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1 Overview a nd Objectives

WiththeEur op e an S p@&sAsSoirMopistare and Gcean Salinity (SMOS) satellite
successfully launched o2 November 2009 the first longterm spacéorne passive
microwave observations athand (~ 1.4 GHz) will soon bemeavailable Consequently,
SMOSis the first mission dedicated to global mapping of rreattime surface soil moisture
information. Though spac®&orne microwave instruments have measured global data at high
frequencies (e.g.-Gand Xband) for the 1asB0 yearsthis innovative tband radiometer use

a new synthetic aperture concept that pravideservations at multiple incidence angles.
Consequently, the observed brightness temperature data and derived soil moisture product
mustboth be validated. To achievehis, intensive field campaigns are being planned world
wide to support the satellite mission with reliable data from i) passive microwave airborne
observations at4band, ii) detailed ground measurements of surface soil moisture content and
associated ensonmental parameters, and iii) lotgrm soil moisture monitoring network
data from anchor sites (e.g. Murrumbidgee in Australia, Valencia in Spain, Upper Danube in
Germany Midi-Pyrenees in Francetc.). With the SMOS launchbeing in the northern
hemisplere autumnAustralia is particularly well positioned for conducting the first intensive
SMOS validation campaign during gsowing seasan

The Australian Airborne Cal/val Experimerfor SMOS (AACES) will provide one of the

most comprehensive assessmemtsld-wide, due to its combined airborne andsitu data
collection strategy across an extensive transect of the Murrumbidgee catchment in south
eastern AustraligFigure 1-1). This area is unique as it comprises a distinct varagty
topographic, climatic and land cover characteristics, and therefore represents an excellent
validation site for the land component of this satellite mission. MoreoVamgea database of
previous campaign measuremeritsN A F E, af@idéchntinuous soil misture monitoring
station(OzNet)and meteorological dataver the past seven ysais available for this region.

Compared tothe planned European validatiorcampaigns which will comprise a single
SMOS pixe] or transects thragh a few SMOS pixelsvith a number of repeat flights over a

few months, the Australian campaigns will focus on accurately mapping the spatial variability
across an area comprisingpoait 20 independent SMOS pixelgth temporal variability
assessed according to season. Thus, featsweh as climatic, topographic and seasonal
changes will be mapped on a much larger spatial and temporal scale than the equivalent
campaigns elsewhere. Consequently, these experiments will contribute to comprehensive
validationof SMOS brightness tempenate and soil moisture, arade highly complementary

to theplannedactivities in other countries.

The AACES campaigns have been made possible through a series of infrastructure
(LE0453434, LE0560930, LE0882509 and LE0989062) and research (DP0879212y fundin
from the Australian Research Council, and are relying upon the collaboration of a large
number of scientists from throughout Australia and around the world, Europe in particular,
with salary and travel support provided by their national funding agenicigigl campaigns,

setup and maintenance of the study catchmeetefunded by research grants from the
Australian Research CoungiDP0343778 and DP055754and the CRC for Catchment
Hydrology.

This documentutlines the airborne and related ground imwimg for theAustralianSMOS
validation campaigs, with a particular emphasis on the first campai§uapplements to this

plan will be produced for the subsequent campaigns, describing only the variations from this
first baseline campaign.
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Figure 1-1: Location of the AACES transect (white) within the Murrumbidgee Catchment (blue) and the
Murray Darling Basin (red). Also shown aresomerelevant townsand cities

1.1 Overview

Internationally theréhas beensignificant anticipation for the launch of SMOS. Moreover,
there isconsiderableexpectation that SMOS will deliver soil moisture data globally on a
better than 3 day repeagcle with an error of less tharD.04m%m? for areas with vegetation
water content dss thandkg/m? and that thisinformation will translate into improved
numerical weather prediction skill, more accurate flood forecasting, bmstl practice
agriculturalmanagementto name a few. However, SMOS is a new generation technology
that is reatively untested, and is the first dedicated soil moisture mission-kand.
Consequentlyfield campaigns are essential to both validate the brightness temperature maps
and the derived soil moisture produptsvided by SMOS

The commissioning phase &MOS is scheduled to lasinly 6 months, after whichtthe

missionwi | | be considered fAoperational 0. Cons
extensive validation campaign be conducted during the-lg@osth commissioning.

Moreover, the firsB weels postlaunch are dedicatdd switching on and commissioning the



payload itself, so theptimaltime for a campaign isom week 9of the commissioning phase.
During thislater part of the commissionindat will be acquired all the timbut with dual

and full polarisation alternating week about (Wednesday to Wednesdad/with sky
calibrations conducteduring one orbit(over the ocean to minimise side lobg@er week
(every Wednesdayft the end of tB commissioningeriod a decision must be maagESA

to measure either dual or full polarisation data pmyth sky calibrations conducted
fortnightly.  Consequently, the optimal time for a SMOS validation campaign is
JanuarjFebruary201Q for an area of diverse soil moisture and land cover etc consliti
Being 2 months after launch also allows sufficient time to confirm SMOS orbit dependent
campaign parameters and to mobilise international collaboratish could not be
performed with certainty praunch

The first of the planned serie$ four AACES campaigns is able to meet these requirements
because aits location in the southern hemisphened thatthe campaigns designed to cover

a largetransect with significant variability inonditions. The campaignare planned teover

a 100kmx 500km (more than 20ndependenSMOS pixels) transect of the Murrumbidgee
catchment in its entirety atkim resolution using an-band radiometemith flights timed to
coincide with SMOS overpasses.The primary airborne instruments will include the
Polarimetic L-band Multibeam Radiometer (PLMRd)hermal infraredand multispectral
sensors, supported by surface soil moisture content, soil temperature and rainfall data from
the MurrumbidgedOzNet)monitoring network. This will be further complemented by short
term soil moisture and temperature monitoring stations with additional leaf wetness and
thermal infrared measurementatensive soil moisture observations with the Hydraprobe
Data Acquisition System (HDASand extensive vegetation characterisgtetranumber of

focus farms

Thefour separatenonthlong campaigns are planned to extend across a two year timeframe,
enabling the effects of seasonal variation in vegetation condition anddaadchange to be
assessed in addition to soil moistur€onsguently, issues related to snow cover, litter,
vegetation dynamics etc will be assessed in relation to soil moisture retrieval.

1.2 Obijectives

The AACES campaigns have a number of complimentary objectives that will allow for
validation of both SMOS and a sib moisture monitoring and prediction system called
MoistureMap, currently under development at the University of MelbouMeistureMap

will provide predictions of soil moisture at 1km resolution through utilisation of high
resolution land surface modell constrained by remote sensing data such as SMOS.
Specifically, these campaigns will allomlidation of

SMOS Level 1C brightness temperatureSGkm resolution

SMOS Level 2 soil moisture productss@km resolution

SMOS downscaled soil moisturet&m resolution

MoistureMapsoil moisture predictions at 1km resolution,

In-situ monitoring stations represation of soil moisture at 1km and 50krasolution
and

e Coupled MoistureMap MEB brightness temperature predictions at 1km resolution.

Consequetly, a novel cross validation strategy will be used to validate SMOS brightness
temperatures and derived soil moisture products, utilising a combination of long tsiton in
observations, high resolution model predictions, and airborne observatiofmad L Using

this comprehensive cross validation stratd@ygure 1-2), a number of compromising
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Figure 1-2: The cross validation strategy for SMOS.

assumptions can be avoidedcluding the accuracy of modedad representativeness of point
measurements, aircraft transeetsd/or sinte SMOS pixels.Moreover, these campaignsll

allow long term validation to be undertaken usingito observations and model predictions,
underpinned by extensive airborne and ground validation activites. A SMOS inter
comparison analysis using-gitu observations, model predictions and airborne data will be
undertaken in terms of both observed brightness temperatures at a range of incidence angles
and the derived soil moisture produdtventually SMOS data will be assimilated into the

land surfacemodel and its surface and rootzone soil moisture impact assessed using both
airborne and irsitu data.

1.3 General Approach

The AACES campaigns are planned to cover a lgvge of the Murrumbidgee River
catchment in entirety four times (one within each seas@iyen the approximately 50 km
sized SMOS pixels, the study transect has bal@ned with the SMOS fixed grid and
subdiviced intoten patches approximateh00 kmx 50 kmin size of which each will be
mapped within a single dajfFigure 1-3). The airborne observations will be undertaken at
approximately 3000 m (AGL) altitude to provide passive mi@ree dataand derived soill
moisture contentvith a 1 km spatial resolutionThe primary aircraftinstrument will be the
PLMR, used in acrossack configuration (pushbroom) toapthe surface with three viewing
angles (x7°, £21.5° and £38.5°) to each siflthe flight direction, achieving a swath width of
about 6 km.

Approximately4 weeksare required to map the study transect once with coincident SMOS
coverage.Moreover,approximately 40 5hoursof flight time is required to cover each patch
once, ncluding apartialrepeat pass of the first flight lirexd a partial overlap of the adjacent
patch Consequently, all flights will be conducted such that they are centred on tHed@m
overpass time of SMOSAII flights will be operated out of Naraedra airport, whilethe
ground crew will systematically make their way across the catdhsteeying at each dflay,
Yanco, Gundagai an¥assin turn. Intensive ground measurements are also scheduled to
coincide with SMOS overpass times closely as pracal. The core ground sampling
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Figure 1-3: AACES overview showng the location of the 10 flight patche (black rectangles) and circuit
flight (red) overlaying the SMOS pixels (circles), locations of coregfeenrectangles) and supplementary
(blue rectangles) focus farms, permandnin-situ monitoring locations (black squareg and in-situ
monitoring super sites purple circles), and the operation bases for ground and air crew within the
Murrumbidgee catchment. The dashedlack lines show the delineation of monitoring areas accordmto
ground crew operations base.

activities described hemill be further supplementeavith ground samplindpy colleagues at
CSIRO Landand WatelGriffith, and atthe Department of Natural Resources, Wagga Wagga.



2 Airborne Observing Systems

Airborne measurements will be made usmgmall single engineaircraft including the

Polarimetric Lband Multibeam Radiometer (PLMRhAttp://www.dmr.unimelb.edu.a)y

thermal infrared and multi-spectral sensinginstruments This infrastructure willallow

passive microwave (km), land surface skin temperature2@m and 1km) and vegetation
index (~1km)observations to be made across large areas.

The aircraft(Figure 2-1) can cary a typical science payloadf up to 250kg (120kg for
maximum rangevith cruising speed df50-27km/h andrangeof 9hrswith reserve (5hrs for
maximum payload) The aircraftceiling is 3000m or up to6000m with breathingoxygen
equipmentunderdaynight VFR or IFR conditions. The aircraft caasily accommodate two
crew; pilot/scientistplusscientist

Aircraft instruments are typically installed an underbelly podor in the wingtips Aircraft
navigation for science is undertaken usin@BS driven3-axis autopilot together with a
cockpit computer display that shows aircraft position relative to planned flight lines using the
OziExplorer software.The aircraftalsohasan OXTS (Oxford Technical Solutions) Inertial
plus GPSsystem {wo antennae on thfuselage) for position (georeferencing) and attitude
(pitch, roll and heading) interpretatiah the data When combined with measurements from

a base statigrthe RT3003Figure2-2) can give a positional accuracy of 2croll andpitch
accuracy of 0.03 and heading accuracy of 0.1Without a base station the positional
accuracy is degraded to about 1.&mvw.oxts.comn).

Figure 2-1: Experimental aircraft showing a wingtip installation in the left inset, and the cockpit with
cockpit computer display in theright inset.


http://www.plmr.unimelb.edu.au/
http://www.oxts.com/

Figure 2-2: The RT3003 OXTS Inertial + GPS system. Refer tasww.oxts.comfor more information.

2.1 Polarimetric L -band Multibeam Radiometer

The PLMR Figure 2-3) measures both V and H polarisations using a single receiver with
polarisation switchat incidence angles/i 7°, +i 21.5° and +/i 38.5° in either across track
(pushbroon or along track configurationsin the normal pushbroom configuratioretBdB
beamwidth is 17 along track and I4across trackesulting in an overall 90across track
field of view. The instrument has eefjuency of 1.413GHz and bandwidth of 24MHz, with
specified NEDT and accuracy better than 1K for an integration time of, Gahd 1K
repeatability over 4 hours. Weighs 46kgand has aizeof 91.5cm x 91.5cm x 17.25cm.

Fiaure 2-3: View of PLMR with the cover off.


http://www.oxts.com/

Figure 2-4: Thermal imager (left) without the 80° FOV lensattached and thermal infrared radiometers
(right).

2.2 Thermal Infrared

During flight there will be sixhermal infraredradiometergdogether with a thermal imager
(Figure2-4).

The thermal imager is a FLIRhermaCam S60 witkpectral range 7.5 to um, accuracy

+/i 2°C or +I 2% of reading and thermal sensitivity of 0.08°IChas ar80° x 60° FOV lens

with 1.3mrad IFOV resulting in approximately 20m data fran3000m flying height. The
thermal imager looks very similar to a digital video camera, with a weight of 2kg and size of
10cmx 12cm x 22cmwithout the 80 FOV lens fitted

The thermal infrared radiometesse the8.0 to 14..um Everest Interscience 38B0L (see
www.everestinterscience.corwith 15° FOV and 0G5V output ¢40°C to 100°C). The six
radiometers are installed at the same incidence angles as PLMR so as to give coincident
footprints with the PMR observations. Th@&ominal relationship betweewoltage ad
temperaturés given by the manufacturer &s= 1.42857 + (0.03571428*T)

2.3 Multi -Spectral

The multispectral measurements are made using an array BOM6Skye 4channel sensors
(Figure 2-5), each with 0-5V signal output Qttp://www.skyeinstruments.cojn When
installed hesesensorsare configured in a similar way to the Everest thermal infrared
radiometersKigure2-4), such that the six downward looking sensors have the same incidence
angle and footprints as fthe six PLMR beams. However, to correct for incident radiation,

Figure 2-5: Multi -spectral sensors; downward looking sensowithout the field of view collar attached
(left) and upward looking sen®r with cosine diffuser fitted (right).


http://www.everestinterscience.com/
http://www.skyeinstruments.com/

an upward looking sensor with cosimiffuser is also installed. Each sensor weighs
approximately 400g and has a size of 8.2c#h4cm withoutthe cosine diffuser or field of
view collar atached Two arrays of 4 channel sensors are installed, with the following
(matchedl spectral bands:

SensorVIS/NIR (SKR 1850A)
Channell. MODIS Band 1 6207 670nm
Channel 2 MODIS Band 2 8417 876nm
Channel 3 MODIS Band 3 45971 479nm
Channel 4 MODIS Band 4 5457 565nm

SensorSWIR (SKR 1870A)
Channel 1 MODIS Band6 16287 165Z21m

Channel 2 20261 20361m

Channel 3 MODIS Band7 21057 2155 1m

Channel 4 22061 22161m
2.4 Visible

A high resolution digitalSLR camera a digital video cameraand a Hall hyperspectral
cameraare available to the campai@ffigure2-6).

The digital camera is a Canon EQBs Mark IlIl that provides 21MegaPixel full frame
images. It has a 24m(23°) to 105mm 84°) variable zoom lens.

The digitalvideocamera is dVC GZ-HD5 with 1920x 1080 (2.1 MegaPixel) resolution and
10x optical zoom. Also available is a HBB600PRO58 wide angle conversion lens to provide
full swath coverage of PLMR.

The Pikall is a compact lowcost hyperspectral imaging spemeter manufactured by
Resonon, In¢seehttp://www.resonon.coin It acquires data between 400 nm and 900nm at a
spectral resolution of 2.1nmAcross track field of view is ~53dsingthe current Schneider
Cinegn 1.8/4.8mm compact lens, with 640 crtrsgk pixels. It weighs approximatelytkg

and has a size d0cm x 16.5cm x 7cm.

Because of the rlibw light conditions during the campaign flight timesly partial coverage
of the study areavould be acquired. Consequently it is not planteedollect visible data
from these instrumentiuring the campaigns

2.5 Other

Also available to the campaigns are a RIEGL L-RQ560 airborne laser scanner that
incorporates full waveform digitising of the return laser pulsesJs®ee.riegl.co.a}, and a
AisaDUAL 400 to 2500nm(Eagle/Hawke)hyperspectral scanner (seewvw.specim.f).

Figure 2-6: Canon EOS1DS Mark 3 (left), video camera (centre) and Pika Il (right).


http://www.resonon.com/
http://www.riegl.co.at/airborne_scannerss/lms_q560_/q560_all_.html
http://www.specim.fi/

However, because of the particular limitations in termsnakimum sensoflight altitude,
sensorfield of view, and lighting conditions, it is not practical to use these instruments
together with the PLMR in the context of the AACES campaighs.L-band SARwill also

be available to the campagby the end 02009, but due to potential RFI influences and
other logistical issues it is not planned to use this instrument in the first AACES campaign, at
least.

1C



3 Relevant S atellite Observing Systems

Satellite observing systemsef relevance for soil moisture remotensing ardisted below.

Two categoriesare distinguishedaccording to wetherthe sensooperaes in the microwave
or in the optical domainWhile passive and activenicrowave sensorare able toprovide
direct estimates of neaurface soil moistureoptical datacan beused in synergyor direct
soil moistureretrieval anddr dowrscaling

3.1 Microwave Sensors

3.1.1 Soil Moisture and Ocean Salinity (SMOS)

The SMOS(http://www.esa.int/esaLP/LPsmos.hjnsiatellte was launched on 2 November
2009, making it the first satellite toprovide continuous multiangular Lband (1.4 GHz)
radiometric measurements over tflebe. Over continental surfaseSMOS providse near
surface soil moisture data-&0km resolution wth a repeat cycle of-3 days.The payloads

a 2D interferometelyielding a range of incidence angles fromt6°55° at both V and H
polarisations, and a,d00km swath widthlts multi-incidence angle capability expected to
assist in determining ankdty data requirementich asregetation attenuationThis satellite

hasa 600am/pm equatooverpass timeg:00am local solar time aascendingiodg. Due to

the synthetic aperture approach of this satellite, brightness temperature observations will be
processed onto a fixed hexagonal grid vathapproximately 12km node separation. While
the actual footprint size will vary according to position in the swath, incidence angle, etc, it
will be approximately 42km diameter on average. The SMOS overpass for the
Murrumbidgee Catchmertave been determined frotne ESOV softwareand are provided

in Table 3-1. This information is critical for scheduling of coincident aircraft flights and
ground sampling.

Table 3-1: SMOS ascending (morning) overpass eerage for the Murrumbidgee Catchment. Dates are
in UTC (ie. local dates are +1 dayand calculations are for 17 November 2009 orbital parameters.

Patch

Date 72 73 [4 [5 |6 |7 [8 |9 [10
20101716 |6 |6 |6 |6 |0 |6 |8 |6 |o
2010/12 5 15
2010/1/3

2010/1/4] 6 |6 |6 |6 |6 |8 |6 |8 |6 [o
2010/1/5

2010/1/6| 6 |6 16 |6 |6 |8 |0

2010/1/7 5 16 |6 |6 |6
2010/1/8

2010/1/9]8 |6 |6 |8 |6 |5 |6 |8 |6 [o
2010/1/10

20101116 |6 16 |6 |6 |6

2010/1/12 5 16 |6 |6 |6 |5 |06
2010/1/13

2010/1/14| 6 |8 |6 16 16 |8 |6 |6 |5 |6
2010/1/15

2010/1/16| 6 |6 |6

2010/1/17 5 16 16 |6 |6 |8 |6 (8 |0
2010/1/18

2010/1/19| 6 |8 |6 16 16 |6 |6 |6 |5 |6
2010/1/20 5 15
2010/1/21 &
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http://aquarius.gsfc.nasa.gov/index.html
http://smap.jpl.nasa.gov/

resolution. Additionally, it will provide information dineezethaw state.SMAP will consist

of a combined radar and radiometer system operating at 1.26GHz (with VV, HH{\and
polarisations) and 1.41GHz (H, V and U polarisations), respectively. The radar and
radiometer of SMAP will share the aperture of a single femth and reflector, which will
rotate conically about the nadir axis to form a constant incidence angleheitutface of
39.3°. Radar acquisition will be at 1km resolution (and averaged to 3km) with coincident
40km radiometer measurements acrossO80km wide swath.Due to the peculiarities of
radar measurememnto high resolution radar data will be obtaineithin the 300km band of

the swath centred on the nadir tracRMAP is currently scheduled for launch in 20And
campaigns to develop SMAP retrieval algorithms are the focus of a separate project where
coincident airborne active and passive measureneifitbe made. However, carriage of an
L-band radar together with PLMR is under consideration for the later AACES camaigns
synergies with SMAP campaigns will be leveraged where practical

3.1.4 Advanced Microwave Scanning Radiometer for EOS (AMSR-E)

The AMSR-E (http://www.ghcc.msfc.nasa.gov/AMSRAKensoris a passive microwave
radiometemperating at 6 frequencies ranging fror825 to 89.0GHz Both horizontally and
vertically polarized radiation aregasured at each frequeneith an incidence angle &5°.
The ground spatial resolution at nadir is 75km5km for the 6.25GHz channel (éband).
The AMSRE is one of six sensors onboahdiua, which was launckd in 2002 It has a
1:30am/pm equator cremg orbit with 12 day repeat coverag&everakurface soil moisture
product areavailable globally AMSR-E brightness temperatuiatacan be downloaded
free of chargefrom the NSIDC web site (http://nsidc.org/data/amsre/order.hjndr other
Distributed Active Archive Centé (DAACO)s While the current AMSR sensor continues to
outlive its expected lifetime, a follown mission is planned by JAXA for the near future.
AMSR-E coverage for the Mwmbidgee Catchmerduring the first AACES campaigis
summarised iTable3-2.

Table 3-2: AMSR-E overpass coverage for the Murrumbidgee Catchment. Times are in UTC and
calculations ae for 6 November 2009 orbital parameters. Shows patches as partly covere@ or fully
coveredo.

. . Patch
Date Start Time| Duration(s) 1 > 3 7 5 6 7 8 9 10
2010/1/1 3:58:32 234| 0 o] o] o] o] o] o] o] o] o]
2010/1/2| 15:01:10 210 3 3 o] o] o] o] o] o] o]
2010/1/2 4:4159 189| o o] o] o] o] o] 3
2010/1/2| 15:43:48 224| o o] o] o] o] o] o] o] o] o]
2010/1/3 3:46:26 208 3 o] o] o] o] o] o] o]
2010/1/3| 14:49:28 153 3 3 o] o]
2010/1/4 4:29:26 226| 0 o] o] o] o] o] o] o] o] o]
2010/1/4| 15:31:29 230| o o] o] o] o] o] o] o] o] o]
2010/1/5 3:34:42 141 3 o] o]
2010/1/6 4:16:53 246 | O o] o] o] o] o] o] o] o] o]
2010/1/6| 15:19:11 231| o o] o] o] o] o] o] o] o] o]
2010/1/7| 16:02:38 149 | o o] 3 3
2010/1/8 4:04:29 242 | o o] o] o] o] o] o] o] o] o]
2010/1/8| 15:06:59 224| o o] o] o] o] o] o] o] o] o]
2010/1/9 4:48:13 152| o o] o] 3
20101/9 | 15:49:53 210| o o] o] o] o] o] o] 3 3
2010/1/10 3:52:16 224| o o] o] o] o] o] o] o] o] o]
2010/1/10| 14:55:04 189 3 3 o} o} o] o} o]
2010/1/11 4:35:31 211| o o] o} o} o] o} o} o] 3 3
2010/1/11| 15:37:27 229| o o] o} o} o] o} o} o] o} o]
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2010/1/12 3:40:19 183 3 | 0| 0 0 0 0
2010/1/2 | 14:43:42 95 E 3
2010/1/13 4:22:59 238| © 0 |0 | 0O 0 |06 | 0O 0 0 0
2010/1/13] 15:25:10 230| © 0 |0 | 0O 0 |06 | 0O 0 0 0
2010/1/14 3:29:10 36 3
2010/1/14| 16:09:11 70| 3
2010/1/15 4:10:29 247 | 0O 0 |0 | 0 0 |0 | 0O 0 0 0
2010/1/15| 15:12:53 230| © 0 |0 | 0O 0 |0 | 0O 0 0 0
2010/1/16 4:54:42 80| 3z
2010/1/16| 15:56:01 187| © 0 |0 | 0O 0 | 3
2010/1/17 3:58:10 235| © 0 |0 | 0O 0 |0 | 0O 0 0 0
2010/1/17| 15:00:48 211 3 3|60 0 |0 | 0O 0 0 0
2010/1/18 4:41:39 187| © 0 |0 | 0O 0 | 0 | 3
2010/1/18| 15:43:27 224| © 0 |0 | 0 0 |0 | 0O 0 0 0
2010/1/19 3:46:04 209 3 0 | O 0 |0 | O 0 0 0
2010/1/19| 14:49:05 155 3 3 0 0
2010/1/20 4:29:04 227| © 0 |0 | 0O 0 |0 | O 0 0 0
2010/1/20| 15:31:08 229| © 0 |0 | O 0 |0 | O 0 0 0
2010/1/21 3:34:20 143 3 0 0
2010/1/22 4:16:32 246 | O 0 |0 | 0O 0 |0 | O 0 0 0
2010/1/22| 15:18:49 231| © 0 |0 | 0O 0 |0 | O 0 0 0
2010/1/23| 16:02:17 148 | © 0 | 2| 3
2010/1/24 4:04:07 243| 0 0 |0 | 0 0 |0 | O 0 0 0
2010/1/24| 15:06:37 225| © 0 |0 | 0 0 |0 | O 0 0 0
2010/1/25 4:47:52 151| © 0 | 0| 3
2010/1/25| 15:49:31 210| © 0 0 0 0 0 0 3 3
2010/1/26 3:51:55 224| 6 0 |0 | 0 0 |0 | O 0 0 0
2010/1/26| 14:54:42 189 3 3 0 | O 0 0 0
2010/1/27 4:35:10 210| © 0 |0 | O 0 |0 | O 0 | 3
2010/1/27| 15:37:05 230| © 0 |0 | O 0 |0 | O 0 0 0
2010/1/28 3:39:57 185 3 0 | O 0 0 0
2010/1/28| 14:43:19 98 3 3
2010/1/29 4:22:38 237| © 0 | 06| 0 0 |0 | O 0 0 0
2010/1/29| 15:24:48 230| © 0 |0 | O 0 |0 | O 0 0 0
2010/1/30 3:28:45 48 3
2010/1/30] 16:08:52 65| 3
2010/1/31 4:10:07 248 | 0 0 | 06| 0 0 |0 | O 0 0 0
2010/1/31| 15:12:31 230| © 0 |0 | O 0 |0 | O 0 0 0
2010/2/1 4:54:23 75| 3
2010/2/1| 15:%:39 187| © 0 |0 | O 0 | 3
2010/2/2 3:57:49 235] © 0 |0 | 0O 0 |0 | 0O 0 0 0
2010/2/2| 15:00:26 212 3 6 |0 0 |0 | 0O 0 0 0
2010/2/3 4:41:18 187| © 0 |06 | 0 0 | 0| 3
2010/2/3| 15:43:05 224| © 0 |06 | 0 0 |0 | 0O 0 0 0
2010/2/4 3:45:43 209 3 0 | 0 0 |0 | 0O 0 0 0
2010/2/4| 14:48:43 156 3 0 0 0
2010/2/5 4:28:43 226| © 0 |06 | 0 0 |0 | 0O 0 0 0
2010/2/5| 15:30:46 230| © 0 |0 | 0O 0 |0 | 0O 0 0 0
2010/2/6 3:33:57 146 3 0 0
2010/2/7 4:16:11 245| 0 0 |06 | 0 0 |0 | 0O 0 0 0
2010/2/7| 15:18:28 231] © 0 |06 | 0 0 |0 | 0O 0 0 0
2010/2/8| 16:01:56 146 | O 0 3 3
2010/2/9 4:03:46 243] © 0 |0 | 0O 0 |0 | 0O 0 0 0
2010/2/9| 15:06:16 224| © 0 |06 | 0 0 |0 | 0O 0 0 0
2010/2/10 4:47:32 149| © 0 | 6| 3
2010/2/10| 15:49:10 209| © 0 0 0 0 0 0 3 3
2010/2/11 3:51:33 225| 0 0 |0 | 0O 0 |0 | 0O 0 0 0
2010/2/11| 14:54:19 191 3 3 0 0 0 0 0
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2010/212 4:34:49 210| O o] 0 0 o] 0 0 o] 3
2010/2/12| 15:36:44 229 0O 0 0 0 0 0 0 0 0 0
2010/2/13 3:39:35 186 3|06 |06 |06 |0 |0
2010/2/13| 14:42:56 100 3 2
2010/2/14 4:22:17 237| O 0 0 0 0 0 0 0 0 0
2010/2/14| 15:24:26 230| © 0 0 0 0 0 0 0 0 0
2010/2/15 3:2820 56 3
2010/2/15| 16:08:32 61| 3
2010/2/16| 4:09:46 248/ 6 | 6 | 6 | 6 | 6 | 6| 6 | 06|06 | 0O
2010/2/16| 15:12:09 230| 6 | 6 | 6 | 06 | 6| 6|06 | 06|06 |0
2010/2/17 4:54:04 70| 3
2010/2/17| 15:55:18 185/ 6 | 6 | 6 | 6 | 6 | 3
2010/2/18 3:57:28 234/ 6 | 6 | 6 | 6 | 6 | 06|06 | 06|06 |0
2010/2/18| 15:00:04 212 3|/ 06|06 |06]|06 |06 |06 ]|]06]|60o
2010/2/19 4:.40:57 186 | O 0 0 0 0 0 3
2010/2/19| 15:42:44 223/ 6 | 6 | 6 | 6 | 6 | 6|06 | 06| 0|0
2010/2/20 3:45:21 210 3 0 0 0 0 0 0 0 0
2010/2/20| 14:48:20 158 3 0 0 0
2010/2/21 4:28:22 226| 6 | 6 | 6 | 6 | 6 | 6|6 | 06| 0|0
2010/221 | 15:30:24 230| 6 | 6 | 6 | 6 | 6 | 6|06 |06 |0 |0
2010/2/22 3:33:35 147 3 0 0
2010/2/23 4:15:50 245| 0O 0 0 0 0 0 0 0 0 0
2010/2/23| 15:18:06 231/ 6 | 6 | 6 |6 | 6| 06|06 | 06|06 |0
2010/2/24| 16:01:35 144 6 |6 | 3 | 3
2010/2/25|  4:03:25 243/ 6 | 6 | 6 | 6 | 6 | 6| 6 | 06| 0| O
2010/2/25| 15:0554 225/ 6 | 6 | 6 | 6 | 6 | 06| 6 | 06| 0|0
2010/2/26 4:47:11 147| o o] 0 3
2010/2/26| 15:48:48 209| © 0 0 0 0 0 0 3 3
2010/2/27 3:51:11 226| 6 | 6 | 6 | 6 | 6 | 6|6 | 06| 0| O
2010/2/27| 14:53:57 192 z |z | 6|06 |06 066
2010/2/28|  4:34:28 209 6 | 6 | 6 | 6 | 6 | 06|06 |0 | 3
2010/2/28| 15:36:22 29| 6 |6 | 6| 6| 6| 06|06 | 06|06 |0
3.1.5 WindSat

WindSat Http://www.nrl.navy.mil/WindSa}/ is a multifrequency polarimetric microwave
radiometer withsimilar frequencies to the AMSR sensor with the addition of full
polarisation for 10.7, 18.7 and 37.0GHzannelsand the lack of an 89.0GHz channel
Developed by the Naval Research Laboratory, it is one of the two primary instruments on the
Coriolis satellite launched on 6 January 2008indSat is continuing to outliviés three year
design life, with data free of chardge scientistsfrom http://www.cpi.com/twiki/bin/view/
WindSat/WebHome WindSat coverage for the Murrumbidgee Catchment during the firs
AACES campaign is summarisedTiable3-3.

Table 3-3: WindSat overpass coverage for the Murrumbidgee CatchmentTimes are in UTC and
calculations are for 6 November 2009 orbital parameers. Shows patches as partly covere@ or fully
coveredd.

Start . Patch

Date Time | PUONS) 1513 T2 5 |6 |7 |8 |9 |10
2010/1/1| 8:53:14 154 6 |6 |66 ]06 ]3| 3

2010/1/1| 20:13:37 100| o 3

2010/1/2| 8:35:14 186| © 0 0 0 0 0 0 0 0 0
2010/1/2| 19:55:29 170| © 0 0 0 0 0 0 0 3 3
2010/1/3| 8:17:8 173 3 0 0 0 0 0 0 0 0
2010/1/3| 19:37:49 172| o 0 0 0 0 0 0 0 0 0
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2010/1/4| 8:00:32 88 3 0
2010/1/4| 19:20:23 153 3 3 0 0 0 0
2010/1/6| 9:06:20 47| 3
2010/1/7| 8:47:50 169| © 0 0 0 0 0 0 0 3
2010/1/7| 20:08:03 137| © 0 0 3 3
20101/8 | 8:29:50 188| © 0 0 0 0 0 0 0 0 0
2010/1/8| 19:50:10 171| © 0 0 0 0 0 0 0 0 0
2010/1/9| 8:12:16 162 3 0 0 0 0 0 0
2010/1/9| 19:32:31 171| © 0 0 0 0 0 0 0 0 0
2010/1/10| 19:15:19 131 3 3 0 0
2010/1/12| 9:00:35 116| © 0 3
2010/1/13| 8:42:28 178 | © 0 0 0 0 0 0 0 0 0
2010/1/13| 20:02:37 157| © 0 0 0 0 3 3
2010/1/14| 8:24:31 184| o 0 0 0 0 0 0 0 0 0
2010/1/14| 19:44:53 171| © 0 0 0 0 0 0 0 0 0
2010/1/15| 8:07:09 144 3 0 0 0 0
2010/1/15| 19:27:16 169 3 0 0 0 0 0 0 0 0
2010/1/16| 19:10:27 90 3 0
2010/1/18| 8:55:07 145| © 0 0 0 3 3
2010/1/18| 20:15:35 71| 3 3
2010/1/19| 8:37:06 184| 6 0 0 0 0 0 0 0 0 0
2010/1/19| 19:57:15 168 | © 0 0 0 0 0 0 3 3
2010/1/20| 8:19:17 176 | 3 0 0 0 0 0 0 0 0 0
2010/1/20| 19:39:35 172| 6 0 0 0 0 0 0 0 0 0
2010/1/21| 8:02:10 112 3 0 0
2010/1/21| 19:22:05 160 3 3 0 0 0 0 0
2010/1/24| 8:49:45 162| © 0 0 0 0 0 0 3
2010/1/24| 20:09:56 124| 6 0 3 3
2010/1/25| 8:31:44 188| © 0 0 0 0 0 0 0 0 0
2010/1/25| 19:51:58 172| © 0 0 0 0 0 0 0 0 3
2010/1/26| 8:14:05 168 3 0 0 0 0 0 0 0
2010/1/26| 19:34:19 172| © 0 0 0 0 0 0 0 0 0
2010/1/27| 19:17:01 142 2| z]06 |06 06
2010/1/29| 9:02:37 95| 0O 3
2010/1/30| 8:44:24 174| © 0 0 0 0 0 0 0 0 3
2010/1/30 20:04:30 150| © 0 0 0 3 3
2010/1/31| 8:26:26 186| © 0 0 0 0 0 0 0 0 0
2010/1/31| 19:46:43 172| © 0 0 0 0 0 0 0 0 0
2010/2/1| 8:08:58 153 3 0 0 0 0 0
2010/2/1| 19:29:05 172 | 3 3 0 0 0 0 0 0 0 0
2010/2/2| 19:12:05 112 3 3 0
2010/2/4| 8:57:06 135| © 0 0 3 3
2010/2/4| 20:17:53 17| 3
2010/25 8:39:04 182| © 0 0 0 0 0 0 0 0 0
2010/2/5| 19:59:09 165| O o] o] o] 0 0 3 3
2010/2/6| 8:21:12 179| © 0 0 0 0 0 0 0 0 0
2010/2/6| 19:41:29 172| © 0 0 0 0 0 0 0 0 0
2010/2/7| 8:03:57 129 3 0 0 0
2010/2/7| 19:23:55 166 3 3 0 0 0 0 0 0
2010/2/8| 19:07:24 55 3
2010/2/10| 8:51:44 156| © 0 0 0 0 0 3
2010/2/10| 20:11:59 106 | © 3 3
2010/2/11| 8:33:44 187| © 0 0 0 0 0 0 0 0 0
2010/2/11| 19:53:53 171 © 0 0 0 0 0 0 0 3 3
2010/2/12| 8:16:00 173 3 0 0 0 0 0 0 0 0
2010/2/12| 19:36:14 173| 0o 0 0 0 0 0 0 0 0 0
2010/2/13| 7:59:08 81 3
2010/2/13| 19:18:51 152 3 3 0 0 0
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2010/2/15| 9:04:50 59| 3

2010/2/16| 8:46:25 169| 0O 0 0 0 0 0 0 0 3
2010/2/16| 20:06:31 140| o 0 0 3 3

2010/2/17| 8:28:25 188| 0o 0 0 0 0 0 0 0 0 0
2010/2/17| 19:48:D 172 & 0 0 0 0 0 0 0 0 0
2010/2/18| 8:10:53 161 3 0 0 0 0 0 0
2010/2/18| 19:31:02 172| 3 0 0 0 0 0 0 0 0 0
2010/2/19| 19:13:53 129 3 3 0 0
2010/2/21| 8:59:12 119| 0o 0 3

2010/2/22| 8:41:06 179| o 0 0 0 0 0 0 0 0 0
2010/2/22| 20:01:11 159| & 0 0 0 0 3 3

2010/2/23| 8:23:11 182| & 0 0 0 0 0 0 0 0 0
2010/2/23| 19:43:29 172 & 0 0 0 0 0 0 0 0 0
2010/2/24| 8:05:50 142 3 0 0 0 0
2010/2/24| 19:25:53 170 3 3 0 0 0 0 0 0 0
2010/2/25| 19:09:08 86 3 3
2010/2/27| 8:53:48 147| O 0 0 0 0 3

2010/2/27| 20:14:12 77| 3 3

2010/2/28| 8:35:48 184| & 0 0 0 0 0 0 0 0 0
2010/2/28| 19:55:56 169 | © 0 0 0 0 0 0 3 3

3.1.6 Advanced SCATterometer (ASCAT)

The ASCAT fttp://www.esa.int/esaME/ascat.hypdperating at Gband provides continuity

to the ERSL and ER& scatterometersThe ASCAT is onboard theéMetop satellite, which

was launchedhto a sun synchronous orlaib 19 October 2006 and has been operational since
May 2007. ASCAT operates at a fregag of 5.255GHz in vertical polarizationits use of

six antennas allows the simultaneous coverage of two swaths on either side of the satellite
ground trackallowing for much greater coverage then its predeces$ioiakes about 2 days

to map the ente globe. A 50km resolution soil moisture product is now operational from
ASCAT, available from EUMETSAT ASCAT coverage for the Murrumbidgee Catchment is
summarised iTable3-4.

Table 3-4: ASCAT overpass overage for the Murrumbidgee Catchment. Times are in UTC and
calculations are for 6 November2009 orbital parameters. Shows patches as partly covereg@ or fully
coveredo.

Start . Patch
Date Time | PUaioNS) 71573 74 [5 |6 [7 |8 |9 |10
2010/1/2| 12:19:28 100| © 0 0 0 0 3
2010/1/2| 23:38:06 78| 0O 3 3
2010/1/3| 11:58:21 105 3 0 0 0 0 0 0
2010/1/3| 23:17:14 99| 3 0 0 0 0 0 0 0 0 0
2010/1/4| 22:56:52 66 3 3
2010/1/7| 12:16:05 105| © 0 0 0 0 0 3
2010/1/7| 23:34:43 90| o 0 0 3
2010/1/8| 11:55:03 102 3 0 0 0 0
2010/1/8| 23:13:55 100 3 3 0 0 0 0 0 0 0
2010/1/9| 22:53:55 30 3
2010/1/12| 12:12:43 109| © 0 0 0 0 0 0 0 3
2010/1/2 | 23:31:22 98| 0O 0 0 0 3
2010/1/13| 11:51:48 96 s | 6|6 | o
2010/1/13| 23:10:37 100 3 3 0 0 0 0 0 0
2010/1/16| 12:30:46 37| 3
2010/1/17| 12:09:23 108| © o] 0 0 o] 0 0 o] o] 3
2010/1/17| 23:28:05 99| o 0 0 0 0 3 3
2010/1/18| 11:48:37 84 3 o] o]
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2010/1/18| 23:07:21 100 3 0 0 0 0 0
2010/1/21| 12:27:14 74| 0O 3
2010/1/22| 12:06:04 107| © 0 0 0 0 0 0 0 0 0
2010/1/22| 23:24:49 99| o 0 0 0 0 0 3 3
2010/1/23| 11:45:32 63 E
2010/1/23| 23:04:07 98 3 0 0 0 0
2010/1/26| 12:23:3 88| O 0 0 3
2010/1/26| 23:42:48 21| 3
2010/1/27| 12:02:43 109 3 0 0 0 0 0 0 0 0
2010/1/27| 23:21:34 100| © 0 0 0 0 0 0 0 3
2010/1/28| 23:00:56 91 3 3 0 0
2010/1/31| 12:20:34 97| © 0 0 0 3
2010/1/31| 23:39:15 66| 3 3
2010/21 | 11:59:26 108 3 0 0 0 0 0 0 0
2010/2/1| 23:18:19 100| © 0 0 0 0 0 0 0 0 3
2010/2/2| 22:57:50 78 3 3 0
2010/2/5| 12:17:16 103| © 0 0 0 0 3 3
2010/2/5| 23:35:55 84| O 0 3
2010/2/6| 11:56:13 104 3 0 0 0 0 0
2010/2/6| 23:15:05 100| 3 3 0 0 0 0 0 0 0 0
2010/2/7| 22:54:53 54 3 3
2010/2/10| 12:13:59 107| © 0 0 0 0 0 0 3
2010/2/10| 23:32:38 94| © 0 0 3 3
2010/2/11| 11:53:01 100 3 0 0 0 0
2010/2/11| 23:11:52 100 3 3 0 0 0 0 0 0 0
2010/2/15| 12:10:43 109| © 0 0 0 0 0 0 0 3
2010/2/15| 23:29:23 99| o 0 0 0 3 3
2010/2/16| 11:49:52 92 3 0 0 0
2010/2/16| 23:08:39 100 3 0 0 0 0 0 0
2010/2/19| 12:28:44 55| 3
2010/2/20| 12:07:29 108| © 0 0 0 0 0 0 0 0 3
2010/2/20| 23:26:12 99| o 0 0 0 0 0 3
2010/2/21| 11:46:48 78 3 0
2010/2/21| 23:05:30 99 3 3 0 0 0 0
2010/2/24| 12:25:23 79| © 0 3
2010/2/25| 12:04:14 108| 3z 0 0 0 0 0 0 0 0 0
2010/2/25| 23:23:01 100| © 0 0 0 0 0 0 3
2010/2/26| 11:43:51 52 E
2010/2/26| 23:02:21 97 3 3 0 0 0

3.1.7 Phased Array type L-band Synthetic Aperture Radar (PALSAR)

The PALSAR (http://www.eorc.jaxa.jp/ALOS/about/palsar.htnis an active microwave
sensoraboard the Advance Land Observing SatellaeOS, www.nasda.go.jp/projects/sat/
alos/index_e.htm)l The sensor operates aband with HH and VV polarisation (HV and VH
polarisations are optional)lhe sensois beam steerable in elevati and he ScanSAR mode,
which allows obtaining wider swath than conventional SARSLOS waslaunched in 2004
into asunsynchronous orbiat the altitude of 700km, providing a spatial resolution of 20m
for the fine resolution mode (swath width of 70kamd 100m for the ScanSAR mode (swath
width of 360km). The repeat cycle4$é daysand the local time at descending node is about
10:30am. PALSAR coverage for the Murrumbidgee Catchment is summariSedblen3-5
andTable3-6 for 20m and 100m resolution products respectively.
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Table 3-5: PALSAR overpass coverage for the Murumbidgee Catchment 20m resolution product
Times are in UTC and calculations are for6 November2009 orbital parameters. Shows patches as partly
covered3 or fully covered 0.

Start . Patch
Date Time | Purations) =—>—T3"T2 5 |6 [7 |8 |9 |10
2010/1/3| 0:30:39 %] 3 | 3 | 3
2010/1/4| 13:12:32 28 3 | 3
2010/1/5| 0:13:35 25 3 | 3
2010/1/6| 12:55:12 25 3
2010/1/9| 13:18:55 24| 3
2010/110 | 0:19:50 26 3 | 3 | 3
2010/1/11| 13:01:31 27 3 |5 | 3
2010/1/15| 0:26:05 24 s | 3
2010/1/16| 13:07:52 27 3 | 3
2010/1/17| 0:09:01 25 3 | 3
2010/1/20 0:32:17 26| 3 | 3
2010/1/21| 13:14:13 28 3 | 3
2010/1/22| 0:15:13 26 s | 3 | 3
2010/1/23| 12:56:49 29 3 | 3
2010/1/27|  0:21:27 25 3 | 3 | 3
2010/1/28| 13:03:09 27 s | 3
2010/2/1| 0:27:39 25 s | 3 | 3
2010/2/2| 13:09:28 28 3 | 3
2010/2/3|  0:10:35 23 3 | 3
2010/2/6] 0:33:53 3] 3
2010/2/7 | 13:15:49 271 3 | 3
2010/2/8|  0:16:45 27 s | 3 | 3
2010/2/9| 12:58:23 29 3 5| 3
2010/2/13| 0:22:58 24 3 | 3
2010/2/14| 13:04:41 28 3 | 3
2010/2/15| 0:06:06 9 3
2010/2/18|  0:29:07 271 3 | 3 | 3
2010/2/19] 13:11:00 28 s | 3
2010/2/20]  0:12:01 27 3 | 3| 3
2010/2/21| 12:53:39 24 3
2010/2/24| 13:17:18 25| 3
2010/2/25|  0:18:13 25 3 | 3 | 3
2010/2/26| 12:59:52 28 3 | 3

Table 3-6: PALSAR overpass coverage for the Murrumbidgee Catchment; 100m resolution product.
Times are in UTC and calculations are for6 November2009 orbital parameters. Shows patches as partly
covered3 or fully covered 6.

Start . Patch
Date Time | Puralion(s) =573 72 75 |6 [7 |8 |9 |10
2010/1/1| 12:48:49 43 3
2010/1/3|  0:30:17 69] 5 | 5 |5 |5 | 3
2010/1/4| 13:12:09 750 5 | 5 | 5 | 5] 06 |5 | 3
2010/1/5| 0:13:13 69 3 | 3] 06|55 5
2010/1/6| 12:54:51 70 3 | 6] 05 |0
2010/1/8|  0:36:36 59| 5 | 3 | 3
2010/1/9| 13:18:31 70| 5 | 6 | 6 | 3
2010/1/10]  0:19:28 69 s |3 | 606|065 ]0 ] 3
2010/1/11| 13:01:07 75 3 | 5] 06|56 |5
2010/1/12|  0:02:40 47 3 | 3
2010/1/14| 13:24:57 44| 3
2010/1/15| 0:25:43 68| 6 | 5 |5 | 5|5 |5 | 3
2010/1/16| 13:07:28 76 3 | 6066|0560 ] 3
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2010/1/17| 0:08:39 69 3 0 0 0
2010/1/18| 12:50:21 57 3 0
2010/1/20] 0:31:56 69| O 0 0 3
2010/1/21| 13:13:50 74| O 0 0 0 0 3
2010/1/22| 0:14:51 69 3 3 0 0 0 0 0
2010/1/23| 12:56:28 73 3 0 0 0 0
2010/1/25| 0:38:16 49| z 3
2010/1/26| 13:20:11 65| O 0 3
2010/1/27| 0:21:05 69 3 0 0 0 0 0 3 3
2010/1/28| 13:02:46 74 3 0 0 0 0 0 0
2010/1/29| 0:04:07 59 3 0
2010/2/1| 0:27:17 69| O 0 0 0 0 3
2010/2/2| 13:09:06 74| 3 0 0 0 0 0 0 3
2010/2/3| 0:10:12 69 3 3 0 0 0
2010/2/4| 12:5151 65 3 0 0
2010/2/6| 0:33:30 66| O 0 3 3
2010/2/7| 13:15:25 72| 0O 0 0 0 3
2010/2/8| 0:16:24 70 3 3 0 0 0 0 0 3
2010/2/9| 12:58:00 75 3 0 0 0 0
2010/2/9| 23:59:50 22 3
2010/2/11| 0:39:55 26| 3
2010/2/12| 13:21:44 59| 0O 3
2010/2/13| 0:22:36 69| 2 0 0 0 0 0 3 3
2010/2/14| 13:04:19 74 3 0 0 0 0 0 0 3
2010/2/15| 0:05:33 65 3 0 0
2010/2/16| 12:47:22 39 3
2010/2/18| 0:28:46 69| O 0 0 0 3
2010/2/19| 13:10:36 75| 0 0 0 0 0 0 3
2010/2/20| 0:11:0 69 3 3 0 0 0 0
2010/2/21| 12:53:17 70 3 0 0 0
2010/2/23| 0:34:59 62| O 3 3
2010/2/24| 13:16:54 70| O 0 0 3
2010/2/25| 0:17:51 69 3 0 0 0 0 0 3 3
2010/2/26| 12:59:28 75 3 0 0 0 0 0
2010/2/27| 0:01:03 43 3 3

3.1.8 Advanced Synthetic Aperture Radar (ASAR)

The ASAR fttp://envisat.esa.int/instruments/aydristrument is operating at-kand and
provides both continuity to the ERIS and ERS mission SARs and next geneoati
capabilities in terms otoverage, range ohcidence angles, polarisation, and modes of
operation The resulting improvements in image and wave mode beam elevation steerage
allow the selection of different swaths, prowigiswath coverage more thanOith wide

using ScanSAR techniquesscanSAR is a Synthetic Aperture Radar (SAR) technique that
combines larg@area coverage and short revisit periodth a degraded spatial resolution
compared to conventional SAR imaging modesSAR can provide a rangef incidence
angles ranging from 15° to 45° and can operate in alternating polarisation mode, providing
two polarisation combinations (VV and HH, HH and HV, or VV and VH)he ASAR is
onboard the En@at satellite, which was launched into a sun synchromobg in March

2002. The exact repeat cycle for a specific scene and sensor configuration is 3A3Jalgs.
coverage for the Murrumbidgee Catchment is summarisédbie3-7.
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Table 3-7: ASAR overpass cwoerage for the Murrumbidgee Catchment. Times are in UTC and
calculations are for 6 November 2009 orbital parameters. Shows patches as partly covere@ or fully
coveredd.

Start . Patch
Date Time | Puration(s) m——T>—73 T2 5 |6 |7 |8 |9 |10
2010/1/3| 12:36:33 83| 3 | 6 |6 6|06 56|66 3
2010/1/3| 23:50:13 76| 3 | 6 | 6 |06 ] 06 6|06 | 3| 3
2010/1/6| 12:42:19 84 6 | 5 |6 06|06 |06 | 3
2010/1/6| 23:55:53 76| 0 | 6 | 6 | 6| 0 | 3
2010/1/9| 12:4807 7716 | 6 | 6 | 3
2010/1/10] 0:01:34 73] 6 | 6 | 3 | 3
2010/1/10] 12:16:43 a1 3
2010/1/10| 23:30:24 61 3 | 5
2010/1/12| 12:53:56 57] 6 | 3
2010/1/13| 0:07:24 45| 3
2010/1/13| 12:22:06 74 3 | 6] o
2010/1/13| 23:35:54 76 31600
2010/1/16| 12:27:44 83 3160606606
2010/1/16| 23:41:33 76 3 |3 |06 066|060
2010/1/19| 12:33:31 82 3106065160606 3
2010/1/19| 23:47:13 77 6] 060610606063 3
2010/1/22| 12:39:17 841 6 | 6 |6 06|06 05|06 3
2010/1/22| 23:52:53 7716 | 5 |6 106 |6 |06 | 3
2010/1/25| 12:45:04 80| 6 | 5 |6 |06 3 | 3
2010/1/25| 23:58:33 76| 6 | 6 | 6 | 3 | 3
2010/1/26] 23:27:39 40 3
2010/1/28| 12:50:51 69| 6 | & | 3
2010/1/29] 0:04:18 63| 0 | 3 | 3
2010/1/29] 12:19:11 65 3 | 6
2010/1/29| 23:3257 72 EERERE
20102/1 | 12:24:45 80 s 6] 06|06 |5
2010/2/1] 23:38:33 76 3 30606606
2010/2/4| 12:30:27 84 3 6] 0606|6060
2010/2/4| 23:44:13 77 310606 51060656 3
2010/2/7| 12:36:14 84 3 |5 |6 06|06 05|60 3
2010/2/7| 23:49:54 76| 3 | 5 | 6 | 6] 06 |6 |06 | 3
2010/2/10| 12:42:01 83| 6 | 6 |6 06|65 | 3
2010/2/10| 23:55:33 76| 6 | 6 | 6 | 06| 3 | 3
2010/2/13| 12:47:48 76| 6 | 6 | 6 | 3
2010/2/14| 0:01:.14 73] 6 | 6 | 3 | 3
2010/2/14| 12:16:20 48 3
2010/2/14| 23:30:02 64 z | 3 | 6
2010/2/16| 12:53:38 53] 3 | 3
2010/2/17| 0:07:06 37| 3
2010/2/17| 12:21:46 76 3 106 |60
2010/2/17| 23:35:34 76 EEREEERE
2010/2/20| 12:27:25 83 3 660|060
2010/2/20| 23:41:12 77 3 606|605 |0
2010/2/23| 12:33:12 82 3 | 506|066 06|06 6| 3
2010/2/23| 23:46:53 76] 3 | 2 | 6 | 6 | 6|06 |6 |0 | 3
2010/2/26] 12:38:58 83 6 | 6 | 5 |06 060|063
2010/2/26] 23:52:33 76] 6 | 6 | 6 | 6 | 6 | o | 3
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3.2 Optical S ensors

3.2.1 MODerate resolution Imaging Spectroradiometer (MODIS)

TheMODIS (http://modis.gsfc.nasa.gpinstruments a highly sensitie radiometer operating

in 36 spectral bands ranging frodum to 14.4m. Two bands are imageat a nominal
resolution of 25 a nadir, five bands at 508, and the remaining 29 bands &l MODIS

is operatingonboard Terra and AquaTerrawas launche in December 1998nd Aqua in
May 2002 A #55° scanning pattern af05km altitude achieves a ,33kkm swaththat
provides global coverage every one to two dapsjua has a 1:30am/pm equator crossing
time while Terra has a 10:30am/pm equator crgssime meaning that MODIS datas i
typically available on a daily basisMODIS data are free of charge and can be accessed
onlineat http://l[pdaac.usgs.gov/main.asp

In general, the range of surface temperat@ees is dependent on the time of acquisjtion
and is greater for AquaThe downscaling approaches based on optical data requires a strong
couplingbetween surface temperature and surface soil mojstdnieh commonly occurs in
areas where surface evagtion is not energy limited and when solar radiation is relatively
high (usually between 1lam and 3pm)herefore MODIS on Aqua (1:30pm) is more
relevant than MODIS on Terra for downscaling purposeglODIS coverage for the
Murrumbidgee Catchment is sumnsad inTable3-8 for Aqua andlable3-9 for Terra.

Table 3-8: MODIS Aqua overpass coverage for the Murrumbidgee Catchment.Times are in UTC and

calculations ae for 6 November2009 orbital parameters. Shows patches as partly covere@ or fully
coveredo.

Start . Patch
Date Time | PUraton(s) 1571372 5 |6 [7 |8 |9 |10
2010/1/1| 3:57:27 368| O 0 0 0 0 0 0 o] o 0
2010/1/1| 15:00:01 348| O 0 0 0 0 0 0 o] o] 0
2010/1/2| 4:4046 335| O 0 0 0 0 0 0 o] o 0
2010/1/2| 15:42:43 355| O 0 0 0 0 0 0 o] 0 0
2010/1/3| 3:45:17 347| O 0 0 0 0 0 0 o] o] o]
2010/1/3| 14:48:05 315| O 0 0 0 0 0 0 o] o] 0
2010/1/3| 16:27:29 111| 3 3
2010/1/4| 4:28:14 363| O 0 0 0 0 0 0 o] 0 0
2010/1/4| 15:30:25 359| O 0 0 0 0 0 0 o] 0 0
2010/1/5| 3:33:16 313| O 0 0 0 0 0 0 o] o] o]
2010/1/5 5:12:40 137| o 3
2010/1/5| 14:36:23 258 3 0 0 0 o] o] o]
2010/1/5| 16:14:04 254| 0O 0 0 0 0 3 3
2010/1/6| 4:15:45 378| O 0 0 o] o] 0 0 o] o] 0
2010/1/6| 15:18:06 361| O 0 0 o] o] 0 0 o] o] 0
2010/1/7| 3:21:30 248 3 o] o] o] o] o]
2010/1/7| 4:59:32 257| O 0 0 o] o] 0 0 3
2010/1/7| 14:25:09 151 R
2010/1/7| 16:01:17 315| O 0 0 o] o] 0 0 o] o] 0
2010/1/8| 4:03:24 376| O 0 0 o] o] 0 0 o] o] 0
2010/1/8| 15:05:54 355| O 0 0 o] o] 0 0 o] o 0
2010/1/9| 3:10:28 87 3
2010/1/9| 4:46:52 315| O 0 0 o] o] 0 0 o] o] 0
2010/1/9| 15:48:44 348| O 0 0 o] o] 0 0 o] o] 0
2010/1/10[ 3:51:10 359| O 0 0 o] o] 0 0 o] o 0
2010/1/10| 14:53:50 335| 0O o] o] 0] o] o] o] 0 o] 0
2010/1/11] 4:34:19 351| © o] o] o] o] o] o] 0 o] 0
2010/1/11| 15:36:2 359 | 0O o] o] o] o] o] o] o] o] o]
2010/1/12] 3:39:05 333| © o] o] o] o] o] o] o] o] o]
2010/1/12| 14:42:00 291| 3 3 o] o] o] o] o] o] o] o]
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2010/1/12| 16:20:28 201| © 0 0 3
2010/1/13| 4:21:48 373| © 0 0 0 0 0 0 0 0 0
2010/1/13| 15:24:05 360| © 0 0 0 0 0 0 0 0 0
2010/1/14| 3:27:10 286 3 0 0 0 0 0 0 0 0
2010/1/14| 5:05:50 209| © 0 0 0 3
2010/1/14| 14:30:31 213 3 3 0 0 0
2010/1/14| 16:07:27 290| © 0 0 0 0 0 0 0 3
2010/1/15| 4:09:23 380| © 0 0 0 0 0 0 0 0 0
2010/1/15| 15:11:48 359| © 0 0 0 0 0 0 0 0 0
2010/1/16] 3:15:36 195 3 3 0 0
2010/1/16] 4:53:00 290| © 0 0 0 0 0 0 0 0 3
2010/1/16| 15:54:48 334| © 0 0 0 0 0 0 0 0 0
2010/1/17| 3:57:06 368| © 0 0 0 0 0 0 0 0 0
2010/1/17| 14:59:40 347| © 0 0 0 0 0 0 0 0 0
2010/1/18| 4:40:25 334| © 0 0 0 0 0 0 0 0 0
2010/1/18| 15:42:21 356| © 0 0 0 0 0 0 0 0 0
2010/1/19| 3:44:56 347| © 0 0 0 0 0 0 0 0 0
2010/1/19| 14:47:42 317| © 0 0 0 0 0 0 0 0 0
2010/1/19| 16:27:10 106| 3 3
2010/1/20| 4:27:53 363| © 0 0 0 0 0 0 0 0 0
2010/1/20| 15:30:03 359| © 0 0 0 0 0 0 0 0 0
2010/1/21| 3:32:55 313| © 0 0 0 0 0 0 0 0 0
2010/1/21| 5:12:20 134| © 3
2010/1/21| 14:36:01 259 3 3 0 0 0 0 0 0
2010/1/21| 16:13:43 253| 0§ 0 0 0 0 3 3
2010/1/22| 4:15:23 379| © 0 0 0 0 0 0 0 0 0
2010/1/22| 15:17:44 361| © 0 0 0 0 0 0 0 0 0
2010/1/23| 3:21:08 250 3 0 0 0 0 0
2010/1/23| 4:59:11 256 | 0O 0 0 0 0 0 3 3
2010/1/23| 14:24:46 153 3 3 0
2010/1/23| 16:00:55 315| © 0 0 0 0 0 0 0 0 0
2010/1/24| 4:03:03 376| © 0 0 0 0 0 0 0 0 0
2010/1/24| 15:05:32 356| © 0 0 0 0 0 0 0 0 0
2010/1/25| 3:10:04 94 3
2010/1/25| 4:46:31 315| © 0 0 0 0 0 0 0 0 0
2010/1/25| 15:48:23 347| © 0 0 0 0 0 0 0 0 0
2010/1/26| 3:50:49 359| © 0 0 0 0 0 0 0 0 0
2010/1/26| 14:53:28 335| © 0 0 0 0 0 0 0 0 0
2010/1/27| 4:33:58 350| © 0 0 0 0 0 0 0 0 0
2010/1/27| 15:36:01 358| © 0 0 0 0 0 0 0 0 0
2010/428 | 3:38:43 334| © 0 0 0 0 0 0 0 0 0
2010/1/28| 14:41:38 292 | 3 3 0 0 0 0 0 0 0 0
2010/1/28| 16:20:07 199| O 0 0 3
2010/1/29| 4:21:26 374| © 0 0 0 0 0 0 0 0 0
2010/1/29| 15:23:43 360| © 0 0 0 0 0 0 0 0 0
2010/1/30] 3:26:48 288 3 0 0 0 0 0 0 0 0
2010/1/® | 5:05:29 208| © 0 0 0 3
2010/1/30| 14:30:08 215 3 3 0 0 0
2010/1/30| 16:07:06 288| © 0 0 0 0 0 0 0 3
2010/1/31] 4:09:01 381| © 0 0 0 0 0 0 0 0 0
2010/1/31| 15:11:26 360| © 0 0 0 0 0 0 0 0 0
2010/2/1| 3:15:14 197 3 0 0 0
2010/2/1| 4:52:39 289| © 0 0 0 0 0 0 0 0 3
2010/2/1| 15:54:27 333 © 0 0 0 0 0 0 0 0 0
2010/2/2| 3:56:44 369| © 0 0 0 0 0 0 0 0 0
2010/2/2| 14:59:18 348| © 0 0 0 0 0 0 0 0 0
2010/2/3| 4:40:04 334| © 0 0 0 0 0 0 0 0 0
2010/2/3| 15:41:59 356| © 0 0 0 0 0 0 0 0 0
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2010/2/4| 3:44:34 348 | © 0 0 0 0 0 0 0 0 0
2010/2/4| 14:47:20 317| © 0 0 0 0 0 0 0 0 0
2010/2/4| 16:26:50 102 | 3
2010/2/5| 4:27:32 363| © 0 0 0 0 0 0 0 0 0
2010/2/5| 15:29:41 359| © 0 0 0 0 0 0 0 0 0
2010/2/6| 3:32:33 314| © 0 0 0 0 0 0 0 0 0
2010/2/6| 5:12:00 130| o 3
2010/2/6| 14:35:38 261 3 3 0 0 0 0 0 0
2010/2/6| 16:13:22 251| © 0 0 0 0 3 3
2010/2/7| 4:15:02 379| © 0 0 0 0 0 0 0 0 0
2010/2/7| 15:17:23 360| © 0 0 0 0 0 0 0 0 0
2010/2/8| 3:20:46 252 3 0 0 0 0 0
2010/2/8| 4:58:51 254| © 0 0 0 0 0 3 3
2010/2/8| 14:24:23 156 3 3 0
2010/2/8| 16:00:34 314| © 0 0 0 0 0 0 0 0 0
2010/2/9| 4:02:41 377| © 0 0 0 0 0 0 0 0 0
2010/2/9| 15:05:10 356| © 0 0 0 0 0 0 0 0 0
2010/2/10{ 3:09:40 100 3
2010/2/10| 4:46:10 314| © 0 0 0 0 0 0 0 0 0
2010/2/10| 15:48:01 347| © 0 0 0 0 0 0 0 0 0
2010/2/11| 3:50:27 360| © 0 0 0 0 0 0 0 0 0
2010/2/11| 14:53:06 336| © 0 0 0 0 0 0 0 0 0
2010/2/12| 4:33:37 350| © 0 0 0 0 0 0 0 0 0
2010/2/12| 15:35:39 359| © 0 0 0 0 0 0 0 0 0
2010/2/13] 3:38:21 335| © 0 0 0 0 0 0 0 0 0
2010/2/13| 14:41:16 293 | 2 3 0 0 0 0 0 0 0 0
2010/2/13| 16:19:46 197| O 0 0 3
2010/2/14| 4:21:05 373| © 0 0 0 0 0 0 0 0 0
2010/2/14| 15:23:21 360| © 0 0 0 0 0 0 0 0 0
2010/2/15| 3:26:26 289 3 0 0 0 0 0 0 0 0
2010/2/15| 5:05:09 206| © 0 0 0 3
2010/2/15| 14:29:45 217 3 3 0 0 0
2010/2/15| 16:06:45 287| © 0 0 0 0 0 0 0 3
2010/2/16] 4:08:40 380| © 0 0 0 0 0 0 0 0 0
2010/2/16| 15:11:04 360| © 0 0 0 0 0 0 0 0 0
2010/2/17| 3:14:52 199 3 0 0 0
2010/2/17| 4:52:18 288| © 0 0 0 0 0 0 0 0 3
2010/2/17| 14:19:16 18 3
2010/2/17| 15:54:05 333| © 0 0 0 0 0 0 0 0 0
2010/2/18| 3:56:23 369| © 0 0 0 0 0 0 0 0 0
2010/2/18| 14:58:56 348| © 0 0 0 0 0 0 0 0 0
2010/2/19] 4:39:43 333] © 0 0 0 0 0 0 0 0 0
2010/2/19| 15:41:38 355| © 0 0 0 0 0 0 0 0 0
2010/2/20| 3:44:12 349| © 0 0 0 0 0 0 0 0 0
2010/2/20| 14:46:58 318| © 0 0 0 0 0 0 0 0 0
2010/2/20| 16:26:31 97| 3
2010/2/21| 4:27:11 362| © 0 0 0 0 0 0 0 0 0
2010/2/21| 15:29:19 360| © 0 0 0 0 0 0 0 0 0
2010/2/22| 3:32:11 315| © 0 0 0 0 0 0 0 0 0
2010/2/22| 5:11:40 127| © 3
2010/2/2 | 14:35:16 261 3 3 0 0 0 0 0 0
2010/2/22| 16:13:01 250| © 0 0 0 0 3 3
2010/2/23| 4:14:41 378| © 0 0 0 0 0 0 0 0 0
2010/2/23| 15:17:01 361| © 0 0 0 0 0 0 0 0 0
2010/2/24| 3:20:24 253 3 0 0 0 0 0
2010/2/24| 4:58:30 253| 0O 0 0 0 0 0 3 3
2010/2/24| 14:24:00 158 3 3 0
2010/2/24| 16:00:12 314| © 0 0 0 0 0 0 0 0 0
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2010/2/25| 4:02:20 377 © 0 0 0 0 0 0 0 0 0
2010/2/25| 15:04:48 356| © 0 0 0 0 0 0 0 0 0
2010/2/26] 3:09:16 105 3
2010/2/26| 4:45:49 313| © 0 0 0 0 0 0 0 0 0
2010/2/26| 15:47:39 347 © 0 0 0 0 0 0 0 0 0
2010/2/27| 3:50:06 359| © 0 0 0 0 0 0 0 0 0
2010/2/27| 14:52:44 336| © 0 0 0 0 0 0 0 0 0
2010/2/28| 4:33:16 349| © 0 0 0 0 0 0 0 0 0
2010/2/28| 15:35:17 359| © 0 0 0 0 0 0 0 0 0

Table 3-9: MODI S Terra overpass coverage for the Murrumbidgee Catchment.Times are in UTC and
calculations are for 6 November 2009 orbital parameters. Shows patches as partly covere@ or fully
coveredo.

Start . Patch
Date Time | Puralions) m—r>—T13 T2 5 |6 [7 |8 |9 |10
20101/1| 1.20:06 110] 3 | 3
2010/1/1| 13:20:50 %64 6 | 6| 0606|0606 060600
2010/1/2|  0:23:01 359 6 | 6 | 06|06 |06 |06 06|06 0]
2010/1/2| 12:25:53 313 6 | 6 | 6 | 06|06 |06 06|00
2010/1/2| 14:05:16 139] 5 | 3
2010/1/2| 23:29:00 258 3 606066060
2010/1/3|  1.06:41 254] 5 | 6 1606106 | 3|3
2010/1/3| 13:08:21 379 6 | 6 | 6 | 6|06 |06 06|06 o]0
2010/1/4|  0:10:43 %61 6 | 6|0 |06 |06 |06 06|60
2010/1/4| 12:14:08 247 3606060606
2010/1/4] 13:52:09 258| & | 6 | 6|6 |6 |6 |06 3
2010/1/4| 23:17:46 151 3 | 3| o
2010/1/5| 0:53:54 35| 6 | 6|06 |66 0606|000
2010/1/5| 12:56:01 377/ 6 | 6 | 6 | 06|06 0606|0600
2010/1/5| 23:58:31 355 6 | 6| 06|06 |06 |06 06|00
2010/1/6| 12:03:07 83 3
2010/1/6| 13:39:29 36| 6 | 6 | 06 | 06|06 060606006
2010/1/7| 0:41:21 38| 6 | 6 | 6 | 06|06 |06 06|00
2010/1/7| 12:43:48 38| 6 | 6|0 | 0|06 |06 06|06 0]
2010/17 | 23:46:28 334 6 | 6| 06| 06|06 0606|0600
2010/1/8| 13:26:57 31| 6 | 6| 06|06 |06 |06 060600
2010/1/9|  0:29:00 359 6 | 6 | 6|06 |06 |06 060600
2010/1/9| 12:31:43 332 6 | 6| 06|06 |06 0606|0600
2010/1/9| 23:34:38 291 3 | 3 | 6] 6 6|66 ]85 |06
2010/1/10] 1:13:05 202] 6 | 6 | 6 | 3
2010/1/10| 13:14:25 374 6 | 6 | 6 | o6 |6 |06 06|06 050
2010/1/11| 0:16:42 60| 6 | 6|06 |06 |06 0606|0600
2010/1/11| 12:19:48 286 3 | 6060606506060
2010/1/11| 13:58:27 211] 6 | 6 | 6 | 6 | 3
2010/1/11| 23:23:09 213 R
2010/1/12] 1:00:05 289] 6 | 6 | 6 | 5 |66 |06 o |3
2010/1/12| 13:02:0 380 6 | 6 | 06 |06 |06 |06 06|06 o]0
2010/1/13| 0:04:26 359 6 | 6 | 06 | 06|06 |06 060600
2010/1/13| 12:08:16 192 3 | 3 | 6] 0
2010/1/13| 13:45:37 291 6 | 6 | 6] 6 |65 06|06 |06 3
2010/1/14| 0:47:26 334 6 | 6|06 | 06|06 |06 0606|006
2010/1/14| 12:49:44 68| 6 | 6| 06 | 06|06 |06 060600
2010/1/14| 23:52:B 347 6 | 6 | 6 | 06|06 0606|0600
2010/1/15| 13:33:02 336| 6 | 6|06 | 06|06 |06 060600
2010/1/16] 0:34:59 355 6 | 6|06 |06 |06 |06 06060
2010/1/16| 12:37:34 347 6 | 6 | 06 | 06|06 0606|0600
2010/1/16| 23:40:20 36| 6 | 6 | 06| 06|06 |06 060600
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2010/1/17| 1:19:46 110| 3 3
2010/1/17| 13:20:30 364| © 0 0 0 0 0 0 0 0 0
2010/1/18| 0:22:41 359| © 0 0 0 0 0 0 0 0 0
2010/1/18| 12:25:33 312 © 0 0 0 0 0 0 0 0 0
2010/1/18| 14:04:55 139| o 3
2010/1/18| 23:28:39 258 3 0 0 0 0 0 0
2010/1/19| 1:06:20 2541 0§ 0 0 0 0 3 3
2010/1/19| 13:08:01 379| © 0 0 0 0 0 0 0 0 0
2010/1/20| 0:10:22 361| © 0 0 0 0 0 0 0 0 0
2010/1/20| 12:13:47 247 3 0 0 0 0 0
2010/1/20| 13:51:48 258| © 0 0 0 0 0 0 3
2010/1/20| 23:17:24 152 3 3 0
2010/1/21] 0:53:32 316| © 0 0 0 0 0 0 0 0 0
2010/1/21| 12:55:40 376| © 0 0 0 0 0 0 0 0 0
2010/1/21| 23:58:09 356| © 0 0 0 0 0 0 0 0 0
2010/1/22| 12:02:45 84 3
2010/1/22| 13:39:08 315| © 0 0 0 0 0 0 0 0 0
2010/1/23] 0:40:59 348| © 0 0 0 0 0 0 0 0 0
2010/1/23| 12:43:26 358| © 0 0 0 0 0 0 0 0 0
2010/1/23| 23:46:06 334| © 0 0 0 0 0 0 0 0 0
2010/1/24| 13:26:35 351| © 0 0 0 0 0 0 0 0 0
2010/1/25| 0:28:37 359| © 0 0 0 0 0 0 0 0 0
2010/1/25| 12:31:20 333| © 0 0 0 0 0 0 0 0 0
2010/1/25| 23:34:15 291| 2z 3 0 0 0 0 0 0 0 0
2010/1/26| 1:12:42 202| © 0 0 3
2010/1/26| 13:14:02 374| © 0 0 0 0 0 0 0 0 0
2010/1/27| 0:16:19 360| © 0 0 0 0 0 0 0 0 0
2010/1/27| 12:19:25 286 3 0 0 0 0 0 0 0 0
2010/1/27| 13:58:03 212| © 0 0 0 3
2010/1/27| 23:22:45 214 3 3 0 0 0
2010/1/28] 0:59:41 290| © 0 0 0 0 0 0 0 3
2010/1/28| 13:01:37 380| © 0 0 0 0 0 0 0 0 0
2010/1/29] 0:04:02 359| © 0 0 0 0 0 0 0 0 0
2010/1/29| 12:07:52 192 3 3 0 0
2010/1/29| 13:45:13 292| © 0 0 0 0 0 0 0 0 3
2010/1/30] 0:47:02 334| © 0 0 0 0 0 0 0 0 0
2010/1/30] 12:49:20 368| © 0 0 0 0 0 0 0 0 0
2010/1/30] 23:51:53 348| © 0 0 0 0 0 0 0 0 0
2010/1/31| 13:32:38 335| © 0 0 0 0 0 0 0 0 0
2010/2/1| 0:34:34 356| © 0 0 0 0 0 0 0 0 0
2010/2/1| 12:37:09 347| © 0 0 0 0 0 0 0 0 0
2010/2/1| 23:39:56 315| © 0 0 0 0 0 0 0 0 0
2010/2/2| 1:19:21 110| 3 3
2010/2/2| 13:20:05 364| © 0 0 0 0 0 0 0 0 0
2010/23 0:22:15 359| © 0 0 0 0 0 0 0 0 0
2010/2/3| 12:25:08 312 © 0 0 0 0 0 0 0 0 0
2010/2/3| 14:04:30 139| o 3
2010/2/3| 23:28:14 257 3 0 0 0 0 0 0
2010/2/4| 1:05:54 254| © 0 0 0 0 3 3
2010/2/4| 13:07:35 379| © 0 0 0 0 0 0 0 0 0
2010/2/5| 0:09:56 361| © 0 0 0 0 0 0 0 0 0
2010/2/5| 12:13:21 247 3 0 0 0 0 0
2010/2/5| 13:51:22 258 | 0§ 0 0 0 0 0 0 3
2010/2/5| 23:16:59 150 3 3 0
2010/2/6| 0:53:06 316| © 0 0 0 0 0 0 0 0 0
2010/2/6| 12:55:14 376| O 0 0 0 0 0 0 0 0 0
2010/2/6| 23:57:43 355| O 0 0 0 0 0 0 0 0 0
2010/2/7| 12:02:20 81 3
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2010/2/7| 13:38:41 316| © 0 0 0 0 0 0 0 0 0
2010/2/8| 0:40:32 348| © 0 0 0 0 0 0 0 0 0
2010/2/8| 12:42:59 359| © 0 0 0 0 0 0 0 0 0
2010/2/8| 23:45:39 334| © 0 0 0 0 0 0 0 0 0
2010/2/9| 13:26:07 352| © 0 0 0 0 0 0 0 0 0
2010/2/10] 0:28:10 359| © 0 0 0 0 0 0 0 0 0
2010/2/10] 12:30:53 332| © 0 0 0 0 0 0 0 0 0
2010/2/10] 23:33:48 290| 2 3 0 0 0 0 0 0 0 0
2010/2/11] 1:12:14 203| © 0 0 3
2010/2/11] 13:13:34 374| © 0 0 0 0 0 0 0 0 0
2010/2/12] 0:15:51 360| © 0 0 0 0 0 0 0 0 0
2010/2/12| 12:18:58 284 3 0 0 0 0 0 0 0 0
2010/2/12| 13:57:35 213| © 0 0 0 3
2010/2/12| 23:22:18 212 3 3 0 0 0
2010/2/13] 0:59:13 290| © 0 0 0 0 0 0 0 3
2010/2/13] 13:01:09 380| © 0 0 0 0 0 0 0 0 0
2010/2/14| 0:03:33 360| © 0 0 0 0 0 0 0 0 0
2010/214 | 12:07:24 191 3 0 0
2010/2/14| 13:44:44 292| © 0 0 0 0 0 0 0 0 3
2010/2/15| 0:46:33 334| © 0 0 0 0 0 0 0 0 0
2010/2/15| 12:48:51 368| © 0 0 0 0 0 0 0 0 0
2010/2/15| 23:51:24 347| © 0 0 0 0 0 0 0 0 0
2010/2/16| 13:32:09 335| © 0 0 0 0 0 0 0 0 0
2010/217 | 0:34:04 356| © 0 0 0 0 0 0 0 0 0
2010/2/17| 12:36:40 347| © 0 0 0 0 0 0 0 0 0
2010/2/17| 23:39:26 315| © 0 0 0 0 0 0 0 0 0
2010/2/18| 1:18:49 114| 3 3
2010/2/18| 13:19:35 364| © 0 0 0 0 0 0 0 0 0
2010/2/19] 0:21:45 359| © 0 0 0 0 0 0 0 0 0
2010/2/19| 12:24:38 312| © 0 0 0 0 0 0 0 0 0
2010/2/19| 14:03:59 141 | 0§ 3 3
2010/2/19| 23:27:44 257 3 0 0 0 0 0 0
2010/2/20] 1:05:23 255| © 0 0 0 0 0 3
2010/2/20| 13:07:05 379| © 0 0 0 0 0 0 0 0 0
2010/2/21] 0:09:25 361| © 0 0 0 0 0 0 0 0 0
2010/2/21| 12:1251 246 3 0 0 0 0 0
2010/2/21| 13:50:51 259| © 0 0 0 0 0 0 3
2010/2/21| 23:16:28 149 3 3 0
2010/2/22| 0:52:35 316| © 0 0 0 0 0 0 0 0 0
2010/2/22| 12:54:43 376| © 0 0 0 0 0 0 0 0 0
2010/2/22| 23:57:11 356| © 0 0 0 0 0 0 0 0 0
2010/2/23] 12:01:51 75 3
2010/2/23] 13:38:09 317 © 0 0 0 0 0 0 0 0 0
2010/2/24| 0:40:01 348| © 0 0 0 0 0 0 0 0 0
2010/2/24| 12:42:28 358| © 0 0 0 0 0 0 0 0 0
2010/2/24| 23:45:07 334| © 0 0 0 0 0 0 0 0 0
2010/2/25| 13:25:35 352| © 0 0 0 0 0 0 0 0 0
2010/2/26] 0:27:38 359| © 0 0 0 0 0 0 0 0 0
2010/2/26| 12:30:21 332 © 0 0 0 0 0 0 0 0 0
2010/2/26| 23:33:16 290| 2z 3 0 0 0 0 0 0 0 0
2010/2/27| 1:11:40 205| © 0 0 3
2010/2/27| 13:13:02 374| © 0 0 0 0 0 0 0 0 0
2010/2/28| 0:15:18 360| © 0 0 0 0 0 0 0 0 0
2010/2/28| 12:18:25 284 3 0 0 0 0 0 0 0 0
2010/2/28| 13:57:02 214| © 0 0 0 3
2010/2/28| 23:21:45 211 3 3 0 0 0
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3.2.2 MTSAT-1R

The Multi-functional Transport Satellite (MTSAT) serigfils a meteorological function for
the Japan Meteorological Agency and an aviation contrmottfon for the Civil Aviation
Bureau of the Ministry of Land, Infrastructure and TransportThe MTSAT series
(http://www.jma.go.jp/ima/imaeng/satellite/index.hthl  succeeds the Geosationary
Meteorological Satellite (GMS) series as the next generation of satellites cokzashésia
and the Western PacificThis series provides imagery ftine SoutherrHemisphere every 30
minutes at 4km resolutionin contrast to the previous hourlate, enablingthe Japan
MeteorologicalAgencyto more closely monitor typhoon and cloud moveméitie MTSAT
series carries a new imageith a new infrared channel (IR4) in addition to the four channels
(VIS, IR1, IR2 and IR3) of th&MS-5. Since this dta is always available no coverage table
is required.

3.2.3 Advanced Spaceborne Thermal Emission and Reflection Radiometer
(ASTER)

ASTER (http://asterweb.jpl.nasa.ggwrovides high resolution visible (15m), ndafrared
(30m) and thermal infrared (90m) data on reqUASITER is onboard Terra and has a swath
width of about 60km. ASTER is being used to obtain detailed maps of land surface
temperature, reflectance and elevatioAn order for ASTER data has beenggedby an
ASTER science team membey obtain data fomid January to end of February 2010
ASTER coverage for the Murrumbidgee Catchment is summarisedhie3-10.

Table 3-10: ASTER overpasscoverage for the Murrumbidgee Catchment. Times are in UTC and
calculations are for 6 November 2009 orbital parameters.Shows patches as partly covereg@ or fully
coveredo.

. . Patch
Date Start Time| Duration(s) 1 5 3 7 5 3 7 3 9 10
2010/1/2 0:25:48 25 3 3 3
2010/1/3| 13:11:22 26 3 3
2010/1/4 0:13:30 26 3 3 3
2010/1/5| 12:58:52 27 3 3
2010/1/9 0:31:48 22| 3
2010/1/10| 13:17:29 23| 3
2010/1/11 0:19:31 23 3 3
2010/1/12| 13:04:57 26 3 o] 3
2010/1/13 0:07:14 23 3
2010/1/18 0:25:27 26 3 3 3
2010/1/19| 13:11:01 27 3 3
2010/1/20 0:13:09 26 3 3 3
2010/1/21| 12:58:31 26 3 3
2010/1/25 0:31:26 21| 3
2010/1/26| 13:17:06 23| 3
2010/1/7 0:19:07 24 3 3
2010/1/28| 13:04:33 27 3 o] 3
2010/1/29 0:06:51 22 3
2010/2/3 0:25:02 25 3 3 3
2010/2/4| 13:10:36 26 3 3
2010/2/5 0:12:43 26 3 3 3
2010/2/6| 12:58:05 26 3 3
2010/2/10 0:30:58 22| 3
2010/2/11| 13:16:38 24| 3
2010/2/12 0:18:39 24 3 3 3
2010/2/13| 13:04:05 26 3 3 3
2010/2/14 0:06:22 23 3
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2010/2/19| 0:24:32 25 3 3 | 3

2010/2/20] 13:10:05 27 3| 3

2010/2/21] 0:12:13 25 3 13| 3
20102/22 | 12:57:34 26 3 | 3
2010/2/26 0:30:26 22| 3

2010/2/27| 13:16:06 23| 3

2010/2/28 0:18:06 24 3 3 3

3.2.4 Landsat

Landsat (http://landsat.usgs.gdwtp://landsat?7.usgs.gov/programdesc.htsatellites collect
data in the visibl¢30m), panchromati¢l5m), mid infrared (30mandthermalinfrared(60 to
120m)regions of the electromagnetic spectrufihes data have an approximatelg day
repeat cycle with a 10:00am equator crossing time. This data is partictdarable in land
cover aml vegetation parameter mappinBue to an instrument malfunction onboard Landsat
7 in May 2003,the Enhaned Thematic Mapper Plus (ETM+#9 now orly able to provide
useful image data within the central ~20km of the sw#h.Landsat 5 Thematic Mapper is
still in operation it is being increasingly relied uporhe approximate scene size is X083

km. The Landsat coverage for the Murrumbidgeéc@ment is summarised ifable 3-11
andTable3-12. While there is no budget allocation for purchasing Landsat data, it is useful
to keep these overpasses in mind for future reference.

Table 3-11: Landsat 5 overpass coverage for the Murrumbidgee Catchment. Times are in UTC and
calculations are for 6 November2009 orbital parameters. Shows patches as partly covereg@ or fully
coveredo.

Start . Patch
Date Time | PWaUOMS) 1o T3 T4 [5 |6 [7 [8 [9 [10
2010/1/1| 0:05:00 39| O 3
2010/1/2| 12:50:41 40| O 3
2010/1/2| 23:52:44 41 3 0 0 3
2010/1/4| 12:38:11 45 3 0 0 0 3
2010/1/4| 23:40:29 41 3 0
2010/1/6| 12:25:48 38 3 0
2010/1/9| 2358:49 41| 32 3 0 3 3
2010/1/11| 12:44:24 45| 3 0 0 0 3
2010/1/11| 23:46:33 42 3 3 0 3 3
2010/1/13] 12:31:55 44 3 0 0 3
2010/1/17| 0:04:56 38| O 3
2010/1/18| 12:50:38 40| O 3
2010/1/18| 23:52:40 41 3 0 0 3
2010/1/20| 12:38:07 45 3 0 0 3 3
2010/1/20| 23:40:24 42 3 3 0
2010/1/22| 12:25:44 39 3 0
2010/1/25| 23:58:44 41| 3 3 0 3 3
2010/1/27| 12:44:20 45| 3 0 0 0 3
2010/1/27| 23:46:28 42 3 3 0 3 3
2010/1/29| 12:31:51 44 3 0 0 3
2010/2/2| 0:04:50 39| 3 3
2010/2/3| 12:50:34 39| O 3
2010/2/3| 23:52:34 41 3 3 0 0 3
2010/2/5| 12:38:03 44 3 0 0 3
2010/2/5| 23:40:19 41 3 3 0
2010/2/7| 12:25:39 39 3 0
2010/2/10| 23:58:38 41| 3 0 0 3 3
2010/2/12| 12:44:5 45| 3 0 0 0 3
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2010/2/12| 23:46:22 42 3 3 0 3
2010/2/14| 12:31:47 43 3 0 0 3
2010/2/18| 0:04:45 37| 3 3

2010/2/19] 12:50:28 38| 0 3

2010/2/19| 23:52:28 41 3 3 0 0 3

2010/2/21| 12:37:57 44 3 0 0 3

2010/2/21| 23:40:2 42 3 3 0
2010/2/23| 12:25:32 39 3 0
2010/2/26| 23:58:32 41| 3 0 0 3 3

2010/2/28| 12:44:08 45| 2z 0 0 3 3

2010/2/28| 23:46:16 41 3 3 0 3

Table 3-12: Landsat 7 overpasscoverage br the Murrumbidgee Catchment. Times are in UTC and
calculations are for 6 November 2009 orbital parameters. Shows patches as partly covered or fully
coveredo.

Start . Patch
Date Time | PUaion(s) 15 T3 T4 [5 [6 [7 [8 [9 [10
2010/1/1| 23:59:13 42| 3 3 0 3 3
2010/1/3| 12:44:48 45| 3 3 0 0 3
2010/1/3| 23:46:57 42 3 3 0 3 3
2010/1/5| 12:32:18 45 3 0 0 3
2010/1/9| 0:05:19 40| © 3
2010/1/10 12:51:01 40| © 3
2010/1/10| 23:53:03 41 3 0 0 3
2010/1/12| 12:38:30 45 3 0 0 0 3
2010/1/12| 23:40:48 41 3 0
2010/1/14| 12:26:08 37 3
2010/1/17| 23:59:07 42| 3 3 0 3 3
2010/1/19| 12:44:42 45| 3 3 0 0 3
2010/1/19| 23:46:51 42 3 3 0 3 3
2010/1/21| 12:32:12 45 3 0 0 3
2010/1/25| 0:05:12 39| 0O 3
2010/1/26| 12:50:53 41| o 3
2010/1/26| 23:52:55 41 3 0 0 3
2010/1/28| 12:38:22 45 3 0 0 0 3
2010/1/28| 23:40:40 41 3 o
2010/1/30| 12:25:59 38 3 0
2010/2/2| 23:58:58 41| 2 3 0 3 3
2010/2/4| 12:44:33 45| 3 3 0 0 3
2010/2/4| 23:46:41 42 3 3 0 3 3
2010/2/6| 12:32:02 45 3 0 0 3
2010/2/10{ 0:05:01 39| © 3
2010/2/11| 12:50:42 41| o 3
2010/2/11] 23:52:44 41 z | 6|06 | 3
2010/2/13| 12:38:11 45 3 0 0 0 3
2010/2/13| 23:40:28 41 3 0
20102/15| 12:25:47 38 3 0
2010/2/18| 23:58:45 42| 3z 3 0 3 3
2010/2/20| 12:44:20 45| 3 3 0 0 3
2010/2/20| 23:46:28 42 3 3 0 3 3
2010/2/22| 12:31:48 46 3 0 0 3
2010/2/26| 0:04:47 39| o 3
2010/2/27| 12:50:28 41| o 3
2010/227 | 23:52:30 41 3 0 0 3
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3.2.5 Compact High Resolution Imaging Spectrometer (CHRIS)
CHRIS (www.chrisproba.org.uk provides remotehgensednulti-angle data at high spatial

resolution and in superspectral/leyppectral wavelengsh The instrumenthas aspectral
range 04151050 nm and provides observations18 spectral bands simultaneoyshyth a
spatial resolution of 2@ at nadirand a swath width of Xn. CHRIS isonboar d

PRoject for OnBoard Autonomy (PROBA. The PROBA satellite is oa sunsynchronous
elliptical polar orbitsince 2001 aad mean altitude of about 600kn€HRIS coverage for the
Murrumbidgee Catchment is summarised able3-13.

Table 3-13: CHRIS overpasscoverage for the Murrumbidgee Catchment.

Times are in UTC and

calculations are for 6 November 2009 orbital parameters.Shows patches as partly covered or fully

coveredo.
Date .ﬁﬁg Duration(s) 5 Patc6h 3 9 10
2010/1/1| 23:23:21 18
2010/1/6| 11:53:46 17 3
2010/1/7| 12:04:45 17
2010/1/8| 23:02:59 16 3 3
2010/1/9| 23:13:46 16 3 3
2010/1/10| 23:24:32 18
2010/1/15| 11:54:52 17 3
2010/1/16| 12:05:51 16
2010/1/17| 23:04:10 19 3
2010/1/18| 23:15:00 15 3
2010/1/23| 11:44:57 16 3
2010/1/24| 11:55:56 16 3
2010/1/26| 23:05:24 18 3
2010/1/27| 23:16:13 15
20102/1 | 11:46:02 16 3
2010/2/2| 11:57:00 16
2010/2/4| 23:06:37 17 3 3
2010/2/5| 23:17:24 15
2010/2/10| 11:47:06 17 3
2010/2/11| 11:58:05 16
2010/2/12| 22:57:07 10 3
2010/2/13| 23:07:49 15 3 3
2010/2/14| 23:18:34 15
2010/2/19| 11:48:14 16 3
2010/2/20| 11:59:13 17
2010/2/21| 22:58:10 13 3 3
2010/2/22| 23:08:56 15 3 3
2010/2/23| 23:19:42 15
2010/2/28| 11:49:27 16 3

3.2.6 Advanced Visible and Near Infrared Radiometer type 2 (AVNIR-2)
AVNIR-2 (http://www.eorc.jaxa.jp/ALOS/about/avnir2.h¥nis a visible and near infrared

ESAOSs

radiometeronboard ALOS AVNIR-2 is a successoto AVNIR that was onboard the
ADvanced Earth Observing Satellite (ADEOS), which was launched in August 1896.

instantaneous fieldf-view is the main improvement over AVNIRAVNIR-2 also provides
10m spatial resolution images, an improvement over1®m resolution of AVNIR in the

multi-spectral region.Improved CCD detectors (AVNIR has 5,000 pixels per CCD; AVNIR
2 7,000 pixels per CCD) and electronics enable this higher resoluftoa pointirg angle of
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AVNIR-2 is +44 and -44°. AVNIR-2 coveragefor the Murrumbidgee Catchment is
summarised iTable3-14.

Table 3-14: AVNIR -2 overpas coverage for the Murrumbidgee Catchment. Times are in UTC and
calculations are for 6 Novemler 2009 orbital parameters. Shows patches as partly covered or fully
coveredd.

. . Patch
Date Start Time| Duration(s) 1 > 3 2 5 6 7 8 9 10
2010/1/1 5:23:00 29 3 3
2010/1/1| 16:38:23 26 3 3 3
2010/1/5 5:11:46 18 3
2010/1/5| 16:27:13 25 3 3
2010/1/8 5:28:34 28 3 3 3
2010/1/8| 16:43:48 27 3 3 3
2010/1/12 5:17:11 28 3 3
2010/1/12| 16:32:38 27 3 3 3
2010/1/15 5:34:07 26| 0O 3
2010/1/15| 16:49:15 18| 3
2010/1/16| 16:21:44 6 3
2010/1/19 5:22:44 28 3 3 3
2010/1/19| 16:38:04 25 3 3 3
2010/1/23 5:11:22 25 3
2010/1/23| 16:26:52 27 3 3 3
2010/1/26 5:28:16 29 3 0 3
2010/1/26| 16:43:28 27| 3 3 3
2010/1/30]  5:16:54 27 3 3
2010/330 | 16:32:19 25 3 3 3
2010/2/2 5:33:48 23| 3
2010/2/3| 16:21:11 22 3
2010/2/6 5:22:25 29 3 o] 3
2010/2/6| 16:37:43 27 3 3 3
2010/2/10 5:11:01 30 3 3
2010/2/10| 16:26:31 27 3 3 3
2010/2/13 5:27:57 29| 3 0 3
2010/2/13] 16:43:07 27| 3 3
2010/2/17 5:16:34 28 3 0 3
2010/2/17| 16:31:57 26 3 3 3
2010/2/21| 16:20:46 26 3 3
2010/2/24 5:22:04 30 3 0 3
2010/2/24| 16:37:20 27 3 3 3
2010/2/28 5:10:43 28 3 3
2010/2/28| 16:26:10 25 3 3
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4 Study Area

The Australian Airborne Cal/val Experiments for SMOS\CES) will take place across the
entire Murrumbidgee River Catchment located in sa#tbtern Australig&33° to-37°S, 143°

to 150°E) As illustratel in Figure4-1, there are a total of 38 soil moistyseofile stations
distributed across the catchment (aés® http://www.oznet.unimelb.edu.guwith clusters of

5 or more surfaceo moisture probes aseveralof thesein the Yanco monitoring area
Moreover, @rts of the catchmer{ranco and Kyeamba)ave already been the focus of a
previous and very successful campaign in 2008élled the National Airborne Field
Experiment(NAFE; seehttp://www.nafe.unimelb.edu.auwhich tested amongst oth#rings
the suitability of the area for SMOS calibration and validapoarposegMerlin et al., 2008
Azcurra and Walker, 2009

Dueto its dstinctive topographyhe Murrumbidgee catchmeekhibits a significantspatial
variability in climate topography, soil, vegetation and land covBue to the diversity within

this confined areahe large amount afomplementaryata from longterm monioring sites

and thepastairbornefield experiment, this region is an ideal test b@dthe comprehensive
validation of SMOSlescribed hergndis highly complementaryo thecurrentstudy sitesn

other countries Moreover considering the size ofélsatellite footprint, there astill regions

that are relatively homogeneous (especially the western part of the catchment) in regards to
climate, soil type and vegetation when compared to other study sites in Europe and the United
States The followingsections give a general introduction of the Murrumbidgee Catchment
and the opetional soil moisture networkFurther details on the Yanco, Kyeamba,
Livingstore Creek and Yenda areas can be found in Walker et al. (2006).

4.1 Murrumbidgee Catchment

The Murrumbidgee River is one of the major rivers of New South Waldshe Australian
Capital Territory. It originates in the Fiery Range of the Snowy Mountains and travels
approximately 9km westwards to confluence with the RivBturray. The entire
catchment is one d@5 major subcatchments of the Murray Darling 8ia, comprisng an
area of about 82,082. The geographic boundaries are represented by the Great Dividing
Range in the east, tliRiver Murray Valley to the south and the Lachlan River Valieythe
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Figure 4-1: Murrumbidgee River catchment showing soil moisture monitoring network, together with
AACES transect and key sub catchments/localities.
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north. Due to itshighly spatialvariability in termsof physical characteristicshe catchment
is usually divided into thremanagement area®wer, mid and upper Murrumbidged&here
aremanytributaries joining the Murrumbidgee along its counshich is regulated by more
than 20 dams or weirs.

4.1.1 Topography

The Murrumbidgee catchment is characsdi byplains in the west wittelevationsaround
50m to steep mountainous regions towards the wéhtelevations in excess of1®0m in the
Snowy MountaingFigure4-2). The western lains showa few geological outcroppings with
elevationaup to250m above sea levelvhile the highest point of the catchment ighe south
east, with an elevation of abou220m. This is quite close tMount Kosciuszkg the highest
mountain in Austra.

4.1.2 Climate

Temporal imatic variations are primarily associated with elevation, varying from -seii

in the westo temperate in the eastind resulting in a general distribution into four categories
(Figure4-2). Thetotal averayed annual rainfafior the entireMurrumbidgeeriver catchment

is about530mm, with a mearannual precipitatiof 300mmin the west and about00mm
towardsthe eastin the Snowy Mountains The actual evapotranspiration égjuivalent to
precipitation n the west but represents only half of the precipitation in the east.

Long termaveragedprecipitation datdor the Murrumbidgee Catchmeshows a relatively
constantrate of rainfall across theyear with a slight increase in winter and decrease in
sumner (Figure4-3). In contrast, the total evaporation rate fluctuates significalgpending

on the seasonal conditionsvith the monthly potential evapotranspiration droppfrgm
200mm during the summeéo 25mm during the winter Consequently, during May to August
there is potentially recharge since the evapotranspiration rate is less than the amount of
precipitation. TheAMSR-E and model estimatemionthly averagespatial variation ofoil
moisture andi wat er a v arbposadprokyifar oib moistare, 5 shownFigure4-4
andFigure4-5 for a dryand wetyearrespectively These plots show an expectedreag in
water availability during winter andecreasd water avaihbility in summey with a tendency

for wetter conditions in the eastathin the west.A more detailed assessment of seasonal soil
moisture variatiornin surface and root zone layasspresented i subsequergectionbased
onlongterm soil moisture matoring in the Murrumbidgee catchment.

During the winter priod, precipitation above,200m typically falls as snow, with regions
above 1400m usually covered by snow for a few weeks of the yeareblar, above ,800m
the snow cover can last for four mbator more (Whetton et al., 1996g$egure4-2).

4.1.3 Geology and Saoil

Soils inthe Murrumbidgee vary from sand to clayith the western plains beirdpminated

by finertextured soils and the easteslopesbeing dominated bynediun-to-coarse textured
soils (McKenzie et al.,, 2000 Figure 4-2 showsthe geology and the relatesbil texture
distributionacross théMiurrumbidgee CatchmentwWhile, there aremore detailed soil texture
maps availabldor some parts of #n Murrumbidge Catchmenparticularly in the Kyeamba
area(Chenand McKane 1997, this is the best information available for the catchment as a
whole Also shownis aplot of the predictedsoil water holding capacitgf the A-horizon (top

soil) derived fom soil mappingwithin the Murrumbidgee River basift is a measure to
determineghe amount of water which is storedtire soil and available for plants to uskhe
given capacities are based on the difference in volumetric water content between permane
wilting point and field capacityconverted into a depibf water by using the depth of the A
horizon as a reference
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Figure 4-2: Climatic, soil and land use diversity across the Murrumbidgee catchmentOverlain is the
outline of the flight boxesto be monitored by the AACES campaignsdata sources:Australian Bureau of
Meteorology, Australian Bureau of Rural Science and Geoscience Australiq.
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Seasonal Climate Variability
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Figure 4-3: Seasonal climate variability of the Murrumbidgee Catchment (Australian Bureau

Meteorology).

of

36



AMSR-E

2004 01

CLM 0-10cm

2004 01

NOAH 0-10cm

2004 01

200402

2004 02

2004 03

2004 05

AWAP

2004 01

200402

2004 03

2004 04

2004 06

p— ]

2004 06

Foat ]

200407

|

200407

200408

*

2004 08

2004 09

-,

2004 09

2004 10

2004 10

2004 09

2004 11

-

200411

2004 11

2004 12

2004 12

200411

EENT 0 Tl )

o1 015 02

El El

* (%)

Figure 4-4: Monthly average soil moisture estimates for theMurrumbidgee River Basin during 2004,
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4.1.4 Vegetation and Land Use

Land use in the catchment is predominantly agricultural thigrexception of steeper parts,
which aredominated bya mixture of native eucalypt forests and exotic forestry plantations.
Agricultural landuse varies greatly in intensity and includes pastoral, more intensive grazing,
broadacre cropping, and intensive agriculture in irrigation areas along theownl
Murrumbidgee. Figure 4-2 gives an overview ofthe general land uselassification in the
Murrumbidgee catchment, showing that grazing is predominant in the west and particularly
scattered in the east, whereas dryland cropping dominates the mid Murrumbidgee catchment.
Irrigation sites are mainly located in the south offfini

The areal coverage of thmajor land use types is listed rable 4-1. The catchment is
compris@ of about52% pasture followed byabout 21%arableand 18% silvicultural land
use. The other landise types represent less t198h of the totacatchmenarea.

The Normalized Difference Vegetation Index (NDVI) is an indicator or vegetation vigour and
hence reflects vegetation health, soil moisture availability, available energy for photosynthesis
and stage of the growing cycle.o&sequently it varies seasonally and this cycle is presented
in Figure4-6.

Table 4-1: Land use typesin the Murrumbidgee River Basin (Australian Bureau of Rural Science, 2008

Land Use Type Area (km?) | Area (%)
closed forest 1,310 1.6
open forest 13,381 16.4
plantation 1,148 1.4
woodland 4,537 5.6
woody pasture 1,107 1.4
shrubby pasture 5,534 6.8
pasture 34,406 42.2
irrigated pasture 1,402 1.7
winter crops 13,704 16.8
summer/bdder crops 2,260 2.8
irrigated crops 1,141 1.4
cotton 2 <0.1
horticulture 330 0.4
irrigated horticulture 158 0.2
bare ground 54 0.1
intensive use 312 0.4
water 819 1.0
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Figure 4-6: Normalised Difference Vegetation Index (NDVI) product processed from the Advanced Very
High Resolution Radiometer (AVHRR) during January 200717 December 2007 (Australian Bureau of
Meteorology).

4.2 Soil Moisture Monitoring Network

The Murrumbidgee catchent is equipped with a wideanging soil moisire monitoring
network which was establishedin 2001 andupgradedwith 20 additional sitesn 2003
(http://www.civenv.unimelb.edu.&znet/mdbdata/document.hjmland an additional 24
surface soil moisturenly probesin 2002 At present, the network consists in total of 38
continuously operating soil moistuprofile stations(excludng the additional surface soil
moisture stationsecently installedyistributed across the whole catchmemth three focus
areas (Yanco, Kyeamba and Adelong) comprising abouthixd of the existing monitoring
sites Figure4-1 andTable4-2).

Eachprofile soil moisturestationof the Murrumbidgee monitoring network nseges the soil
moisture at B0cm, 3-60cm and 6600cm with water content reflectometers (Campbell
Scientific). Additionally, the finewo siteswereupgradedn April 2006 to include a-&cm sal
moisture measuremenfrom a Hydrgrobe (Stevens Watehttp://www.stevenswater.com/
catalog/stevensProduct.aspx?SKU="7003®.5cm soil temperature from thermistors
(Campbell Scientific model -I07) and telemetrywhile all the foriginald sites include a
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Table 4-2: Overview of existing profile soil moisture stations Sensor dgth refers to mid-point of sensor
installation; see alsdrigure 4-7. Loggedvaluesfor soil moisture, temperature and suction are the average
of readingstaken every minute over the indicated logging frequency

Site ID Lat Lon site installed soil moisture soil temperature soil suction rain gauge
sensor logging[sensor logging[sensor logging logging
depth (cm) frequency|depth (cm) frequency|depth (cm) frequency| frequency]

Murrumbidgee

M1 -36.29303 148.97057 Sep-01|4,15,45,75 30 min|4,15,45,75 6 min accumulations|4,15,45,75 30 min| 6 min accumulations

M2 -35.30500  149.20100 Sep-01|4,15,45,75 30 min|4,15,45,75 6 min accumulations|4,15,45,75 30 min| 6 min accumulations

M3 -34.62987 148.03650 Sep-01|4,15,45,75 30 min|4,15,45,75 6 min accumulations|4,15,45,75 30 min| 6 min accumulations

M4 -33.93827 147.19618 Sep-01|4,15,45,56 30 min|4,15,45,59 6 min accumulations|4,15,45,59 30 min| 6 min accumulations

M5 -34.65837 143.54863 Sep-01(4,15,45,72 30 min|4,15,45,62.5 6 min accumulations|4,15,45,62.5 30 min| 6 min accumulations

M6 -34.54712 144.86700 Sep-01|4,15,45,71 30 min|4,15,45,70 6 min accumulations|4,15,45,66 30 min| 6 min accumulations

M7 -34.24900  146.07000 Sep-01/4,15,45,75 30 min|4,15,45,75 6 min accumulations|4,15,45,75 30 min| 6 min accumulations

Yanco

Y1 -34.62888  145.84895 Sep-03(15, 45, 75 20 min|3, 15 20 min|- - individual tips

Y2 -34.65478 146.11028 Sep-03(15, 45, 75 20 min|3, 15 20 min|- - individual tips

Y3 -34.62100 146.42400 Sep-01|4,15,42 30 min|4,15,42 6 min accumulations|4,15,42 30 min| 6 min accumulations

Y4 -34.71943 146.02003 Sep-03(15, 45, 75 20 min|3, 15 20 min|- - individual tips

Y5 -34.72835 146.29317 Sep-03|15, 45, 75 20 min|3, 15 20 min|- - individual tips

Y6 -34.84262  145.86692 Sep-03|15, 45, 75 20 min|3, 15 20 min|- - individual tips

Y7 -34.85183  146.11530 Sep-03(15, 45, 75 20 min|3, 15 20 min|- - individual tips

Y8 -34.84697  146.41398 Sep-03|15, 45, 75 20 min|3, 15 20 min|- - individual tips

Y9 -34.96777  146.01632 Sep-03(15, 45, 75 20 min|3, 15 20 min|- - individual tips

Y10 -35.00535 146.30988 Sep-03]15, 45, 75 20 min|3, 15 20 min|- - individual tips

Y11 -35.10975  145.93553 Sep-03|15, 45, 75 20 min|3, 15 20 min|- - individual tips

Y12 -35.06960  146.16893 Sep-03(15, 45, 75 20 min|3, 15 20 min|- - individual tips

Y13 -35.09025 146.30648 Sep-03(15, 45, 75 20 min|3, 15 20 min|- - individual tips

Kyeamba

K1 35.49322 147.55912 Sep-01|4,15,45,75 30 min|4,15,45,74 6 min accumulations|4,15,45,74 30 min| 6 min accumulations

K2 -35.43525 147.53052 Sep-01|4,15,45,75 30 min|4,15,45,75 6 min accumulations|4,15,45,75 30 min| 6 min accumulations

K3 -35.43408  147.56893 Sep-01{4,15,45,58.5 30 min|4,15,45,58.5 6 min accumulations|4,15,45,56.5 30 min| 6 min accumulations

K4 -35.42688 147.60000 Sep-01|4,15,45,75 30 min|4,15,45,75 6 min accumulations|4,15,45,75 30 min| 6 min accumulations

K5 -35.41928 147.60408 Sep-01|4,15,45,66 30 min|4,15,45,66 6 min accumulations|4,15,45,63.5 30 min| 6 min accumulations

K6 -35.38978  147.45720 Sep-03(15, 45, 75 20 min|3, 15 20 min|- - individual tips

K7 -35.39392  147.56618 Sep-03|15, 45, 75 20 min|3, 15 20 min|- - individual tips

K8 -35.31627  147.34387 Sep-03(15, 45, 75 20 min|3, 15 20 min|- - individual tips

K9 -35.31982  147.43633 Apr-01 DPI operated

K10 -35.32395  147.53480 Sep-03|15, 45, 75 20 min|3, 15 20 min|- - individual tips

K11 -35.27202  147.42902 Sep-03(15, 45, 75 20 min|3, 15 20 min|- - individual tips

K12 -35.22750 147.48500 Sep-03|15, 45, 75 20 min|3, 15 20 min|- - individual tips

K13 -35.23887  147.53330 Sep-03|15, 45, 75 20 min|3, 15 20 min|- - individual tips

K14 -35.12493 147.49740 Sep-03(15, 45, 75 20 min|3, 15 20 min|- - individual tips

Adelong

Al -35.49749  148.10649 Sep-01|4,15,45,75 30 min|4,15,45,75 6 min accumulations|4,15,45,75 30 min| 6 min accumulations

A2 -35.42831 148.13163 Sep-01{4,15,45,75 30 min|4,15,45,75 6 min accumulations|4,15,45,75 30 min| 6 min accumulations

A3 -35.39969 148.10108 Sep-01|4,15,45,75 30 min|4,15,45,75 6 min accumulations|4,15,45,75 30 min| 6 min accumulations

A4 -35.37311 148.06608 Sep-01|4,15,45,75 30 min|4,15,45,75 6 min accumulations|4,15,45,75 30 min| 6 min accumulations

A5 -35.36019 148.08543 Sep-01{4,15,45,75 30 min|4,15,45,75 6 min accumulations|4,15,45,75 30 min| 6 min accumulations

0-7cm soil moisture measurement from a water content reflectometer installed on an angle
from the surface

In November 2009, an additional 24 soil moisture itwwimg stations were installed
increasing the observation density around station Y4 and M¥se new stations provide
additional information on the surface soil moisture5¢@n via Hydraprobes) and three
temperature measurementsify 2.5cm, and 5cm).

The eflectometersised for the soil moisture measuremeussist of a printed circuit board
connected to two parallel stainless steel rods that act as wave gliidgsmeasure the travel

time of an output pulse to estimate changes in the bulk soil dieleotrgtant. The period is
converted to volumetric water content with a calibration equation parameterised with soil type
and soil temperatureSuch sensors operate in a lower range of frequencies0A@Hz) than

Time Domain Reflectometers TDR (Q000MH2. Soil moisture sites also monitor
precipitation (tipping bucket raingauge TR} and soil temperaturéCS T107 andJnidata
6507A).

All stationsin the Yanco regioexcept fortheonelocated at th&rancoResearch Statigand
all stations in the Kyeamba Creek catchment except for feee installedhroughout late
2003 and early 2004 (new sites)he eighteen other stations have operated sinee2@@1
(original sites). Figure4-7 illustrates the differences between the original and new slies.
original sites use the water content reflectometer CS615 (Camiptdeil/www.campbellsci.
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Figure 4-7: Typical equipment at the original (2001) and new (208 soil moisture sites in the
Murrumbidgee catchment. Each site provides continuous data of rainfall, soil moisture at-Bcm (or O-
7cm), 0:30cm, 3660cm and 6690cm andsoil temperature andaccommodates periodic measurements of
groundwater and TDR soil moisture measurements.
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com/cs614), while the new sites use the updated version CS616 (Campbell,
http://www.campbellsctom/cs61€6), which operates at a somewhat higher measurement
frequency (175 MHz compared with 44 MHz). The original sites also monitor soil
temperature and soil suction (in the-®00 kPa range) at the midpoint of the four layers
0-7cm, 630cm, 3660cmand 6690cm, whereas the new sites only monitor soil temperature
from T-107 thermistors (Campbelhttp://www.campbellsci.com/10[j at the midpoint of
0-5cm and 680cm layers.

Sensor response to soil moisture varies with sglidénsity, soil type and temperature, so a
site.specific sensor calibration has been utale@an using both laboratory and field
measurementfor both reflectometers and hydraprol®gedern et al., 2000; Yeoh et al.,
2008) As the CS615 and CS616 sensors are particularly sensitive to soil temperature
fluctuations the T107 temperature sensoreme irstalled to provide a continuous record of
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Figure 4-8: Monthly average precipitation and soil moisture variability (left: surface soil moisture 0
5cm; right: root zone soil moisture 390cm) across the catchment based on data derived from the
Murrumbidgee monitoring network stations M1-M7 (seeFigure 4-1). The shaded areas show the 50 anc
90 percentile limits.
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soil temperature at midway along the reflectometdbeeper temperatures are assumed to

have the same characteristics across the Yanco and Kyeamba sites and are therefore estimated
from detailed soil tempetare profile measurements made at the original soil moisture sites
Calibration relationships between the sensor observatomeiding TDR measuremerasd
thermogravimetric measurements have bestiablished for both sensor§he average root

mean sqare error was found to be 0.03m? for both the CS616 and the Hydraprome(lin

et al., 2007; Yeoh et al., 2008

Figure 4-8 shows he seasonal variability of rainfall and soil moisture conditions across the
entire catchment captured by sevanthe monitoring sites The surface soil moisture within
the tog 5cm varies significantly between the different sites resulting in a range oDaBeut
0.25m*/m? (using theupper and lower limit defined by 50% and 90% esdjvely based on

all observations collected within the past eight years). Notentogtture conditions are
typically slightly wetterduring winter (Juf-Augusi, which driesoverthe following months
towards thedriest conditionstypically in Autumn April-Jung. Comparable seasonal
variations are recorded for the root zone soil moistiliteese historic data show that there is a
good chance of dynamic soil moisture conditions in Jarbabyuary.

A detaileddescription of thedditional monitoring stadns operated by thdSW Department
of Environment and Climate Changeathin the Livingstone Creekand near Tumutan be
found in the NAFEG606 workplan (Walker et al
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5 Air Monitoring

The Polarimetric tband Multibeam Radiometer (PLMR) and supp@timstruments
(thermal imager, thermal radiometers and multispectral radiometers) will be flown aboard a
high performance single engine aircraft to collect complete coverage of airborne data across
the AACES transect once during each campaign. The flights been specifically designed

to cover a number of SMOS pixels that represent a wide range of land surface and climatic
conditions typical of much of Australia. While the AACES transect will only be covered in
entirety once during each campaign, thitiglts will be supplemented by a seriestr@nsect

flights throughout the catchment. tAansectlight is planned for the start, middle and end of
each campaign. The complete transect coverage ensures that aircraft data fully capture the
spatial variabity contributing to the SMOS observatiomsd that a sufficient number of
SMOS pixels are monitored to allow meaningful statements be made in relation to SMOS
data and derived products, while tn@nsecflight captures the temporal variation throughout

the course of the campaign.

The aircraft will be based at Narrandera Airport and operate approximately every alternate
day from there. A total d85 mission hours have beestienated for a single campaigAn
overview of the planned flights given in Figure 5-1 and a detailed flight schedule with
planned flight time provided imable5-1.

All flights will be conducted at aominal 10,000ft AGL, yielding microwave, thermal and
multi-spectral data at approximately 1km resolution. Moreover, the PLMR will be used in
mapping mode to colledirightness temperatudatawith a single incidence angle for each
pixel across the entire flight area, coveringid@ependenEMOS pixels irentirety. In order

Patch 01

e

-{-1 Narrandera airport

= Monitoring site

Transect flight
:l Water calibration lake

|:|Patch
1 11 1 1T 1]

SMOS pixel 0 375 75 150 Km N

Figure 5-1: Schematic of campaign design showing aircraft coveragd SMOS footprints (circles).
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Table 5-1: Flight schedule together with estimated flight duration, ground level and flight altitude
information to achieve a 10,000ft AGL nominal flight altitude.

Date/Time (UTC) Flight Altitude (ASL) Duration (hrs)
19/01/2010 16:36 TOO 10,400/12,000/10,400 ft 6.5
21/01/201016:38 PO1 10,200 ft 7.0
24/01/2010 16:50 P02 10,250 ft 6.6
27/01/201017:04 P03 10,300 ft 6.2
29/01/201017:04 P04 10,350 ft 6.2
1/02/2010 16:58 TOO 10,40012,000/10,400 ft 6.5
4/02/2010 16:36 P05 10,400 ft 6.1
6/02/2010 16:46 P06 10,500 ft 6.4
9/02/2010 16:45 PO7 10,800 ft 6.7
12/02/2010 16:41 P08 11,100 ft 6.6
14/02/2010 16:29 P09 11,950 ft 7.0
17/02/2010 16:37 P10 12,000 ft 6.7
19/02/2010 16:36 TOO 10,400/12,000/10,400 ft 6.5

to coincide with SMOS overpasses, all flights will tentred on approximately 6:00am
local solar time Z0:00UTC). The two flight types; i) SMO%ixel coverageand ii) SMOS

pixel ransectare described in detail in the following sections. Moreover, detailed flight plans,
flight line coordinates, and flight schedule are provided in Appendix E for each flight.

5.1 SMOS Pixel Coverage Flights

The AACES campaigns will map an area agproximately 100m x 50km across the
MurrumbidgeeRiver catchment aa nominallkm resolubn. Given the approximately &M
sized SMOS pixels, the study transect has ladigned with the SMO.1C fixed grid and
subdivided intoten patches approximately 108 x 50km in size of which each will be
mapped within a single da¥igure5-2). Theflight coverage habeen degned to include a
minimum of 6km overlap between each pattly repeating a flight line of the earlier flight)
thus ensuring continuity between the different flights and full coveragee@MOS pixes
(Figure 5-3). Moreover,the overlapallows an assessmeot brightness temperature change
from the previous flighin response to soil moistuandbr effective temperatureariation
Scheduling of flight datelsas been basewh the actual SMOS coverage of the study transect,
according to the logistical consimés discussed in a later sectiail flights will originate out

of Narrandera Airpor{474ft ASL). Theaverage surfacelevationunder theflight routes has
beenusedto determinethe optimum flight altitudeacrosseach patch and transect fligtat
main@in the target 1km spatial resolution of airborne .datanaximum flight altitude of
12,000ft AGL was adoptedas some electronic devices onbod#nd aircraft have not been
designedor unpressurised operation above 10,000ft

Theferry flights to and fromhe originating airport have beelesignedsuch thatthe aircraft
passe®ver at least onpermanenmonitoring station before and afteovering thepatch.If
practical the arcraft trackwill also pass ovedobcus farmdocatedoutside of the target patch
A partial repeat othe first flight line will also be performedto identify any brightness
temperaturechanges between trgtart andthe end ofthe flight over the patchFinally, the
flight will complete with a low level pass over a lake for calitlmmatpurposes. This cannot be
repeated at the start of the flight due to the early departure and night flying requirérhents.
details for each flight are included in Appendix E.
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Figure 5-2: Schematic of theairborne sampling strategy showing flight patterns for each patch andhe
transectflight acrossthe entire catchment
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Figure 5-3: The pushbroom concept showing 6 PLMR beams with a 1 beam overlap betweslight lines
(Walker and Panciera, 2005).

5.2 SMOS Pixel Transect Flights

Additional to the full SMOS pixel coveragare threetransectflights throughout the study
region (Flight TOO, seeFigure 5-4); one each at the start, middéd end of the campaign.
The purpose of these flights is tapture temporal variability within the experimental
transect, give a snapshot overviel the entire transeceand allow comparison with the
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Figure 5-4: Overview of transect flight showing route over focus farms and permanent monitoring
stations.

European validation strategiesThis transectflight has been designed to pass through as
many permanent monitoring stations and focus farms as practical, to provigarative
groundbaseddata. Moreover, this flight has been designed to repeat the-fizsskmof the
circuit for assessing temporal vation during the flight. The flight concludes with a
calibration flight overLake Wyangarfor sensor calibratian The details for this flight are
included in Appendix E.

5.3 Calibration

The nor mal operating procedure for PLMR i
before, during and after each flight. The before and after flight calibrations aexexthy
removing PLMR from the aircraft and making brightness temperature measurements of a
calibration target and the sky (semure 5-5). The inflight calibration is accomplished by
measuring the brightness temperature ofsttyeduring a series of steep turns (if possible) and

of a water bodylLake Wyangan will be usesk a cold targdbr in-flight calibration of PLMR

when covering thavestern patches (P4206 and TOQ)while Lake Albert will be used fothe
eastern patchd®07P10; sed-igure5-1).

As all flights will commence in the dark, flights oweaterstorags will only be conducted
on the return to Narrandera airport at the end of the fl@ven the relatively small size of
the water storagp, PLMR will be flown at the lowespermissiblealtitude (500ftfor Lake
Wyanagan and 1,000ft for Lake Albesb as the swathf the instrumen¢300m at 500ftwill
be totally included within the lake boundary along a distancarefind1km. Calibration
flights are illustrated ifrigure5-6.

Ground requirements for owarater flights include monitoring of the water temperature and
salinity within the top 1cm layer of water. Both quantities will be monitored continuously
during the cenpaign using a UNIDATA 6536Btemperature and salinity sensor connected to
a logger, located at 318Sand 146022E for Lake Wyangan and 35.16&8d 147.373E for
Lake Albert Furthermore, transects of water temperature and salinity in th&ctaplayer
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Figure 5-5: Upper left: undertaking a sky cold point calibration with PLMR; upper right: undertaking a
warm point calibration with the calibration box shown in the insef lower left: the buoy used to monitor
water temperature and salinity; lower right: undertaking a boat transect of water salinity and temperature

will be undertaken with a handheld temperature and salinity meter (Hydralab ®urttee

start and end of periodsing the respective lakegoincident with flights. This will involve
making northrsouth and eastest transects at 100m spacing centred tba monitoring
station. The purpose of these measurements is to check for spatial variability. Rodger Young
will be responsiblgersonfor these measurements.

5.4 Flight Time Calculations

In order to provide an estimate of the total flight tirokmb/turn and cruise spegadf the
aircraftwereassumedo be110 and 14Kits, respectively.The climb rate was assumed to be
300t/min and the time to descend from maximum altitude to ground level was set to a
minimum of 10min. To account for turns, the flight lines were extended 2km beyond the
measurement area and a further 5km added to represent the connecting transect between tw
adjacent flight linesThe estimated time to conduct each flight is givemable5-1.

5.5 Flight Schedule

The primary objective of the AACES campaign is to evaluate SMOS. Consequently, all
flights have been scheduled to coincide WBiIOS overpass dates. Additionally, logistical
constraints in relation to ground crew and subsequent analysis require that

1. work is conducted systematically from one end of the transect to the other, and
2. adjacent flights are made in as rapid successipossble.

However, SMOS coverage ftgpically either for the left half, right half, and in some cases,

the entire transect. Consequently, the campaign dates and sequencing of flights has been
based on this constraint, with the circuit flight requirir@mplete SMOS coverage of the
campaigrtransect.
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Coordinates of buoy:
35.218S and 146.022E for Lake Wyangg
35.167S and 147.373E for Lake Atbe

Figure 5-6: Calibration flight (red line) and boat transects (white ihes) over Lake Wyangan and Lake
Albert.

A secondary objective includes the evaluation of other satellite soil moisture products and use
of other satellite data for ancillary input and downscaling. Consequently a summary of all
satellite overpassesoinciding with AACES flights is given inTable 5-2, but little
consideration could be given to matching other satellite overpasses due to the heavy
constraints of matching with SMOS overpasses and achieving the shortest przssiéegn
duration.

Table 5-2: Summary of satellite acquisitions that coincide with aircraft coverage of the AACES flights
Here P isfor 0 to 12 UTC andA is for 12 to 24 UTC, shaded columns are the time oéircraft over-flight.
The symbology0 indicates fully covered while 2z indicates partly covered. Check tables in chapter 3 for
satellite coverage on other campaign dates.

Date (Local) | 1/22 | 1/25 | 1/28 | 1/30 | 2/5 2/7 | 2/10 | 2/13 | 2/15 | 2/18
Flight PO1 | P02 | PO3 | P04 | PO5 | PO6 | PO7 | PO8 | P09 | P10
PIA|IPIA|PIA|P[A|P|A[P|A|[P|A|P|A|P|A|P|A
SMOS 0|/|0|/0|0|6|[6[6|6|6|0|0|0|0|0|06|06|[6|6|[6]|0
AMSR-E 0|0|[0|0O 0 0 0|0 0|0|0 0
WindSat 0|0 0 0|0 3|0 0|0
ASCAT 0 0 0 0 0 3
PALSAR(L) | © 3 /06
PALSAR(H)
ASAR 0 0 3 0 0 3 3 0
Aqua 0|0|0|0|[06|[6|[06|6|6|0|0|0|0|0|0|0[6|0[0]|0
Terra 0 0|0|0|[0|0[0|6|0]|0 0|0|0|0|[0|[d|0o
ASTER
Landsats 0 0
Landsat7 3 3 3
CHRIS 3
AVNIR-2
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