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et al. 2007) 

SST User Requirements 



•  Polar infrared has high accuracy & spatial resolution          
•  Geostationary infrared has high temporal resolution 
•  Microwave Polar orbiting has all-weather capability (e.g. High latitude cloud) 

SST analyses for NWP and NOP builds on EO 
complementari@es… 

•  In situ data provide reality in all weather conditions 

SST User Requirements 

 Proposal for SST accuracy : 0.3 K 
  Would meet breakthrough accuracy requirement for all applica@ons, except seasonal and inter‐annual NWP  
 (SST priority = 2) 

  Seasonal and inter‐annual NWP accuracy requirement could be met through space/@me averaging 

 Proposal for SST horizontal resolu@on : 10 km 
  Would meet breakthrough horizontal resolu@on requirement for all applica@ons except coastal oceanography 
  Could allow space averaging for seasonal and inter‐annual NWP (see above) 
  Could bring useful informa@on for coastal oceanography, in par@cular in areas of persistent cloudiness 

 Proposal for SST revisit @me : 12 h 
  Would meet breakthrough revisit @me requirement for all applica@ons except regional NWP (SST priority = 2) 
  Would provide informa@on on day minus night varia@on 



Comparison with present esUmates 

O’Carroll et al., 2007  Gentemann et al.  

SST esUmated errors today from 
microwave observaUons: 0.4‐0.5 K 

Coastal effects (partly related to 
the lack of spaUal resoluUon 25km)  



Benefit of quasi‐simultaneous SST and OWV:  
Understand the state of the ocean 

Schema@c  diagram  showing  (leR)  idealised  night‐@me  ver@cal  temperature  devia@ons  from 
SSTfnd  and  (right)  idealised  day‐@me  ver@cal  temperature  devia@ons  from  SSTfnd  in  the 
upper ocean (from Donlon et al., 2007). 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QuickScat winds 
(in colour) and  
AMSRE SST  
(solid contours) 

Benefit of quasi‐simultaneous SST and OWV:  
Understand the state of the ocean 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SST influence on the marine atmospheric boundary layer 

Benefit of quasi‐simultaneous SST and OWV:  
Understand the state of the ocean 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Sea Surface Temperature (SST) 

•  Passive remote sensing only 
•  Lower frequencies less sensi@ve to atmospheric contribu@on 
•  Frequencies also sensi@ve to the wind speed (and related presence of foam) 
•  Retrieval mainly derived from Wentz et al., with a two step algorithm with local fine‐tuning  
•  SST evalua@ons in the literature  shows very impressive accuracy (<0.5K).  

 Valida@on method carefully craRed? Contribu@on of the a priori informa@on? 
•  To our knowledge, no convincing sensi@vity analysis provided in the literature 

Ocean Wind Vector (OWV) 

•  Wind speed can be es@mated from both passive and ac@ve microwave observa@ons 
•  Wind direc@on very difficult with passive observa@ons, even with full polarimetry 
•  Several algorithms developed for both instrument types 
•  Accuracy of 1m/s in speed with both instruments and 20° in direc@on with the scaterrometer, 
•   Satura@on  effects  for  high  wind  speed  with  the  scaherometer,  not  with  the  radiometer 
(complementary) 



Microwave satellite remote sensing of Sea Surface 
Temperature (SST) and Ocean Vector Winds (OVW) 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•  Polar infrared has high accuracy & spatial resolution          
•  Geostationary infrared has high temporal resolution 
•  Microwave Polar orbiting has all-weather capability (e.g. High latitude cloud) 

SST analyses for NWP and NOP builds on EO 
complementari@es… 

•  In situ data provide reality in all weather conditions 

In orbit  Approved  Planned / Pending approval 

11  12  13  14  15  16  17  18  19  20  21  22  23  24  25 

ERS-2 ATSR-2 
ENVISAT AATSR 

Sentinel-3A SLSTR 
Sentinel-3B SLSTR 

POES AVHRR/3  (pm orbit) 

MODIS  

FY-3A 

METOP-B,C AVHRR/3  (am orbit) METOP-A  

NPP (VIIRS) 
JPSS-1 (VIIRS) 

JPSS-2 (VIIRS) 

METEOR-M1 MSU-MR 

 Passive Microwave, Polar Orbiting 

TRMM  
GCOM-W1 (AMSR-2) 

FY-3B,C,D (VIRR) 

GCOM-W3 (AMSR-2) 

FY-3B,C,D (VIRR) 

GCOM-W2 (AMSR-2) 

Sentinel-3C SLSTR 

METEOR-MP METEOR-M2 MSU-MR 

 Optical (TIR) Polar Orbiting 

Sea Surface Temperature (polar orbiUng) 

OCEANSAT-3 (TIR) 
Aquarius SAC/D (NIRST) 

Passive Microwave Radiometers for SST are essenUal yet conUnuity is fragile  
AMSRE  



•  Polar infrared has high accuracy & spatial resolution          
•  Geostationary infrared has high temporal resolution 
•  Microwave Polar orbiting has all-weather capability (e.g. High latitude cloud) 

SST analyses for NWP and NOP builds on EO 
complementari@es… 

•  In situ data provide reality in all weather conditions 

Data 
Merging 



InformaUon Content Analysis of Microwave ObservaUons 

•  Tradi@onaly used to define instrument specifica@ons in NWP centers 

•  Simula@ons performed at AMSR‐E channels 

•  Radia@ve transfert (Jacobians): RTTOV 

•  Database : ECMWF analysis 

•  Instrument noise specifica@ons 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InformaUon Content Analysis 

⇒    Low  frequencies  in  ver@cal 
polariza@on very sens@ve to SST 

⇒  Horizontal polariza@on more 
sensi@ve  to  wind  speed,  and 
sensi@vity  increases  with 
frequency. 

⇒    Sensi@vity  to  water  vapor  very 
limited at frequencies below 10GHz 



    SensiUvity to frequencies      SensiUvity to noise 

without 89 & 6 GHz ‐> without 6 GHz ‐> without 85GH ‐> full  Same but with all noises divided by 2 

⇒ Reduc@on  of  the  instrument  noise  is 
the key issue for SST es@mates, to reach 
the requested  accuracy 

⇒ The high frequency not important for 
SST es@mate 



   Preliminary analysis of instrument specificaUon  

•  For SST, low frequency channels very important, with very low 
instrument noise to reach accuracy specifica@ons 

•  For OWV, speed informa@on available from passive microwaves, 
informa@on on wind direc@on possible, but less accurate than with 
scaherometer 

•  Classical informa@on analysis can be misleading: 
–  Nonlinear model more efficient than a lineariza@on: satura@on effects, 

interac@on terms 
–  Retrieval can make a beher use of the available informa@on and the correla@on 

between variables 

•  Need to take into account all the sensi@vi@es: 
–  Real inversion tests more reliable  



Jacobian calculaUon under a large variety of condiUons  



Sea water permifvity variaUon with SST 



With AMSR‐E noise  



With 0.3K noise on all channels  

All channels  

Without 6 GHz  



INVERSION TESTS WITH AMSR‐E 

Using AMSR‐E and ECMWF analysis. 2 months,  +/‐30° 

TheoreUcal results 



INVERSION TEST WITH AMSR‐E 

Theore@cal results and comparisons with buoys 

With the mean value for a pixel used as the first guess: 
 Expected behavior 
 Theore@cal errors above 0.4K…  
 When compared to the buoys, above 0.6K. Not surprising… 

All channels 
Without 6 GHz 
Without 85GHz 
Without 6 and 85 
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Microwat channel selec@on 

Two concepts have been proposed : 
  Real aperture radiometer 

  Synthe@c aperture radiometer 

Microwat concepts  
(ASTRIUM/EADS) 



Microwat concepts : Conical 
  Conical scanner : 

  

Mass # 300 kg (4m antenna reflector) 
Power # 350 W 



Microwat concepts : Interferometer 

 Synthe@c aperture radiometer : Interferometer 

Y shape antenna array 
(5.2 m arm length) 

  

Mass                > 600 kg     
Power consumption       > 2500 W 
(424 receivers at 6.9GHz and 364 at 18.7 GHz….)     



Microwat concepts : Basic comparisons 
 Advantages 

  Conical scanner 
  Simple, high sensi@vity (total power radiometer) 
  Simple calibra@on processing 

  Interferometer 
  Fixed antenna 
  High spa@al resolu@on 

 Disadvantages 
  Conical scanner 

  Large antenna reflector (lead to deployable system for high resolu@on) 
  Rota@on reflector (mass and momentum compensa@on) 

  Interferometer 
  Lower sensi@vity compared to conical 

  Complexity (huge number of receivers and correlators) 
  High power consump@on 



CONCLUSIONS 

    User  requirement  analysis  for  SST  with  special  emphasis  on  the  interest  for 
coincident SST and OVW 

   Informa@on content analysis to evaluate the  impact of the frequency selec@on as 
well  as  the  noise  factor.  Inversion  tests  with  cross  checks  on  in  situ  data  also 
performed.  

  The accuracy of the retrieval directly related to the instrument sensi@vity 

  Defini@on of missions based on these studies 

  Par@cularly cri@cal instrumenta@on, with the recent failure of AMSR‐E….  



Backup slides 



Ocean Wind Speed with Passive Microwaves 

WindSat observa@ons from February 2003 to November 
2005 with QuikSCAT observa@ons:  
Mean V (leR panels) and H (right panels) Tbs binned as a 
func@on  of  QuikSCAT  wind  speed  (m/s),  at  6.8,  10.7, 
18.7,  23.8,  and  37.0  GHz,  respec@vely  from  top  to 
bohom,  for  a  dry  atmosphere:  0  mm  < WV  <  20  mm 
(blue lines), and for a wet atmosphere 30 mm < WV < 60 
mm  (red  lines). WindSat  data  are plohed  as  solid  lines 
and RTTOV model as dashed lines. 



Ocean Wind DirecUon with Passive Microwaves 

WindSat observa@ons from February 2003 to November 
2005 with QuikSCAT observa@ons:  
Mean  3rd  (leR  panels)  and  4th  (right  panels)  Stokes 
parameters  for WindSat  (blue  lines)  and  RTTOV model 
(red  lines)  binned  as  a  func@on  of  the  rela@ve  wind 
direc@on  (°), at 10.7  (top), 18.7  (middle), and 37.0 GHz 
(bohom), and  for different wind speed ranges: 4 m/s < 
WS < 8 m/s (solid lines), 12 m/s < WS < 16 m/s (dashed 
lines), 20 m/s < WS < 24 m/s (dashed dohed lines). 



Ocean Wind Speed with AcUve Microwaves 

Mean Ku‐band VV (solid  lines) and HH (dashed  lines) σ0  (dB) computed with the 
RCA model (black), the Kudryavtsev model (blue), and the QuikSCAT data (red), as 
a func@on of wind speed (m/s). 



Ocean Wind DirecUon with AcUve Microwaves 

Mean Ku‐band VV  (top panel) and HH (bohom panel)  s0  (dB) computed with  the RCA 
model (blue) and QuikSCAT data (red), as a func@on of the wind direc@on (degrees), for 
6 m/s (solid lines), 14 m/s (dashed lines), and 22 m/s (+) mean wind speed. 



(Stammer et al., 2007) 

OWV User Requirements 



•  Polar infrared has high accuracy & spatial resolution          
•  Geostationary infrared has high temporal resolution 
•  Microwave Polar orbiting has all-weather capability (e.g. High latitude cloud) 
•  In situ data provide reality in all weather conditions 

 OVW Accuracy: 1 m/s and 15° for wind speed and direc@on  
  It would meet breakthrough accuracy requirements for all ocean  applica@ons, except coastal issues.  

  Coastal measurement requires accuracy of 0.5m/s and 5° for wind vector component. However, based on 
new  retrieval  techniques,  accurate  coastal wind data may be es@mated  from a  combina@on of  remotely 
sensed and in situ data.  

 Proposal for OVW horizontal resolu@on : 12.5 km 
  Meets breakthrough horizontal resolu@on requirement for all applica@ons including coastal oceanography  

 Proposal for OVW revisit @me : 12 h 
  It  would  meet  breakthrough  revisit  @me  requirement  for  some  global  applica@ons.  However,  global 

oceanography  as  well  as  coastal  oceanography  require  higher  resolu@on  of  6  and  3  hours.  6‐hourly 

es@mates may be derived from mul@‐plasorm satellite data.  

OWV User Requirements 


