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Three decades of AVHRR SST

• Empirical regression to buoy SSTs to define retrieval

• Agreement of satellite and buoy SSTs to ±0.5 K



GlobColour / Medspiration Workshop, 19-20 November 2008, ESRIN, Frascati.

Times are changing ...

Empirical regression 

to buoys

Optimal estimation 

of SST & TCWV

Regression to RT 

modelling

Joint optimal estimation of SST-

TCWV-cloud-aerosol?

Empirical screening 

thresholds

Probabilistic / 

dynamic RT

Fixed RT screening 

thresholds

Retrieval Cloud detection

1
st               2

n
d

 
3

rd

g
en

eratio
n



Benefits from third-generation techniques

• Improved techniques deliver ±0.3 K from AVHRR

• As estimated by Standard Deviation of split window cf. drifting buoys



Satellite SST as an Essential Climate Variable

• Forthcoming ESA Climate Change Initiative 

• Along-Track Scanning Radiometer Reprocessing for Climate (ARC)
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ARC objectives

• Independent record of 15 
years of SSTs

• 5 km radiometric and drifter-
depth SSTs

• Biases <0.1 K, regionally

• Target stability 0.05 K 
decade-1

• Comprehensive error 
characterization



Directions for remotely sensed SST

• Away from empirical, towards physics-based

• Away from coefficients, towards formal inversion

• Sophisticated cloud detection and treatment of aerosols

• Resolve in time sub-daily variability (diurnal cycle)

• Decreasing uncertainties in satellite SST estimates - SD and regional bias

• Increasing scrutiny of drifting buoy SSTs



What satellite folks 

think of drifting buoy 

errors ...

• Three-way study 

• AATSR (IR): σ = 0.13 K

• Drifting buoys: σ = 0.21 K

• AMSRE (MW): σ = 0.43 K



Consistent with experience in ARC

• ARC retrieval based on physics (radiative transfer simulations)

• Can simulate expected retrieval uncertainty

• Simulated value: σ = 0.13 K

• Observed SD against drifting buoys is 0.25 K

• Outlier tolerant estimator, not exaggerated by gross failures

• Implied drifting buoy error is √(0.252 - 0.132) = 0.21 K



Relative errors of satellites and drifting buoy SST

• AATSR D3 SSTs are the “best” satellite SSTs available and are ±0.13 K

• AVHRR split window will soon give ±0.22 K operationally at M-F 

• Drifting buoys (after QC or using robust statistics) seem to give ±0.21 K

• “Received wisdom”: buoy thermistors should give ±0.1 K “off the shelf”

• Optimistic? Beginning-of-life value?

• Rounding to 0.1 K

• Point measured at depth being used for 1 km pixel 

• Contribution from geophysical variability?

• Would we see any difference if buoy calibration were improved?



Argo vs. 

drifting buoy

• Argo 4 m depth SST

• Accuracy: ±0.005 K

• Matched with AATSR

• Nearest (in time and space) match with drifting buoy also found

• Argo vs. AATSR: σ = ±0.15 K                       DB vs. AATSR: σ = ±0.25 K

• Geophysical (point to pixel) variability is ≤ ±0.095 K

• Implied DB uncertainty excluding point-to-pixel effects is ≥ ±0.20 K



Assuming DB SST σ ~ ±0.2 K ...

• DB uncertainty inhibits progress on satellite SST

• Hides improvements in satellite SST uncertainty (scatter)

• Limits ability to assess and improve bias (regional, temporal)



Apparent vs. true satellite SST uncertainty
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Driving down regional biases in satellite SST

Cell-mean satellite-drifter difference, Jan 2008



Predicted difference from matched simulations, Jan 2008



Uncertainty in cell-mean due to drifting buoy 

errors



Drifting buoy accuracy

improved to 0.05 K

Uncertainty in cell-mean due to drifting buoy 

errors



Areas where <0.1 K bias level can be verified 

with 90% confidence (example: AVHRR, January 2008)

• Current

• Accuracy ~ 0.05 K



GHRSST www.ghrsst.org

http://www.ghrsst.org


International sharing of data



GHRSST recommendations agreed in 2008 + 1

• (1) Make hourly reporting universal

• (2) Report design depth in calm water to ±5 cm

• (3) Report of geographical location to ±0.5 km or better

• (4) SST accuracy to ±0.05 K or better, resolve 0.01 K

• (5) Use NetCDF CF-1.3

• (6) Report of the time of SST measurement to ±5 

minutes

• (7) No requirement to report on or close to integer hours

• (8) (Extra) Report estimate of absolute accuracy



I want to persuade you that ...

• Increasing demand for high-accuracy high-resolution SST

• Recent progress in satellite SST delivering greatly improved accuracy

• Satellite SST errors can be comparable to or less than drifting buoy errors

• Drifting buoy SST accuracy is now a practical concern for remote sensers

• We see the difference when we compare against Argo

• O(0.01 K) accuracy would transform remote sensing of SST, and SST 

analysis

• Need to consider in-situ/satellite as a joint system, increase co-operation





International co-operation

• Group for High Resolution Sea Surface Temperature (GHRSST)

• Diurnal variability working group (Merchant)

• SST Validation working group (Corlett)

• MyOcean -- operational oceanography services

• NEW! European Research Network for Estimation from Space of Surface 

Temperature (ERNESST)

• NEW! US Interim Sea Surface Temperature Science Team (ISSTST)



Demands for high space resolution

• “High” here means 0.05 deg for space, daily for time, global (OSTIA)

• Oceanography

• Fronts, eddies, kelvin waves

• NWP

• Hurricane wakes influence forecasting

• High resolution SST affects wind field and atmospheric boundary layer



SST-wind interactions: cooler SSTs, weaker 

winds



SST-wind interactions: cooler SSTs, weaker 

winds



Fronts affect atmospheric boundary layer

• Wind anomalies

• Cloud albedo anomalies ~20%

• Horizontal divergence perturbations throughout troposphere, sensitive to SST 

resolution

• Reference:



High space-time resolution demands ...

• Use of multiple sensors and analysis ... accounting for their errors (STVAL)

• Current GHRSST “standard” is to assess errors against drifting buoy SSTs

• Consideration of the diurnal cycle (DVWG)

• Consideration of near-surface stratification (DVWG)

... to reduce analysis errors
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AATSR/buoy/AMSR-E 3 point statistics

Bias corrected AATSR bulk D3, AMSR-E SSTs & buoy SSTs are 
co-located and the global mean differences calculated for 2003:

AATSR – buoy SST = 0.00K, sd 0.25K

AATSR – AMSR-E SST = 0.03K, sd 0.45K

buoy – AMSR-E SST = 0.03K, sd 0.48K

We can say that:
 sd²(a,b) = (error in a)²+ (error in b)²
 sd²(a,b) = (error in a)²+ (error in b)²
 sd²(b,c) = (error in b)²+ (error in c)²

Therefore:
 (error in a)²= ½ (sd(a,b)²) + ½ (sd(a,c)²) – ½ (sd(b,c)²)
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Errors calculated from 3-point analysis

Calculated error for each observation type:

 AATSR bulk D3 SST = 0.13K
 Buoy SST = 0.21K
 AMSR-E SST = 0.43K

Similar trends are seen when in Northern and Southern 
hemisphere match-ups individually, using moored and drifting 
buoys individually, and using a 1-hour cutoff instead of 3 hours:

0.13K <= error in AATSR SST <= 0.16K

0.20K <= error in buoy SST <= 0.22K

0.4K <= error in AMSR-E SST <= 0.49K


