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Abstract

Following the launch of the European Space Agency’s Soil Moisture and Ocean Salinity
(SMOS) mission on 2 November 2009, SMOS products need to be rigorously validated
at the satellite’s approximately 45 km scale, and disaggregation techniques for maps
with finer resolutions tested. The Australian Airborne Cal/val Experiments for SMOS
(AACES) provide the basis for one of the most comprehensive assessments of SMOS
data world-wide by covering a range of topographic, climatic and land surface variabil-
ity within an approximately 500 x 100 km? study area, located in South-East Australia.
The AACES calibration and validation activities consisted of two extensive field exper-
iments which were undertaken across the Murrumbidgee River catchment during the
Australian summer and winter season of 2010, respectively. The data sets include
airborne L-band brightness temperature, thermal infrared and multi-spectral observa-
tions at 1 km resolution, as well as extensive ground measurements of near-surface soil
moisture and ancillary data, such as soil temperature, soil texture, surface roughness,
vegetation water content, dew amount, leaf area index and spectral characteristics
of the vegetation. This paper explains the design and data collection strategy of the
airborne and ground component of the two AACES campaigns and presents a prelim-
inary analysis of the field measurements including the application and performance of
the SMOS core retrieval model on the diverse land surface conditions captured by the
experiments. The data described in this paper are publicly available from the website:
www.moisturemap.monash.edu.au/aaces.

1 Introduction

In May 1999, the Soil Moisture and Ocean Salinity (SMOS) concept was selected as
the second Earth Explorer Opportunity mission by the European Space Agency (ESA),
with SMOS aiming at dedicated space borne observations of two crucial environmental
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variables: soil moisture and sea surface salinity (Kerr et al., 2001). Ten years later
on 2 November 2009, the SMOS satellite was launched successfully into a heliosyn-
chronous orbit (758 km altitude) with a mean local solar time overpass of 06:00 a.m. at
the ascending node (Barré et al., 2008). The single SMOS payload is the Microwave
Imaging Radiometer with Aperture Synthesis (MIRAS) operating in the protected L-
band at 1.400-1.427 GHz. The mission targets for soil moisture observations focus on
(i) a SMOS product accuracy of 0.04 m>m™ or better over bare soil and low vegetated
areas, defined as biomass having an integrated vegetation water content of less than
5kg m~2, (i) a revisit time of at least every three days at approximately 06:00a.m. LST
(local solar time), and (iii) a spatial resolution of preferably less than 45 km, with the lat-
ter being addressed by simulating a large antenna size using interferometric aperture
synthesis (Kerr et al., 2010Db).

The innovative two-dimensional, Y-shaped radiometer and the novel interferometric
antenna concept represent a new generation technology, which requires comprehen-
sive testing regarding both the actual SMOS brightness temperature measurements
and the retrieved soil moisture products. The validation approach chosen for the land
component of SMOS relies on the extensive usage of ground and aircraft data, that
preferably capture a broad range of topography, climate, land cover and vegetation
types. Consequently, numerous locations distributed across the world have been se-
lected for that purpose: for instance the Antarctic plateau DOME C, the French Mauzac
site near Toulouse, and ESA’s two core validations sites: (i) the Valencia Anchor Sta-
tion located in the East of Spain and (ii) the Upper Danube Catchment in Southern Ger-
many (Delwart et al., 2008; Mecklenburg et al., 2009). Given the large 45km SMOS
footprint and the inherent heterogeneity in topography and land cover, a representative
in-situ sampling strategy needs to be considered for a sophisticated analysis of the
SMOS models and products. The focus of the European experimental sites is limited
to a single SMOS pixel and/or a single airborne transect through several SMOS pixels,
with repeat flights over a given time period: e.g. SMOSREX (de Rosnay et al., 2006),
MELBEX (Cano et al., 2008, 2010), and EuroSTARRS (Saleh et al., 2004). In contrast,
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the field campaigns described in this paper, named Australian Airborne Cal/val Exper-
iments for SMOS (AACES), were designed to provide an extensive validation data set
by completely covering a minimum of 20 independent (~40 overlapping) SMOS pixels,
which correspond to a study area of approximately 50000 km? (Fig. 1). The range
of topographic, climatic and land cover conditions captured within the AACES study
area is not only typical of Australia but also across the world, thus making it an ex-
cellent validation site for the soil moisture component of the SMOS satellite mission.
Moreover, the existing long-term soil moisture network together with the variability in
natural features across the study area means this experimental site has also been
the focus of several other extensive campaigns: (i) the National Airborne Field Exper-
iment (NAFE) in 2006, that monitored and sampled a single SMOS pixel over three
weeks (Merlin et al., 2008) and (ii) the Soil Moisture Active and Passive Experiments
(SMAPex; www.smapex.monash.edu.au), (Panciera et al., 2012), conducted in sup-
port of the planned Soil Moisture Active-Passive (SMAP) mission led by the National
Aeronautics and Space Administration (NASA), that will combine an active and passive
microwave system to provide a 10 km soil moisture product.

The AACES experiment comprises a set of two separate field campaigns which
each combined extensive airborne and ground based data collection across the Mur-
rumbidgee River catchment in 2010. While AACES-1 took place from 18 January to
21 February 2010 (5 weeks), capturing the Australian summer conditions, AACES-2
was performed during the Australian winter from 8-26 September 2010 (3 weeks).
The airborne mapping consisted of 1 km L-band passive microwave measurements
as well as thermal and multispectral observations. The ground activities included soil
moisture sampling, surface roughness measurements, and detailed soil and vegetation
analyses. This paper describes the general objectives of the AACES field experiments,
along with the airborne and ground data collected during both AACES-1 and AACES-
2 campaigns. A brief overview of the study area, the reasoning of the experimental
strategy and a summary together with a preliminary analysis of the data sets are pre-
sented. The detailed sampling protocols for all airborne and ground activities are given
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in the respective field experiment plan of each AACES campaign (see Walker et al.,
2010a,b).

2 Study area description

The AACES field experiments were undertaken across an approximate 500 x 100 km?
study area within the Murrumbidgee River catchment (-33° to —-37°S, and 143° to
150° E), which forms the southern part of the Murray Darling Basin in south-eastern
Australia (Fig. 1). The Murrumbidgee River catchment comprises about 82 000 km2,
ranging from elevations as low as 50 m in the West to around 2000 m in the East (Geo-
science Australia, 2008), as presented in Fig. 2. Together with the broad variation in
topography, the climate conditions change from semi-arid climate in the flat, clay-loam
dominated western plains, to alpine conditions in the mountainous areas with coarse-
textured sandy soils (McKenzie et al., 2000). The average annual rainfall varies from
300 mm in the West to 1900 mm in the high elevated ranges (Australian Bureau of Ru-
ral Science, 2001). However, in the eastern alpine region only half of the precipitated
water is evapotranspired, whereas in the dry flat western areas of the catchment the
actual evaporation rate is similar to the total amount of rain received. During the south-
ern hemisphere winter season the eastern areas with elevations above 1200 m typically
experience precipitation in the form of snow, with a temporary snow cover of up to a few
weeks for regions above 1400 m. Areas above 1800 m are usually covered by snow
for four months or more (Whetton et al., 1996). Due to the natural conditions, land
use in the Murrumbidgee River catchment is primarily characterized by agriculture and
livestock farming (Fig. 2). Extensive grazing areas dominate the wide western plains,
whereas broad-acre cropping and agriculture with irrigation districts is more common
in the central region. The (very) eastern regions mainly consist of conservation areas
and state forests (Australian Bureau of Rural Science, 2006) .

During the AACES field experiments, significant changes in soil moisture conditions
(and land cover) were observed. The AACES-1 campaign in summer 2010 started off
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with daytime air temperatures above 30 °C and very dry surface soil moisture conditions
of approximately 0.05-0.10m*m™. However, this changed to relatively moist (0.25—
0.35m° m'3) and cool conditions due to a few significant rain events during the middle
and towards the end of the campaign, with up to 140 mm rainfall on a single day. The
vegetation was relatively sparse (vegetation water content 0.1-0.6 kgm™") and domi-
nated by salt bushes in the western grazing areas, while the central and eastern parts
of the study area were mainly characterized by low-vegetated pastures and mostly
fallow or fresh ploughed farmland in cropping areas. In contrast, the AACES-2 cam-
paign, undertaken during the southern hemisphere winter, enabled sampling across
relatively dense vegetation areas (vegetation water content 0.1-5.2kg m‘2) with long
pasture and mature crops (mainly wheat, barley, canola and lucerne) under moder-
ate to wet surface soil moisture conditions (0.2—0.4 m?> m‘a). Average air tempera-
tures were 15°C throughout the campaign, with two days of rain having 10-20 mm
each. Note that while there was no snow cover in the study area during AACES-1
and AACES-2, there was snow in the alpine region and so an additional flight was un-
dertaken coincident with ground sampling activities, to provide the opportunity to also
assess the impact of snow on SMOS.

3 Airborne data description

The AACES-1 summer campaign in January 2010 focused on the entire 50 000 km?
transect outlined in Fig. 1. The subsequent AACES-2 winter campaign in Septem-
ber 2010 was reduced in terms of spatial coverage and ground sampling activities
representing a subset of the original transect, that covered the central half with approx-
imately 250 x 100 km?. Data from the AACES-1 campaign had shown that this area
was scientifically the most interesting, having a representative range of soil and veg-
etation conditions for the entire catchment. The airborne data acquisition started in
the West of the Murrumbidgee River catchment and moved towards the East during
each campaign. The AACES study area had been divided into ten flight patches of
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50 x 100 km?, each corresponding to a single flight day and aligned with the SMOS
level 1C fixed ISEA (Icosahedral Snyder Equal Area projection) grid. Consequently,
each patch contained a minimum of two independent (four overlapping) SMOS pixels
of approximately 45 km size in their entirety.

3.1 Airborne instrumentation

The airborne instruments operated in both AACES campaigns were the Polarimetric L-
band Multi-beam Radiometer (PLMR), six thermal infrared sensors, and two sets of six
multi-spectral sensors with four bands in the visible/near-infrared and four bands in the
shortwave infrared wavelength region (Table 1). The PLMR instrument was mounted
in the across-track configuration thus scanning the surface at three incidence angles
(£7°, £21.5°, and +38.5°) to each side of the aircraft. The resulting 3dB beam width
of each beam corresponds to about 14°, producing a 6 km wide swath from a 3000 m
(a.g.l.) flying height. The L-band radiometer operates at a frequency of 1.413 GHz
with a bandwidth of 24 MHz and achieves a 40 m along-track ground sampling rate at
approximately 72ms™" flight speed. Using a polarization switch, the PLMR is capa-
ble of dual-polarized measurements with an accuracy of higher than 2K and 3K for
H- and V-polarization, respectively (Panciera et al., 2008). Moreover, the radiometer
was removed from the aircraft and calibrated on a daily basis before and after each
flight, using the sky as cold target and a blackbody box as warm target. The collected
PLMR data were geolocated, with the local incidence angles and beam location calcu-
lated, taking into account ground topography, aircraft position and attitude information,
which was all provided with each set of observation. The thermal infrared and multi-
spectral sensors with a 15° field of view were installed parallel to the PLMR beams, in
order for them to have the same incidence angles and footprint sizes as the microwave
radiometer.
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3.2 SMOS validation flights

The airborne observations were classified into two flight types: (i) patch flights (P) with
each patch being mapped on a single day when full SMOS coverage was ensured for
the specific patch, and (ii) transect flights (T) across the study area when the AACES
study site was covered by SMOS in its entirety (Fig. 3). While the patch flights were only
done once per patch and campaign, transect flights were flown several times during
each campaign. The reasoning for this schedule was that the patch flights allowed
the mapping of the whole AACES study area and hence the spatial variability in soil
moisture across it, whereas the transect flights captured the temporal variation of the
surface conditions throughout each field experiment.

The aircraft was based at a centrally located airport with the average flight time for a
sampling day including the ferry and calibration flight segments being about 7 hours. A
total of 85 mission hours were conducted during the first campaign and about 45 mis-
sion hours during the AACES-2 campaign. The nominal flight altitude was 3000 m
(a.g.l.) — with the exception of alpine terrain, where the altitude was capped at 3400 m
(a.g.l.) —in order to provide airborne data at a nominal 1 km spatial resolution. All flights
were centered around 06:00 a.m. LST (20:00 UTC) to ensure aircraft observations were
nearly coincident with SMOS overpasses. The typical time of the airborne mapping
was between 04:30-09:30a.m.LST (17:30-22:30 UTC), excluding ferry flights to and
from the airport. The availability of VIS/NIR/SWIR data is therefore limited by the illumi-
nation conditions of the earth, with a large portion of the patch flight completed before
sunrise.

The airborne coverage of each patch flight was designed to include a 6 km overlap
with the adjacent patch by repeating part of the last flight line of the previous sampling
day. This guaranteed full coverage of the SMOS pixels while also providing continu-
ity between the different flight days. Furthermore, changes in brightness temperature
data compared to the previous flight day allowed an assessment of soil moisture and/or
effective temperature variations. The individual flight lines within a single patch were
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5km apart from each other, achieving a 1 km overlap of the outer beams of two ad-
jacent flight lines on both sides of the aircraft. This ensured as best as possible the
complete coverage of the patch considering the possible impact of strong cross winds
on attitude and heading of the aircraft. Figure 4 shows an example of the 1 km H-
polarized PLMR observations collected during both AACES campaigns and normal-
ized to 38° incidence angle. For AACES-1, the intensive rain events that occurred
during the middle (6—7 February) and end of the campaign (13—15 February) caused a
significant drop in brightness temperatures (TB) in response to the sudden rise in soil
moisture. Note that the course of the Murrumbidgee River can be clearly distinguished
in the upper part of patches P01-P04, displaying low L-band observations for the river
in comparison to the high brightness temperatures emitted by the surrounding dry soil
surface. During the AACES-2 winter campaign with predominantly wet and cool condi-
tions, the brightness temperatures mapped across the study area showed overall small
variations. The comparison with the SMOS L1C brightness temperature data acquired
during the AACES-1 campaign demonstrated that both temporal and spatial patterns
of near-surface soil moisture are similar to those obtained by the airborne radiometer
(Fig. 5). The evolution of the initially dry conditions present across the entire Mur-
rumbidgee River catchment to wet conditions in the central and eastern parts of the
study area is clearly depicted in the satellite data over the assigned flight patches. A
detailed quantitative assessment of the SMOS L1C brightness temperature data with
respect to the AACES data set is subject of a separate paper by Ridiger et al. (2011).

In addition to the patch flights, there were at least two transect flights across the
AACES domain when SMOS covered the entire study area (start and end of each
campaign — plus one in the middle of AACES-1). These flights were designed in such
a way that they would cover as many permanent monitoring stations and focus farms
as practical. Thus, they provided a snapshot of the soil moisture conditions across
the entire AACES study area and allowed (i) an assessment of the temporal variability
over the period of each individual campaign and (ii) a comparison with the European
validation strategies. Furthermore, all transect and patch flights included a repetition
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of the first 12 km of the first flight line in order to account for temporal changes during
the flight. Figure 6 presents the temporal patterns observed by the L-band sensor,
when compared between the individual transect flights conducted during the AACES-1
summer campaign. The initial dry soil conditions across the study area (T00) for the
western patches (P01-P03) showed a change in response to a local storm, causing
lower brightness temperature measurements for those three patches on the second
transect flight (TO1). Conversely for the far eastern patch (P10) there was a dry down
observed between TOO and TO1. The transect flight at the end of the campaign (T02)
captured (i) the moist soil conditions of the eastern study area after a few intense rainfall
events, but also (ii) the dry down of the surface soil compared to the patch flight flown
earlier over the precipitated area of PO1-P03.

3.3 Additional flight segments

The ferry flights to and from the airport included at least one permanent monitoring
station, and if practical, additional ground sampling farms located outside the target
patch. Moreover, at the end of each flight period the aircraft flew at low level over Lake
Wyangan, near Griffith, to calibrate the airborne L-band radiometer. The lake was
continuously monitored for near-surface temperature and salinity throughout the cam-
paigns. In addition, periodical in-situ transect measurements of both parameters were
undertaken in order to check for spatial gradients across the lake. Together with the
airborne observations these data were used for the purpose of in-flight sensor calibra-
tion and data evaluation. Due to the early sampling and minimum altitude requirements
for night flights, all calibration flights over the water storage target were conducted on
the return flight only.
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4 Ground data description

The ground monitoring was specifically designed to validate the aircraft observations at
1 km resolution, and subsequently enable evaluation of the large scale SMOS products.
Consequently, the ground team activities followed the aircraft across the study area
from West to East during each campaign. The in-situ data acquisition consisted of three
components: (i) a permanent soil moisture profile monitoring network, (ii) temporarily
installed monitoring stations, and (iii) intensive high resolution surface soil moisture and
vegetation measurements. The ground sampling was concentrated on areas represen-
tative of the land use conditions within the respective airborne observed flight patch.
Overall, these so-called focus farms captured the major climatic, topographic and soil
texture variability across the entire AACES study area.

4.1 Soil moisture monitoring network

The OzNet hydrological monitoring network (www.oznet.org.au; Smith et al., 2012) has
been operational since 2001 and comprises a total of 62 stations throughout the en-
tire Murrumbidgee River catchment (see Fig. 1). The network was upgraded in 2003
by adding additional monitoring sites and in 2006 by including near-surface soil mois-
ture sensors at all stations. In 2009, it was further augmented with two clusters of 12
supplementary stations within a 60 x 60 km? area focusing on the Yanco region in the
western flat plains of the catchment. The network provides area-wide surface soil mois-
ture measurements at 0-5cm (or 0—7 cm for the older sites), using CS616 (CS615)
water reflectometers, with the majority of stations additionally collecting soil moisture
profile data across three depths (0—30cm, 30—60cm, and 60—-90cm). Supplementary
parameters including (i) rainfall using a tipping bucket rain gauge, (ii) soil temperature
(2.5cm and 15cm) and (iii) soil suction are also recorded (Fig. 7). An example of the
soil moisture profile variability and rainfall time series recorded at two OzNet stations
during the AACES campaigns is shown in Fig. 8.
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4.2 Focus farm ground sampling

The ground observations for AACES-1 (AACES-2) were concentrated on a total of
20 focus farms (6 focus farms), with two farms (one farm) per patch, distributed across
the study area. The locations of the sampling farms were selected based on (i) the
available background information including topography, land use, soil texture and (ii) lo-
gistics, including the accessibility and travel time from the ground team base. The focus
farms were chosen to be fairly homogeneous and represent the locally dominant soil
and vegetation type, while capturing the naturally existing variability within each patch.
The 2 x 5km? sized ground sampling farms were aligned along the aircraft flight lines
and centered underneath the two inner PLMR beams in order to (i) guarantee aircraft
coverage and (ii) allow ground truth data for a minimum of four independent PLMR
pixels per farm.

In addition to the existing long-term soil moisture network operating across the Mur-
rumbidgee River catchment, each focus farm was instrumented with two almost identi-
cal temporary monitoring stations. Due to limited equipment, these supplementary sta-
tions were moved across the study area according to the aircraft and ground sampling
locations. The temporary stations were equipped with two soil moisture probes (0—
6. cm and 23-29 cm), four soil temperature sensors (2.5¢cm, 5¢cm, 15¢cm, and 40cm),
one tipping rain gauge and one leaf wetness sensor to determine the presence of dew
observed during the satellite overpass (Fig. 7). Furthermore, one station per farm
made thermal infrared measurements to record the skin temperature of the (i) soil sur-
face in case of bare soil or (ii) of the canopy layer, when vegetation was present. The
rational for setting up supplementary short-term stations on the focus farms was to
verify three assumptions: (i) the effective temperature was relatively constant during
the aircraft observations, (ii) the vegetation and soil temperature were in equilibrium
around 06:00 a.m. LT (local time), and (iii) the soil moisture content within the top 5cm
did not change significantly throughout the course of the ground sampling. The tempo-
rary monitoring stations were ideally installed at least two days before the scheduled
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airborne sampling and spatial soil moisture measurements took place, as part of the
focus farm reconnaissance activities. This ensured sufficient time for the soil tempera-
ture and soil moisture sensors to equilibrate within the partly disturbed soil column.
The focus farms were mapped with near-surface soil moisture measurements along
six parallel lines of 5km in length and 330 m spacing between them (Fig. 9). Along
each of these transect lines a minimum of three soil moisture measurements (within
a radius of 1m) of the top 5cm were made every 50m using the Hydraprobe Data
Acquisition System (HDAS). By taking replicate measurements at each sampling point
the effect of random errors at local scale was sought to be minimized. The HDAS sys-
tem comprises a Global Positioning System (GPS), a hydraprobe soil moisture sensor
and a Geographic Information System (GIS) that combines the information about lo-
cation and soil moisture in a visual output (Panciera et al., 2009). The accuracy of
the Stevens Water hydraprobe sensor implemented in the HDAS system has been de-
termined to be +0.039m>m™ on the basis of 155 gravimetric soil samples collected
across the Murrumbidgee River catchment during AACES. The estimated error is con-
sistent with results from an earlier study (Merlin et al., 2008) that used a combined
calibration approach with laboratory and field measurements. The archived gravimet-
ric soil samples from the AACES campaigns have been further analyzed for soil tex-
ture particle distribution to determine silt, sand and clay content (Table 2). Ancillary
data including vegetation type and height, a visual estimate of rock cover fraction, dew
presence and dew characteristics were also recorded for each HDAS sampling loca-
tion and stored within the system. In the case of visible dew, leaf wetness samples
were taken using pre-weighed paper towels to determine the actual amount of dew on
the plant leaves (Kabela et al., 2009). All soil moisture and dew measurements were
made as early in the morning as practical, while aiming for coincident data with the
aircraft flights and SMOS overpasses at around 06:00 a.m. LT. The dew sampling how-
ever was limited to the time period of 05:30—07:00 a.m. LST to focus the investigation
on likely effects of dew on the L-band observations done by SMOS and the airborne
PLMR instrument. The 5 km soil moisture transects were generally completed between

2775

HESSD
9, 2763-2795, 2012

The AACES field
experiments
S. Peischl et al.
Title Page
Abstract Introduction
Conclusions References
Tables Figures
1< ]
< >
Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion


http://www.hydrol-earth-syst-sci-discuss.net
http://www.hydrol-earth-syst-sci-discuss.net/9/2763/2012/hessd-9-2763-2012-print.pdf
http://www.hydrol-earth-syst-sci-discuss.net/9/2763/2012/hessd-9-2763-2012-discussion.html
http://creativecommons.org/licenses/by/3.0/

10

15

20

25

05:30-10:00a.m. (06:00 a.m.—12:00 p.m.) for AACES-1 and (AACES-2) on a sampling
day. Note, the longer sampling time during the AACES-2 winter campaign was due to
(i) the moist soil conditions, which increased the cleaning time of the HDAS probe pins
after each measurement, and (ii) the relatively dense canopy layer which significantly
slowed down the pace of the sampler — especially when walking through mature canola
crops.

On each focus farm, specific vegetation data including biomass and spectral surface
samples were collected at multiple locations (Table 2). In general, all canopy measure-
ments were undertaken within a 1 km? box, which corresponded to one PLMR pixel,
and for all the major vegetation types present on each focus farm. Across that box ap-
proximately five equally distributed sampling locations were chosen to characterize the
dominant land cover. Vegetation water content (VWC) information is crucial in the soil
moisture retrieval process, and together with the spectral properties of the canopy has
been shown to provide relationships for estimating the VWC and other vegetation vari-
ables. The actual vegetation data recorded at each focus farm included (i) leaf area
index (LAI) using a LI-COR LAI-2000, (ii) hyper-spectral properties of the vegetation
using a Fieldspec 3 instrument developed by ASD Inc., and (iii) destructive biomass
samples from a 50 x 50 cm? area previously observed with the LI-COR and ASD in-
struments. To assist with the data analysis, supplementary information including veg-
etation type and height, row spacing and direction, and photographs of the sky/cloud
conditions as well as of the actual sample were taken for each sampling point. To
ensure optimal spectral sampling conditions, the ASD vegetation measurements were
made between 10:00 a.m.—02:00 p.m. LST. The LAl data were collected earlier at about
07:00-09:30 a.m. to reduce the effect of direct sunlight on the sensor. In addition to the
vegetation sampling, the ground teams further recorded at least three surface rough-
ness profiles of 2m length in North-South and East-West direction across each focus
farm (Table 2). An overview of the total amount of ground data sampled during both
AACES campaigns is given in Table 3.
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In addition to the 20 AACES focus farms, three supplementary focus farms were
included in the campaign data set. These were operated by the CSIRO Giriffith and the
NSW Department of Environment and Climate Change in Wagga Wagga. While the
ground sampling strategy was not identical to the general AACES experiment, similar
measurements in terms of soil moisture, vegetation and gravimetric soil samples were
collected and details are included in the online data archive.

5 Towards SMOS data validation

The core algorithm in the SMOS soil moisture retrieval is the L-band Microwave Emis-
sion of the Biosphere (L-MEB) model (Kerr et al., 2010a; Wigneron et al., 2007). A
preliminary analysis of the AACES data set has included tests of the L-MEB model
performance for the range of topographic, land cover and soil moisture conditions ob-
served during the field experiments. Based on the collected in-situ ground data from
all 20 focus farms, brightness temperature signals were simulated and subsequently
compared against the airborne L-band measurements (Fig. 10). First results showed
that for the range of brightness temperatures measured in AACES-1 (170-290 K), the
L-MEB predictions with default parameters were close to the PLMR observations for
dry conditions, such as those encountered during the beginning of the summer cam-
paign with relatively high brightness temperatures responses. However, with increasing
soil moisture and correspondingly lower brightness temperatures, the L-MEB algorithm
tended to overestimate the emission, leading to significantly higher values of up to 25K
difference than measured by the PLMR instrument. This trend might be induced by the
presence of water on the vegetation due to extensive rainfall events. Consequently for
moderate-wet soil conditions, soil moisture estimates modeled by the L-MEB algorithm
might be outside the SMOS target accuracy, if the source for such an offset is not con-
sidered. Further analysis of the AACES data set will support a better understanding of
the retrieval capabilities of SMOS, both in terms of the L1C brightness temperature as
well as the derived L2 soil moisture product.
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6 Summary

The two AACES field experiments and associated data sets collected across the Mur-
rumbidgee River catchment in Australia have been described. The study area, com-
prising more than 20 independent SMOS pixels in entirety, was extensively monitored
under two seasonal conditions, summer (AACES-1) and winter (AACES-2) in 2010.
The campaign sampling strategy included a combination of airborne L-band observa-
tions and extensive ground sampling activities coincident with SMOS overpasses. As
the preliminary results in this paper and ongoing studies show, the large AACES data
set can be used in various ways, such as validating (i) SMOS brightness temperature
observations (level 1C product) (Rudiger et al., 2011), (i) SMOS derived soil mois-
ture products (level 2), (iii) SMOS downscaled soil moisture products to 1 km resolution
(Merlin et al., 2011) and (iv) the representativeness of the in-situ monitoring network for
soil moisture monitoring at 1 km and 45 km scale. Issues due to the low spatial resolu-
tion and the mixed land cover within a SMOS pixel can be addressed at an appropriate
scale by including the 1 km PLMR measurements and the ground data collected at the
focus farms. Moreover, the AACES data allow a quality analysis of the joint retrieval of
ancillary parameters and soil moisture according to the SMOS approach using dual-
polarized (and multi-angle) brightness temperature data. The much larger spatial and
temporal scale of the AACES experiment compared to equivalent sites in Europe fur-
ther enhances the assessment of potential error sources that might be introduced by
partial and/or transect sampling of SMOS pixels for data validation purpose.

7 Data availability

The AACES data set presented in this paper is available online at www.moisturemap.
monash.edu.au/aaces. The website includes a detailed description of the two field
campaigns (AACES-1 and AACES-2) and provides all the information required for data
interpretation. A general overview of the Murrumbidgee River catchment, photographs,
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sampling techniques, as well as a copy of both field experiment plans and addenda are
also given. Due acknowledgment in any publication or presentation arising from use of
these data is required.
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Table 1. Multispectral and thermal infrared instrument characteristics.

Sensor MODIS band Wavelength [mm]
Sensor VIS/NIR (SKR 1850A)

Channel 1 1 620-670
Channel 2 2 841-876
Channel 3 3 459-479
Channel 4 4 545-565
Sensor SWIR (SKR 1870A)

Channel 1 6 1628—-1652
Channel 2 - 2026—-2036
Channel 3 4 2105-2155
Channel 4 - 2206-2216
Everest Interscience3800ZL 8000-14 000
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Table 2. Characteristics of all focus farms sampled during AACES-1 and AACES-2 (shaded

rows).
Soil® Vegetation® Roughness® Soil Moisture®
Patch Farm Class Sand Clay Type Dry Biomass VWC RMS Corr. Mean Std
[%]  [%] kgm™] kgm™2] height length m*m=2 m*m™
min—max min—max [mm] [em]
1 1 LS 73 6 grass 0.12-0.37 0.12-0.55 5.36 11.23 0.05 0.02
1 2 SL 52 14 grass 0.01-0.22 0.01-0.20 4.87 11.32 0.05 0.03
2 3 SL 35 21 grass 0.14-0.35 0.01-0.25 3.10 7.23 0.04 0.02
2 4 SL 38 24 grass 0.28-0.59 0.10-0.19 3.55 13.11 0.04 0.02
3 5 SL 66 10 grass 0.17-0.68 0.12-0.32 2.77 8.18 0.04 0.02
3 6 SCL 35 31 grass 0.22-0.51 0.03-0.10 4.72 12.88 0.04 0.02
4 7 SL 63 11 grass 0.07-0.84 0.04-1.01 2.86 11.91 0.03 0.02
4 7 - - - grass 0.20-0.45 0.83-3.16 2.73 13.20 0.36 0.11
4 8 SCL 42 31 grass 0.13-0.23 0.02-0.13 2.37 9.95 0.03 0.02
5 9 SL 40 20 grass 0.01-0.26 0.01-0.06 3.48 10.34 0.09 0.07
5 9 - - - grass 0.11-0.29 0.21-1.12 3.06 11.52 0.28 0.10
5 10 LS 68 9 grass/crop 0.20-0.57 0.01-0.19 4.15 11.76 0.08 0.06
5 10 - - - crop/grass 0.37-0.66 1.48-3.55 6.65 13.55 0.38 0.09
6 11 LS 82 5 grass/crop - - - - 0.11 0.04
6 12 LS 85 4 grass/crop - - - - 0.15 0.04
6 12 - - - crop 0.41-0.96 2.30-5.46 4.05 11.05 0.33 0.06
7 13 SL 55 9 grass 0.02-0.16 0.05-0.15 7.06 12.45 0.11 0.05
7 13 - - - crop/grass 0.38-0.74 1.11-2.22 6.22 13.77 0.30 0.08
7 14 SL 67 24 crop/grass 0.10-0.36 0.01-0.21 7.64 9.14 0.11 0.04
8 15 LS 74 7 grass 0.05-0.50 0.07-0.38 6.07 11.47 0.29 0.05
8 15 - - - crop 0.26-0.58 0.87-2.91 3.74 11.21 0.26 0.06
8 16 LS 92 1 grass - - 4.86 10.01 0.33 0.07
9 17 LS 77 5 grass 0.18-0.35 0.20-0.92 5.73 16.21 0.21 0.06
9 18 LS 74 4 grass 0.12-0.49 0.28-1.24 7.18 15.64 0.25 0.06
10 19 LS 89 2 grass 0.21-0.35 0.30-1.07 5.77 15.97 0.25 0.08
10 20 LS 80 3 grass 0.08-0.09 0.03-0.05 9.29 15.99 0.19 0.10

8Class: LS =loamy sand, SL=silty loam, SCL=silt clay loam (based on the Australian soil texture classification standard); bType: in case of
two major land cover types, the dominant vegetation is named first (VWC: Vegetation Water Content); ®average of slope corrected roughness profiles

(RMS height: root mean square height; Corr. length: Correlation length); daveralge soil moisture and standard deviation (Std) measured with the HDAS system.
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Fig. 1. Overview of the Murrumbidgee River catchment in Australia (inset), with AACES-1
covering all ten flight patches and AACES-2 focusing on the central half of the study area.
SMOS footprints within each flight patch and the location of ground sampling activities as well

as the existing long-term soil moisture network sites (OzNet) are indicated on the map.
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Fig. 2. Overview of the Murrumbidgee River catchment and its climatic, topographic and soil g- _
diversity. Overlain is the outline of the AACES study area with the course of the Murrumbidgee %
River and the location of the 20 focus farms, where the ground sampling activities took place. 9
The spatial data set is publicly available through Australian Bureau of Rural Science (2001, @ () 2

2006) and Geoscience Australia (2008).
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Fig. 4. Example of airborne L-band data collected at H-polarization during the summer
(AACES-1) and winter (AACES-2) field campaigns with the brightness temperatures given in
Kelvin. Note, each flight patch represents a single flight day.
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Fig. 5. Temporal and spatial patterns of H-polarized SMOS L1C brightness temperature data
[K] collected during the summer field campaign (AACES-1). Overlain are the Murrumbidgee
catchment boundary and the individual flight patch of that particular day, where airborne L-band
data is available.
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Fig. 7. Schematic of the temporary monitoring station instrumentation during the AACES field
campaigns (left panel) and the permanent instrumentation at the new OzNet monitoring sites

in the Murrumbidgee River catchment (right panel).
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near-surface soil moisture data using the HDAS system.
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