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Sea surface salinity retrieval based on L‐band brightness temperatures is highly
demanding in terms of both instrument stability and forward scene brightness
modeling, and a number of problems remain to be solved before reliable SSS maps
can be made on a global scale.
In this presentation we review three of the problems we face as we try to improve
SSS retrievals:

1.Multiple time scale drifts in the bias between reconstructed brightness
temperatures and those from the forward scene model,
2.Over‐ and under‐ estimation of rough surface excess emission by the three
roughness models, and
3.Underestimation of reflected galactic noise in the vicinity of the galactic plane.
These are not the only problems, of course. However, these are the problems we
will address in this presentation. RFI and land contamination are not considered
here.

10‐DAY MEAN SSS BIAS: ASCENDING PASSES
Problem 1:
1 The differences between
SMOS reconstructed brightness
temperatures produced by DPGS and
those predicted by our ‘best’ forward
scene model drift with time.
Certainly, a portion of this drift may be
related to problems in the model (sun
glint, galactic noise reflection). Another
portion may originate with the
instrument and Level 1 processing.

10‐DAY MEAN SSS BIAS: DESCENDING PASSES
Problem 1:
1 The differences between
SMOS reconstructed brightness
temperatures produced by DPGS and
those predicted by our ‘best’ forward
scene model drift with time.
Certainly, a portion of this drift may be
related to problems in the model (sun
glint, galactic noise reflection). Another
portion may originate with the
instrument and Level 1 processing.

10‐DAY MEAN SSS BIAS: ASCENDING MINUS DESCENDING PASSES

MID‐MAY

MID‐AUGUST

These maps show that the differences in SSS retrieved from descending and
ascending passes can reach more than 1 psu and changes (even in sign) with time.

END AUGUST

MID‐NOVEMBER

Problem 2:
2 The three roughness models currently used to ‘remove’ the effect of surface
roughness emission tend to wrongly estimate the emission in high wind conditions.
Models 1 (2‐Scale model) and 3 (Semi‐empirical) tend to underestimate surface roughness
emission, while model 2 (SPM+Foam) tends to overestimate surface roughness emission.

Problem 3:
3 Especially in September and October for descending passes, reflected galactic
radiation is very strong and difficult to properly model. The DPGS solutions for all descending
passes during this period show clearly a strip of low SSS down the middle of the swaths, and
this is associated with predicted reflected galactic noise that is too low.
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We have now seen evidence of three important problems for SSS retrieval, but in order to
relate these problems to brightness temperature, we briefly review the basic relationship
between SSS and L‐band brightness temperature.
RULE OF THUMB TO KEEP IN MIND:
For warm SSTs, Th, Tv and (Tv+Th)/2 decrease by roughly 0.6 K for an increase of SSS of 1
psu.
psu

We have now seen evidence of three important problems for SSS retrieval, but in order to
relate these problems to brightness temperature, we briefly review the basic relationship
between SSS and L‐band brightness temperature.
RUL E OF THUMB TO KEEP IN MIND:
For cold SSTs, Th, Tv and (Tv+Th)/2 decrease by roughly 0.4 K for an increase of SSS of 1 psu.
psu

Also, over the SMOS FOV, these relations between SSS changes and brightness temperature
changes do not vary much for the first Stokes parameter:

Roughly 1.2 K/psu in (Tx+Ty) in
warm water

Roughly 0.6 K/psu in (Tx+Ty) in cold
water

Thus to a good approximation:
1 psu SSS increase = (Tx+Ty)/2 decrease by 0.5 K

Problem 1: Bias Trends

Now we will try to relate the bias trends in SSS we saw earlier to bias trends in the
reconstructed brightness temperatures provided in the DPGS Level 1C product. To
do this we consider a large number of passes in the Pacific Ocean far from land:

We have collected up to several half‐orbits each day from
March 1, 2010 to the present, and we have evaluted the bias
between SMOS and the model averaged both over the alias‐
free field of view (AF‐FOV) and over latitude from 50 degS to
10 degN. The resulting bias trends do show significant
oscillations.

MID‐MAY

LATE AUGUST

Decrease (Tx+Ty)/2 by 0.5 K=increase SSS by 1 psu

MID‐NOVEMBER

We saw earlier that in the last few weeks there has been a clear
trend with latitude in the bias between ascending and
descending passes. The passes agree at around 50 degS but SSS
decreases in descending passes relative to that for ascending
passes as we move northward. This is associated with a nearly 1
K linear trend in descending pass (Tx+Ty)/2.

A linear trend with latitude
has appeared in descending
pass (Tx+Ty)/2 in recent
weeks.

Decrease (Tx+Ty)/2 by 0.5 K=increase SSS by 1 psu

MID‐NOVEMBER

Moreover, it seems that the spatial pattern of bias evolves in time. To see this we applied a
temporal gaussian filter (FWHM of 7 days) to the instantaneous bias patterns over the FOV (to
reduce noise), and we then computed difference maps between these temporally smoothed
bias patterns. The differences grow as the temporal separation grows:
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Problem 2: Roughness Model Errors

As we saw earlier, there is clear evidence of problems with the corrections for rough
surface excess emission. All three existing models under‐ or over‐estimate rough surface
excess emission in high wind conditions.
To compute the bias trends shown earlier we used an empirical roughness emission model
derived from several months of SMOS data. If we compute latitude‐time alias‐free FOV
mean bias trends use the existing SPM+foam model (‘model 2’), we can clearly see the
overestimation of scene brightness by the model:
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overestimation of scene brightness by the model:

SMOS‐model

Model 2 overestimates Tb in storms

To build the empirical roughness model we consider a subset of the passes used to
compute the bias trends. To minimize problems associated with transformation of
brightness temperature linear polarizations from instrument basis to the surface basis (Th
and Tv) we consider only ascending passes and only brightness temperatures in a narrow
strip down the middle of the FOV (domain shown in lower right figure). We take the (Tx,Ty)
data, remove all contributions except surface roughness emission, transport to the surface
basis assuming the third Stokes in the surface polarization basis is zero, and then bin the
data into 5 deg incidence angle and 1 m/s bins (using ECMWF 10‐m wind speed).

Below we show the median residual brightness temperatures (Th,Tv) in the surface polarization basis
as a function of ECMWF 10‐m wind speed at an incidence angle of 18 deg. As a test of the robustness
of this method we developed two empirical models: ‘Old’ based on orbitds from March‐May and
‘New’ based on orbits from Aug‐Oct. We also show for comparison the Yueh et al. (2010) model based
on a 2009 aircraft campaign in high winds.
Interestingly, the Yueh et al. model agrees very well with our results at 25 m/s, but their model
appears to overestimate the roughness emission and lower wind speeds (and by up to 2K in the 10‐15
m/s wind speed range). It seems that the excess Tb based on SMOS exhibits a nonlinear increase with
wind speed, while the Yueh et al. Model is linear in wind speed.

At 32 deg incidence angle the Yueh et al. model continues to agree very well with our SMOS empirical
results at 25 m/s (especially with the ‘Old’ model), but, as at 18 deg incidence angle, their model
appears to overestimate the roughness emission at wind speeds below about 17 m/s.
Again, we find a distinct nonlinear increase in excess emission with wind speed, with stronger
dependence upon wind speed at stronger wind speeds.
There is some discrepancy, up to about 1 K at 25 m/s wind speed, between our ‘Old’ results based on
data from March‐May and our ‘New’ results based on data from Aug‐Oct.

At 57 deg incidence angle the Yueh et al. model continues to differ from the SMOS results but in a
distinctly different way than at lower incidence angles. In H‐pol, the Yueh model agrees well below 15
m/s but greatly underestimates the emission beyond that, with a discrepancy reaching 3 K at 25 m/s.
In V‐pol the Yueh et al. model overestimates the emission below 20 m/s and underestimates it above
20 m/s.
All of the SMOS data suggest a strongly nonlinear dependence of excess emission on 10‐m wind
speed, and this cannot be captured by the Yueh et al. model.

When the empirical SMOS roughness model is used to recompute the time‐latitude bias between
SMOS and model AF‐FOV brightness temperatures, the large biases associated with midlatitude
cyclones are greatly reduced:

SPM model+foam

When the empirical SMOS roughness model is used to recompute the time‐latitude bias between
SMOS and model AF‐FOV brightness temperatures, the large biases associated with midlatitude
cyclones are greatly reduced:

SMOS empirical
model

We can also try to extend our roughness model to extremely high winds by using data in the vicinity of
tropical cyclones. Tropical cyclones are clearly evident in SMOS brightness temperature maps, as seen
below, where we have removed all geophysical contributions to brightness temperature except
roughness emission.
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HURRICANE IGOR IMAGED BY SMOS AT NEAR PEAK INTENSITY
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Hurricane Igor was imaged by SMOS as a category 4
(Sep 15), category 3 (Sep 17) and category 1 (Sep 19)
hurricane in mid‐September.

Hurricane Igor was imaged by SMOS as a category 4
(Sep 15), category 3 (Sep 17) and category 1 (Sep 19)
hurricane in mid‐September.

Comparing the hurricane roughness model (valid beyond about 20 m/s) with the
model derived outside of hurricanes (valid below about 20 m/s), we see that they do
not match up smoothly around 20m/s. Further work is required to understand this.

(Tx+Ty) increases
about 1 K per m/s

Applying the empirical model for hurricanes, we obtain the following wind
field for Hurricane Igor on September 17 based upon the SMOS brightness
temperatures:

This wind field can be compared to the following averaged and smoothed
HWIND analysis:

Problem 3: Reflected (Scattered) Galactic Noise

Below I have plotted the EAF‐FOV on the celestial sphere after reflection from the earth surface. To
provide a clearer picture of the expansion, or ‘fanning out’, of the EAF‐FOV I have also plotted a
geographic map on this sphere. The reflected EAF‐FOV has a latitudinal extent of nearly half a
hemisphere. The AF‐FOV (not shown) is also much ‘larger’ in the sky than it is on earth.

DESCENDING
SNAPSHOT EAF‐
FOV

ASCENDING
SNAPSHOT EAF‐
FOV

Combining three ascending passes over the last six months we obtain the following
reflected sky radiation map:

June 25

Sep 20

April 2

Combining three descending passes over the last six months…

April 2

June 25

Sep 20

Below we show maps of scattered celestial sky noise as obtained from SMOS using many Pacific ascending and descending
passes from April through September. The maps are mean residuals of SMOS brightness temperatures after subtracting all
geophysical sources of brightness except galactic noise. We have used an empirical roughness model to remove rough
surface excess emission.

SMOS 0‐3 m/s

SMOS 6‐8 m/s

SMOS 3‐6 m/s

SMOS 8‐12 m/s

The difference between the two preceding maps gives an indication of how the model is in error. Here we have taken just the SMOS sky map
produced from data corresponding to ECMWF 10‐m wind between 3 and 6 m/s and we subtracted the 3 m/s model solution. The difference
map shows how the model underestimates the data in the vicinity of the galactic equator by over 1 K.
Next we will compare the data and model in more detail along the cross section shown by the magenta line segment.

SMOS‐MODEL
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CONCLUSIONS
As far as SMOS ocean salinity retrieval is concerned, a number of problems remain
to be solved before reliable global maps of SSS can be produced. Among these
problems are RFI contamination, land contamination very far from land, spatially
and temporally varying biases, and errors in the modeling of surface roughness
excess emission and scattered galactic noise.
We have characterized bias trends in space and time, although we cannot at this
time definitively attribute the biases to any particular source (instrument or
forward scene model).
We have been able to address the problem of rough surface emission by using the
SMOS data along with ECMWF global model 10‐m wind speed to produce an
empirical roughness model over a wide range of wind speeds and incidence angles.
By construction, this model does reduce the bias between SMOS and model.
Extension to storm conditions will prove difficult (probably because of sea state
variability for any given surface wind speed).
Finally, we have seen that our model for rough surface scattering of celestial sky
radiation is in error by up to 2 K near the galactic plane, and this introduces clearly
visible errors in the salinity retrievals in descending passes in September‐October.

EXTRA SLIDES

At 42 deg incidence angle the Yueh et al. model continues to agree very well with our SMOS empirical
results at 25 m/s, although our results suggest a slight increase in Th emission relative to that at 32 deg
while the Yueh model predicts very little increase. The Yueh model continues to overestimate the
emission at wind speeds below about 19 m/s.

Here is an example showing the reduced excess roughness emission
predicted by the empirical model:
SPM model+foam

SMOS empirical model

DERIVING THE EMPIRICAL TROPICAL CYCLONE SURFACE WIND SPEED MODEL FOR SMOS

HURRICANE IGOR: AVERAGE OF SUCCESSIVE HWIND
ANALYSES AS APPROXIMATION TO WIND FIELD AT 09 UTC
SEPTEMBER 17

HURRICANE IGOR:
SMOS RESIDUAL
BRIGHTNESS

AVERAGE
SUCCESSIV
E HWIND
FIELDS

The FOV of SMOS has greater extent in the celestial sphere than it does on earth. The length of earth (terrestrial) dwell lines is limited by
the proximity of the earth to the satellite. In contrast, the celestial dwell lines are limited by the angular extent of the reflected field of
view. Consequently, celestial dwell lines can remain in the AF‐FOV much longer than the longest earth dwell lines. In full‐pol mode the
number of complete Stokes vectors that can be built for a given celestial dwell line can reach around 350. This allows rather accurate
measurement of the reflected sky noise with only one Pacific orbit.
To illustrate the geometry, below are two plots of the EAF‐FOV in the celestial sphere for two snaphsots 15 minutes apart. The EAF‐EOF is
extremely large on the celestial sphere, and fixed points inside the red boxes can be seen to remain in the EAF‐FOV for at least this 15
minute period
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EAF‐FOV TIME T0+15 MINUTES

EAF‐FOV TIME T0
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These ‘celestial dwell
lines’ appear in both
snapshots 15 minutes
apart
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