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ABSTRACT

In summer 2019 the SARSense campaign was held in
Jiilich, Germany, to provide insights into the potentials and
specifications of the ESA Copernicus candidate mission
ROSE-L (Radar Observation System for Europe). ROSE-L
will consist of two satellites that carry a polarimetric L-band
SAR. Since the L-band signal can penetrate through many
natural materials such as vegetation, dry snow and ice, the
mission will provide additional information that cannot be
gathered by the Copernicus Sentinel-1 C-band SAR mission.
The overall objective of the SARSense 2019 campaign is to
analyze the mission design concerning its potential for
agricultural monitoring services including target applications
such as soil moisture monitoring, irrigation management,
crop type discrimination, food security and precision
farming. The SARSense in situ measurements of soil
moisture, soil temperature, vegetation properties, UAS-
based multispectral and thermal mapping, as well as the
airborne  SAR observations are presented as well as
strategies for soil moisture retrieval and first analysis.

Index Terms— SAR, L-Band, ROSE-L, Airborne
Campaign

1. INTRODUCTION

The L-band Radar Observation System for Europe (ROSE-
L) is one of the six ESA second-generation Copernicus

978-1-7281-6374-1/20/$31.00 ©2020 IEEE 2137

(Copernicus2.0) missions that have been put forward during
the Spacel9+ ministerial meeting in November 2019.
ROSE-L will carry an L-band Synthetic Aperture Radar
(SAR) to target applications such as: soil moisture
monitoring, land cover mapping, crop type and status
discrimination, forest type/forest cover, biomass estimation,
food security and precision farming, maritime surveillance
and natural and anthropogenic hazards. In addition, the
mission will contribute to the operational monitoring of the
cryosphere and polar regions including sea ice mapping and
land ice monitoring.

As compared to the C-band of the Sentinel-1 SAR mission,
the longer L-band signal is capable of penetrating through
vegetation, thus providing additional information due to the
observation of a larger soil volume (up to ~5cm depth). As
ROSE-L is planned to fly in short distance from Sentinel-1,
synergies between the different microwave frequencies are
envisaged, but still needs to be specified.

Within this context, the SARSense field campaign was
performed on the TERENO research station Selhausen
located near Jiilich, Germany [1]. The site was selected
because of its diverse agricultural cropping structure,
heterogeneous subsurface and multiple research activities
that support the hydro-ecological characterization of the
region. In situ measurements, unmanned aerial systems
(UAS) mapping, as well as airborne C- and L-band SAR
observations were performed simultaneously to address the
main objectives of SARSense, i.e.:
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e To investigate the use of L- and C-band SAR data
for soil moisture retrieval at high resolution (i.e.,
<100m). Both the case of temporally collocated L-
and C-band SAR time series and that of
independent acquisitions will be investigated.

e To extend the existing airborne SAR programme to
new test sites (i.e., Jiilich, Germany) and acquire
reference L- and C-band airborne SAR datasets
collocated in time and space over different well-
defined land covers.

e To document the added value of L-band SAR in
addressing current EO measurement gaps (soil
moisture, vegetation biomass, etc.) and enhanced
continuity together with other missions such as
Sentinel-1.

e To support specification of the time interval
between Sentinel-1 and L-band SAR coverage for
time-critical ~application products, e.g., soil
moisture.

e To support trade-off and definition of other key
mission parameters in the coming mission phases
(noise floor, resolution).

A description of the activities is given in the following
together with first soil moisture retrieval and vegetation
parameter estimation results.

2. THE TERENO SITE SELHAUSEN

The region for the SARSense 2019 campaign encompasses
the TERENO (Terrestrial Environmental Observatories) Rur
hydrological observatory with a focus on the Selhausen test
site (50.865°N, 6.447°E, about 100—110 m asl) [1]. The
Selhausen test site consists of 52 agricultural fields covering
an area of about 1 by 1 km (Figure 1) and represents the
heterogeneous agricultural area of the lower Rhine valley.
Main crops are sugar beet, winter wheat, winter barley,
maize, and rapeseed.

The region belongs to the temperate maritime climate zone,
with a mean annual temperature and precipitation of 10.2°C
and 714 mm, respectively. The soil was classified as a
Cambisol with a silty loam texture.

An eddy covariance (EC) flux station in Selhausen is
maintained according to ICOS class 1 standards (www.icos-
rieu). Besides flux measurements and typical
meteorological parameters, the phenological development of
the crops and farming activities are also recorded on a
weekly to monthly basis. Groundwater level, water
conductivity, and temperature in a groundwater well next to
the EC station are continuously measured.

Large-scale investigations were performed by using multi-
configuration electromagnetic induction (EMI) systems
pulled by an all-terrain vehicle to noninvasively investigate
the structure, composition, and hydraulic state of the
subsurface. Results show that the Selhausen area is
characterized by a series of river terraces, where satellite-

based leaf area index data obtained after a dry period
showed distinct patterns due to the presence of paleochannel
structures in the subsurface of the upper terrace [2, 3]. It
could be shown that these patterns in leaf area index
correlated well with electric conductivity patterns obtained
for deeper soil layers [4].
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Figure 1: Location of the 'SARSense region Selausen,
Germany, (top) and land use during campaign (bottom).

During SARSense another airborne campaign was
performed in Selhausen (FLEXSense), rehearsing the
mission strategies for the Earth Explorer FLEX and the
second-generation Copernicus LSTM and CHIME missions.
Airborne observations with the instruments HyPlant
(hyperspectral, solar induced fluorescence) and TASI
(multispectral thermal) were obtained in line with supporting
in situ and UAS measurements. This opens the opportunity
to link information on soil moisture, plant structure, and
vegetation functioning from multiple sensors [5].

Active and passive airborne L-band microwave
measurements were obtained in the area since 2010 [6-8], as
it is a soil moisture validation site for several satellite
missions (SMOS, SMAP, ALOS-2). SARSense is also
supported by hydrological simulations and data assimilation
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studies [9, 10] and space-borne multispectral vegetation
estimations [2, 11].

3. IN SITU MEASUREMENTS

At the following six dates in situ soil moisture measurements
were performed simultaneously with airborne observations:

e  Week 25: 19.06.2019 and 21.06.2019

e Week 26: 25.06.2019 and 27.06.2019

e Week 32: 08.08.2019 and 09.08.2019
Vegetation measurements and UAV flights were also
performed temporally close to those dates.
Soil moisture and soil temperature were recorded with
Hydra Probes within the whole Selhausen study area (Figure
2).

June 21%, 2019 at the Selhausen site. Colours represent the
soil moisture from red = 0% to blue = 22%.

The sampling scheme considered the subsoil texture as well
as the crop cultivation. Each point was measured three times
within an area of ~Im? to account for small-scale soil
moisture variability. In total, more than 5000 soil moisture
measurements were obtained during the six campaign days.

A SoilNet wireless sensor network with SMT100 sensors
(Triibner Precision Instruments, Germany) consisting of five
profiles (depths of —0.01, —0.05, 0.1, —0.2, —0.5, and —1 m)
is operated in one field to measure soil moisture and soil
temperature in near real-time. The Jilich cosmic rover
recorded neutron counts on June 27" and August 8" 2019
for the full flight area to estimate areal soil moisture [12]. It
consists of an array of 9 detector units, each holding 4 1(BF>-
filled tubes, summing up to a total of 36 cosmic-ray probes.
A joint soil moisture and vegetation analysis with L-band

SAR and cosmic ray neutron count signals is foreseen [13,
14]. Unmanned Aerial Systems (UAS) measurements were
performed during the campaign period providing RGB
maps, temperature data (FLIR VUE Pro 640) as well as 5
channel multispectral (Micasense RedEdge-M)
measurements. Vegetation sampling was performed
according to the heterogeneity in soil and vegetation,
providing leaf area index, fresh and dry weight as well as
gravimetric vegetation water content.

4. AIRBORNE SAR MEASUREMENTS

The airborne polarimetric (dual linear, V and H) SAR
datasets at C- and L-band were acquired and processed by
Metasensing. The dual-frequency system was operated on
board a Cessna 208 at a nominal altitude of 5500 ft,
resulting in a left side looking configuration with an antenna
look angle of 45°. While at C-band the planned 200 MHz
signal bandwidth could be transmitted, at L- band only 50
MHz were allowed by the local authorities, resulting in a
coarser image resolution. An example of processed SAR
data is given in Figure 3.

Example of processed SAR data (HH)
simultaneously acquired during the SARSense campaign.
Top: L-band, bottom: C-band.

Figure 3:

5. CONCLUSIONS

During the SARSense campaign 2019 an extensive set of
measurements was collected enabling the detailed analysis
of SAR signals regarding both soil and vegetation
characteristics in a central European agricultural system, like
Selhausen. The differences between L- and C-band SAR are
analyzed with respect to the ROSE-L mission targets/goals,
but also according to the added value of an L-band SAR
mission.

In the presentation we will include strategies for soil
moisture retrieval and first analyses, e.g. with the approaches
of [15-18]. An analysis of soil moisture and vegetation
effects on cosmic ray neutron counts and L-/C-band SAR as
well as potential synergies is foreseen. Similarly, synergies
between SAR and hyperspectral, solar induced fluorescence
and thermal measurements will be analyzed.
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