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SST CCI Phase-II 

Pre-CCI landscape for SST CDR 
§  Europe 

•  operational satellite SST collaboration catalysed by OSI-SAF 
•  MyOcean re-analysis dependent on biased US Pathfinder AVHRR 
•  satellite products not explicitly geared to work with century-scale products 
•  good interactions with ATSR Reprocessing for Climate on R&D, straddling 

historic and operational experts somewhat 

§  Internationally 
•  well-organised via Group for High Resolution Sea Surface Temperature 

 
 
 
•  international task sharing on operational SST, standards, etc 
•  slower progress w.r.t. climate data records, retrieval and uncertainty 
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SST CCI Phase-II 

European landscape for SST now 
§  Integrated pan-European team for SST R&D 

•  spanning operations and climate 
•  infra-red and microwave 
•  spanning L1 to L4 
•  linking satellite and century-scale 

§  Most complete AVHRR GAC archive is in Europe 
•  Improved AVHRR reprocessing based on physics, linked to ATSRs for 

calibration, less biased, with credible uncertainties 
•  SST CCI v2 will push back into early 1980s à ~35 year satellite record 

§  Long-record + short-delay update will create big demand by users 
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SST CCI Phase-II 

Legacy with SST users 
§  Users much more engaged with issues of SST quality  

•  Climate Assessment Reports 

§  Users seem much more engaged with uncertainty concepts 
•  Contrast in user requirements surveys 
•  SST CCI workshop on uncertainty for climate data records, 2014 

§  Satellite data are more confidently integrated with century-scale analyses 
•  satellite-based assessments included as independent information in IPCC 
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SST CCI Phase-II 

Legacy with SST users 
§  Users much more engaged with issues of SST quality in datasets 

•  Climate Assessment Reports, but also nice to see independent take-up 

§  Users seem much more engaged with uncertainty concepts 
•  Contrast in user requirements surveys 
•  SST CCI workshop on uncertainty for climate data records, 2014 

§  Satellite data are more confidently integrated with century-scale analyses 
•  satellite-based assessments included as independent information in IPCC 
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analysis to show that high correlations are a necessary, but not sufficient indicator of high 
observational quality. 

 The asymmetry of skill for different ORs, as depicted in Fig. 3, might be interpreted as an 
accidental result. Indeed, all forecasts are highly correlated to each other (Fig. S1). If, by chance, 
the first forecast of the first model correlates better with the ESA-CCI OR, then it is likely that 
all subsequent forecasts would also tend to correlate better with that particular OR. We show 
however that a result as extreme as the one shown in Fig. 3 is very unlikely to have occurred by 
chance (24). In addition, the better performance of ESA-CCI in the Niño3.4 box is confirmed for 
another widely-used metric of performance, the root mean squared error (25) (Fig. S2). Finally, 
to push the analysis even further, this exercise is repeated on a different test case: summer Arctic 
sea ice extent prediction. In line with SST analyses, results show that sea ice concentration 
products relying on more recent algorithms tend to provide better estimates of model 
performance, or presented the other way around, that better observations are generally of higher 
skill when assessed successively against forecasts available (see SM for details). 

 The reasons as of why ESA-CCI outperforms other ORs in the Niño 3.4 box are difficult 
to trace back formally. Indeed, the lack of information on SST uncertainty in all products, except 
ESA-CCI itself, precludes a clean comparison between the products quality (26). It is therefore 
not possible to confirm whether the ESA-CCI error is on average lower than that of other 
products, as we would expect from lessons learned from the statistical toy model. However, we 
can gain further understanding of the role of observational quality if we extend the diagnostic of 
Fig. 3 to other regions of the world (Fig. 4). The map suggests that it is meaningless to designate 
any best OR in an absolute sense. Rather, it is clearly noticeable that where ORs are of a priori 
better quality, they score better: ORs that are partially or fully-based on in-situ data, shown in 
shades of blue, are more skillful in areas of intense shipping such as the North Atlantic (U.S. to 
Europe), the North Pacific (U. S. to Japan and China) or the Eastern Pacific (North America to 
South America). 

 
 
Fig. 3. Impact of the choice of OR on the assessment of forecast quality. 440 seasonal retrospective 
forecasts of SST in the Niño3.4 box (11 models, 10 members integrated for 4 months as of May 1st) 
are correlated with four ORs of SST for verification over 1993-2009. For each OR we record the 
number of times that this OR yields the highest correlation. Numbers between parentheses before 
each OR indicate the average increase in correlation when using that OR instead of ERSST4. 
Corresponding figures for an alternative metric (RMSE) and an alternative test case (sea ice) can be 
found in the SM. 

From Bellprat presentation last year 
on importance of choice of SST data 
in model assessment 

 

 

 The novel idea presented in this contribution is that climate models hold an unexplored 
potential to serve as references for assessing the quality of global observational data sets. A 
corollary is that observational references (ORs) of higher quality will yield better skill scores to 
climate models, with systematic and non-negligible impacts on the estimated model 
performance. From the modeling side, considering multiple ORs in future model evaluation 
exercises such as CMIP6 (27), appears therefore as a priority. From the observational side, 
quantification of uncertainties will be vital to enable inter-comparison of ORs and to account for 
observational uncertainty in model evaluation. In both cases, considering climate model 
evaluation as a bidirectional exercise (and not unidirectional as assumed by many up to now) is 
essential to remember that observations, no matter how good they look like, are also intrinsically 
uncertain. 

 

  
  

 
 
Fig. 4. Spatial distribution of observational reference quality. 110 August SST forecasts were 
correlated (reference period: 1993-2009) to 4 observational references (ORs, legend). For each grid 
point, we display the OR that correlates best with most of the 110 forecasts. We show data only in grid 
points where at least one forecast achieves a significant correlation with one OR. The black box is the 
Niño3.4 region. Regions above 70°N or below 70°S are not considered, as these regions are usually 
ice-covered. The percentages below the color bar indicate the fraction of the oceans covered by each 
color. The corresponding figures for other months and an alternative metrics can be found in the SM. 



SST CCI Phase-II 

Impact on GHRSST 
§  Leadership of Climate Data Records group over past 5 years 

•  Merchant, and now Mittaz 
•  Framework for assessment of SST CDRs, based on PVIR/CAR 

–  Establishes methods for stability, sensitivity, uncertainty characterisation that are 
comparable across alternate CDRs 

§  SST CCI a trail blazer in improving SST products, including operations 
•  Strong exchange of techniques with EUMETSAT Ocean and Sea Ice 

Satellite Applications Facility (OSI-SAF) & NOAA 
•  Direct impact on operational (meteorological) products (transfer of ideas 

from climate to operations) 
•  Advances in level-4 analysis in CCI also benefitting operational OSTIA SST 

§  Continue to make the case for the community to move forward to more 
rational basis for uncertainty and quality information 

§  SST CCI first combined US-Euro data project on SST CDR, spanning L2 
to L4 products 

21 September 2015 PM5 - Met Office Page 6 



SST CCI Phase-II 

Lessons 
§  Embedded Climate Research Group 

•  detailed interaction with trail-blazer users 
•  provides exemplars to wider community of users 

§  End-to-end team  
•  Focus on the long term and climate scales leads to a holistic approach 
•  Consistent L2 à L3 à L4 is appreciated by users 

§  User engagement, generating a higher profile of satellite data amongst 
the climate community 

•  SST CCI URD strong influence on GCOS implementation requirements 

§  Reprocessing, re-evaluation and improvement cycle 
•  Requirements are very demanding and require iterative improvements 
•  Software management critical to preserving legacy 
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SST CCI Phase-II 

Interaction: in situ observing system 
§  Profile from CCI has increased our standing to influence in situ observing 

system 
§  As satellite SST uncertainty has reduced, our requirements on the in situ 

system have become more stringent 
•  GHRSST statements on drifting buoy resolution and uncertainty 
•  ESA support for fiducial reference measurements 
•  SST CCI inputs, e.g. 

–  Data Buoy Co-operation Panel (Oct 2016) 
–  Review of tropical Pacific observing system (Sep 2016) 
–  Inputs to NOAA Climate Observing System Council (June 2016) 

§  Global Tropical Moored Buoy Array crucial to proving long-term stability 
achieved in CDR 

•  Temporary erosion of coverage, and questions as to long-term design 

§  New uses of Argo profiles (supported by CCN) 
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SST CCI Phase-II 

Interaction: C3S, H2020 and national efforts 
§  Mechanism for ongoing extension of SST CCI products as a short delay 

Interim CDR (ICDR) (expected C3S project) 

 
§  FIDUCEO ensemble SST CDR from AVHRRs will also be brokered and is 

a possible input for v3 
§  The operations vs. research split offers a significant challenge of phasing 

round the improvement cycle 
•  Widely recognised – no formula, but goodwill in ESA, EU and national parties 
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SST CCI 
v2 CDR 

•  due March 
2017 

•  To be 
brokered via 
C3S  

C3S 
ICDR 

•  April 2017 - 
Sep 2018+ 

•  Continue v2 
processor 

v3 
CDR? 

• Reprocess CDR/ICDR 
• upgrades from user request 
• new R&D, ensure quality 
• new Copernicus sensors 
• Not within C3S scope 



SST CCI Phase-II 

Uncertainty/Harmonisation at L1 
§  Scientific legacy of SST CCI is 3-component uncertainty model at L2 / L3 

•  SST CCI, GlobTemperature, EUSTACE 

§  But limitations of starting at L2 for uncertainty / harmonisation are clear 
§  FIDUCEO project targets L1 uncertainty and its propagation to CDRs 

§  Consider lessons for CCI+ 

§  Are there key L1 datasets 
for which proper uncertainty 
and harmonisation should be 
developed? 
§  Cross-ECV application 
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Raw	satellite	
data	(L0)

Calibrated	
radiances	(L1)

Climate	 data	
record	(L2)

Gridded	CDR	
(L3)

Analysed /	
processed	(L4+)

Climate	 index	
/	information

• Decision
• Insurance
• Liability

To	get	traceable	uncertainty	 information,	
quantify	and	document	the	sources	and	

propagation	of	uncertainty	
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Uncertainty/Harmonisation at L1 
§  Scientific legacy of SST CCI is 3-component uncertainty model at L2 / L3 

•  SST CCI, GlobTemperature, EUSTACE 

§  But limitations of starting at L2 for uncertainty / harmonisation are clear 
§  FIDUCEO project targets L1 uncertainty and its propagation to CDRs 

§  Consider lessons for CCI+ 

§  Are there key L1 datasets 
for which proper uncertainty 
and harmonisation should be 
developed? 
§  Cross-ECV application 
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Merchant Uncertainty GlobTemperature UCM 2015

Propagate to radiance uncertainty (error covariance)
• Analytically or by Monte Carlo simulation

Error distribution in
brightness 
temperatures

Distribution of SST 
errors resulting

Cool 
scene

Warm 
scene

Uncertainty in 11 μm radiance

Uncertainty	distribution



SST CCI Phase-II 

International cooperation on reprocessing 

§  SST CCI assembled the most complete set of the US AVHRR GAC data 
 
 
 
 
 
§  But in the SLSTR / VIIRS era, moving data across the Atlantic is not so 

smart 
§  Can international co-operation in reprocessing be organised? 
§  E.g., can we run CCI processor on VIIRS at NASA, in exchange for 

 equivalent capacity for NASA to process SLSTR / OLCI? 
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Slide 19 

Sea Surface Temperature CCI  

ATSRs: dual 
view, stable & 
accurate. 
Use as SST 
calibration 
reference. 

AVHRRs: single 
view, not 
designed for 
climate, good 
coverage and a 
longer history. 

ATSRs & AVHRRs 
are blended. 
Using an  
improved version 
of Met Office 
“OSTIA”. 

SST CCI “USPs”:  
stability and uncertainty; independent of in situ. 
 


