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Overview

« Satellite SST measurements

« SST Requirements

« ESA Thermal infrared satellite
activities

 ESA Microwave radiometry
activities

* Fiducial Reference
Measurements

 Future outlook

(O. Embury)
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Early SST measurements

Franklin — Folker Chart of the
Gulf Stream (1768) compiled AVHRR satellite composite

from ships logs over many years image of a similar area
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Satellite instruments generally measure 2D
surface expressions of 4D structures
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Interpretation framework for SST
Donlon et al, BMS, 2007, htip://dx.doi.org/10.1175/BAMS-88-8-1197

10um

1 mm-|

1m -

Depth

10 m+

(a) Night time situation, light wind

SSTskin — SST10m (K)
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Depth

SSTskin - SST10m (K)

g 0.5, 1.0 1.5 . 2.5 . 3.0
10um
1 mm-
ATdiurnal
~0 — 4.0K
1m -
+ SSTint
+ SSTskin
+ SSTsubskin
Model
+ SSTdepth
h + SSTfnd

(b) Day time situation, strong
solar radiation and light winds
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Measurement of SST Can’t

measure

(6T <1s)
SSTskin - SST10m (K)

0 | 0.5, 1.0 1.5 2.5 . 3.0
10um - € |nfrared sensors (5T ~10s)
1 mm-|
Microwave Sensors (6T ~10+ s)
tm- €= Contact thermometers _
Ships/Buoys (8T ~minutes) + SSTint
e
) + SSTskin
a
+ SSTsubskin
+ SSTdepth
10 — Contact thermometers
Ships/Buoys (8T ~hours) ‘ SSTind
Day time situation, strong
solar radiation and light winds
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Validating

the SST
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Donlon, C.J., P.J. Minnett, C. Gentemann, T.J. Nightingale, I.J. Barton, B. Ward, and M.J. Murray, 2002: Toward Improved Validation of Satellite Sea Surface Skin
Temperature Measurements for Climate Research. J. Climate, 15, 353—-369, https://doi.org/10.1175/1520-0442(2002)015<0353:TIVOS55>2.0.C0O:2
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Diurnal SST stratification (variability)

Arabian Sea WHOI Mooring Data (From the work of A. Stuart-Menteth)
- Spring 1995

A~
O (1mm data estimated using Fairall et al. (1996))
(@)
Ss—
o m— SSTfnd
| S
)
d
©
| -
()
Q.
()
— T T
T Temperatures at all depths
collapse to the same value before
T local sunrise
Year Day
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Time evolution of near-surface thermal
gradients at the same location

SkinDeEP profiles on 12 October 1999. Off Baja California, R/V Melville., From Ward, B. and P. J. Minnett, 2001
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Diurnal SST signatures: Atlantic (MSG SEVIRI)

(ESA Medspiration)

»
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MEDSPIRATION: LZF wind_speed
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Arctic DV: Northern Novaya Zemlya
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Regional SST every 10 minutes

Himawari-8
SST
2015-04-26

Hourly
composite
data

Yukio Kurihara (JAXA)
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DV “Structure” masking: 15 to 25
August 2012

°C

« SMOS reveals SSS structure of the Gulf Stream with an unprecedented
Space and time resolution

« Cold/fresh Core rings are better captured by SSS observations than by
SST during summer.

 Implications for assimilation and interpretation
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Use of SST to constrain Altimeter derived ocean surface currents (M-H Rio, L. Gautier)

Propagation of the « good » altimeter velocities along the SST streamlines assuming
geostrophy

Altimeter geostorphic velocities Corrected velocities

Streamlines from AVISO (left), current corrected by ODL (right) and plotted
over regional ODYSSEA SST and Sentinel 1 SAR image on 2015/04/23.



International Context

ESA

NASA
NOAA
EUMETSAT
JAXA

CMA
NSOAS

SST aspects
Coordinated
by CEOS SST-
VC and
GHRSST

ESA UNCLASSIFIED - For Official Use C Donlon | 23/01/2018 | Slide 17

— 01 b c= ™ I ™ = Tl O e BN E2 K2 EE I



Transitioned from ESA R&D to

GHRSST CEOS<ESns\ACERMHISrACTI

on
CEOS SST _ GHRSST
CEOS-SIT CO\Q;:gﬁLﬁ GHRSST Project

on

_ Advisory
Office
(SST-VC)

Council
[ International GHRSST Science Team J

/uSer, DIata an RN | |

/ Estimation and\ / el an_d \ f Climate Data
. S Intercompariso
Services Validation n Records
Technical Technical Technical Technical
Advisory Advisory Advisory Advisory
Group Group Group Group
K (UDS-TAG) j k (EV-TAG) j

\ ;”_T 5 ) k (CDR-TAG) /
User requirements for high resolution sea surface temperature data
products and services from operational, scientific and climate

communities
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GHSST International Science Team

| G-VI, Exeter, 200

G-XI1, Edinburgh, 201|1
- Locations of GH

| G-XVII, Washington DC,*@-}G\ ° m Mot 1 2004
° - Next in Cape Town | > 'spra
| G-X, Santa Rosa, 2004—/
G-I, Tokyo, 20041

| G-1V, Pasadena, 200

G-XII1, Tokyo, 201|Z
| G-VII, Boulder, 200

G-XVIII, Qingdao,

5-9 June 2017

| G-XIV, Woods Hole, 201

G-I11, Frascati, 200|2

| G-1X, Perros Guirrec, 200

G-V, Townsville, 200+

| G-XI, Lima, 201

G-VIII, Melbourne, 200|7

| G-XV, Cape Town, 201

G-XVI, Noordwijk, 2<|)15

G-IXX EUMETSAT. 4-8 June 2018

Science Team Meetings are open to all
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Many satellite data sets...Iin a
common format

Ancillary information in L2P products:
dynamic flags
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Multi-Product L4 SST Ensemble:
Medspiration =2 Operations

Ensermble Median S5T for 202151107
T

455 . 4 = - 5
———— e e = = = _ = T
905 ) I@ Crown Copyright, h-'lat Office 2015 ot -
. I@ Crawn Copyright, h-'lst Office 2015
' soT, Cogree 160
e
I 4

]
Saea lsa Fracti LET Diffarance, C

http://ghrsst-
pp.metoffice.com/paqges/latest analysis/sst monitor/weekly/
gbl/index_html
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SST Requirements (GHRSST)

«  GHRSST conducted a wide international survey of
operational, climate and scientific SST User needs.

 These have been translated into general SST User
Requirements set out into the table below.

« Additional service requirements are found in the GHRSST
User Requirements Document.
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European SST measurement
capability today
« International coordination and exchange
« GHRSST and CEOS SST-VC
Thermal Infrared Radiometry
« Polar orbiting - Copernicus Sentinel-3/MetOP
« Geostationary 2> MSG/MTG
Microwave Radiometry
- Polar Orbiting - Potential Copernicus Mission
In situ and Fiducial Reference Measurements (FRM)
« FRMA4STS, AMT4Sentinel, TIR Radiometers

Each have complementary aspects that deliver excellent
synergy -- In fact, all of these are required for an
effective SST measurement system
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Geostationary Imagers
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Polar Orbiting Thermal infrared Radiometers
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Changing

Copernicus

Science
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Microburst, Long Island,
in The Bahamas. © Dene
Georgelin.
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2012:AltiKa
1992: TOPEX / 2001: JASON-1 2008: JASON-2

Poseidon-1
SIRAL SIRAL
2005: CryoSat-1

R 2010: CryoSat-2

A

1992: ERS-1
1995: ERS-2 —>

SRAL,
MWR,

POD

ESA UNCLASSIFIED - For Vegetatio C Donlon | 11/09/2017 | Slide 29

=Ill-==-:-||-9?f3-s'£0_;r_l4ll==%|=-II::: im ¥

188




S3: Sea and Land Surface Temperature
Radiometer (SLSTR) Comparison AATSR

number of spectral bands from 7 to
9 (new 1.3 and 2.2um) for better Ci
Cloud detection

Increased resolution for VIS and
SWIR channels (0.5 km @ nadir, TIR
1 km @nadir)

maintain along track scanning with
iIncreased swath of oblique view to

740 km o
iIncreased nadir swath coverage to
1400 km .
100%0 overlap with OLCI .
iImproved coverage Ocean < 4 days
(practically — 2 days) o

dedicated Active Fire channels

Timeliness: 3 hours NRT Level 2
product

ESA UNCLASSIFIED - For Official Use
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Multi-spectral TIR
capability

Along track scanning
Cryo-cooled
detectors

2-point on-board
black-body
calibration
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SRAL (>2 km) and MWR (20
km) nadir track

\ 1400 km SLSTR (nadir)

\ 740 km SLSTR (oblique)

1270 km OLCI
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e To enable a wider swath SLSTR uses two
scan systems (nadir and oblique) and optical
paths

e A flip mirror (new) is used to select which
optical path is directed to the detectors

e The nadir swath has a westerly offset to
completely overlap the OLCI swath and
mitigate sun-glint

e The oblique view
55°inclination maintains a
longer atmospheric path
length compared to nadir

e Dbetter atmospheric
correction

e Both scan chains view the
same blackbody and VISCAL

targets




[FPA | [FMAwith FMD | ) 4——| OB Earth View Baffle

Radiators |

Parabolic Mirrors |

SUE

NA Earth View Baffle |

Alignment Cubes |

|Scanner (OB and NA) |
SLSTR is composed of two main units:

SLOSU (Optical Scanning Unit) and N
CPE (Control and Processing Electronics). mounted inside el
the satellite on a dedicated panel o

\

SLOSU is composed of an Opto-mechanical Enclosure %
CPEC Donlon | 11/09/2017 | Slide 34

(OME) and a Detection Assembly (DA)
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SLSTR is a self-calibrating IR instrument.

SLSTR uses an on-board calibration system:
- TIR channels use two specially designed and
highly stable blackbody cavities observed
every scan
- Fire Channels rely on pre-launch calibration
and use of hot BB (dynamic range >600 K) as
best effort

Vicarious VIS/SWIR calibration

- Solar diffuser illuminated once per orbit at at the
the S. Pole terminator.

- Additional regular views of stable earth sites
(Desert, snow) used to characterize / correct for
calibration drift.
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Sentinel-3A SLSTR 2018/701/18
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Clouds Clouds Clouds...remain the
primary source of uncertainty.
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METIS Verification
SLSTR, Metop AVHRR and I1ASI
SST vs CMC 10km

http://metis.eumetsat.int/sst/index.html#
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TIR Radiometric Calibration:

e.g. SLSTR vs 1ASI

e SLSTR vs IASI-A

 Timediff: 5 min

» Distance: within pixel

y Satellite zenith angle: é: SLSTR_Band_S9_td5_szadiff1,.0_N10674_v8_20160721T112241_20160723T072337.ALL:2929
gegﬁgmsm <2=71;/§IO4 04-06/06 [ S

. evonts: 27- . 04- : o SRR e —=
23-25/06; 12-14/07; 01-02/08 e vwv”‘“*’”‘”‘ |

° 100% matchups E:EI 150 200 210 220ibt_sginsr!-lasﬁf_ohc_urﬁsag!nc 260 270 280

0 N .. W AL SR B

- SLSTR vs IASI-B

- Timediff: 5 min

- Distance: within pixel

-  Satellite zenith angle: deltaSZA/SZA <=1%

- 5 SNO events: 17-19/04; 06-08/05; 13-
15/06; 21-23/07;28-30/08

- 100% matchups

SLSTR_Band_S9 td5_szadiff1.0_N14276_v8:ALL:14278

*Directly compared S3A SLSTR S8/S9 and MetopA/I1ASI
N *SLSTR agrees well with 1ASI for BT 230-270 K with near
I 1 1 | ] 1 1 ] | 1 ZerO bias

180 200 210 220 230 240 250 260 270 280 230 B
ibt_s9_srf-iasi_I1c_umarinetcdf *Consistent results between SNO events

T *Separate contribution from north (250-270 K) and south
' (—<250 K) SNOs

*Higher bias in very cold temperature range (<230 K) and

HRN A S S S N S B T higher noise around 250 K requires further investigation
190 200 210 220 230 240 250 260 270 280 290
ibt_s9 srf-iasi_l1c_umarfnetcdf

o oooo
BN OMN OO —
T T T T T

arr_mean-ibt_s9_srf-iasi_l1c_u

Ps

oo oo
o N > e -
I —

sht_S9_eli

rr_mean-ibt_s9_stf-iasi_l1c_umarfnetcdf:ALL

12th Appleton Space Conference, Harwell, United Kingdom, December 2016



Sentinel-3A Mission Status & EUMETSAT

« Sentinel-3A launched in
February 2016

« Nominal operations of
space and ground
segment

« Sentinel-3A Routine
Operations Readiness
Review in October 2017
to confirmed formal
transition into full
routine operations

 All Level 1 and 2 products have been released to users

 Reprocessing including the commissioning phase
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To meet Mission
Reqguirements

The Sentinel-3 Mission
IS composed of two
identical satellites

Flown together in the
same orbital plane
separated by 140°

Follow-on Satellites
(Sentinel-3C and
Sentinel-3D) are now
being procured.

Il === 31l =
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Sentinel-3B Current Status
« SLSTR Instrument Integrated on satellite in March
2017

* Final TVAC with OLCI PFM integrated, in
September 2017

* Final Acceptance Review Completed in
December 2017

 Launch using Rockot from Plesetsk (same as
S3A) anticipated in mid April 2018

* Products will be released as soon as possible once
they reach a suitable status of validation

* Full operational constellation will then be reached
*  9-month in-orbit commissioning
 Optimised 140° phasing - improves
interleave between S3A and S3B for

better SRAL meso-scale sampling of 4-
7 days

Commissioning will include a 4-5 month
tandem flight
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Mesoscale features
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Optimising the Constellation: Change of
Sentinel-3B orbit phasing from 180° to

140°. Coverage shown here after 4 days
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The ESA CCI SS Climate data
record today and tomorrow.
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& EUMETSAT
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& EUMETSAT
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Sentinel-3 Tandem Rationale & EUMETSAT

« A tandem phase operation of the A/B pair with —30 s separation in time
between satellites on near identical ground-track for ~4-5 months will
be flown during Phase E1.

_— T~

538 ~30s in time S3A
P —
~210 km

At —30s, the atmospheric and oceanic variability will be reduced to
negligible levels - reduced uncertainty when comparing data.

« At —30s, more dynamic targets such as convective cloud tops and hot
deserts can be included in verification work.

« multiple coincidences extracted across a full range of atmospheric
conditions at all latitudes will give the statistical power to characterise
relative calibration to the precision required.

« We can run S3A and S3B instruments in different modes

« We are interested in new science aspects of the Tandem phase.

- C.Donlon | 23/10/2017 | Slide 54
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Sentinel-3 Tandem Implementation & EUMETSAT

Launch S3B higher than S3A. The Launch of S-3B will already initiate
the drift to arrive close to S-3A.

Drift phasel: S-3B to reach S-3A, over 1.5 months. While still in
sufficient safety distance from the S-3A position, SIOV/LEOP and
commissioning of S-3B command and control can be performed. S-3B
data commissioning can start.

Tandem Phase: Once S3-B command and control commissioning is
confirmed to be OK, the approach to the actual tandem position will be
Initiated. A Tandem phase of 4-5 months then follows:

S-3A maintains normal operations.
S-3B flyis ahead of S-3A with a time distance of 30 seconds
(separation in position of 210 km)
S-3B continues commissioning activities
Drift phase2: S-3B to move away from S-3A and arrive at its baseline

position at +/- 140 deg to S-3A. Typical duration of this phase —~1.5
months.

- C.Donlon | 23/10/2017 | Slide 55
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Tandem Phase Operations Overview @ EUMETSAT
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Polar Orbiting Microwave Radiometers

El

[ N A N I N N
~7 GHz channel(s) available enabling global retrievals:

GCOM-W

/1 (AMSR-2) >

HY-2A (MWI) == HY-2B, C (MWI)

— HY-2D,E.F

Coriolis (WindSat) pERRR R RaaRRR-

[ GPM-Core(GMI) S| i >
FY-3A, B, C (MWRI) ‘ ‘ =
| FY-3D (MWRI) — FY3F,G,R(MWR) >
- LN Qehit, .. Approved - Planned/Pending approval;  si. =
= g1 |=@inextgndeg misgionphgse) ] =— = == @ 1 = = B3 5= I+l

Ne

W mission

concepts




SST and Microwave Radiometry

- All weather advantage
(not precipitating)

« Combined ability for
retrieval of SST plus
salinity, wind, rainfall etc
useful for operational
oceanography

« FOV wider than IR SST
due to weak thermal
emission at these
wavelengths

«  Wider antenna needed to
For global SST need 6-7GHz and 11GHz achieve better spatial

At these wavelengths penetration depth is 2-3mm  resolution

Therefore sub-skin SST, rather than skin SST from IR
radiometers
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 Use of Microwave Radiometers (MW) for SST retrievals is an essential
component of global constellation of SST sensors.

 Provides temperature of ocean under clouds, not possible from infrared
sensors, albeit with poorer spatial resolution. Important in high-latitude
regions and in areas of extensive and persistent cloud cover or in case of
a large volcanic event.

* Impact studies of SST analyses / ocean forecasts show MW radiometry is also
needed for:
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Verification of SST analyses (and inter-comparisons) at the poles.
Aerosol regions (robust to IR sensitivity displayed in these regions).
Improves feature definition (e.g. fronts) esp. where persistent cloud.

Impact studies show improvement in RMSD (e.g. 0.02K global to 0.05K regional).
Particularly important at high latitudes.

In addition retrievals of Ocean Surface Salinity Measurements give better
performance when using SST analyses including PMW data (e.g. Meissner et al,
TGRS-2016-00278)

| SITTWS ‘17, 13 Sept 2017 |




Currently there are risks and gaps identified in
constellation, therefore continuity and redundancy of
Microwave Radiometry for SST continues to be sought.

These data are particularly important for SST analyses and ocean models at high
latitudes, aerosol regions, persistent cloudy regions, feature definition and overall
contribute to an improvement in ocean forecast skill.

Given the current risk to the current and continued PMW constellation for SST and the
need for a redundant capability of PMW with ~7 GHz, CEOS is requested to continue to
coordinate and encourage its agencies to ensure the continuation of the existing
capability and to facilitate the coordination of agencies to ensure continuity and
redundancy of PMW for SST.

AMSR-2 follow-on is not yet approved, but study on possible payload to the GOSAT-3
satellite is being conducted in JFY 2017. The SST-VC note that approval of this mission
would give the greatest opportunity for continuation of PMW for SST applications.

Significant progress is being made with CMA on cooperation with SST, together with the
SST-VC and GHRSST

| SITTWS ‘17, 13 Sept 2017 |




.
€ nicrowat

support to science element

WWW. microwat.org
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http://www.microwat.org
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MW Radiometer SST channel selection

Table 3. The standard deviation of the SST retrieval error and root-mean-squared predicted SST
uncertainty from an information content analysis across all profiles for varying numbers of channels
with the sensitivity to wind speed doubled in the Jacobian matrix.

4-Variable Retrieval 5-Variable Retrieval

Number Simulated Retrieval Information Content Simulated Retrieval Information Content

of Channel OSST Channel OSST Channel OSST Channel OSST
Channels  Added (K) Added (K) Added (K) Added (K)
1 69V 0.642 69V 0.703 69V 0.557 69V 0.602
2 73V 0.568 73V 0.632 73V 0.507 6.9 H 0.532
3 18.7H 0.495 6.9H 0.504 10.7 H 0.450 73V 0.472
4 6.9 H 0.470 36.5 H 0.436 36.5H 0417 36.5H 0.413
5 238V 0.462 10.7 V 0.416 6.9H 0.399 10.7 V 0.398
6 73 H 0.459 18.7V 0.408 10.7 V 0.388 187V 0.392
7 10.7H 0.457 73H 0.403 238V 0.382 73H 0.388
8 107V 0.456 238 H 0.400 23.8H 0.380 23.8H 0.386
9 89V 0.455 23.8V 0.395 187V 0.377 238V 0.383
10 365V 0.455 18.7H 0.394 18.7H 0.375 18.7H 0.380
11 187V 0.457 36.5V 0.392 73H 0.373 365V 0.379
12 89 H 0.462 10.7 H 0.391 89 H 0.372 10.7H 0.378
13 36.5H 0.466 89 H 0.390 89V 0.372 89 H 0.377
14 23.8H 0.467 89V 0.389 365V 0.371 89V 0.376

The recommended channel setis 6.9V, 6.9 H, 7.3V,
10.7 V and 36.5 H. The 6.9 V and 7.3 V channels
provide the greatest SST sensitivity to the retrieval and
the contribution of TCWV is separated out with the
addition of the 36.5 H channel. The 6.9 H and 10.7 V

channels add in discrimination of the wind speed effects.

Remote Sens. 2018, 10, 90; doi:10.3390/rs10010090
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Sea Ice MW Radiometer Channel
Selection

(after Spreen et
al. (2008) - see
also Eppler et al.
(1992) for a
similar plot)

For SST and Sea Ice concentration measurements:
There Is a clear need to improve the spatial

resolution of 6-7 GHz Microwave Radiometer

measurements to —5-10 km




Copernicus Expansion: Motivation

 The European Copernicus system, including the
Copernicus Space Component (CSC), has been
established as the largest and most proficient
EO system in the world.

* The current Sentinels provide ~10 Tbh/day of
world-class data to over 100,000 registered users
— fuelling Copernicus.

« Service application dependencies are now in
place and there are great expectations for the
future Copernicus system.

« User needs and requirements have also
evolved in the new Copernicus paradigm

* How might the CSC build on the current

Sentinel series? G ernicus
 How might the system extend PEMICES

to provide enhanced
continuity?

« How might the system expand
to address new user needs?
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A Long Term Scenario (LTS)

 Fundamental aspects of a LTS:

« assure user-driven continuity and increase the robustness of
the existing CSC in the future (Priority)

* Increase the quality and quantity of the existing measurements
« expand observation types according to policies and user needs

« employ latest technologies for maximum efficiency

« Partnerships and cooperation are essential to success

« Key driver is the evolving needs of the services prioritized by EC through various
consultative processes over the last year

(opernicus
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Copernicus High Priority
Candidate Missions (HPCM)

« Potential Copernicus High Priority Candidate Missions (HPCM) under discussion include:
1. Anthropogenic CO2 monitoring Mission

2. High spatial-temporal resolution land surface
temperature (LST) monitoring mission (including coastal
areas)

. Passive microwave imaging radiometry mission

. Polar ice and snow topography mission

. Hyper-spectral imaging mission (including coastal areas)
. L-band SAR mission

O Ul b~ W

* Pre-phase A studies ongoing for 2, 4, 6

« ESA Phase A/B1 studies for all HPCM are planned to start in early 2018

« The EC process of user needs and prioritisation is on-going and will continue in
parallel

* Final selection of HPCM specific characteristics (e.g. spectral choice, number of
satellites etc.) will be determined at the end of Phase A/B1
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Copernicus Polar Ice and Snow Passive
Microwave Imaging Radiometer

 Procurement of a Phase A/B1 Copernicus Expansion
candidate mission.

* Microwave Imaging Multi-Spectral Radiometer for sea ice
concentration and SST to serve operational systems at
almost all weather conditions, day and night.

« Spatial resolution (5-10 km), temporal resolution (sub-
daily) and high accuracy (in particular near the ice
edges).

http://emits.sso.esa.int/emits/owa/emits. main
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Fiducial Reference Measurements

SLSTR Pre-flight Calibration, STFC-
RAL, UK, December 2016

ESA UNCLASSIFIED - For Official Use C Donlon | 23/01/2018 | Slide 74

— 01 b c= ™ I ™ = Tl O e BN E2 K2 EE I



We have to rely on validation and verification using
ground based measurements to monitor in flight

performance.
Thus we require excellent knowledge of our ground
based measurement uncertainty




Sl traceability: LCE (June 2016)

Necessary for all participants to assess biases to Sl under
Laboratory conditions

ITS-90 T=~250 — 325 K

— Non-vacuum

NPL BB PTB BB
/ 5
NPL Rad

(AMBER) PTB Rad N

Nad 1 Rad 2 Rad 3 Rad 4 Rad n

BB1 BB2 BB3 BB 4 BB n

Room Environment with variable T



Fiducial Reference Measurements

e Fiducial Reference Measurements (FRM) are

e the suite of independent ground measurements that provide the maximum
Scientific Utility and Return On Investment for a satellite mission by delivering,
to users, the required confidence in data products, in the form of independent
validation results and satellite measurement uncertainty estimation, over the
duration of the mission.

e The defining mandatory characteristics of an FRM are:
a. Have documented evidence of Sl traceability via inter-comparison of
iInstruments under operational-like conditions.
b. Are independent from the satellite SST retrieval process.

c. Include an uncertainty budget for all FRM instruments and derived
measurements is available and maintained, traceable where appropriate to Sl
ideally directly through an NMI

d. Are collected using measurement protocols and community-wide
management practices (measurement, processing, archive, documents etc.) are
defined and adhered to.

e FRM are as close to the “"Truth” for a given variable as we can get!

e FRM are required to determine the on-orbit uncertainty characteristics of
satellite measurements via independent validation activities.
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(13 participants /7 4

Continents)

Miami University (USA)

ONERA (France)

University of Valencia (Spain)
University of Southampton (UK)
Qing Dao (China) -1

Qing Dao (China) -2

RAL (UK)

CSIRO (Australia)

KIT (Germany)

. DMI (Denmark)
. GOTA (Canary Islands
. JPL NASA (USA)
. lan Barton (Australia)
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Difference between the mean of the values reported by participating
blackbodies from the values measured by AMBER (shown in blue) and
PTB (shown in red) for a nominal blackbody temperature of 20 °C.



Radiometer comparison

Miami University (USA)
ONERA (France)
University of Valencia (Spain)
University of Southampton (UK)
Qing Dao (China) -1
Qing Dao (China) -2
RAL (UK)
CSIRO (Australia)
KIT (Germany)

. DMI (Denmark)

. GOTA (Canary Islands

. JPL NASA (USA)

. lan Barton (Australia)
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MAERI (UofM) viewing NPL
ammonia Heat pipe

SISTER (RAL) viewing NPL
ammonia Heat pipe
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Plot of the mean of the differences of the radiometer readings from
the temperature of the NPL reference blackbody, maintained at a
nominal temperature of 20°C.



WST comparison

University of Valencia (Spain)
University of Southampton (UK)
Qing Dao (China) -1

Qing Dao (China) -2

RAL (UK)

CSIRO (Australia)

KIT (Germany)

DMI (Denmark)

GOTA (Canary Islands)

10 JPL NASA (USA)
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Difference from mean for SST
designed radiometers only

mean difference from mean (°C)

Radiometer All radiometers 55T-Measuring SST-Measuring
Included Radiometers Only Radiometers excl. CSIRO
°C °C °C

RAL 0.123 0.084 0.037

KIT -0.159
CSIRO -0.189 -0.228

DMl -0.020 -0.053 -0.106
UoWw 0.117

Uos 0.125 0.090 0.044

OUCFIRST 0.033 -0.002 -0.054

OUC-15AR 0.208 0.174 0.119
GOTA 0.503

JPL -0.109




Modern In situ: buoys

ECMWF Data Coverage (All obs DA) - BUOY
11/SEP/2010; 12 UTC
Total number of obs = 10417

. 9050 DRIFTER 448 MOORED
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Conclusions

« We are in VERY good shape for SST in Europe

« Thermal infrared capability is excellent (polar and
Geostationary)

* But, there are significant issues to address:
* Lack of ~7GHz Microwave Radiometry in the near future
* Need for better FRM validation

* Clear need to be fully aware of the measurement
characteristics (DV, Skinsst, etc.)

« Copernicus continues to develop and expand to meet the needs
of Services

« Sentinel 3B launch in 2018

« Copernicus Microwave Imager Phase A/B1 starts in 2018
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http://www.esa.int
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