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OVERVIEW 

About three months after launch the first large-scale salinity maps were 

produced from SMOS brightness temperatures. Since that time, 

however, a number of problems have been observed in the brightness 

temperatures, and these problems have significant impact on the final 

salinity maps. 

Retrieved SSS for three days in Jan 2010 January climatology 



OVERVIEW 

The most significant problems (other than RFI) that have been observed are: 

 

1) Large biases in SSS in the vicinity of coastlines, with a pattern that depends 

upon pass direction; 

 

2) Latitudinal variation of the SSS bias that is a strong function of season 

(strongest in Oct-Dec period); 

 

3) Slow evolution of the bias ripple pattern over the field of view; 

 

4) Significant differences in retrieved salinity obtained using ascending and 

descending passes, especially in September-December 2010; 

 

5) Slow drift with time of alias-free and extended alias-free average differences 

(in terms of brightness temperatures) between the forward model and the 

data; 

 

6) Along-track negative biases in retrieved salinity in August and September of 

2010 and 2011 corresponding to strong galactic noise. 



OVERVIEW 

The most significant problems that have been observed are: 
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LAND CONTAMINATION/LATITUDINAL BIAS 

Below is an example of a salinity map retrieved using the original 

DPGS brightness temperature first Stokes parameter for all 

ascending passes in the first two weeks of November 2010. 



And here is the corresponding map produced using the 

descending passes for the same period: 

LAND CONTAMINATION/LATITUDINAL BIAS 



To analyse potential causes of these problems we developed a simplified image 

reconstruction (JRECON) based on the same solution strategy as used in the 

Level 1 Processor but without any foreign soruces corrections. Initially this was 

done to investigate possible correction strategies for land contamination and sun 

glint, but, surprisingly, we found that with the simplest possible reconstruction (with 

no corrections) we observed far less land contamination in SSS retrieved from 

JRECON brightness temperatures than in SSS obtained from DPGS brightness 

temperatures. 

LAND CONTAMINATION/LATITUDINAL BIAS 



DPGS DESC-ASC JRECON DESC-ASC 

Moreover, the strong latitudinal drift in SSS observed when using the DPGS 

descending pass brightness temperatures was much less evident in the 

JRECON solutions. After some investigations by Roger Oliva and the level 1 

team it was found that these differences could be explained by a software bug 

introduced during the Commissioning Phase. This bug affected the zero spatial 

frequency Fourier component of the reconstructed  brightness temperatures. 

LAND CONTAMINATION/LATITUDINAL BIAS 



Moreover, the strong latitudinal drift in SSS observed when using the DPGS descending 

pass brightness temperatures was much less evident in the JRECON solutions. After 

some investigations by Roger Oliva and the Level 1 team it was found that these 

differences could be explained by a software bug introduced during the Commissioning 

Phase. This bug affected the zero spatial frequency Fourier component of the 

reconstructed  brightness temperatures. 

 

The difference between the JRECON and DPGS retrieved SSS for these November 

descending passes exhibits a linear variation of about 2 psu from 50 deg S to 40 deg N. 

LAND CONTAMINATION/LATITUDINAL BIAS 



Sun in front: 

V(0,0) bug 

Sun in back: 

Solid angle bug 

Sun in back: 

Solid angle bug 

Sun in back: 

Solid angle bug 

Sun in front: 

V(0,0) bug 

LAND CONTAMINATION/LATITUDINAL BIAS 

Impact of direct sun correction bug on the evolution of alias-

free mean bias in (Tx+Ty)/2 for descending passes in 2010: 



The most significant problems that have been observed are: 

 

1) Large biases in SSS in the vicinity of coastlines, with a pattern that 

depended upon pass direction; 

 

2) Latitudinal variation of the SSS bias that is a strong function of season 

(strongest in Oct-Dec period); 

 

3) Slow evolution of the bias ripple pattern over the field of view; 

 

4) Significant differences in retrieved salinity obtained using ascending and 

descending passes, especially in September-December 2010; 

 

5) Slow drift with time of alias-free and extended alias-free average differences 

of brightness temperatures between the forward model and the data; 

 

6) Along-track negative biases in retrieved salinity corresponding to strong 

specular galactic noise. 



The sensitivity of L-band brightness temperature (Tx+Ty)/2=(Th+Tv)/2  to sea surface 

salinity depends upon the sea surface temperature (SST), but ranges from about 0.4 

K/psu in cold water to about 0.7 K/psu in warm water. These are important numbers to 

keep in mind when we consider brightness temperature biases in what follows. 



FORWARD OCEAN  SCENE MODELING 

In the following slides the reconstructed brightness temperatures obtained from 

calibrated visibilites will be compared to those from a model. The model 

includes contributions from flat surface emission (this is component most 

sensitive to SSS variations ), surface roughness emission, atmospheric 

emission and attenuation, and reflected celestial sky noise 



Rough surface emission and scattering of downwelling celestial sky noise are both 

important and uncertain components of this scene model. 

rough 

smooth 

Rough surface emission: Sensitivity 

of (Tx+Ty)/2 to wind speed is 

nonlinear and varies from about 0.2 

K/(m/s) below 5 m/s to about 0.5 

K/(m/s) above 15 m/s (where foam 

emission is important). 

Scattered celestial sky noise 

(Tx+Ty)/2 depends upon ocean 

surface roughness and location in 

the sky of the specular direction but 

varies from about 2 K to about 6 K.  



Here is an example of the scene brightness 

model for one coastal snapshot. Direct 

celestial sky brightness has been multiplied by 

ten in the plot to show it more clearly, and land 

brightness temperature has been set to 280 K 

arbitrarily. 



PACIFIC OCEAN PASSES AND DOMAIN 

USED FOR BIAS CALCULATIONS 



EVOLUTION OF BIAS IN (Tx+Ty)/2 OVER 

THE FIELD-OF-VIEW IN THE 

COMMISSIONING REPROCESSING 

BRIGHTNESS TEMPERATURES 

Before examining the brightness temperature biases integrated over the alias-

free and extended alias-free fields of view, it is instructive to examine the extent 

to which the bias patterns in the field of view evolve over time. 

 

For this purpose we select one ascending and one descending pass in January 

2010 and compute the average difference between the SMOS and model 

brightness temperatures at each gridpoint in the field of view. We then use the 

average of the resulting two bias maps as a reference that is then subtracted 

from all successive bias maps obtained from the Pacific Ocean passes 

throughout the year. 

 

Here we examine only the first Stokes parameter divided by two, (Tx+Ty)/2. 



BIAS EVOLUTION 

In mid-January 2010 the resulting bias maps exhibit spatial ripples with an 

amplitude of no more than about 0.5 K in the AF and EAF FoV. 



BIAS EVOLUTION 

By mid-February 2010 in the EAF FoV the bias pattern has already changed 

by over 0.5 K in some portions of the EAF FoV. 



BIAS EVOLUTION 

The trend continues into March… 



BIAS EVOLUTION 

By mid-April 2010 the bias in the EAF FoV has changed by over 2 K and 

saturates the color scale. 



BIAS EVOLUTION 

By May 2010 the bias pattern stabilized and remained approximately as 

shown below until the end of 2010 (i.e., the end of the reprocessed data). 



BIAS EVOLUTION 

Consistency between ascending and descending pass bias patterns also 

evolves over the year. 

ascending descending 

5/7 February 2010 



Consistency between ascending and descending pass bias patterns also 

evolves over the year. 

ascending descending 

22/23 July 2010 

BIAS EVOLUTION 



Consistency between ascending and descending pass bias patterns also 

evolves over the year. 

ascending descending 

8 September 2010 

Scattered 

galactic noise 

BIAS EVOLUTION 



BIAS EVOLUTION 
A compact way to examine the evolution of the bias pattern through the year is to 

integrate the preceding bias maps along dwell lines. This yields one curve for each 

half-orbit, and these curves may be collected into hovmoller plots. 



BIAS EVOLUTION 
The following is such a hovmoller plot of dwell-line integrated bias mapped as a function 

of xi(eta=0) and month of 2010. Most noticeable is the jump in early April, but the pattern 

continually evolves to some extent throughout the year. 



BIAS EVOLUTION 
This is a similar plot for descending passes. Since the spatial pattern of the bias 

evolves in time, use of a fixed OTT-type bias correction will lead to streaks sufficiently 

far from the time the OTT was computed. 



The most significant problems that have been observed are: 

 

1) Large biases in SSS in the vicinity of coastlines, with a pattern that 

depended upon pass direction; 

 

2) Latitudinal variation of the SSS bias that is a strong function of season 

(strongest in Oct-Dec period); 

 

3) Slow evolution of the bias ripple pattern over the field of view; 

 

4) Significant differences in retrieved salinity obtained using ascending and 

descending passes, especially in September-December 2010; 

 

5) Slow drift with time of alias-free and extended alias-free average differences 

of brightness temperatures between the forward model and the data; 

 

6) Along-track negative biases in retrieved salinity corresponding to strong 

specular galactic noise. 



LONG-TERM BIAS TRENDS 



Before examining the long-term bias trends we look at the potential uncertainty in 

these trends associated with errors in the modeling of scattered celestial sky noise. 

The curves below show the contribution of scattered celestial sky noise to FoV biases 

in 2010-2011, based upon the Kirchhoff model evaluated at a 3 m/s wind speed. 

LONG-TERM BIAS TRENDS 



Similar to previous slide but for the flat surface reflected celestial sky noise. Little 

change is observed in the solutions, and so we expect little impact of celestial sky 

noise modeling on the bias trends. 

LONG-TERM BIAS TRENDS 



The bias curves below were computed for the commissioning reprocessing 

brightness temperatures using the original Kirchhoff model for scattering of celestial 

sky noise evaluated at a 3 m/s wind speed. 

LONG-TERM BIAS TRENDS 



For these bias curves we have used the flat surface reflection model, and even 

switching to this model makes little difference after averaging over the FoV and 

over latitude. 

LONG-TERM BIAS TRENDS 



For these curves we have used the original theoretical 

roughness emission model. This also makes little difference. 

LONG-TERM BIAS TRENDS 



The most noticeable feature is the descending-ascending pass discrepancy 

beginning around September and extending to the end of December. This 

discrepancy reaches about 0.5 K in the AF and over 1 K in the EAF fields of 

view. 

LONG-TERM BIAS TRENDS 



LONG-TERM BIAS TRENDS: IMPACT OF THE 

NEW LOSS MODEL 

No Loss Model One-Slope Loss Model 

Application of the new single-slope thermal loss model appears to reduce 

the descending-ascending bias discrepancy to around 0.2 K, and the AF 

and EAF trends appear to be more consistent with the new loss model 

than without. 



LONG-TERM BIAS TRENDS: IMPACT OF THE 

NEW LOSS MODEL 

No Loss Model One-Slope Loss Model 

However, it appears that application of the loss model also introduces an 

oppositely-signed discrepancy between November 2010 and April 2011. 

Comparing the plots below, the loss model appears to over-correct the 

data in this period. 
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From mid-August through September in both 2010 and 2011 a clearly evident low 

salinity streak appears in the descending passes and shifts westward through the 

swaths as time advances. This is related to errors in the modeling of scattered celestial 

sky noise for specular points in the vicinity of the galactic plane. 

GALACTIC NOISE SCATTERING 



This is a map of the unpolarized celestial sky radiation smoothed by an average 

SMOS synthetic beam weighting function. 

Sky map smoothed by mean SMOS 

synthetic beam 

GALACTIC NOISE SCATTERING 



April 2 Sep 20 June 25 

GALACTIC NOISE SCATTERING 



April 2 Sep 20 June 25 

GALACTIC NOISE SCATTERING 



SMOS RESIDUALS BASED ON COMMISSIONING REPROCESSING DATA 



CROSS SECTIONS THROUGH THE CELESTIAL SKY MAPS 



CROSS SECTIONS THROUGH THE CELESTIAL SKY MAPS 

The Kirchhoff model cannot reproduce the shape of the the scattered 

galactic noise profiles for specular points near the galactic plane. 



CROSS SECTIONS THROUGH THE CELESTIAL SKY MAPS 

The approach we take is to compute a set of nine solutions using a geometric 

optics model with a rnage of mean square slopes that yield solutions that 

bracket the SMOS residuals. 



FITTING A GEOMETRIC OPTICS MODEL TO THE RESIDUALS 



FITTING A GEOMETRIC OPTICS MODEL TO THE RESIDUALS 



FITTING A GEOMETRIC OPTICS MODEL TO THE RESIDUALS 



CROSS SECTIONS THROUGH THE CELESTIAL SKY MAPS 

NEW SEMI-EMPIRICAL MODEL 



CROSS SECTIONS THROUGH THE CELESTIAL SKY MAPS 

ORIGINAL KIRCHHOFF MODEL 



BIAS: ORIGINAL KIRCHHOFF MODEL 

0-3 m/s 3-6 m/s 

6-8 m/s 8-12 m/s 



BIAS: KIRCHHOFF MODEL EVALUATED AT 3 M/S WIND SPEED  

0-3 m/s 3-6 m/s 

6-8 m/s 8-12 m/s 



BIAS: EMPIRICAL GEOMETRIC OPTICS 

0-3 m/s 3-6 m/s 

6-8 m/s 8-12 m/s 



IMPACT ON SWATH BIASES: ALIAS-FREE FIELD OF VIEW 

Even the geometric optics model, with effective L-band mean square slopes fitted to 

the ascending pass residuals, does not fully remove the contribution from scattered 

galactic noise on descending passes, and we cannot explain this currently. 

 

Also, the scattering at wind speeds below about 3 m/s should be investigated. In 

several swaths where the ECMWF wind speed is below about 3 m/s the residual 

brightness appears to be nicely explained with just the flat surface reflection model, 

indicating that (in these cases at least) the surface appears smooth at L-band. 



CONCLUSIONS 
 
1) Large biases in SSS in the vicinity of coastlines as well as large latitudinal variations in 

the bias have been observed in SSS retrieved from DPGS brightness temperatures. 

These features were not found (or at least much less evident) in a simplified image 

reconstruction code. Earlier this year, the Level 1 team found that the origin of the 

land contamination problem was a software bug in the image reconstruction, and the 

origin of the large latitudinal bias gradient was a problem in the direct sun correction. 

 

2) However, even after removing these software problems, both long-term and orbital 

drift remain prominent in the data over the ocean, and the pattern of spatial ripples in 

the bias evolves over time.  

 

3) Introduction of the new loss model reduces the short-term (orbital) drift but not the 

long-term drift. Also, some residual orbital drift remains. 

 

4) Along-track negative biases in retrieved salinity correspond to strong specular galactic 

noise, and the Kirchhoff scattering model using the Kudryavtsev wave spectrum 

appears to overly scatter the incident brightness. An improved scattering model can 

be obtained by fitting a geometric optics model to the residuals for ascending passes 

in March-April. However, this model does not fully explain the galactic residuals 

obsevred for descending passes in August and September. 



Next plenary workshop foreseen in March 2012 

 

Additional institutions and countries are welcome!  

SMOS-Mission Oceanographic Data Exploitation 

SMOS-MODE  

www.smos-mode.eu 

info@smos-mode.eu 

SMOS-MODE supports the network of SMOS ocean-related R&D 



SMOS-MODE – SMOS-Mission Oceanographic Data Exploitation  

www.smos-mode.eu 
info@smos-mode.eu 

• SMOS-MODE supports the network of SMOS ocean-related R&D 

• Meetings 
• Workshops 
• Training school 
• Short term scientific missions 

• Overall Aim: 

• To coordinate pan-European teams to define common protocols to produce high-level salinity maps 
and related products, and broaden expertise in their use for operational applications. 

• To bridge remote sensing and applications communities 

• 14 countries represented so far. Co-chairs:  

• Antonio Turiel, SMOS Barcelona Expert Centre (SMOS-BEC), Barcelona, Spain  
• Nicolas Reul, IFREMER, Brest, France 

• Next plenary workshop foreseen in March 2012 

Additional institutions and countries are welcome! 

http://www.smos-mode.eu/
http://www.smos-mode.eu/
http://www.smos-mode.eu/


BACKUP SLIDES 



The basic geometry of the scattered celestial sky noise problem is shown is the 

following diagram, which traces the path of radiation from its source in the sky to 

the surface and finally to the instrument. Various polarization bases involved in the 

problem are also shown. 

GALACTIC NOISE SCATTERING 



BIAS: ORIGINAL KIRCHHOFF MODEL 



BIAS: KIRCHHOFF MODEL EVALUATED AT 3 M/S WIND SPEED  



BIAS: EMPIRICAL GEOMETRIC OPTIC 



A portion of the L-band radiation incident at the SMOS antennas originates as downwelling celestial sky radiation that is scattered by 

the rough ocean surface back upward towards the satellite. To a good approximation the downwelling sky radiation at the ocean 

surface is unpolarized  with brightness temperature Tsky. The contribution of this scattered radiation to the brightness temperature 

integrated over the SMOS synthetic beam is then given by 

Assuming uniform sky noise and using scattering cross sections from a Kirchhoff scattering model and the Kudryavtsev wave 

spectrum, the fractional contribution to the scattered radiation from radiation incident from within a given angle from boresight 

was computed and is shown for various wind speeds below. These plots show that roughness may spread the impact of a strong 

punctual sky source several degrees from the source. 

Integral over 
synthetic beam 

Integral over 
incident radiation 

Incident celestial sky 
brightness temperature 

Scattering cross sections 

Product of directivity and 
basis change matrices 



The normalized bistatic scattering cross sections appearing  in 

the equation of the previous slide have the form 

The Kirchhoff integral in the previous equation is an integral over 

the surface  

Kirchhoff kernel which is a 
function only of incident and 
scattered wave directions and 
polarization 

Surface correlation 
function at zero 
displacement 

incident (ko) and scattered (ks) 
wave directions  

Difference between vertical 
components of incident and 
scattered waves 

Surface correlation 
function 



UPDATE ON GALACTIC NOISE MODEL 
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UPDATE ON GALACTIC NOISE MODEL 



UPDATE ON GALACTIC NOISE MODEL 



IMPACT ON SWATH BIASES: ALIAS-FREE FIELD OF VIEW 



IMPACT ON SWATH BIASES: ALIAS-FREE FIELD OF VIEW 



HOVMOLLER PLOTS OF REFLECTED SKY NOISE 



SMOS RESIDUALS BASED ON COMMISSIONING REPROCESSING DATA 



FITTING A GEOMETRIC OPTICS MODEL TO THE RESIDUALS 



CROSS SECTIONS THROUGH THE CELESTIAL SKY MAPS 

NEW SEMI-EMPIRICAL MODEL: Ascending Passes 



CROSS SECTIONS THROUGH THE CELESTIAL SKY MAPS 

NEW SEMI-EMPIRICAL MODEL: Descending passes 



IMPACT OF GALACTIC NOISE MODEL ON BIAS TREND ANALYSIS 



IMPACT OF GALACTIC NOISE MODEL ON BIAS TREND ANALYSIS 



We now consider specific celestial dwell lines. In the lower right figure I have plotted the traces of the six dwell lines 

shown in the upper left figure, and you can see that these celestial dwell lines look similar to terrestrial dwell lines but, 

as we have seen, they are fundamentally different. 

 



Any given celestial dwell line corresponds to many different 

points on earth and many different incidence angles. 

 

To the right you can see that the geographic latitude along each 

of the six dwell lines varies from about 40 degS to about 30 

degN. 

 

As shown in the lower right figure the corresponding incidence 

angles vary from about 20 to 60 deg. 

 



As the geographic location varies greatly along a celestial dwell 

line, so do the geophysical conditions. ECMWF 10-m wind 

speed is shown along the six dwell lines in the lower right 

figure,  and in this case it ranges from 2 to 14 m/s along a 

single celestial dwell line! 

 




