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SST CCI Phase-II – PM7

R&D Passive Microwave Sensors 
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Principal EO challenges
To extend the SST CCI climate data record (CDR) before 

and after the period of the Along-Track Scanning 
Radiometers (ATSRs)

New EO science required to
o Harmonise and stabilise AVHRRs/ATSR1 pre-1996
o Improve cloud detection 

• during strat. aerosol periods
• in general for AVHRR relative to “heritage”

o Achieve IR SST uncertainty
• Smooth-atmosphere optimal estimation for AVHRRs
• Coefficients / OE in presence of strat. aerosol



SST CCI Phase-II – PM7

Scene temperature dependent biases
§ For NOAA-12 to MetOp-A (RT-mediated difference from (A)ATSRs)

§ Improvement with new calibration
• Reduced biases and trends
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Time dependent biases
§ Strong time dependent bias in original calibration (NOAA-12 to Metop-A) (not 

showing NOAA-14 vs AATSR and NOAA-15 vs ATSR-2 hence the gap)

§ Reduced time dependent biases
• Note NOAA-15 a lot better compared to 3.7µm channel but still worse than other 

sensors (8am orbit)
• NOAA-12 still problematic (>0.1K bias) and may not be fully fixable with a simple 

model (more complex model out of scope)
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AVHRR FRAC Cloud Detection
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EUMETSAT Mask

Bayes Mask

Cold tail in comparisons is 
reduced, and the spread in 
the fit is reduced.

N3 Nighttime Retrieval

Improved 
cloud detection 
in comparison 
with 
EUMETSAT 
mask.

Good performance 
in sunglint regions.



AVHRR GAC 
Cloud Detection

Day N SD RSD

CLAVR-X 724444 0.933 0.473

CCI 583648 0.566 0.428

Night N SD RSD

CLAVR-X 653789 0.825 0.342

CCI 393609 0.473 0.286

Bayesian cloud 
detection reduces 
the standard 
deviation of the 
drifter-satellite SST 
differences 
signifying a better 
cloud detection 
performance than 
CLAVR-X.

METOP-A Cloud Detection Statistics:
Uses match-up database, comparisons with 
drifting buoys.



N3 D2 D3
Number	of	matches

Day 10312

Night 12590

Mean	(Standard	Deviation)

Day 0.033	(0.296)

Night -0.004	(0.241) 0.003	(0.278) 0.044	(0.240)

AATSR – GTMBA difference statistics / K
CCI development coefficients
Atmospheric correction smoothing



Minimizing	Pinatubo	impact	on	
AVHRR	SST

Without (left) and with (right) stratospheric aerosol accounted for 
in SST retrieval
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Strengths foreseen for SST CCI v2.0
§ 35 year record

● consistent across L2-L4

§ Smaller uncertainties relative to 
precursors

● using all AVHRRs as L4 input
● better cloud detection and retrieval 

methods

§ Uncertainties estimated per-
datum

§ Good temporal consistency 
(“clean signal”)

§ Relatively high “real” resolution 
in L4 product

§ Respectable stability
● TBQ for 1980s
● harmonisation
● stability through stratospheric 

aerosol events
● aliasing of diurnal cycle removal
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Importance of accurate 
SST observations
Very subtle errors (0.1 K) in SST matter 

Relevant processes … some examples
o air-sea heat flux exchanges
o oceanic uptake of CO2
o SST anomalies provide ‘memory’ for seasonal forecasting
o teleconnections through atmospheric circulation (e.g. ENSO)
o location and timing of tropical convection (e.g. MJO)

Sea surface temperature
o prescribed for atmospheric re-analyses
o key variable constraining coupled re-analyses
o prescribed for climate model investigations (e.g, AMIP)
o widely used in model evaluation
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Sea and lake temperature in Sentinel 3 era 12

Karl et al, Science,
June 2015.



Sea and lake temperature in Sentinel 3 era 13

“IPCC” trend
during “global
warming hiatus”
0.01 K/decade

New “Karl et al”
global ocean
temperature
trend (98 to 12)
0.08 K/decade

New assumptions about
in situ SST biases in the
NOAA ERSST dataset turn
a “hiatus” (red) into a 
trend consistent with
late 20th C trend



Sea and lake temperature in Sentinel 3 era 14

Last IPCC
report also
contained
the first
satellite-only
SST CDR
based on
ATSRs

Solid red:
best quality
satellite SSTs

Trend in the ARC SST time series (1998 to 2012) is 0.06oC/dec

SST CCI:
Satellite only
blend of ATSRs
and AVHRRs
gives consistent
picture to ARC





Fig. 1 Comparison of the different ERSSTv3b, ERSSTv4, buoy-only, and CCI SST monthly 
anomalies from January 1997 to December 2015, restricting all series to common coverage.

Zeke Hausfather et al. Sci Adv 2017;3:e1601207

Published by AAAS



Sea and lake temperature in Sentinel 3 era 17

“The differences in simulated tropospheric 
temperature trends between model runs
[forced with] HadISST1 and Hurrell
[NOAA OI v2] are significant compared to the 
trends themselves, focusing attention on the 
uncertainty in the SST datasets.”

20oS to 
20oN mean

Flanaghan et al., 2014
Journal of Geophysical Research: Atmospheres
Volume 119, Issue 23, pages 13,327-13,337, 11 DEC 2014 DOI: 10.1002/2014JD022365
http://onlinelibrary.wiley.com/doi/10.1002/2014JD022365/full#jgrd51871-fig-0004
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Malcolm Roberts UKMO
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in SST CCI CRG
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Where will SST CCI v2.0 go?
Beyond CEMS/doi and Portal:

CCI Toolbox – tools focussed on teleconnections

Climate Change Service (C3S) 

v2.0 CDR will be brokered once released

Interim CDR hosted at C3S using SST CCI v2.0 processing chain will 
increase in timeliness progressively through pre-operational phase

Obs4MIPS

ARC-based obs4MIPS SST was created in Phase 1, and this will be 
done again with v2.0

Marine Service

Experimental v1.2 was taken up by CMEMS, and need to ensure a 
brokering arrangement for L4 can be established there too
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