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Reference datasets

Ship-borne radiometers
* Traceable to Sl; SST-skin; very-high accuracy; very-poor coverage

Drifting buoys

* Unknown calibration; global data; SST-depth; good coverage in
recent ~decade

Argo near-surface

* Global; acceptable sampling; very-low uncertainty (calibration
method to be analysed)

GTMBA

* Better calibration; SST-1m; acceptable coverage (influenced by data
collection);

 VOS and VOSclim

* Generally poor coverage; very high uncertainty on single sample
* Everything else...
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Match

ups: drifters
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7.1 Comparisons between ATS_NR SSTs and drifting buays

AATSR V3ONR SST_ versas drifler SST 5-pix

Figure 7.1: the median and deviation between AATSR NR SST.u; and drifter SSTape
discrepancies as a function of across-track position, tme difference, year, laitude, wind speed and solar zenith angle.
Daytime results are shown in red, nighttime J-channel results are shown in blue and 3-channel results are
shown in green. Dual-view results are represented as solid lines and nadir-only results as dashed lines.

Figure 7-2: Sp-h-l distrbtion f the median discrpancy beeen AATSR NR S5z s1d difer SSTur, The reyed
n indicates a band of +/- 0.1 K around the expected mean skin offset of -0.
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Match-ups: Argo
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7.2 Comparisons between ATS_NR SSTs and Argo

AATSR V30NR SST_ versus Argo ST, 5-pix

Figure 7-3: Dependence of the median and robust standard deviation between AATSR NR ST, and Argo SSTage

discrepancies as a function of across-track position, tme difference, year, laitude, wind speed and solar zenith angle.

Daytime results are shown in red, nighttime J-channel results are shown in blue and 3-channel results are
shown in green. Dual-view results are represented as solid lines and nadir-only results as dashed lines.

Figure 7-4: Spatial distribution of the median discrepancy befween AATSR NR STy and Argo SSTaps. The greyed
region indicates 3 band of +/- 0.1 K around the expected mean skin offset of 017 K.
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Match-ups: GTMBA
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7.3 Comparisons between ATS_NR SSTs and the GTMBA

ANTSR V30 NR ST versis GTMBA SST, _ 5-pix

\
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Figure 7-5: Dependence AATSR NR STy, and GTMBA.
ST discrepancies as a function of across-ack position, time difference, year, latitade, wind speed and solar zenith
angle. Daytime results are shown in red, nighttime 2-channel results are shown in blue and i

aze shown in green. Dual-view results are represented as solid lines and nadir-only results as dashed lines.

‘Figure 7-6: Spatial distribution of the median discrepancy between AATSR NR SSTu mnd GTMBA ST, The
‘reyed region indicates a band of +/- 0.1 K around the expected mean skin offset of -0.17X.
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Match-ups: radiometers
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7.4 Comparisons between ATS_NR SSTs and radiometers
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Figure 75: Spatal ditabution of the medin dscrepsncy beween AATSR NR SST o, nd radioneer ST The
‘greyed region indicates 2 band of +/- 0.1 K around zero.
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Jnderstanding the problem
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Understanding the problem (2)

Assessment of uncertainty of satellite
measurements involves comparison to a
reference dataset

* Create dataset of match-up coincidences within
predefined spatial and temporal limits

The bias and standard deviation
calculated from such a comparison do not
provide the uncertainty of each dataset
individually, but are simply the mean bias
and combined uncertainty of a two
dataset comparison.

Consequently, the resulting statistics are
often dominated by real changes in the
SST that can occur within the predefined
spatial and temporal limits.

Number of samples

80

Multi-histogram analysis

—— Data

— Fit

SST discrepancy / K




Validation uncertainty budget

— 2 2 2 2 2

Satellite (o)
e Varies pixel by pixel

Reference (o,)
* Generally unknown; Estimate of O(0.1 K) for GTMBA moorings and radiometers;
0(0.2 K) for drifters; negligible for Argo
Geophysical: spatial — surface (o,)
» Systematic for single match-up; pseudo-random for large dataset
* Can be reduced through pixel averaging (e.g. sample 11 by 11 instead of 1 by 1)
* Includes uncertainty in geolocation (may be systematic even for large numbers)

Geophysical: spatial — depth (o,)
e Systematic for single match-up for different depths; pseudo-random for large
dataset at different depths (with diurnal & skin model)
Geophysical: temporal (os)

* Systematic for single match-up; may be reduced for large dataset (if match-up
window small enough)

* Can be reduced with diurnal & skin model



Uncertainty estimates for various
reference datasets

Data type Coverage Uncertainty
Ship-borne IR 1998 - Repeated tracks in the SSTskin 0.10K
radiometers Caribbean Sea, North Atlantic

Ocean, North Pacific Ocean,
and the Bay of Biscay; episodic
deployments elsewhere in the
world’s oceans.

Argo floats 2000 - Global” from ~ 2004 onwards. | SST-5m 0.05K

Tropical Pacific Ocean array
completed in 1998; tropical
Atlantic and Indian Ocean
arrays installed later.

GTMBA 1979 - SST-1Im 0.10K

Drifting buoys 1991 - Global® from ~ 2000 onwards. | SST-20cm 0.20K




How to validate uncertainty?

* Example using drifters

* Use mean uncertainty of
0.2 K for o,

e Use large number of
match-ups, area averaging
and diurnal & skin model
to randomise o5 and o,

* Use diurnal & skin model
to reduce o.

* Uncertainty budget
reduces to:

 Theoretical distribution:
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Example results: AVHRR L2P

Measure of discrepancy / K

ESA SST_CCI AVHRR NOAA-18 L2P SST, .., versus drifters
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AATSR match-up statistics
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Histograms
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Why measurement uncertainties are essential

&l I ? .

—  Satellite ®

———  Poorly characterised reference leads to apparent unstable time series of discrepancies within quoted uncertainties

———  Well characterised reference confirms stable time series of discrepancies within quoted uncertainties



Ssummary

Validating satellite SST retrievals using reference data sets
has many sources of error that cannot easily be corrected
* By considering each term we end up with a validation uncertainty
budget

* We can minimise the magnitude of certain effects using our
knowledge of variability in upper ocean temperature

* We should always be retrieving SST,.. from IR radiometers and
using the physics to compare to reference data at different depths

Radiometers provide an essential source of data for satellite
SST,,;,, validation
e Resulting statistics are generally noisier than for other primary in
situ types

Either uncertainty model is wrong or radiometer
“measurement” uncertainty is higher than 0.1 K

* Not enough results yet to try uncertainty validation



