developing new scientific missions to view our
planet Earth using innovative techniques and technologies.
Fundamental challenges remain to exploit satellite measurements in synergy from the local
process-driven perspective to the global climate challenges.
We have an extremely rich and growing data archive for reanalyses and climate activities
that provides an unparalleled scientific evidence base
These are critical for effective decision making and Policy implementation — and of course
our next generation of forecasting and prediction systems
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Thank you
Any Questions?

Contact:
Craig.Donlon@esa.int

OPEIICUS

Europe’s eyes on Earth

G
gcesa &

EUMETSAT
European Space Agency

— e O b BN 55 S K - = i [+l

77

+ THE EUROPEAN SPACE AGENCY



Impact of Sea State on Swath altimeters esa
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Wave induced measurement issues limit the usefulness of near-nadir interferometers
for studying surface wave effects, and may contaminate sub-mesoscale signatures to
some extent for high Hs conditions (Rodriguez et al, 2017) 8
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Interferometry; Addressing Sea State issues esa

SSH may be underestimated due to velocity bunching.

Layover, in the range direction due to swells, is expected to decrease the coherence of the
interferometry and increase the random altimetry noise.

Spatial smoothing is one of the main methods for reducing the residual error of sea
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Potential coverage impact of Hs>5m taking InSAR swath altimeter SSH performance
5-day coverage (orbit esa
=1 7 T T T /' T

The analysis is “brute force” and e
reports seasonal averages for a il
latitude band. This obscures the probablity of SWH > 5 m, Dec. Jan. Feb.
dominant regional impacts (in T = P
particular storm tracks in both 50 S
hemispheres in winter) where the
impact will be greatest that can be 0
identified in the Pe(Hs) maps.
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