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Phase 1 Report

Wetland monitoring of flood-extent, inundation 
patterns and vegetation,  Mekong River Basin, 

Southeast Asia, and Murray-Darling Basin, 
Australia

Milne, A.K., Tapley, I. , Mitchell, A.L., and Powell, M.J. Trial of L-
band radar for mapping inundation patterns in the Macquarie 
Marshes, Volumes I, II and III, Consultancy Report Prepared for the 
NSW Department of Environment and Climate Change (DECC), 
Sydney, December, 2009, pp280



Murray-Darling Basin

Area 1.1 million sq kms
(1/7 Aust land surface)

Over 200 wetlands
35 significant  wetlands 
10  listed Ramsar sites



Major Objectives

• Use PALSAR  for mapping and monitoring wetlands 
in the MDB arid zone

• Analyse pattern of flood flows, duration and 
recession of surface water

• Assess vegetation, soil and animal response to 
periodic flooding

• Investigate the effect of environmental flows in semi-
arid  landscapes



Deliverables

• Methods for detecting and characterisation vegetation, soil and 
water class in  semi-arid wetland environments

• Development of an operational system using PALSAR data for 
monitoring  wetlands and assessing the effect of environmental  
flows on vegetation and soil  response in semi-arid  wetland 
environments.

• Evaluation of Scansar efficiency in detecting and mapping the 
regional distribution of  semi-arid wetland distribution in the 
MDB.

Extension Phase Proposal



Gwydir Wetlands

• The Gwydir Wetlands are located in the Gwydir valley which lies to the 
north of the Macquarie Marshes, the site of the previous study. 

• The wetlands include the Lower Gwydir and Gingham watercourses, 
both of which end in terminal floodplains, except during major floods 
when water may reach the nearby Barwon River. 

• The Gwydir Wetlands support an estimated area of 102,000 ha of 
wetland vegetation and are recognized internationally for their 
significance as waterbird habitat and are listed in the Ramsar
Convention.  

• The wetlands and wider area also support significant grazing and
irrigated agriculture industries.



SPOT-5 mosaic of the Gwydir wetlands with the extent 
of ALOS PALSAR coverage overlain (green outline).



ALOS PALSAR data for the Gwydir Marshes acquired 
on 12/6/2007: HV polarisation © JAXA/METI



TABLE I.
ALOS PALSAR coverage of 

the Gwydir wetlands.

Inundation Mapping
Daily river discharge (mean ML/day) for the Gwydir Wetlands as recorded

at five gauging stations between January 2006 and September 2007. 

Acquisition dates of PALSAR
imagery shown by arrows.



Location of Gwydir Wetlands Test Areas #1 and #2.  Hatched areas indicate areas  
inundated at time of aerial photo acquisition (26 August 2005 – 10 October 2005).



Gwydir wetlands Test Area #1: 
identification of open dams (dark albedo
– yellow arrow) and irrigated paddocks 
(green tones - blue arrow) in SPOT-5 
(bands 3:1:4 displayed as R,G,B 
respectively) and PALSAR HH-
polarisation water in paddock data for 
January and June 2007.  Changing water 
levels in dams and irrigation paddocks 
was black, specular surfaces in radar 
images (orange arrows). 

Gwydir wetlands Test Area #1: contrast 
enhancement of PALSAR images 
highlight rough, dielectric surfaces, and 
water-beneath-canopy targets (i.e., bright 
response).
White areas on the masked PALSAR 
images correspond to areas of inundated 
trees and shrubs. 

Inundation Mapping



Gwydir wetlands Test Area #1: contrast 
stretching of PALSAR imagery to 
highlight areas of open water and/or 
ground features with smooth, specular
surfaces resulting in zero backscatter to 
the radar sensor.  These areas are shown 
in black on the derived masks. 

Gwydir wetlands Test Area #2: contrast 
enhancement of PALSAR images to 
highlight rough, high dielectric surfaces, 
and water-beneath-canopy targets (red 
arrow).  These areas appear white on the 
derived masks.  There is a large area of 
high soil moisture (bright response) in 
the masked PALSAR image from June 
2007 (orange).

Inundation Mapping



Left - PALSAR 3-band colour composite for the Gwydir wetlands: Jan 2007: June 2007:Jan 2007. The 
purple areas are dominated by the January (summer) response while the green areas are dominated 
by the June (winter) response.  

Right - Change detection between January and June 2007.  A decrease in backscatter is observed over 
most of the agricultural areas (of the order of 0.1 – 6 dB), while areas with higher backscatter are 
dominated by wetlands and grassland.

Change Detection



Paroo River Wetlands

• The Paroo and Warrego catchments cover 7,400,224 and 
6,290,533 hectares respectively. Both rivers are approximately 
600 km long. 

• They comprise a vast assemblage of braided channels, 
waterholes, swamps, claypans, mound springs, shallow 
freshwater lakes and salt lakes.

• There are two internationally recognised RAMSAR sites along 
the Paroo River (Ramsar Convention Secretariat, 2006) and 
numerous sites in the catchments designated on the Directory 
of Important Wetlands in Australia.



MODIS Channel Country and  sub-set 
Paroo River Catchment 

March 14,2010



March14th 2010





MODIS Multi-temporal Dataset

Paroo



Paroo and Darling River Floods, March 2010



River Levels in the PAROO



Daily Water Level at Willara Gauge on the Paroo River 2009 - 2010
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Following the Flood

Downstream 
gauging stations
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PALSAR Data Acquisition over  Willara



Transforming    
Wetlands

Paroo River

Source Kingsford, 2007



Transforming Wetlands-
Paroo River near Eulo

Pivot irrigation each 19hct in area

Source Kingsford, 2007



L-Band ALOS PALSAR FBD and oblique photo (right) showing sheet-flooding 
where wide expanses of land are covered with shallow water.  Trees lining stream 
channels give high radar backscatter as a result of double bounce. Dark areas 
represent open water intermingled with islands and scattered tree cover.

© JAXA/METI



L-Band ALOS PALSAR FBD (HH;HV;HH in RGB) sub–area (left) and Landsat insert (right) for 
comparison showing largely in-channel flow from increased discharge.  The “gallery” effect of 
trees lining the channel bank gives high radar return

© JAXA/METI



L-Band ALOS PALSAR FBD (HH;HV;HH in RGB) sub–area (left)  and oblique photo 
(right) showing overbank and floodplain inundation. Water is largely confined to 
the immediate stream valley and adjoining cut-offs and billabongs (Photo. Anthony 
Scott, 6 May 2010).  

© JAXA/METI



Morpho-ecological Mapping
semi-arid wetland typologies

CategoriesCategories
» Commonly wet freshwater lakes  
» Periodically-inundated floodplain 

freshwater lakes  
» Periodically-inundated non-floodplain 

(depressional) freshwater lakes  
» Floodplain freshwater swamps  
» Non-floodplain (depressional) 

freshwater swamps  
» Saline lakes  
» Saline swamps  



Wetland Conceptual    
Models for the   

Semi-Arid Zone 

Source:   A. Price & B. Gawne, 2009



L-Band ALOS PALSAR  FBD (HH;HV;HH in RGB) sub–area (left) and Landsat insert (right) of Lake Peery which is the 
largest overflow lake on the Paroo River. It is approximately 15km long and covers over 5,026 hectares when in flood.  
The lake is bordered by sedimentary ranges on the west and sand dunes and sand plains on the east and is a 
RAMSAR listed site. The Lake is fed by floodwaters passing down the Paroo River. © JAXA/MET

© JAXA/METI



Ongoing Work

• Twenty-five PALSAR scenes are currently being analysed to 
further this investigation. 

• These include images from 2/10/2009 which is the driest date 
before the February-March 2010 flood. 

• Other scenes cover the flood peaks (17/11/2010-17/02/2010) and 
the recession period (4/4/2010-20-08/2010). 

• Also, an extensive fieldwork program has been initiated in 
order to survey vegetation communities and examine their 
resilience to the changing flood conditions and to validate 
image interpretation and analysis of the geomorphological
classes identified. 



Conclusions

• Multi-temporal data stacks can yield more information about 
changing surface dynamics than single scene acquisitions and 
are necessary to capture environmental changes and help 
quantify bio-physical processes. 

• Given the severe 10 year drought Australia has been 
experiencing (2000-2010), there have been few flood events on 
inland river systems that would permit the identification of 
wetland types and none within the current lifetime of the ALOS 
sensors until early 2010. 

• Where possible historical data from other sensors will be used 
to examine and supplement the historical record.



• K&C Phase-1 and Phase 2 reports 
• Contribution to K&C Booklet
• Use of L-band radar to interpret inundation patterns in the Macquarie Marshes and Gwydir 

Wetlands (Version 2) Internal Report prepared by HGC, UNSW CRC-SI and DECC, 
November 2007. Updated, January 2011.   pp76.

• Milne, A., Tapley, I., Mitchell, A., (2009),  Multiband Radar For Mapping Inundation Patterns 
In Semi-Arid Wetland Environments; Macquarie Marshes, New South Wales, Proceedings, 
IEEE International Geoscience and Remote Sensing Symposium, (IGARSS 2009), 
Capetown, South Africa, 12-17 July,2009.

• Williams, M., Milne A., Tapley, I.,  Carson, T., Reis, J., Sanford, M., Kofman, B., Hensley, S., 
(2009), Tropical Forest Biomass Recovery Using GeoSAR Observations, Proceedings, 
IEEE International Geoscience and Remote Sensing Symposium, (IGARSS 2009), 
Capetown, South Africa, 12-17 July,2009.

• Mitchell, A.,  Milne, A., Tapley, I., Lowell, K., Caccetta, P., Lehmann, E., Zhou, Z., Held, A., 
(2010), Mapping of Forest Extent and Change in Tasmania using ALOS Palsar Data in 
Support of the GEO Forest Carbon Tracking, European Space Agency Living Planet 
Symposium, Bergen, Norway, 28 June-2 July 2010.

K&C deliverables
Papers and Reports



• Mitchell, A., Milne, A.,  Tapley, I., Lowell, K., Caccetta, P., Lehmann, E., Zhou, Z., 
(2010),Wall-to-Wall Mapping of Forest Extent and Change in Tasmania using ALOS 
Palsar Data, Proceedings, IEEE International Geoscience and Remote Sensing 
Symposium (IGARSS 2010), Honolulu, Hawaii, July 2010.

• Mitchell, A., Tapley, I., Milne, T., Lowell, K., (2010), Forest Type Degradation Mapping 
in Tasmania using ALOS PALSAR Data,  Proceedings: 15th Australasian Remote 
Sensing and Photogrammetry Conference,13-17 September, 2010 Alice Springs, 
Australia. CD-ROM.

Submitted/in preparation
• Lowell, K., Mitchell, A., Tapley, I., Milne, A., Caccetta, P., Lehmann, E., Zhou, Z., Held, 

A., (2011),  Interoperability Of Imagery For Land-Use Change: Examples From Optical 
And Radar Data, (International Geoscience and Remote Sensing Symposium 
(IGARSS 2011), 1-5 August, Sendai, Japan 

• Mitchell, A.,  Milne, A., Tapley, I., Lowell, K., Caccetta, P., Lehmann, E., Zhou, A., Held, 
(2011) , Key outcomes of the Tasmania ‘National Demonstrator’: A Project for the 
GEO Forest Carbon Tracking Task, 34th International Symposium Remote Sensing 
of Environment,  10-15 April, 2011, Sydney, Australia.



K&C deliverables

Data sets and Thematic products
(Not yet available)


