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Overview

= \What does our error model look like?

= The impact on our error model of what we do to make products

= How these uncertainties are communicated in SST CCI products

= How these uncertainties are communicated in Met Office Hadley Centre

products
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What does our error model look like?

= QObservation = true value + errors (due to the conditions under which the
measurement was made)

= QObservation = true value + systematic error(s) + random error(s)

= Systematic errors can be correlated on:

e Synoptic space and time scales
— e.g. some components of retrieval error, bucket biases

e Larger space and longer time scales
— e.g. calibration errors

= Random errors can arise:

e Per observation, e.g. radiometric noise, transcription errors, mis-reading errors, other
instrument noise

e Perinstrument, e.g. systematic errors in engine room intake measurements, or
buoys
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Impact of what we do to create products

= QObservations undergo processes to turn them into products, these
result in other uncertainties

= For example:
e Gridding leads to sampling uncertainty since grid boxes are not perfectly sampled

e Estimation of SSTdepth from SSTskin leads to an uncertainty arising from a
synoptically correlated effect

e Adjustments applied to mitigate the impact of systematic errors, e.g. bucket
correction. We treat uncertainties arising from this process as systematic
— This then leads to further uncertainties, e.g. micro biases, represented in HadSST3 as covariance matrices
e Creating analyses:
— If we use EOFs this results in a systematic uncertainty

— Alocal Ol results in a locally correlated uncertainty
— SST CCI analysis uncertainties not presently decomposed into systematic and random effects

e Quality control could lead to systematic errors, e.g. cut-offs at freezing point

e |nter-satellite harmonisation reduces relative errors between sensors, but leave a
residual uncertainty (systematic effect)
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How these uncertainties are communicated
In SST CCI products

Mame Long Mame Type

20030904091826-ESACCI-L3U_GHRSST-55Tskin-AATSR-LT-v02.0-fv0... Local File

« adjustment_uncertainty Time and depth adjustment uncertainty [lon][lat]

& 12p_flags L2P flags [lon][lat]

%~ large_scale_correlated_uncertainty Uncertainty from errors likely to be correlated over large scales [lon][lat]

w lat Latitude —

« lat_bnds Latitude cell boundaries —

« lon Longitude —

« lon_bnds Longitude cell boundaries —

< quality_level quality level of S5T pixel [lon][lat]

& sea surface_temperature sea surface skin temperature [lon][lat]

& sea_surface temperature_depth sea surface temperature at 0.2 m [lon][lat]

« 5585 bias SSES bias estimate [lon][lat]

% sses_standard_deviation SSES standard deviation [lon][lat]

w sst_depth_total_uncertainty Total uncertainty in sea surface temperature depth [lon][lat]

&« 55t _dtime time difference from reference time [lon][lat]

%« synoptically_correlated_uncertainty Uncertainty from errors likely to be correlated over synoptic scales [lon][lat]

&« time reference time of sst file —

« time_bnds Time cell boundaries —

« uncorrelated_uncertainty Uncertainty from errors unlikely to be correlated between 55Ts [lon][lat]

« wind_speed 10m wind speed [lon][lat]

SST User Workshop on Uncertainties Met Office 18-20 November 2014 Page 5

Norwegian METEO & University Of ,
Meteorological FRANCE m . iSpace
A~ Institute Toujours un temps d'avance Y Lelcester S

&

\\\\%&“ University of =
&\%—E eSa @ Readi:;og m BROEANN

ConsuLT




How these uncertainties are communicated
In SST CCI products

Mame Long Mame Type

20030904091826-ESACCI-L3U_GHRSST-55Tskin-AATSR-LT-v02.0-fv0... Local File

« adjustment_uncertainty Time and depth adjustment uncertainty [lon][lat]

& 12p_flags L2P flags [lon][lat]

%~ large_scale_correlated_uncertainty Uncertainty from errors likely to be correlated over large scales [lon][lat]

w lat Latitude —

« lat_bnds Latitude cell boundaries —

« lon Longitude —

« lon_bnds Longitude cell boundaries —

& quality_level quality level of S5T pixel [lon][lat]

& sea_surface_temperature sea surface skin temperature [lon][lat]

« sea_surface temperature_depth sea surface temperature at 0.2 m [lon][lat]

« 5585 bias SSES bias estimate [lon][lat]

% sses_standard_deviation SSES standard deviation [lon][lat]

w sst_depth_total_uncertainty Total uncertainty in sea surface temperature depth [lon][lat]

&« 55t _dtime time difference from reference time [lon][lat]

%« synoptically_correlated_uncertainty Uncertainty from errors likely to be correlated over synoptic scales [lon][lat]

&« time reference time of sst file —

« time_bnds Time cell boundaries —

% uncorrelated_uncertainty Uncertainty from errors unlikely to be correlated between 55Ts [lon][lat]

« wind_speed 10m wind speed [lon][lat]
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How these uncertainties are communicated
In SST CCI products

Mame Long Mame Type

20030904091826-ESACCI-L3U_GHRSST-55Tskin-AATSR-LT-v02.0-fv0... Local File

« adjustment_uncertainty Time and depth adjustment uncertainty [lon][lat]

& 12p_flags L2P flags [lon][lat]

%~ large_scale_correlated_uncertainty Uncertainty from errors likely to be correlated over large scales [lon][lat]

w lat Latitude —

« lat_bnds Latitude cell boundaries —

« lon Longitude —

« lon_bnds Longitude cell boundaries —

& quality_level quality level of S5T pixel [lon][lat]

& sea surface_temperature sea surface skin temperature [lon][lat]

& sea_surface temperature_depth sea surface temperature at 0.2 m [lon][lat]

« 5585 bias SSES bias estimate [lon][lat]

% sses_standard_deviation SSES standard deviation [lon][lat]

w sst_depth_total_uncertainty Total uncertainty in sea surface temperature depth [lon][lat]

&« 55t _dtime time difference from reference time [lon][lat]

%« synoptically_correlated_uncertainty Uncertainty from errors likely to be correlated over synoptic scales [lon][lat]

&« time reference time of sst file —

« time_bnds Time cell boundaries —

« uncorrelated_uncertainty Uncertainty from errors unlikely to be correlated between S5Ts [lon][lat]

« wind_speed 10m wind speed [lon][lat]
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‘Noise’ in SST
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How these uncertainties are communicated
In SST CCI products

Mame Long Mame Type

20030904091826-ESACCI-L3U_GHRSST-55Tskin-AATSR-LT-v02.0-fv0... Local File

« adjustment_uncertainty Time and depth adjustment uncertainty [lon][lat]

& 12p_flags L2P flags [lon][lat]

%~ large_scale_correlated_uncertainty Uncertainty from errors likely to be correlated over large scales [lon][lat]

w lat Latitude —

« lat_bnds Latitude cell boundaries —

« lon Longitude —

« lon_bnds Longitude cell boundaries —

& quality_level quality level of S5T pixel [lon][lat]

& sea surface_temperature sea surface skin temperature [lon][lat]

& sea_surface temperature_depth sea surface temperature at 0.2 m [lon][lat]

« 5585 bias SSES bias estimate [lon][lat]

% sses_standard_deviation SSES standard deviation [lon][lat]

w sst_depth_total_uncertainty Total uncertainty in sea surface temperature depth [lon][lat]

&« 55t _dtime time difference from reference time [lon][lat]

« synoptically correlated uncertainty Uncertainty from errors likely to be correlated over synoptic scales [lon][lat]

&« time reference time of sst file —

« time_bnds Time cell boundaries —

% uncorrelated_uncertainty Uncertainty from errors unlikely to be correlated between 55Ts [lon][lat]

« wind_speed 10m wind speed [lon][lat]
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‘Noise’ in SST (uncorrelated)
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‘Noise’ in SST (uncorrelated)
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How these uncertainties are communicated
In SST CCI products

Mame Long Mame Type

20030904091826-ESACCI-L3U_GHRSST-55Tskin-AATSR-LT-v02.0-fv0... Local File

« adjustment_uncertainty Time and depth adjustment uncertainty [lon][lat]

& 12p_flags L2P flags [lon][lat]

% large_scale_correlated_uncertainty Uncertainty from errors likely to be correlated over large scales [lon][lat]

w lat Latitude —

« lat_bnds Latitude cell boundaries —

« lon Longitude —

« lon_bnds Longitude cell boundaries —

& quality_level quality level of S5T pixel [lon][lat]

& sea surface_temperature sea surface skin temperature [lon][lat]

& sea_surface temperature_depth sea surface temperature at 0.2 m [lon][lat]

« 5585 bias SSES bias estimate [lon][lat]

% sses_standard_deviation SSES standard deviation [lon][lat]

w sst_depth_total_uncertainty Total uncertainty in sea surface temperature depth [lon][lat]

&« 55t _dtime time difference from reference time [lon][lat]

%« synoptically_correlated_uncertainty Uncertainty from errors likely to be correlated over synoptic scales [lon][lat]

&« time reference time of sst file —

« time_bnds Time cell boundaries —

% uncorrelated_uncertainty Uncertainty from errors unlikely to be correlated between 55Ts [lon][lat]

« wind_speed 10m wind speed [lon][lat]
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‘Noise’ in SST (uncorrelated) Systematic (large scale correlated)
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‘Noise’ in SST (uncorrelated)
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How these uncertainties are communicated
In SST CCI products

Mame Long Mame Type

20030904091826-ESACCI-L3U_GHRSST-55Tskin-AATSR-LT-v02.0-fv0... Local File

« adjustment_uncertainty Time and depth adjustment uncertainty [lon][lat]

& 12p_flags L2P flags [lon][lat]

%~ large_scale_correlated_uncertainty Uncertainty from errors likely to be correlated over large scales [lon][lat]

w lat Latitude —

« lat_bnds Latitude cell boundaries —

« lon Longitude —

« lon_bnds Longitude cell boundaries —

& quality_level quality level of S5T pixel [lon][lat]

& sea surface_temperature sea surface skin temperature [lon][lat]

& sea_surface temperature_depth sea surface temperature at 0.2 m [lon][lat]

« 5585 bias SSES bias estimate [lon][lat]

% s5ses_standard_deviation SSES standard deviation [lon][lat]

w sst_depth_total_uncertainty Total uncertainty in sea surface temperature depth [lon][lat]

&« 55t _dtime time difference from reference time [lon][lat]

%« synoptically_correlated_uncertainty Uncertainty from errors likely to be correlated over synoptic scales [lon][lat]

&« time reference time of sst file —

« time_bnds Time cell boundaries —

% uncorrelated_uncertainty Uncertainty from errors unlikely to be correlated between 55Ts [lon][lat]

« wind_speed 10m wind speed [lon][lat]
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How these uncertainties are communicated
In SST CCI products

Mame Long Mame Type

20030904091826-ESACCI-L3U_GHRSST-55Tskin-AATSR-LT-v02.0-fv0... Local File

« adjustment_uncertainty Time and depth adjustment uncertainty [lon][lat]

& 12p_flags L2P flags [lon][lat]

%~ large_scale_correlated_uncertainty Uncertainty from errors likely to be correlated over large scales [lon][lat]

w lat Latitude —

« lat_bnds Latitude cell boundaries —

« lon Longitude —

« lon_bnds Longitude cell boundaries —

& quality_level quality level of S5T pixel [lon][lat]

& sea surface_temperature sea surface skin temperature [lon][lat]

& sea_surface temperature_depth sea surface temperature at 0.2 m [lon][lat]

« 5585 bias SSES bias estimate [lon][lat]

% sses_standard_deviation SSES standard deviation [lon][lat]

« 5st_depth_total_uncertainty Total uncertainty in sea surface temperature depth [lon][lat]

&« 55t _dtime time difference from reference time [lon][lat]

%« synoptically_correlated_uncertainty Uncertainty from errors likely to be correlated over synoptic scales [lon][lat]

&« time reference time of sst file —

« time_bnds Time cell boundaries —

% uncorrelated_uncertainty Uncertainty from errors unlikely to be correlated between 55Ts [lon][lat]

« wind_speed 10m wind speed [lon][lat]
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How these uncertainties are communicated
n SST CClI products— SST CCI anaIyS|s (L4)

Long Name
09810 0000 . - 9810 0000 A - : OCa p . ] ]
< analysed_sst analysed sea surface temperature [lon][lat] NO |ndlcat|0n
& analysis_error estimated error standard deviation of a... [lon][lat]
« lat Latitude — :
« lat_bnds Latitude cell boundaries — g|Ven Of the
« lon Longitude — .
% lon_bnds Longitude cell boundaries — COI‘r6|atlon
% mask sea/fland flake/ice field composite mask [lon][lat]
& sea_ice_fraction sea ice area fraction [lon][lat] Structure or
& sea_ice fraction_error sea ice area fraction error estimate [len][lat]
« time reference time of sst file — .
%« time_bnds Time cell boundaries error in pI‘OdUCt
This is the total uncertainty — not an error estimate
analysed sea surface temperature estimated error standard deviation of analysed sst
. - e P
1 a : i"‘ el —
=T [ B 2
i e L3 = ~2 2o ik e
.| h. (75
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T / ~ L Sy,
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analysed sea surface temperature (kelvin) estimated error standard deviation of analysed sst (kelvin)
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How these uncertainties are communicated
In SST CCI products — KEY MESSAGES 1

= Calculate and propagate uncertainties from three classes of effects,
classified according to their spatio-temporal correlation properties

= (Classes are

e Random : no correlation between SSTs : “uncorrelated _uncertainty”
— noise in radiances + sub-sampling errors in case of L3
e Locally systematic : likely correlation on atmospheric scales :
“synoptically _correlated uncertainty”
— inverse / algorithmic errors + skin-to-depth-adjustment errors

e Systematic : correlation across large scales : “large_scale correlated uncertainty”
— calibration + bias in inverse (e.g., from radiative transfer physics)

= Total uncertainties are provided

e but still using (what we think are) poor “community standard” names for these
— “sses_standard_deviation” for skin SST in L2 and L3 products
— “sst_analysis_error” in L4

=  Some components of uncertainty are still “work in progress” in terms of
guantitative content

SST User Workshop on Uncertainties Met Office 18-20 November 2014 Page 20

- \K\k University of
\Q¥:esa @Rr;eadl?;og aégc“.;w

Norwegian METEO 2 University o ’
= hamaeoee R FRANCE (G5 Lelcegtér b




How these uncertainties are currently
communicated in Met Office Hadley Centre
products

= Since the correlation structure of uncertainties in SST is not simple, we
try to embed these uncertainties into ensembles of interchangeable
realisations of SST data sets

= We hope that by doing this, users can easily use the ensembles to
assess the impact of these uncertainties on their applications, e.g. by
rerunning their applications multiple times with different ensemble
members
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Ensemble of gridded measurements made
In situ

= HadSST3 data set is a gridded ensemble of 100 interchangeable
realisations

= These realisations arise from uncertainties in the specification of
corrections applied to the measurement to mitigate the impact of
changes in measurement method through time
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Ensemble of gridded measurements made

In situ

= HadSST3 data set is a gridded ensemble of 100 interchangeable
realisations

= These realisations arise from uncertainties in the specification of
corrections applied to the measurement to mitigate the impact of
changes in measurement method through time

= But not all uncertainties are encapsulated in this ensemble — some are
provided as covariance matrices
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Localised persistent ship biases

30N

Long term averages highlight
ship biases.

20N

Large local biases due to ERI
measurements.




“Micro-biases” (errors due to systematic effects in
iIndividual ships’ measurements) are represented
INn HadSST3 as error covariance matrices

Met Office




Covariance matrices also include
uncertainties due to under-sampling
Met Office

e This is larger in high variability
regions




Further ensembles — analysis uncertainty

= HadlSST.2.1.0.0 is an ensemble of globally complete fields based on
measurements made in situ and satellite retrievals

= |ts ensemble is based on that of HadSST3, but also includes
uncertainties arising from the analysis techniques used, i.e. vBPCA and

Ol
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SST anomaly ensemble, January 1926
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Further ensembles — analysis uncertainty

= HadlSST.2.1.0.0 is an ensemble of globally complete fields based on
measurements made in situ and satellite retrievals

= |ts ensemble is based on that of HadSST3, but also includes
uncertainties arising from the analysis techniques used, i.e. vBPCA and

Ol

= This can be used to force an ensemble of atmospheric model
simulations, dynamic reanalyses, etc, allowing users to directly explore
the impact of SST uncertainties in their applications
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Summary

= Uncertainties in SST measurements and analyses are complicated and
have different correlations in space and time

= We need to understand how to better represent these to allow users to
assess their impact on their applications
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