WISE 2000: CAN WE MEASURE SALINITY FROM A SATELLITE ?
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Abstract

Satellite observation of ocean salinity has not been possible until now due to the challenge of flying a microwave radiometer able to detect
sea surface emission variations related to salinity. The European Space Agency SMOS mission is the first attempt to solve this problem.
A new radiometric concept and recent improvements in understanding the processes that modify the ocean water emissivity have made it
possible. The WISE 2000 campaign has been conducted in the NW Mediterranean to obtain radiometric and in situ data to improve the
understanding of the sea state effect on the sea surface L-band microwave emissivity.
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Introduction

Significant progress in terms of weather forecasting, climate moni-
toring and extreme event forecasting has been made during recent
years using sophisticated models fed amongst others by data acquired
by operational satellites. However, further significant improvements
now depend to a large extend on the availability of global observations
of two crucial variables, Soil Moisture (SM) and Sea Surface Salinity
(SSS). To date this information is lacking because in situ measure-
ments are far from global, and so far no SM and SSS dedicated, long-
term space mission has been attempted.

This situation led to the formulation of the Soil Moisture and Ocean
Salinity (SMOS) mission, the European Space Agency's second Earth
Explorer Opportunity Mission planned for launch in 2005. The SMOS
mission was proposed by a team of scientists from 10 European coun-
tries and the United States of America, gathering most of the available
expertise in the related fields. The main objective of the SMOS mis-
sion is to demonstrate the observation from space of SSS over oceans
and SM over land using a common instrument: a microwave L-band
two-dimensional interferometric radiometer. It uses a synthetic anten-
na very thin as compared to an equivalent real one [1].

Material and methods

The dielectric constant for seawater is determined, among other
variables, by salinity [2]. In principle it is possible to retrieve SSS
from microwave measurements as long as variables influencing the
brightness temperature (TB) signal (SST, roughness, foam,) can be
accounted for e.g. by the use of different viewing angles, polarisations
and frequencies, as well as ancillary data from other sensors and
sources. The sensitivity of TB to SSS is maximum at low microwave
frequencies and the good conditions for salinity retrieval are found at
L-band (1.4 GHz, 21cm wavelength). However, it must be stressed
that at this frequency the sensitivity of TB to SSS is low (0.5K per psu
for an SST of 20C, decreasing to 0.25K per psu for an SST of 0),
placing demanding requirements on the performance of the instrument
[3].

To address new challenges that this mission presents, such as inci-
dence angle variation with pixel, polarization mixing, effect of wind
and foam and others, a measurement campaign (WISE 2000: Wind
and Salinity Experiment) was sponsored by ESA for autumn 2000.
The objective was to perform, for the first time, radiometric measure-
ments of the sea surface from a fixed tower at different azimuth and
incidence angles during a long period to allow the occurrence of dif-
ferent environmental (mainly wind and water temperature) conditions.
Some airborne campaigns with L-band radiometers had taken place in
the US [4], but long-term tower based measurements had never been
organised.

Results

An L-band and an IR radiometers, a video, a stereo-camera and four
oceanographic and meteorological buoys were installed in and around
the oil platform “Casablanca”, 40 Km off the coast of Tarragona (NW
Mediterranean), where the sea conditions are representative of the
Mediterranean open sea with periodic influence of the Ebro river fresh
water plume. Events of strong NW and NE winds are not uncommon
in the area during autumn.
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The experiment was initiated on 14 November 2000, although
rough seas did not allow the full deployment of buoys until two weeks
later, and some sensors, especially the accelerometers of a wave rider
buoy, were damaged and could not be further used. The initially
planned duration of one month was extended until 15 January 2001.
At present the different data sets are being processed and preliminary
results are expected for mid 2001. Although some interferences
appeared in different moments and at some look directions, the quali-
ty level of the recorded radiometric data appears to be quite good, and
consequently the outcome of WISE 2000 is expected to be an impor-
tant contribution to the SMOS scientific definition studies. These and
future measurements will allow a better understanding of the sea state
effects on the sea surface emission at L-band, and then improved emis-
sivity models formulation for the development of salinity retrieval
algorithms to be used during the SMOS mission.

It is expected that, with these kind of scientific studies and the
instrument technological development being carried out by ESA, the
observation of salinity from space will be possible in the next future.
However, the low radiometric sensitivity to salinity changes, and the
expected errors in the measurement, do not allow using single obser-
vations for oceanographic applications. It will be necessary to make
spatial and temporal averages to reduce noise. The aim of SMOS is to
provide salinity data with an accuracy (0.1 psu) adequate for climatic
and large scale studies, and with a spatial and temporal resolution sim-
ilar to the presently available oceanographic atlases and climatologi-
cal data bases [5]. Of course we are still far away from having a satel-
lite sensor able to be used for mesoscale oceanography in the
Mediterranean, but we are in the first step to fill the dramatic gap in
salinity observations all over the world oceans.
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