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ABSRACT 
 
Passive microwave remote sensing from space at L-band has the advantages of penetrating the atmosphere and 
responding to soil moisture and sea surface salinity, parameters of the surface needed for improved understanding of 
weather and climate. Experiments with the synthetic aperture radiometer, ESTAR, have demonstrated the potential for 
remote sensing soil moisture and ocean salinity at L-band and also have validated aperture synthesis as a technology for 
realizing these measurements in the future from space. 
 
INTRODUCTION 
 
Passive microwave remote sensing from space at the long wavelength end of the microwave spectrum has the 
advantages of penetrating the atmosphere and responding to parameters of the surface such as soil moisture and ocean 
salinity.  Global maps of these parameters are important for understanding the hydrologic cycle, energy exchange with 
the atmosphere and ocean circulation.  Figure 1 illustrates the need for long wavelengths.  The curves show the 
sensitivity to ocean salinity  (dK/dS; top pair) and sensitivity to soil moisture (dK/dmv; bottom pair) as a function of the 
frequency of observation.  These curves were generated using models for the dielectric constant of sea water [1] and soil 
[2] and a vegetation canopy similar to soy beans.  Examples are shown for two values of salinity (15 and 35 psu) and for 
vegetation canopies with moisture content of 1 and 4 kg/M2.  For both soil moisture and salinity the sensitivity 
decreases with increasing frequency and measurements at the low end of the microwave spectrum are needed to 
optimally retrieve the observable.  However, limits are set at low frequency by the ionosphere (attenuation and Faraday 
rotation) and the available spectrum (only a few windows have been set aside for passive use and are sufficiently free of 
man-made noise and have enough bandwidth for passive remote sensing).  Most of the remote sensing research on soil 
moisture and sea surface salinity has been done in the window at 1.413 GHz set aside exclusively for passive use. 
 
Another limitation at low frequencies is the large antenna needed to achieve adequate resolution.  For example, to 
achieve soil moisture maps from space with 10 km resolution, requires antennas on the order of 20 meters in diameter in 
space [3,4].  Aperture synthesis is an interferometric technology for passive microwave remote sensing designed to 
address the problem of putting large aperture imaging systems in space.  The product (correlation) of the signal from 
pairs of small antennas and signal processing is used in place of a single large aperture [5,6].  The technique does not 
eliminate the need for large baselines, but does permit imaging with very sparse structures instead of filled apertures and 
requires no moving parts for imaging [5].   
 
ESTAR 
 
ESTAR is an L-band instrument developed to demonstrate this technology for remote sensing [7].  ESTAR is a hybrid 
that uses real aperture to obtain resolution along track and synthetic aperture to obtain resolution across track [3,7].  
This radiometer operates in the band centered at 1.413 GHz reserved for passive use and it images at horizontal 
polarization.  The imaging is equivalent to a cross-track scan except that the scan is done instantaneously (all incident 
angles at the same time) in software as part of image reconstruction (Fourier transform). Calibration is achieved using 
“warm” and “cold” loads in a manner similar to that of conventional radiometers [7].  
 
Figure 2 is an image produced by ESTAR of the Delmarva Peninsula in Virginia south of NASA’s Wallops Flight 
Facility [8].  On the left is the Chesapeake Bay and on the right is the Atlantic Ocean.  This microwave image is a 
composite from several flights, made from data collected at different times. To help identify features, the image has 
been superimposed on a geographical map showing the land-water boundaries and streams (black lines).  A correction 
for incidence angle is made during image processing and the image shows effective brightness temperature at nadir [7]. 
 
ESTAR has been employed successfully in a number of experiments that address remote sensing of soil moisture and 
sea surface salinity.  Examples are presented below to illustrate the potential of aperture synthesis and the potential for 
remote sensing of these parameters at L-band.   
 



REMOTE SENSING AT L-BAND 
 
Figures 3-4 are results from several experiments that included a focus on remote sensing of soil moisture.  Figure 3 [9] 
is data from the watershed at Manhantango Creek in 1990 (MacHydro90) and from the Little Washita River watershed 
in 1992 (Washita92).  The data are for corn fields, horizontal polarization and L-band.  The measurements during 
MacHydro90 were made with a conventional radiometer, the PushBroom Microwave Radiometer (PBMR) [10] and the 
measurements during Washita92 were made by ESTAR [7,11].  Figure 3 illustrates two points: First, it shows a close 
relationship of the L-band signal to soil moisture even under significant corn canopy; and secondly it shows essentially 
the same response independent of technology (real aperture or synthetic aperture).  Data comparing measurement with 
the real aperture radiometer (PBMR) and the synthetic aperture radiometer (ESTAR) collected in Arizona at the Walnut 
Gulch watershed as part of research to validate calibration of the ESTAR instrument [7,12] also show similar 
agreement. 
 
Figure 4 shows data collected by ESTAR over the Little Washita River watershed during several experiments in 
Oklahoma: Washita92, Washita94, SGP97 and SGP99 [14,13,11,7].  The brightness temperature averaged over the 
entire watershed is plotted together with a theoretical model for brightness temperature [15,12].  The data show that the 
measured behavior is consistent with theory and are further validation of consistency of ESTAR.  The data also 
illustrate the strong signal present at L-band.  There is a change of about 60K from driest to wettest soils for the lightly 
vegetated fields encountered during these experiments.  These experiments in Oklahoma demonstrate the potential for 
remote sensing of soil moisture at L-band at a scale appropriate for remote sensing from space [14]. 
 
Figure 5 is a result from recent research to develop the potential for remote sensing of ocean salinity from space.  The 
feasibility of remote sensing salinity was demonstrated in experiments at L- and S-band in the late 1970’s and the 
potential for remote sensing from space has been discussed [16,17,18].  Recently, experiments have focussed on using 
L-band and an independent measure of sea surface temperature [18,19].  Figure 5 is data collected during the Gulf 
Stream Experiment [19] and shows a comparison of salinity retrieved from brightness temperature measured at L-band 
by ESTAR with the salinity measured directly by the thermosalinograph aboard the R/V Cape Henlopen [20].  Salinity 
maps by ESTAR and other instruments clearly show a salinity signal at L-band and several proposals have been made to 
make this measurement from space [21,22,18,5]. 
 
Figure 6 is the result of recent research on the effects of forest biomass on remote sensing at L-band.  The vegetation 
canopy attenuates the microwave signal from the soil (Figure 1) but if the surface conditions are constant this 
attenuation can provide a means for monitoring the biomass of the canopy.  Figure 6 shows results of research with 
ESTAR to test this hypothesis over pine forests near Waverly, VA [23].  The brightness temperature measured at L-
band with ESTAR shows a clear response to biomass suggesting a potential for measuring the biomass. 
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Fig.1. Sensitivity to soil moisture (bottom pair) and sea 
surface salinity (top pair) as a function of frequency.   
For salinity the sensitivity is Kelvin/psu and for soil 
moisture the sensitivity is Kelvin/mv with volumetric  
moisture in %.  The surface temperature was 290K . 

 

 
Fig.2.  ESTAR image of the Delmarva Peninsula.  This 
is a composite from data collected at different times.  
Fropm top-to bottom they are:  July, 1997; March, 
1995; Sept., 1995; and April, 1997. 



 
 
 

 
 
Fig. 3.  Comparison of soil moisture retrieved from L-
band remote sensing and surface measurements [9].  
The PBMR data were collected during MacHydro90 
[10].   The ESTAR data was collected during 
Washita92 [11].  In both cases the measurements were 
over corn.  The open symbols are ESTAR data and the 
closed symbols are PBMR data. 
 
 

 
 
Fig. 4.  L-band brightness temperature over the Little 
Washita River Watershed (LW) in Oklahoma.  The 
data are average TB over the watershed collected by 
ESTAR during experiments in Oklahoma [11,13,15].  
The dotted curve is theory for grass canopy 
representative of the area. 
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Fig. 5.  Comparison of salinity retrieved from ESTAR 
measurements at L-band and salinity measured by a 
thermosalinograph.  These data were collected during 
the Gulf Stream Experiment east of Delaware Bay in 
1999 [20].   This data is from a single flight line during 
which ESTAR passed over the ship carrying the 
thermosalinograph. 
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Fig. 6.  ESTAR brightness temperature as function of 
biomass for forests.  The data were collected over pine 
forest near Waverly, VA in 1999 [23].  The site was 
forest managed for paper production and consisted of 
large areas with different biomass.     
 


