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1. INTRODUCTION

With the launch of the European Space Agency’s (ESA) Soil Moisture and Ocean Salinity (SMOS)
mission on 2" November 2009, there is a new opportunity for global near-surface soil moisture
mapping from space [1-2]. Along with its innovative sensor design, a 2-dimensional array of L-band
passive microwave radiometers distributed on a Y-shaped synthetic aperture antenna, a new
generation of retrieval models were developed [3]. One aspect of the novel technology is the
capability of multi-incidence angle brightness temperature measurements by SMOS. This is
understood to facilitate the retrieval process by i) enabling the simultaneous retrieval of ancillary
parameters and thus reducing the dependency on external sources, and ii) enhancing the retrieval
accuracy [4]. This paper investigates the impact of the total number of available multi-incidence
angle L-band data, following described as angular density, on the performance of the soil moisture

retrieval model.

2. EXPERIMENTAL DATA AND METHODOLOGY

The data analysis was based on in-situ measurements from the National Airborne Field Experiment
(NAFE) in New South Wales, Australia in 2005 [5]. The ground data included near-surface soil
moisture, soil surface temperature, soil profile temperature, soil texture, surface roughness and
vegetation water content over an agricultural test site. This study focused on data from two separate
days, representing dry to moderate moisture conditions (~0.14 m®*m™) and wet conditions (~0.42

m>m>).

For the purpose of comparing different densities of angular brightness temperature (TB) data and the
resulting impact on the model robustness (in terms of the retrieval error), the number of simulated
TB samples within a particular angular range was varied between 1 and 10. Figure 1 depicts the

general data processing chain. According to this schematic, the ground data described above were
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Figure 1: Schematic of data preparation and forward modeling in order to
test the model performance (RMSE - root mean square error) for varying
angular TB data density.

processed through the L-MEB radio brightness forward model (L-band Microwave Emission of the
Biosphere, [6]) to generate a TB response. The incidence angle and the corresponding simulated TB
data were randomly assigned and further processed at different density steps of 1-10. Additionally,
the total angular range of 0° to 50° was divided into five classes of 10° steps each. For example, a
density factor of 1 means that a single TB value was simulated within each of the five groups at a
random incidence angle, and thus resulting in a total of five TB values across the whole angular
range. For each density factor the random sampling of incidence angles and the subsequent forward
modeling were performed in iterations. The simulated TB data were averaged until the change
between the averaged TB and the last iteration was either less than 0.001 K or a total of 500

iterations were reached.

The comparison between TByet, which was simulated from the ground information with added noise,
and TBsim, Which considered two variable parameters (SM: soil moisture, and VWC: vegetation
water content) but the same randomly assigned angular information, was based on the root mean

square error (RMSE) derived for each individual density factor.

3. RESULTS

The angular density was found to have a significant impact on the retrieval model performance, as

shown in Figure 2. The results illustrated an explicit rise in the model robustness when the number of
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Figure 2: Robustness of the retrieval model for varying densities of multi-incidence angle data within
each 10° step of angular groups. For instance, a density factor of 3 suggests that a total of 15 TB
samples were available across the whole angular range of 0-50°. The left panel shows the case of dry
soil moisture conditions and the right panel shows the case of wet soil moisture conditions.

TB was increased from a total of 5 to 15 samples across the angular range. A density factor of 3 to 4
was found to be a zone of transition, whereby additional TB samples resulted in only minor changes

in the model performance. This behavior was similar for both moisture conditions tested.

With respect to particular angular groups, two main aspects were apparent: i) within each of the five
groups a similar trend was noted across the densities tested; ii) results from TB samples made at
incidence angles between 40-50° were consistently outside the range demonstrated by the remaining

groups at smaller incidence angles.

4. CONCLUSION

This study found that having between 15 and 20 TB samples across the angular range of 0° to 50°
resulted in the maximum robustness of the tested multi-angle retrieval model. Further increases in

the number of TB samples achieved only minor or none enhancement of the model performance.
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