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The radiometers on SMOS [1], SMAP [2] and Aquarius [3] have demonstrated the feasibility of monitoring
surface salinity from space [4]. They also have demonstrated the need for better accuracy in cold water [5, 6].
These radiometers operate in a narrow, 27 MHz wide, spectral window at 1.413 GHz protected for passive use
only. While this is nearly ideal (protected spectrum and near a null in sensitivity to SST), the actual peak in
sensitivity to SSS is closer to 800 MHz and moves to even lower frequency as the water temperature drops [7].
Simply moving to a frequency closer to the sensitivity peak is not feasible because of the lack of spectrum
protected from radio frequency interference (RFI). One way to improve accuracy and mitigate the impact of RFI
is to make observations at several frequencies simultaneously, for example using a wide bandwidth radiometer
and dividing the signal into multiple frequency channels [8]. Typical frequencies under consideration are in the
range 0.3 — 3.0 GHz. The sensitivity to SST also has a peak in this frequency range [7], and this paper examines
the possibility of retrieving both SSS and SST together. The approach adopted for assessing the potential for
retrieving SSS or SST is to start with an idealized radiometer system (i.e. calibrated with an error free retrieval
algorithm). Then the retrieved SSS or SST is expanded in a Taylor series about the error-free value and examined
as function of the input variables, in this case SSS, SST, radiometric noise and wind speed (surface roughness).
The potential accuracy of the retrieval (i.e. standard deviation of the error) is examined as a function of the error
in these input parameters. Only random error is considered. Systematic error such as calibration bias, or bias in
the retrieval algorithm are not considered. The analysis gives an idea of the potential accuracy of the retrieval,
although clearly an optimistic estimate (i.e. lower limit). The results are encouraging for SSS but not so for SST.
The problem for retrieving SST in this frequency range is a null in the sensitivity of brightness temperature to
changes in SST in the vicinity of 1-2 GHz where the sensitivity changes sign. Low values of the sensitivity to
changes in SST make the retrieval highly susceptible to radiometric noise and errors in the input parameters (SSS
and wind speed in this case). The situation is much better above 3 GHz.

References

[1] Kerr, Y.H.;Waldteufel, P.;Wigneron, J.-P.; Delwart, S.; Cabot, F.; Boutin, J.; Escorihuela, M.-J.; Font, J.; Reul,
N.; Gruhier, C.; et al. The SMOS Mission: New Tool for Monitoring Key Elements of the Global Water Cycle
Proc. IEEE 2010, 98, 666—687.

[2] Entekhabi, D., Njoku, E.G., O'Neill, P.E., Kellogg, K.H., Crow, W.T., Edelstein, W.N., Entin, J.K., Goodman,
S.D., Jackson, T.J., Johnson, J. and Kimball, J., 2010. The soil moisture active passive (SMAP) mission.
Proceedings of the IEEE, 98(5), pp.704-716.

[3] Le Vine, D.M. Lagerloef, G.S.E.; Colomb, F.R.; Yueh, S.H.; Pellerano, F.A.; Aquarius: An instrument to
monitor sea surface salinity from space. IEEE Trans. Geosci. Remote Sens. 2007, 45, 2040-2050.

[4] Dinnat, E.P.; Le Vine, D.M.; Boutin, J.; Meissner, T.; Lagerloef, G. Remote Sensing of Sea Surface Salinity:
Comparison of Satellite and In Situ Observations and Impact of Retrieval Parameters. Remote Sens. 2019, 11,
750.

[5] Kao, H.; Lagerloef, G.; Lee, T.; Melnichenko, O.; Meissner, T.; Hacker, P. Assessment of Aquarius Sea
Surface Salinity. Remote Sens. 2018, 10, 1341.

[6] Tang, W.; Yueh, S.; Yang, D.; Fore, A.; Hayashi, A.; Lee, T.; Fournier, S.; Holt, B., The Potential and
Challenges of Using Soil Moisture Active Passive (SMAP) Sea Surface Salinity to Monitor Arctic Ocean
Freshwater Changes, Remote Sens. 2018, 10, 869.

[7]Le Vine D.M. and Dinnat, E., The Multifrequency Future for Remote Sensing of Sea Surface Salinity from
Space, Remote Sens. 2020, 12, 1381; doi:10.3390/rs12091381.

[8] Vinogradova, N. et al, Satellite Salinity Observing System: Recent Discoveries and the Way Forward,
Frontiers in Marine Science, Vol 6, May, 2019, doi: 10.3389/fmars.2019.00243



