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Impact of the Local Oscillator calibration frequency on the SMOS retrieved

salinity.

Abstract: We present some preliminary results on the impact of the Local Oscillators (LO) calibration

frequency on the level 1c (reconstructed) brightness temperatures (TB) and on the retrieved

Sea Surface Salinity (SSS).

1 Statement of the problem

At the end of the SMOS Commissioning Phase (20-May 2010), the calibration frequency of the MIRAS
instrument Local Oscillators (LO) was set to 10 minutes, while waiting for in-depth analysis of the
impact of such choice. This value is a trade-off between the very accurate brightness temperature
(TB) measurements needed for Ocean Salinity retrievals and the not as much accurate but frequent
measurements needed for Soil Moisture retrievals. During the 15th of March 2010 MIRAS was set to
perform a calibration of the Local Oscillator every 1 minute during 8 hours. Roger Oliva, from ESA,
processed 2 semi-orbits of SMOS data up to Level 1c (L1c) with a decimation of the LO calibration
frequency, i.e., applying for the same semi-orbit the LO calibration in different time intervals: every
1 min, 2 min, 4 min, 6 min, 8 min and 10 min.

The objective of this work is to assess, both qualitatively and quantitatively, the impact of calibrating
the LO at different intervals on TB and SSS. Since we use the same dataset for each decimation,
we avoid other sources of error related to having different geophysical conditions, or different sun
direction, beyond others.

It is important to note that, in this work, we do not perform any validation using external data
sources. We only inter-compare different decimations and assume that the 1-min decimation is the
optimal one, i.e., the reference.

2 Local Oscillator calibration

The instrument has a unique reference clock that is distributed to the Control and Monitoring units
(CMN) located on the SMOS arms and hub. Each CMN uses the clock signal to generate a reference
tone and provide it to a group of six receivers.

Although every CMN should generate exactly the same tone, the phase of the tones drifts due to the
temperature dependency of the CMN electronics. These phase drifts are adding non-coherent phase
information to the measurements, therefore blurring the brightness temperature images.

The aim of the Local Oscillator (LO) calibration is to track the phase of the reference tones along time
in order to correct the phase drifts. The LO phases are measured injecting a common internal reference
signal, also known as correlated noise injection, to the receivers. The phase difference between the
receivers outputs allows the correction of the phase drifts in the processing. The correlated noise
injection for LO calibration purposes is operationally executed every 10 minutes and takes 5 epochs
(6 seconds).

Figure 1 from Roger Oliva shows the phase signal differences for a specific pair of correlators. The
dephasing can be very large, up to a complete antiphase.



File: BEC-TN.2011.01.pdf Version: 2.0 Date: 19/04/2011 Page: 2 of 14

Title: Impact of the Local Oscillator calibration frequency on the SMOS retrieved salinity.

Figure 1: Degradation on the LO phase comparing the real LO phase (1min) respect to the LO used

(10min) (from R. Oliva).

3 Analysis done at ICM

The two decimated L1c semi-orbits are processed with the new L1PP3.5, one ascending and the other
one descending. The L2OS PP 3.17 is used to process the retrieved SSS products (level 2 or L2). The
L2 processing is done with an ISEA4H8 grid, to reduce the dimension of the products (1/4 of ISEA4H9
grid). The Atlantic orbit (ascending) appears to have a L1 flag on (Fm L1c RFI strong = 1) for
most of the sensing areas, see figure 2. If this flag is set then it is understood that the data are affected
by strong RFI and therefore considered invalid by L2PP, i.e., no SSS retrieved.

Figure 2: Atlantic Orbit (ascending) with L1c flag Fm L1c RFI strong. If the flag is set to 1 the

data are considered invalid and therefore no SSS retrieved by L2PP

Therefore only the Pacific orbit (descending) has been processed to L2. Figures shown bellow are
obtained from this orbit.

Figure 3 exhibits the difference between the brightness temperature (with incidence angles between
38 and 40◦ only) with a given LO calibration frequency, and the TB corresponding to a 1 minute
calibration, which we consider as reference. The top plots are for H-pol, while bottom plots are for
V-pol. Left plots show the degradation of 10 min data (wrt 1 min data), while right plots show
the degradation of 6 min data. One can clearly appreciate that 10 min calibration suffers a higher
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degradation. Also note that V-pol data experience more degradation than H-pol data.

In the left plots of figure 3, one can also observe a clear spatial pattern of relatively strong positive and
negative differences along the sub-satellite track at different cross-track locations (see red and blue
lines in the plot). These stripes, not present in the 1min TB plots (not shown), are clear artefacts that
appear in the 10min TBs. Since they cannot be associated with any geophysical signal, we hypothesize
that these artefacts are due to the de-phasing of the LO. Moreover, these patterns change along the
orbit every 10 min (see four distinct patterns in the along-track direction), further confirming our
hypothesis. In the right plots, these artefacts are hardly visible, indicating that the de-phasing errors
are significantly smaller in the 6min TBs than in the 10min TBs.

TB differences between a specific frequency and 1min frequency calibration are shown in figure 4 as a
function of latitude (which is proportional to time). This is done for (a) 10 min, (b) 6 min, and (c)
4 min. Note that the time intervals of the LO calibration are clearly discernible, notably in panels a
and b. Note that the scatter of points is very large for 10min data, indicating substantial errors in
TB when using a 10min LO calibration frequency. Also, note that the scatter is substantially reduced
when using 6min instead of 10min. As expected, 4min data show the lowest scatter with respect to
1min. However, the scatter reduction from 6min to 4min is significantly smaller than from 10min
to 6min. The standard deviation of the three data sets are: StdDev (10-1min)=0.1436 K, StdDev
(6-1min)=0.0408 K, StdDev (4-1min)=0.0259 K.

Same TB analysis has been done with the Atlantic orbit and similar results have been observed (no
plots added here).

The impact of the different LO calibration frequencies on the retrieved SSS is shown in the following
plots. Similar to the TB analysis, we use the retrieved SSS from the 1min TBs as reference. Figures
5 show the level of degradation of the retrieved SSS due to the different LO calibration frequencies.
As in Figure 3, the LO calibration intervals are clearly discernible. Comparing panels a) and b), the
retrieved SSS quality is substantially higher for 6min data than for 10min data. In contrast, we see
only marginal SSS quality differences between 6min and 4min (panels c) and d)).

Figure 6 shows the SSS for different frequency calibration as function of the latitude (and time).
Similar to figure 4, the time of the calibration and the scatter of points are clearly visible for the 10
minutes figure (a). The scatter decreases for the 6min data (b) and even more for the 4min data
(c). The Standard Deviation of the SSS differences are: StDev(10min-1min): 0.235 psu, StDev(6min-
1min): 0.12 psu, StDev(4min-1min): 0.10 psu. Again, the scatter reduction from 6min to 4min is
significantly smaller than from 10min to 6min.
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4 Analysis with two days of data acquired with LO calibration fre-

quency=2min

In Febreuary 2011 the analysis presented above was repeted with more data. Two days of data (24-
25th March 2010) were choosed, which was acquired with the LO calibration frequency of MIRAS was
set to 2min. Data was re-processed with L1PP 3.5, and latter used the L2 processor, L2OSPP 3.17.

Very similar results are observed from the orbit shown previosly. Figure 7 show the differences as
function of the latitude for one specific orbit that corsses the Pacific Ocean. Figure 8 shows the
histograms of the differences of the TB taking into account only data from the region Lat=[-50,10] &
Lon=[-180,-100]. It is shown that the standard deviation decrease to lower frequency calibration rate.

The table 1 show the percentage of data that show a TB error higher than a threshold, for a region in
the Pacific Ocean Lat=[-50,10] & Lon=[-180,-100]. This is an stable area, with low gradient of SSS.

TB Nmin − TB 2min > 0.5K TB Nmin − TB 2min > 1K TB Nmin − TB 2min > 2K
N=10 min 2.11% 0.27% 0.05%
N=6 min 0.08% 0.03% 0.01%
N=4 min 0.03% 0.01% 0.001%

Table 1: Percentage of data that exceed a threshold of error for a Pacific region.

The table 2 show the percentage of data that show a TB error higher than a threshold, for a region in
the Atlantic Ocean (Lat=[30,90] & Lon=[-70,0]) where many points are afected by RFI.

TB Nmin − TB 2min > 0.5K TB Nmin − TB 2min > 1K TB Nmin − TB 2min > 2K
N=10 min 17.54% 8.76% 3.07%
N=6 min 5.93% 1.96% 0.46%
N=4 min 1.42% 0.29% 0.053%

Table 2: Percentage of data that exceed a threshold of error for an Atlantic region.

Figure 11 show the overplot of 2 day orbits with the differences of SSS 10min - SSS 2min orbit (a).
Same for 6min-2min (b) and 4min-2min (c).

The table 3 show the percentage of data that show an SSS error higher than a threshold in the Pacific
region.

SSS Nmin − SSS 2min > 0.2 SSS Nmin − SSS 2min > 0.5 SSS Nmin − SSS 2min > 1
N=10 min 12.03% 2.87% 0.55%
N=6 min 1.85% 0.05% 0.01%
N=4 min 0.42% 0.03% 0.01%

Table 3: Percentage of data that exceed a threshold of error for a Pacific region.

The table 4 show the percentage of data that show an SSS error higher than a threshold for the sourth
of atlantic (Lat < −50) since the north atlantic is very much filteres out.
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SSS Nmin − SSS 2min > 0.2 SSS Nmin − SSS 2min > 0.5 SSS Nmin − SSS 2min > 1
N=10 min 30.67% 9.59% 2.07%
N=6 min 9.67% 1.42% 0.22%
N=4 min 2.85% 0.38% 0.11%

Table 4: Percentage of data that exceed a threshold of error for a the South Atlantic region (lat ¡ -50).

5 Possible RFI detection

In this sections we analyse the impact of calibrating at different frequency of LO, but analysing the
areas with high differences. Figure 10 show only the points were the difference of TB 10min - TB 2min
is higher than 2K (a) for H-pol and b) for V-pol). Also c) and d) are for 6minutes and 4 minutes. It
is very interesting to observe that number of outliers decrease as we increse the frequency calibration,
and also that the points are correlated with RFI areas.
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6 Conclusion and prospects

Using a LO calibration frequency of 10 minutes results in substantial degradation of TB (larger in
V-pol) and SSS, as compared to 1min data. TB and SSS differences between 10 min and 1min are up
to 0.8K and 3psu, respectively.

When calibrating the LO every 6 minutes instead, the TB and SSS errors are substantially reduced.
An additional reduction is noticeable when calibrating every 4 minutes.

A further analysis will be performed with a larger dataset in the near future, e.g., using reprocessed
data from DPGS, where we have weekly data batches at several LO frequencies (2min, 7min, 10min,
etc.).

To optimize the analysis, we would like to have several extra orbits (about 60) with the decimation
applied, as for example some orbits from the week where the LO frequency calibration was set to 2
minutes (24-30 March 2010).
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a1) a2)

b1) b2)

Figure 3: TB at 40 incidence angle for 10min - 1min (1), and 6min - 1 min (2) for H-pol (a) and for

V-pol (b).
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a) b)

c)

Figure 4: TB differences at 40 incidence angle for: (a) 10min - 1min, (b) 6min - 1 min and (c) 4min -

1min (c) as a function of the latitude.
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a) b)

c) d)

Figure 5: SSS for different frequency calibration: (a) 10min - 1min, (b) 6min - 1 min, (c) 4min - 1min

and (d) 10min - 4min.
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a) b)

c) d)

Figure 6: Retrieved SSS differences for several LO calibration frequencies: (a) 10min - 1min, (b) 6min

- 1 min, (c) zoomed 6min - 1min and (d) zoomed 4min - 1min as a function of the latitude.
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a) b)

c)

Figure 7: TB differences at 40 incidence angle for: (a) 10min - 2min, (b) 6min - 2 min and (c) 4min -

2min (c) as a function of the latitude.
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a) b)

c)

Figure 8: Histograms of difference of TB at 40 incidence angle for: (a) 10min - 2min, (b) 6min - 2 min

and (c) 4min - 2min (c).
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a) b)

c)

Figure 9: L2 Orbits overplotted for (a) SSS 10min - SSS 2min, (b) SSS 6min - SSS 2 min and (c)

SSS 4min - SSS 2min (c).
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Figure 10: TB 10min-TB 2min H (a), TB 10min-TB 2min V (b), TB 6min-TB 2min H (c) and

TB 4min-TB 2min H (d). Only differences higher than 2 K are ploted.

B) c)

Figure 11: L2 Orbits overplotted for (a) SSS 10min - SSS 2min, (b) SSS 6min - SSS 2 min and (c)

SSS 4min - SSS 2min (c).
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