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Soil moisture missions (L-band)

LR SMOS (Soil Moisture and Ocean Salinity)
g launched Nov 2009

40km with 3days repeat; synthetic aperture radiometer radiometer
radar

AQUARIUS (Ocean Salinity and soil moisture)
launch June 2011

; ' ~100km with 7days repeat; “traditional” active passive

SMAP (Soil Moisture Active Passive) 5
launch ~2014

40-10km with 3days repeat; high resolution active

= MONASH University www.monash.edu.au
Engineering




Soil moisture requirements
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Overview of activities
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Overview of activities

f Murrumbidgee OzNet Monitoring Network: 2001 onwards A
www.oznet.org.au
~$500k+ investment
N J
. Time >
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A ground based soil moisture observatory

Satellite footprint sizes
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The OzNet monitoring network
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Murrumbidgee: a slice of Australia

Land Use

[ conservation and Nature Reserves
B urban
Dryland Agriculture and Plantations
I irrigated Agriculture and Plantations
- Grazing and Production Forestry
Water

Precipitation :
- High : 1926 mm/a Y Lo

B Low: 319 mmia

Snow % ¥ -y
No Snow R A
| Snow Cover Possible ‘

- Snow Cover more than a few weeks

MONASH University

Engineering

Elevation

High : 2018 m

Low :40m

Areal PET
P High : 1231 mm/a

- Low : 1035 mm/a

Soil Texture

B ciay Loams
B clays
Y Loams
B sands
Sandy Loams 0 50 100 200 Km N
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Overview of activities

f Murrumbidgee OzNet Monitoring Network: 2001 onwards A
www.oznet.org.au
~$500k+ investment SMAP Testbed
2009 onwards
N
. Time >
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The SMAP test-bed

Irrigated crop

SM sites

-90cm only

® 0
SMAP grids

Dryland pasture

~40km

L3_AP_SM

L3 HiRes
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Monitoring network
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Overview of activities

2004: PLMR
ARC-LIEF $657k

f Murrumbidgee OzNet Monitoring Network: 2001 onwards A
www.oznet.org.au
~$500k+ investment SMAP Testbed
2009 onwards
N
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Polarimetric L-band Multibeam Radiometer

L-band Radiometer
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Brightness temperature data
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Overview of activities

2004: PLMR 2005: Lidar
ARC-LIEF $657k ARC-LIEF $338k

f Murrumbidgee OzNet Monitoring Network: 2001 onwards A
www.oznet.org.au
~$500k+ investment SMAP Testbed
2009 onwards
N
. Time >
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Lidar: Riegl QMS-560

& sequence |ust ater taee-off
Full Waveform Laser Scanner
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Overview of activities

2004: PLMR 2005: Lidar 2008: PLIS
ARC-LIEF $657k ARC-LIEF $338k ARC-LIEF $840k

f Murrumbidgee OzNet Monitoring Network: 2001 onwards A
www.oznet.org.au
~$500k+ investment SMAP Testbed
2009 onwards
N
. Time >
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Polarimetric L-band Imaging SAR

L-band Radar

PLMR: PLIS:

Polarimetric L-band Multibeam Radiometer Polarimetric L-band Imaging SAR:
Frequency/bandwidth: 1.413GHz/24MHz Frequency/bandwidth:1.26 GHz/30MHz
Polarisations: V and H Polarisations: VV, VH, HV and HH

Resolution: ~1km at 10,000ft flying height, Resolution: ~10m

Incidence angles: +/- 7°, +/-21.5°, +/- 38.5° across track Incidence angles 15° -45° on both sides of aircraft
Antenna type: 8x8 patch array Antenna type: 2x2 patch array
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Coverage
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Radar data
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Overview of activities

=

2004: PLMR 2005: Lidar 2008: PLIS 2009: Hyperspectral
ARC-LIEF $657k ARC-LIEF $338k ARC-LIEF $840k ARC-LIEF $785k

f Murrumbidgee OzNet Monitoring Network: 2001 onwards A
www.oznet.org.au
~$500k+ investment SMAP Testbed
2009 onwards
N 2/
Time
® -
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Hyperspectral: AISA Eagle and Hawke (450 — 2500nm)

Early example of combining Lidar and hyper-spectral

Mangroves near St. Kilda, SA
flown on 19 Feb 2007

LIDAR DSM

Digital Surface Model

Pseudo-Colour

138°32'30"E 138°32'35"E 138°33'E 138°33'15"E 135°33'30"E
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Overview of activities

=

2004: PLMR 2005: Lidar 2008: PLIS 2009: Hyperspectral
ARC-LIEF $657k ARC-LIEF $338k ARC-LIEF $840k ARC-LIEF $785k

f Murrumbidgee OzNet Monitoring Network: 2001 onwards A
www.oznet.org.au
~$500k+ investment SMAP Testbed
2009 onwards
o 2/
2003-2006: GRACE
ARC-DP $277k
2002-2005: AMSR-E 2005-2008: SMOS 2008-2012: SMOS/MoistureMap
ARC-DP $235k ARC-DP $667k ARC-DP $910k
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MoistureMap

[ MoistureMap ]

A soil moisture monitoring, prediction and reporting system for land management
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Overview of activities

2004: PLMR 2005: Lidar 2008: PLIS 2009: Hyperspectral
ARC-LIEF $657k ARC-LIEF $338k ARC-LIEF $840k ARC-LIEF $785k
f Murrumbidgee OzNet Monitoring Network: 2001 onwards A
www.oznet.org.au
~$500k+ investment SMAP Testbed
2009 onwards
N
N
2003-2006: GRACE 2009-2012: SMAP
ARC-DP $277k ARC-DP $540k
2002-2005: AMSR-E 2005-2008: SMOS 2008-2012: SMOS/MoistureMap )
ARC-DP $235k ARC-DP $667k ARC-DP $910k )
2009-2012: Assimilation )
ARC-LP (DPI) $537k
fy 2010-2014: SS
| creesi [ ARC-FS $557k
Time .
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Overview of activities

J

2004: PLMR 2005: Lidar 2008: PLIS 2009: Hyperspectral
ARC-LIEF $657k ARC-LIEF $338k ARC-LIEF $840k ARC-LIEF $785k
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NAFE overview
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D Catchment boundary
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NAFE: www.nafe.unimelb.edu.au

3 NAFE - Goulburn River Basin - Microsoft Internet Explorer

Fle Edit Wiew Favorites Tools Help

Qe - @ - [x] [ @b Pseach Jeravors @ | (2~ & = - [ B & B National Airborne Field Experiment 2005
Address @ http: ffwrww . civerty .unimelb.edu. au/nafe Mafe0Sindex.html
z;gkao' ) NAFE - Murrumbidgee Basin - Microsoft Internet Explorer 31 Oct — 25 Nov 2005

File

Edit View Favorites Tools Help

cBack © \‘) B @ @ pSearch %Favorltes -@ 8'& #] ~ D ﬁ :ﬂ

Jeffrey Walker and Rocco Pancierg
University of Melbourne, Australia|

Address ‘ hittp /iy civerny. Lnimelb.edu. au/nafe/nafe0s indes.html
Google v Go D & B~ ¥ Bookmarksw TERah . B 193 blocked % Check ~ % Autoll
Search = - B - ‘ B3 Answers - =aMal ~ Clalpha ~ i Finance

NAFE

National Airborne Field Experiment’

National Airborne Field Experiment

National Airborne Field Experiment 2006
(NAFE’06)

Satellite Data (R
Access)

29 Oct — 20 Nov 2006

AATSR
AMSR-E
ASAR
PROBA/CHR
MERIS
MODIS

Jeffrey Walker, Olivier Merlin and Rocco Panciera
University of Melbourne, Australia

Aircraft Data

PLMR data
Thermal data
MDY data
Digital Photog
Water calibra

Experiment Plan

Ground Data

= IMonitoring ste October 2005
o MNAFE

o SASM,

NAFE'OG OVEI’ViEW Experimental plan

MNAFE'06 was undertaken in the Murrumbidgee catchment during November 2006, with the

s Regional sam objective to provide data for SMOS (Soil Moisture and Ocean Salinity) level soil moisture

retrieval, downscaling and data assimilation. The study area included the 60 by 60km Yanco
area, the 600 km2 Kyeamba catchment, and the 26ha Yenda site.

@] Done
— A Polarimetric L-band Multibeam Radiometer (FLWMR) and a Thermal Imager were flown at an
rs Start ‘ BEom altitude of 3000m AGL to provide 1km resclution passive microwave data (and 20m for Thermal
Imager) across a 40x55 km2 area in Yanco every 2-3 days and a 40x50km2 area in Kyeamba
once a week. This both simulated a SMOS pixel and provided the 1km soil moisture data

required for downscale verification, allowing downscaling and near-surface soil moisture

Experiment Plan

October 2006

14 start == ~ | @ Eudora- ... -~ it wn. ~[@s
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Overview of activities

p
2004: PLMR 2005: Lidar 2008: PLIS 2009: Hyperspectral
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The concept
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AACES: www.moisturemap.monash.edu.au/aaces

/= AACES - Murrumbidgee river catchment

ndows Internet Explorer

@._ | = | httpsjfwwn.moisturcmap. monash.edu. aufeaces)

o7

V|‘f X ‘]arldenwmn

File Edt Wiew Favorites Tools Help

£ vidindows Live | hawkins ells j arid environ The © &) - What'sNew  Profile  Mal Photos  Calendar  MSM Share )~ &y

Sign in

fi- B

s e I@AACES-Murmmhmgeerivercatchment ] I

@Convert = [ Select

- ) »
b v |5 Page + () Tadls -

@ MONASH University

ne Calfy,
?3‘“0‘. rate

Welcome

o 3 '
AACES-1 AACES-2

PLEASE NOTE: This data set should be acknowledged:
Peischl, 5., Walker, J. P, Allahmoradi, M., Barrett, D., Gurney, R., Kerr, Y., Kim, E. LeMarshall, J., Rudiger, C., Ryu
D. and Ye N, 2009 Towards Validation of SMOS Using Airborne and Ground Data Over the Murrumbidgee
Catchment. In Anderssen, RS, RD. Braddock and LTH. Newham (eds) 18th World CS Congress and
MODSIMOZ international Congress on Modelling and Simulation. Modelling and Simulation Society of Australia
and New Zealand and International Association for Mathematics and Computers in Simulation, July 2009, pp.
3733-3739. (pdf 576kB)

Experiment Overview

‘With the European Space Agency's (ESA) Soi Moisture and Ocean Salinity (SMOS) satellite successfully launched on 2nd, Nov. 2009, the first long-term
space-borne passive microwave observations at L-band (~1.4 GHz) have become available. Consequenty, SMOS is the first mission dedicated to global
mapping of near-real-time surface soil moisture information. Though space-borne microwave instuments have measured global data at high frequencies
(e.g. C- and X-band) for the last 20 vears, this innovative L-band radiometer uses a new synthetic apermre concept that provides observations at multple
incidence angles. Consequently. the observed brightness temperarure data and derived soil moisture product must both be validated To achieve this.
intensive field campaigns are being planned world-wide to support the sartellite mission with reliable data from 1} passive microwave airborne observations at
L-band. i) detailed ground measurements of surface soil moistre content and associated environmental parameters. and iii) long-term soil moisture
monitoring network data from anchor sites (e g Murrumbidgee in Australia. Valencia in Spain. Upper Dammbe in Germany. Midi-Pyrenees in France etc ).
With the SMOS launch being m the northern hemisphere autumn. Australia is particularly well positioned for conducting the first mtensive SMOS validation
campaign during its growing season.

Murrumbidgee Catchment

o Griffith

@ Internat
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Australian Airborne Calfval Experiments for SMOS
(AACES)

2010 - 2011

Jeffrey Walker, Christoph Riidiger, Sandy Peischl, Ye Nan,
Mahdi Allahmoradi, Dongryeol Ryu, Yann Kerr, Ed Kim,
Robert Gurney, Damian Barrett, John Le Marshall

University of Melbourne, Australia

Experiment Plan

January 2010
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Overview of activities
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SMAPex: www.smapex.monash.edu.au

(= SMAPEx - Windows Internet Explorer

v‘ 2| X ‘]ar\dar\vlmr\

File Edit View Favorites Tools  Help

A7 Windows Live | hawkins elis | atid enviran The T [B) - What's Mew  Profle  Mail

=
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e & [@smpsx

o

Welcome to the

SMAPEX Project

Soil Moisture Active Passive Experiment

| PLEASE MOTE: Site under construction

Project Overview

SMAPEx will comprise 4 field experiments specifically designed to contribute to the development of soil moisture
retrieval algorithms from radar and radiemeter applicable to the SMAP mission. SMAPEx will utilize airborne radar and
radiometer data replicating the SMAP configuration in terms of frequency, viewing angle and resohrtion ratio, as well as
supporting ground data on soi moisture, vegetation properties, soil temperanire and surface roughness.

The low-cost, light-weight airborne facility utllized mcludes the Polarimetric L-band Microwave Radiometer (PLMR)
and the polarimetric L-band Imaging Scatterometer (PLIS), with additional thermal mfrared radiometer and
multispectral sensor for vegetation properties and temperatire measurements.

The SMAPEx field experiments will leverage existing m situ soil meisture monitoring network m the "Yanco" study
area, a semi-arid agricultural area in the Murrumbidgee catchment, south-eastern Australia. The monitoring network
has been designed to support the umque products of SMAP, with the objective of establishing an Australian cal'val site
for postlaunch validaton of SMAP products over Australia. The site curremtly comprises of 29 surface monitoring
stations (0-5cm). with additional root zone monitoring (0-100cm) at 5 of these. distributed across an area equivalent to a
SMAP radiometer pixel.

SMAPEx was funded by a 3-vear Discovery Project (DP) of the Australian Research Council (ARC), and is a jeint
effort of The University of Melbowne, Monash University, the University of Adelaide and Airborne Research
Australia. with significant contribution from the United States Department of Agriculnwe (USDA) and NASA's
Goddard Space Flight Centre (GSFC).

Created: July 2010
Last Modified: July 2010
Maintainer: Rocco Panciera, panr@unimelt edu au

The Soil Moisture Active Passive Experiments
(SMAPEX)

2010-2011

Rocco Panciera, Jeffrey Walker, Dongryeol Ryu,
Douglas Gray and Thomas Jackson

Experiment Plan
June 2010
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Overview of activities
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SMAPex-3

*  Surface Station (0-5¢m)
+  Profile Station (0-100cm)

* Likely to be 3-weeks in Sept (TBC)

(5525 River & Drainage System

* Need to develop an experiment plan supplement
outlining ADDITIONAL data requirements:

—PALSAR B -l
—lidar flights

— hyperspectral flights

— ground roughness data

— ground-based hyperspectral data

— vegetation structural parameters, bioma
etc (forest, crops and grass ...)

— additional soil moisture?
— etc
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