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Relying on commercial vessels to measure ocean salinity/
temperature leaves large areas of the oceans unsampled. 
Left,  all surface temperature and salinity data acquired 
since the early 1990s by voluntary observations made by 
ships underway using thermosalinographs 
(www.ifremer.fr/gosud/) 

Right, the distribution of 3190 Argo drifters (black dots) 
as of September 2008. Colours indicate the daily analysis 
of salinity at an uppermost depth of 10 m. White areas 
indicate where there remain insufficient data with which 
to resolve salinity or temperature (www.coriolis.eu.org)

weather and climate relevant variability in E-P is to obtain at 
least one mean value per 100 km square every month with 
an accuracy of 0.1 psu. Depending on the scale of the process 
to be addressed, this may be relaxed to one mean value per 
200 km square every 10 days with an accuracy of 0.2 psu or 
better.

Today the surface salinity distribution and E-P balance 
remains difficult to measure accurately or regularly over 
the global ocean with any conventional means. Clearly, 
satellite-based maps of global and regional-scale surface 
features in sea-surface salinity offer the only solution to this 
problem today. Additionally, while satellites are needed to 
measure and characterise the large-scale time and space 
variability, the in situ measurement techniques can be used 
to complement these information at smaller scales or in the 
three-dimensional picture of the ocean.

SMOS mission requirements
The scientific requirements for SMOS have been formulated 
such that the measurements should allow retrieval of 
surface soil moisture and ocean salinity with sufficient 
accuracy to capture the range of natural variability in these 
parameters. 

For bare soils, for which the influence of near-surface 
soil moisture on surface water fluxes is strong, a residual 
random uncertainty of less than 4% is acceptable, and 
allows good estimation of the evaporation and soil transfer 
parameters. To illustrate the challenge, this soil moisture 

measurement requirement is equivalent to being able to 
detect less than one spoonful of water mixed in a large 
handful of dry soil.

The forecasting ability of global atmospheric models can be 
significantly improved if provided with surface soil moisture 
fields. To achieve this goal, a 50 km spatial resolution 
is required. Moreover, this scale will allow hydrological 
modelling with sufficient detail to capture variability in the 
world’s largest hydrological basins. 

Ideally, the diurnal cycle in soil moisture should be 
monitored with twice daily measurements, but this would 
require multiple satellites for global mapping. With only 
one satellite, an interval of 1–3 days between surface soil 
moisture measurements at a particular location can fulfil 
the requirement for tracking the drying period after rain 
has fallen. This gives the ability to deduce the soil hydraulic 
properties needed to retrieve the root-zone soil-moisture 
content and the soil moisture available for plant processes. 
Optimally, a 1–2 day revisit interval would be needed to 
characterise the quickest drying soils. Thus, the designated 
1–3 day repeat interval will successfully cover requirements 
for most soils all the time, while addressing the more 
challenging, faster-changing soils most of the time.

According to model simulations, ocean surface salinity 
variations in regions are typically in the range of 0.05 to 0.5 
psu, thus posing an extremely challenging requirement. 
Stronger variability of up to 2 psu may be observed in the 

to return to the ocean. Some water 
in the ground may return directly 
into the atmosphere by evaporating 
through the soil surface. Some water 
may be used by plant roots, carried 
up to leaves and returned to the 
atmosphere by transpiration.  

The oceans contain approximately 
96.5% of Earth’s water, while 
the land including glaciers, ice 
sheets and ground water contains 
approximately 3.5%. By contrast, the 
atmosphere holds less than 0.001%, 
which may seem surprising because 
of the important role water plays in 
the weather. The annual precipitation 
for Earth is more than 30 times the 
atmosphere’s total capacity to hold 
water. This fact reinforces the rapid 
recycling of water between Earth’s 
surface and the atmosphere. Around 
90% of the atmospheric water 
vapour originates in the oceans, 
while the remaining 10% originates 
from plant transpiration and soil 
evaporation.

Estimates of global water distribution (adapted from P.H. Gleick, 1996: Water resources. In Encyclopaedia of Climate 
and Weather, Ed. S.H. Schneider, Oxford Univ. Press, New York, vol. 2, pp. 817-823)

Water source	                   Water volume (km⁳)	               % of freshwater	                      % of total water

Oceans, seas, bays	         1 338 000 000		              -				    96.5

          Groundwater (fresh)	             10 530 000	                          30.1                                                 0.76

          Groundwater (saline)	             12 870 000	                            -	                                                  0.94

          Lakes (fresh)	    	     91 000		          0.26	                                0.007

          Lakes (saline)	    	    85 400		             -	                                                0.006

    Soil moisture			        16 500		          0.05		                0.001

      Atmosphere			        12 900		          0.04		                0.001

     Swamp water	 		       11 470  	                          0.03		                0.0008

             Rivers		                          2120	                                         0.006	                               0.0002

              Total		       1 386 000 000*		                -		                            100

Ground ice and permafrost	             300 000	                                    0.86	                                           0.022

		                                     24 064 000	                                 68.7	                                           1.74Ice caps, glaciers and
permanent snow	

1 cubic km = 1 km⁳ = 1000 x 1000 x 1000 m = 1 x 10⁹   m⁳ = 1000 million m⁳
*Includes biological ‘waste’, approx. 1120 km⁳
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Parameter		  Accuracy		  Spatial resolution		  Revisit interval

Soil moisture		  0.04 m⁳ m⁻⁳		  < 50 km				   ≤ 3 days

Ocean salinity		  0.2–0.1 psu		  200–100 km			   10–30 days

A fundamentally new instrument
For optimum results, SMOS measures the microwave 
radiation emitted from Earth’s surface within the ‘L-band’, 
around a central frequency of 1.413 GHz. This microwave 
frequency is protected from man-made emission and 
provides the greatest sensitivity to the soil moisture and 
ocean salinity while minimising the disturbing impact of the 
weather and atmosphere and the vegetation cover above 
the surface.

The most challenging requirements for the mission are to 
be able to achieve good radiometric accuracy and stability, 
repeated global coverage over a short time interval, coupled 
with the ability to capture regional details in the quantities 
of interest. Observations at this frequency and with this 
spatial resolution would normally require an extremely 
large antenna (at least 8 m diameter) to achieve the desired 
results. Unfortunately, this approach would lead to an 
extremely large payload, too big for the small satellite under 
consideration. So it was proposed to make use of a technique 
used in radio astronomy, called ‘interferometry’ to meet this 
challenge.

Similar to the very large baseline interferometers (VLBI) used 
on Earth, the SMOS concept relies on a Y-shaped array of 69 
elementary antennas, deployed in space, and equivalent to 
a classical antenna over 8 m in diameter. What is unique 
about this instrument is that it will be the first ever two-
dimensional interferometric radiometer in space. 

From a mean altitude of 755 km, SMOS will ‘see’ a 
considerable area of Earth’s surface at any point along 
its orbit. The interferometric measurements will result in 
images from within a hexagon-like field of view about 1000 
km across, enabling total coverage of Earth in under three 
days.

tropical oceans, coastal upwelling regions and large river 
outflows, and regions of strong mixing and dynamics 
associated with frontal instabilities and large current 
systems. To observe this ocean variability on scales relevant 
to ocean modelling, the observations must allow features 
in the 200–300 km range, characterising large-scale salinity 
gradients, to be resolved. 

Ocean model simulations show that, even at reduced 
spatial resolution, seasonal features will be observed with 
much better accuracy than the present knowledge of global 
seasonal sea-surface salinity variations. Many individual 
measurements can be accumulated in space and time grid 
cells while preserving the required measurement resolution. 
Together with collocated wind and temperature data, 
retrieval experiments have demonstrated that averaging of 
the accumulated SMOS measurements sufficiently reduces 
random noise to the point where the 0.1 psu requirement 
may be met.

To fulfil both sets of scientific requirements there is a 
common need for the orbit to allow global coverage 
within a band of latitude from 80° North to 80° South 
or wider. Though there are several possibilities for the 
local observation time, early morning at around 06:00 is 
preferable. This is when ionospheric effects are expected 
to be least, while surface conditions are expected to be 
as close as possible to thermal equilibrium (i.e. to avoid 
measurement biases).

Principles behind the measurement 
The theory behind microwave remote sensing of soil 
moisture and ocean salinity is based on the significant 
contrast between the electromagnetic properties of 
pure liquid water and dry soil, and pure water and saline 
water respectively. As the proportion of water in the soil-
water mixture (or proportion of salt in the saline mixture) 
increases, this change is detectable by microwave sensors 
in terms of the emission of microwave energy, called the 
‘microwave brightness temperature’ of the surface. For 
practical soil moisture and ocean salinity applications, using 
longer microwave wavelengths offers the advantage that 
the atmosphere, or vegetation cover, are more transparent 
to the upwelling signal from the surface. 

The radiation emitted by Earth and observed in the L-band 
microwave range by SMOS, however, is not only a function 
of soil moisture and ocean salinity. To ensure that the data 
derived from the SMOS mission are correctly converted into 
the appropriate units of moisture and salinity, many other 
potential perturbation or contamination effects on the 
signal must be carefully accounted for. 

ESA would like to acknowledge the important contributions made by 
members of the SMOS Science Advisory Group and researchers from 
various institutions and teams around the world during the scientific 
preparation and development of the mission. 
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The primary SMOS mission requirements for soil 
moisture and ocean salinity

→ Measuring moisture and salinity from space
   

SMOS is not the first L-band 
radiometer in space, and will 
undoubtedly not be the last. The 
S-194 instrument on the NASA Skylab 
space station in 1973/74 provided 
the first demonstration of the 
sensitivity of an L-band radiometer 
to sea-surface salinity, together 
with the impact of the sea-state 
and surface temperatures on the 
measured antenna temperatures. 

The Skylab experiment conclusively 
demonstrated the value of L-band 
radiometers over the ocean, and in 
particular paved the way for plans 
for subsequent instruments. 

In addition to SMOS, the Aquarius/
SAC-D mission is currently under 
joint development by NASA and 
the Argentinian space agency 
(CONAE). Aquarius will follow up 
the successful Skylab demonstration 
mission and employs a combined 
L-band real-aperture radiometer 
with an L-band scatterometer. 

The combined measurements will 
be focused on measurement of 
global sea-surface salinity. Aquarius 
recently successfully completed 
its critical design review and is 
scheduled for a 2010 launch. 

Aquarius will cover the oceans in 
8 days with a spatial resolution of 
100 km, though its sensitivity to 
salinity will be better than that of 
SMOS due to its different design. 

The Soil Moisture Active and 
Passive (SMAP) mission is one of 
four NASA missions recommended 
by a US National Research Council 
Committee on Earth Science and 
Applications from Space for launch 
in the 2010-13 timeframe. SMAP will 
use a combined L-band radiometer 
and high-resolution radar to 
measure surface soil moisture and 
freeze-thaw state. Its measurements 
will contribute to improving our 
knowledge of regional and global 

↓	

NASA’s Skylab

↓	

The Aquarius/SAC-D satellite

→	

ESA’s SMOS satellite

water cycles, ecosystem productivity 
and the processes that link the 
water, energy, and carbon cycles. 

Soil moisture and freeze/thaw 
state information provided by 
SMAP at high resolution will enable 
improvements to weather and 
climate forecasts, flood prediction 
and drought monitoring, and 
measurement of net CO₂ uptake in 
forested regions (particularly at high 
latitudes). 

Globally, the SMAP spatio-temporal 
sampling is the same as that of SMOS, 

but with the added radar/radiometer 
synergy to help disaggregate the soil 
moisture information to 3–10 km 
scale. However, this advantage is 
offset by the single view angle, 
which makes soil moisture retrieval 
potentially more challenging.

Hopefully, these three missions 
will overlap in time, so as to enable 
intercalibration and intercomparison 
of their respective data. This will 
help in building longer, seamless 
soil moisture and ocean salinity 
time series such as to develop a new 
fundamental climate data record.




