A\GHRSST-PP

GODAE High Resolution Sea Surface Temperature
Pilot Project

The present and future era
Satellite SST Climate Data Record

Craig Donlon, Kenneth S. Casey and John Stark

(P. LeBorgne, J.Kennedy, C. Gentemann, C. Folland)
CLIMAR-IIl, Gdynia, Poland, 6-9t* May 2008

e

== 4"n :
= W @@’ LKA (= esa http://www.ghrsst-pp.org




Overview

 The power of satellite SST data
 The challenges for satellite SST CDR
 GHRSST activities for satellite SST CDR

e The future for satellite SST CDR
e Recommendations and conclusions
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SST: The First and longest global marine

instrumental climate data record.
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Satellite observations...

The first picture of Earth
from a weather satellite,
taken by the TIROS-1
satellite on April 1, 1960.
Although primitive in
comparison with the images
we now receive from
satellites, this first picture
was a major advance.

Although the spacecraft
operated for only 78 days,
meteorologists worldwide
were ecstatic over the
pictures of the Earth and its
cloud cover that TIROS
relayed back to the ground.
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Measuring the ocean SST...
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1 day of SST data coverage...
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GCOS Climate Monitoring Principles

10 Climate Monitoring Principles

< GLosAL - End to end, from measuring .
5 instruments and observational practices

~  OBSERVING o Ay
© SYSTEM @ ® % to data management, access, use and
interpretation

» Additional set of 10, orientated to
satellite climate change assessment
GLOBAL OBSERVING SYSTEM FOR CLIMATE issues summarised as:

N SOPTORT AT THE BTEEE - (a) Take steps to make radiance
calibration, calibration-monitoring and
satellite - to satellite cross-calibration

of the full operational constellation a
part of the operational satellite system

e - (b) Take steps tosample the Earth
S system in such a way that climate-
relevant (diurnal, seasonal and long
term interannual) changes can be

resolved
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Impact of satellite observations on NWP...

-esa Can we do the same for climate?

Northern hemisphere Southern hemisphere

evolution of annual mean forecast skill
for the ECMWF




Challenges...

...not problems!
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Data volume...
Daily Volume for GHRSST at NODC LTSRF
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(From the work of A. Stuart-Menteth)
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Measurements of SST

SSTskin - SSTmm (K)
-0.17 O 0.5 1.0 1 .0 2.5 3.0
10pum- Can’t ‘ Satellite Infrared sensors
1 mm- measure (0T ~10s)
< . .
(0T <1s) Satellite Microwave Sensors

(5T ~10+ s)

Contact thermometers + SSTint
Ships/Buoys (8T ~minutes)

1m -

Depth

Night-time (or strong winds) profile in red

10 Contact thermometers
Ships/Buoys (8T ~hours) ‘ SSTind
1. Night-time (or strong winds) profile in red

2. Day time situation, strong
solar radiation and light winds
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Temporal sampling bias
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e Only Microwave SST provides temporally unbiased
sample as the IR data are obscured by seasonal clouds
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Current & Future through-cloud SST Missions

0 "R

TRMM TMI
AMSR r
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dS/ Hmmm
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SST >12C o Limited details and India -
Global SST availability (no agreements
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Unknown
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in place to share data &
documentation yet)
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MW SST Error maps (c. Gentemann)

Mean Bias due to Sidelobe Contamination

TMI land contamination
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Single Sensor Error Statistics (SSES)
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SST from METOP: Validation Methods MDB(2):
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What is the absolute accuracy of AATSR?

(Anne O’Carroll)

e Using co-locations of three independent SST
observation types we can estimate the standard
deviation of error on each observation type.

o SST observations: AATSR (1/6 deg); in situ
(point); AMSR-E (1/4 deg)

e Assume errors are not correlated. Valid
attempts have been made to validate this
assumption.




AATSR Errors calculated from 3-point
analysis

e Calculated error for each observation type

AATSR bulk D3 SST=0.16K
Buoy SST = 0.23K
AMSR-E SST= 0.42K

e Similar trends are seen for 8 other experiments,
ranging:
* 0.12K <= error in AATSR SST <=0.16K
e 0.22K <= error in buoy SST <= 0.27K
e 0.42K <= error in AMSR-E SST <= 0.51K
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(A)ATSR reduces uncertainty in global average SST

(John Kennedy, Nick Rayner)
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Probability of bias

High accuracy AATSR used to quality control in
sity data (John Kennedy, Nick Rayner)
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*(A)ATSR provides an accurate and consistent base
line against which in situ data can be characterised.

*‘May even help us understand pre-ATSR in situ data.
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Using AATSR as a reference for SEVIRI

1) Sensor-AATSR .

Over the last

~10 days

2) Alalysis of

the d|ffe£enees 3) Interpolation
On a 5° grid To fine resolution:

Correction of the day

“ GHRSST PP
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The GHRSST-PP EDR-> CDR Strategy

Quality control and uncertainty estimation
A A i

Data
Add RRELAMAN/ .
——e ancillary = g
Input L2 data of QC Obs. cmqql sis
Varied format SSES& Products y

& with no errors dynamic
flags




Anc1llary data for mtepretatlon
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STD error (K)
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GH RSST-PP Regional/Global Task

Sharing Framework

GODAE High Resolution Sea Surface Temperature
Pilot Project

Regional Data Assembly Centers (RDACSs)
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GHRSST-PP Builds on EO complementarities

/
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» Polar Orbiting infrared has high accuracy & spatial resolution
» Geostationary infrared has high temporal resolution

e Microwave Polar orbiting has all-weather capability

* In situ data provide reality in all weather conditions
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AATSR as an operational SST reference:
OSTIA bias adjustment scheme

Sample data from 18 April

Find matchups (<25km, 12
hours)

1 Create bias analysis, and
remove bias from observations

~ foruse in SST analysis.
http://www.ghrsst-pp.org




Bias correction (ATSR +1n situ)
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GHRSST Re-analysis program

e Spatial: Goal 4-5 km globally with 1-2 km
regional products

 Temporal: Once per day

o Types: L4 SSTfnd (plus 4 diurnal offsets)

e Error Stats: Bias and Standard Deviation
at each output grid point
e Data Format: QetCDF yvith CF metadata

== i A

|
- 8STtd
sol- !f,‘“ | Sﬂ//‘f\«\

(Modified from A. Stuart-Menteth)
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SST anomalies: (A)ATSR, AVHRR, HadISST1

SET minus &11e9% cimatolegy 55T {K)

o — Gllct:-zlll rmean t'|r'rl*u:eselr'u=1:aI of ST anlomcl:lliesl January ‘I:SJBEI—Felbru?w 2005 | ATSR-1 more robust to
[ | effects of Pinatubo
I j than AVHRR
ki ’,_ b Possible trends of
I TN Uﬂ ~0.1-
g rﬁ | ’, i) ,,. \ "M‘/ ‘V“ : 0.1-0.2K/decade
I 1 AVHRR cooler than
i ] HadISST1 1995-2002
—0.2

UN7 ¢ M9 ¢ INOAA1T1 © UNOAA14 <o 16 o UN17

[AWTSR dual—view bulk S5T [3—eh] minus E1te90 55T climatelegy
Had153T milnus 61180 35T climotology
AYHRR milnus £1te890 SST climatslegy

(A)ATSR, here converted to “foundation” SST has the potential to be a
quasi-reference instrument and provide CDRs in its own right (after O’
Carroll et al, J Climate)
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Future Role of Satellites in SST CDRs

Satellites play an increasing role in climate research
Have global coverage, often high resolution and
sometimes greater accuracy possible than in situ data

Future state of the satellite and in situ observing network is
unsure - always dynamic

Continue to combine strengths of IR and microwave satellite data
with better in situ data - integrated data sets

Need more in §itu observations - and these need to be climate
reference stations

Continue to evolve and maintain uncertainty estimates for all data

We should use the modern satellite era to understand the limitations
of the historical record

GHRSST-PP
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Future Role of Satellites in SST CDRs

 Combination with in situ data is essential
for the construction of long climate records
of SST needed to detect climate change

e Need to think about the future now

o Essential to apply satellite GCOS climate
monitoring principles to provide a reliable
climate change monitoring capability

 Need better integration of in situ and
satellite data

m GHRSST-PP
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Specific Recommendations

o Satellite data should be fully exploited in synergy with in situ data
within JCOMM ETMC

- Start with SST and link to GHRSST/GCOQOS SST&SI WG reanalysis
activities
- Coordinate with the CCl OPAG 2ET 2.2 on climate monitoring including
the use of satellite and marine data and products
o Current (and potential future) satellite SST observations are
sufficiently accurate and robust to be used as part of the
operational QC procedures for in situ SST observations

- ETMC/1-COADS should fully exploit this potential

e The JCOMM Data Management Program Area should assist the
community in the regulation and operation of satellite
oceanographic data sets

- Particularly for observations that are unique or well suited to satellite

systems (SST, Sea Surface Height, Ocean Colour, surface roughness,
waves and winds)

o JCOMM should take steps to implement and maintain the GCOS
satellite climate monitoring principles to ensure a robust climate
data record from space based systems
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9th GHRSST-PP Science Team Meeting 2008

« The 9th GHRSST ST meeting will be held at the
Palais des Congres in Perros-Guirec, France

e 9th-13%June 2008 - Please join us!
o Registration at http://www.ghrsst-pp.org

Perros-Guirec
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http://www.ghrsst-pp.org/

International GHRSST-PP Project Office

Met Office,

Fitzroy Road
Exeter,
EX1 3PB

United Kingdom
Web: http://www.ghrsst-pp.org
E-mail: craig.donlon@metoffice.gov.uk
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