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Overview

• Why is AATSR SST important for the weather forecast?

• How do we use AATSR data as part of the forecast?

• Examples of weather forecast outcomes

• Future perspectives
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70% Earth’s surface covered by 

water

“If I were to choose a single phrase to characterize the first 

century of modern oceanography, it would be a century of under-

sampling.” 

Walter Munk, Woods Hole Oceanographic Institute, 2000

The final frontier…
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SST and the weather
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SST and the weather

Microburst, Long 
Island, in The 

Bahamas. © Dene 
Georgelin.
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(D. Chelton and Park et al, 2006)

SST influence on the marine 

atmospheric boundary layer

(D. Chelton)
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(D. Chelton and Park et al, 2006)

SST influence on the marine 

atmospheric boundary layer

Cold

Warm

QuickScat winds 
(High pass filtered)
and AMSRE Passive 

microwave SST

(D. Chelton)
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Impact of high resolution SSTs

on SST gradients in NWP

Impact of using combined

infrared and microwave SSTs on

resolving SST gradients

(D Chelton)
(D. Chelton)
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ft.

Over prediction of East coast cyclones due to 

SST boundary condition in the US NWS Eta 

Model (30th Dec. 2000)

• Concluded that errors in the mslp 

and precip. forecasts were either 

directly coupled to or indirectly 

dependent on the Atlantic coast 

SST distribution 

• High resolution SST matters to 

NWP

• RTG_SST became operational 30 

January 2001
THIÉBAUX et al, BAMS, 2003

• Predicted 12–25 cm. of snow over 

the Baltimore–Washington 

metropolitan area with 2–3 days lead 

• Actual snowfall was zero…

• Eta exhibited westward bias in 

predicted snowfall patterns. 
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Doug May, 

NAVOCEANO)

Satellite SST biases
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AATSR stability and accuracy

(METEO product)

0.13K <= error in AATSR SST <= 0.16K
(O’Carroll et al, 2008)

(R Saunders)
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Typical NRT 24 hour coverage of AATSR
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Daily SST

OSTIA

Basic 

Architecture Quality Control
-Background check  -Diurnal warming flagging

Satellite Bias Estimation
-Find match-ups     -O.I. estimate.

Analysis
-Using 2 background error scales

-Spatially varying backgrd. errors

Data Sources

Anomaly Persistence 

Forecast
With weak relaxation to 

climatology

Database
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Daily SST

OSTIA

Basic 

Architecture Quality Control
-Background check  -Diurnal warming flagging

Satellite Bias Estimation
-Find match-ups     -O.I. estimate.

Analysis
-Using 2 background error scales

-Spatially varying backgrd. errors

Data Sources

Anomaly Persistence 

Forecast
With weak relaxation to 

climatology

Database

AATSR is a fundamental
component of the OSTIA 

bias correction
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Bias correction : The Importance of 

AATSR (used ALL data every day)

AMSR-E Observations for 14 Dec. ‘05

Reference observations (With AATSR) Reference observations (No AATSR)



The Success of the AATSR programme, RAL, UK, 22nd October 2009

Impact of AATSR on AMSRE bias 

correction for 14 Dec

Match ups (<25km)

More match ups especially in data-sparse areas

Large impact from additional match ups

In situ + AATSR In situ only
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Bias correction (K)
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Operational monitoring
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Anomaly differences over 7 days

September 2007 – Minimum ice coverage 

in Arctic

Temperature Bias at 

925 hPa, 48hr 

forecasts

11th August 2007
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Fixing the problems…

• RTG SST didn’t capture the Arctic warming.

OSTIA - ensemble RTG - ensemble
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Met Office: August 2007 NWP Trial Results

• OSTIA SSTs 

substantially 

reduced the 

negative bias 

seen with NWP 

SSTs at 850hPa.

NWP SSTs

OSTIA SSTs

Forecast Range ( to 5 days)
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• N Hem. Temperature 

profiles @ T+48

• OSTIA improved the 

RMS and bias in the 

NWP forecasts during 

the trial period.

• AATSR underpins the 

OSTIA system

RMS Error

Mean Error

Reduced Bias 

at low levels
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Hurricane Dean - 21st August 2007

• Cold water 

upwelling in the 

wake of Hurricane 

Dean

• Significant 

improvement in 

NWP SST 

boundary 

conditions

Old NWP SST

OSTIA

SST minus Climatology : 

Contours at 0.5° intervals.
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High Resolution SST improves Hurricane  

Rita trajectory track error

Track error: OSTIA=1.85, NWP=2.17. Better with OSTIA.

(M. McCulloch& J Hemming)
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Future perspectives… 

• Today, all AATSR data are used whenever they are 
available in every weather forecast

• AATSR satellite observations for bias adjustment are a 
pre-requisite for success in this strategy – now being 
used in USA, Australia and in France…

• As the NWP forecast is pushed out beyond 7 days SST 
becomes extremely important

• especially in the coupled ocean-atmosphere case where 
ocean SST’s will be at the atmospheric model grid-
resolution

• NWP grid resolutions of 4 - 10km are  planned within a 
limited area NWP multi-model ensemble prediction 
systems (local scale may be 1-2km)

• A flexible observation network targeting data sparse areas 
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Take Home Message

• AATSR continues to provide the SST reference 
measurements for NWP SST analyses – every 
day – around the world!

• The dream has come true…
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SAR Radar 
Altimeter

S-band 
Antenna

Laser Retro-
Reflector

DORIS 
Antenna

Microwave 
Radiometer 

Ocean and Land 
Colour 

Instrument

Sea and Land 
Surface 

Temperature 
Radiometer

X-band 
Antenna

Solar Panel

Thank you
craig.donlon@esa.int

Questions and answers?

mailto:craig.donlon@esa.int
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Use of OSTIA at ECMWF
(M Drusch)

OSTIA / GHRSST – OPER / NCEP

August 2008

Validation against buoy data

(North of 70 N, August 2008)

OPER / NCEP GHRSST / OSTIA

OPER / NCEP SST
• RTG SST

• 0.5 x 0.5 degrees
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• Backups for Q&A
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• Polar infrared has high accuracy & spatial resolution
• Geostationary infrared has high temporal resolution
• Microwave Polar orbiting has all-weather capability

GHRSST Builds on EO 

complementarities

Data

Merging

• In situ data provide reality in all weather conditions
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Nino-3 Index  for Seasonal 

Forecasting
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Seasonal Forecasting: Winter 2005/6

The NAO is forecast to be negative 2005/6
• NAO is a statistical forecast for temperatures based on Rodwell et al, Nature, 398, 320-323, 1999. Requires the 

slowly varying ocean to impact the atmosphere

• Can be used to forecast winter temperatures (as shown here) using dynamical models -

• The forecast is based on a maximal covariance analysis of May North Atlantic SSTs 

and the following December to February 500 hPa geopotential heights. The NAO is 

defined by the height pattern seen in the right hand figure

• The forecast skill is reasonable but by no means high and the correct sign of the NAO 
is predicted for 66% of all winters (based on 1948 to 1998 cross-validation mode). 

• The link from the Atlantic ocean to the NAO is not strong enough for any such 
forecast method to be very accurate. 
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Animations of SST: July – September 2005

Old FOAM-UM 1˚ New FOAM-NEMO ¼˚

(Matt Martin, 
Met Office)
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L2P data assimilation @ Met Office

North Atlantic 1/9º FOAM: validation against surface in situ observations
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(Adrian Hines, Met Office)
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Impact of GHRSST in FOAM 1/9˚ ocean model - comparison 

with profile data
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1/9° GHRSST

1/9° control

Temperature

Salinity

• GHRSST data 

reduces the RMS errors 

over the top 600m of 

ocean, with little 

change in the bias 

• Near-surface salinity 

errors increased, 

particularly in NW Atlantic

• Reason for this is 

unclear at present –

impact on stability?
1/9° GHRSST

1/9° control

Validation against assimilated temperature profile data for April 2005.
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GHRSST-PP L2P Inter-comparison 

– SEVIRI-AATSR (Saharan mineral dust)

•Jan –Oct 2005 

SEVIRI-AATSR 

(ATS_NR_2P)

•SEVIRI SST’s corrupt 

due to Saharan Aerosol 

dust

• New correction 

strategy based on R/T 

modelling in prep. –

Verification by AATSR (Pierre LeBorgne)
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MGDSST and NPDSST (former SST analysis) 

on 24 May 2005 (T. Kuragano, JMA, Japan)

NPDSST

Spatial Res.=1deg

MGDSST

Spatial res.=0.25deg

SST deviation

MGDSST-NPDSST

Large differences are found in the east of Japan, along Kuroshio and in the 

east of China.

Impact of the SSTs were tested in JMA MSM as its boundary condition.
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Example of MSM Prediction: Surface humidity 

(18UTC 25 May, T. Kuragano, JMA, Japan)

Predicted Humidity

（MGDSST）

Predicted Humidity

（NPDSST）

High humidity was successfully predicted by using MGDSST

Tokyo

GOES VIS 

00UTC 26 May 2005

Sea Fog
Tokyo

Predictions of precipitation and air temperature on land are also improved by using 

MGDSST.

Operational use of MGDSST in JMA MSM and RSM, regional model, began in 

March, 2006.
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Surface winds and SST…

(D. Chelton)



The Success of the AATSR programme, RAL, UK, 22nd October 2009


