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GEO Forest Carbon Tracking (FCT) task
• Global forest information monitoring

– Consistent wall-to-wall time-series forest change estimates
– Standardised methods: link, extract, evaluate
– Reliable forest information for accurate carbon modelling
– Contribute to MRV and international reporting

• ‘Tasmania Demonstrator’
– SAR capabilities for forest monitoring

• Independent (recent) source
• Interoperable use with optical time-series (NCAS)

– Spatially and temporally consistent, wall-to-wall radar mosaics
– Standard forest information products
– Change detection and trend metrics



Tasmania ND  site

2009 PALSAR mosaic  
shows extent of Australia’s 
non-tropical rainforests and 
wet sclerophyll forests

Tasmania 62,409 square 
kilometres : 49.5% (3.4mHa) of 
the island is forest –

98% native forest 
2% plantation forest



Sensor Availability Mode Inciden
ce 
angle 
(°)

Spatial 
resoluti
on (m)

Swath 
width 
(km)

ALOS 
PALSAR 
(JAXA)

189 images 
Aug-Oct 
2007 – 2010 

FBD L-HH, HV
Asc.

34.3 12.5 70

JERS-1 
(JAXA)

37 images
Mar 1994

L-HH
Desc.

32 – 38 18 75

Radarsat-
2 (CSA)

38 images
July-Dec 
2009 – Jan 
2010
2010 (to be 
provided)

W3 C-VV, VH
Asc.

39 – 45 13.5 x 
7.7 (rng 
x az, 1x1 
looks)

150

ASAR 
(ESA)

18 images 
July-Sept 
2009
2010 (to be 
provided)

Alternating pol 
mode (AP) IS4, C-
VV, VH
Desc.

34 30 81

TerraSAR
-X (DLR)

8 images
Mar-May 
2010

Scansar X-HH
Stripmap X-VV, VH 
or HH, HV
Asc.

31

Cosmo-
SkyMed

1 image

TAS Demonstrator SAR data



Available DEMs

• Statewide coverage:
– TAS DPIPWE    25 x 

25 m
– SRTM 90 x 68 

m
– SRTM 30 x 30 

m 
– ASTER 30 x 30 

m
• Investigate influence 

of DEM resolution on 
accuracy of ortho-
rectification



Tasmania calibration/validation sites

• Calibration sites (50x50 km): 
– Mathinna (NE) 
– Takone (NW)
– Warra (S)

• Validation squares: 
– 53 10x10 km sample squares
– Collate available in situ and satellite 

data for each square



Validation data
• DPIPWE TASVEG: 154 communities
• FTAS expert field mapping, permanent inventory plots  
• Aerial photography – 1:25,000
• Scattered IKONOS chips 



PALSAR geo-locational accuracy assessment

• Pixel-to-pixel accuracy 
achieved between multi-
date ALOS PALSAR 
imagery

• Comparison with 91 
GCPs provided by FTAS
– Ongoing as more GCPs 

become available

• Co-registration accuracy 
with SPOTmap data
– (To do)



Radar data and processing
• 189 Fine Beam Dual (FBD) ALOS 

PALSAR images acquired between 
Aug-Oct timeframe over 2007 –
2010

• Ascending mode, 34.3° incidence 
angle

• Pixel-to-pixel co-registration 
accuracy

• Feature extraction at full resolution

Processing sequence applied 
to generate wall-to-wall 
PALSAR mosaics



Terrain Illumination Correction

Before TIC After TIC LIA

• TIC uses cosine of surface tilt angles to 
correct for terrain slope illumination 
variations (Zhou et al., 2011)
– Compensates for local illumination
– Reduced intensity across illuminated fore-

slopes (LIA 0 – 30°) and 
smoothing/increase    in intensity in back-
slope areas (LIA 50 – 80°) 



201020092008200
7

PALSAR mosaics
• Annual, ortho-rectified, 

radiometrically 
calibrated, seamless, 
wall-to-wall mosaics

• HH:HV:HH in RGB
12.5 m spatial 
resolution 



RSAT-2 
mosaic 

Aug 2009 
VV:VH:VV



ASAR 
mosaic 

July-Sept 
2009 

VV:VH:VV



Land cover classification strategy
• Initial exploration over 3 calibration 

sites
– Identification of cover classes: field 

survey, TASVEG and optical data
– Object-based approach to 

classification using Definiens 
eCognition

• Inputs: HH + HV, DEM
• Fine scale segmentation
• Rule set development: spatial and 

spectral incl. HH and HV backscatter, 
height, segment shape and area, 
distance…

• Membership functions and/or region 
growing 

• Export mean HV segments for 
change analysis

State-wide vegetation 
mapping (TASVEG) and 
calibration sites



Vegetation communities described







2007 Forest information products: Mathinna

PALSAR 2007
HH:HV:HH in RGB

Land cover 
2007

Forest/non-forest extent
2007



Mathinna: Accuracy assessment

Forest/non-forest %

Producer
s 
accuracy

Forest
Non-forest

0.98
0.87

98.3
87.1

Users 
accuracy

Forest
Non-forest

0.97
0.92

96.9
92.4

Overall 
accuracy

0.96 96.1



2007 Forest information products: Takone

PALSAR 2007
HH:HV:HH in RGB

Land cover 2007

Forest/non-
forest 2007

TASVEG



2007 Forest information products: Warra

PALSAR 2007
HH:HV:HH in RGB

Land cover 2007

Forest/non-
forest 2007

TASVEG



Takone and Warra: Accuracy assessment



F/NF 2008Land cover 
2008
Change 2007 to 200820082007

Mathinna: Annual land cover mapping
Change 08 to 09

Land cover 2009



Change mapping



08-09

08-09

07-08

2009200807-0820082007
Change mapping examples

Clearfell Pine, Mathinna

20082007 20092008 Clearfell 
Eucalypt,Mathinna



Change mapping



Change detection: Clearing of pine plantation
PALSAR 
2007

PALSAR 
2009

Change: 2007 to 
2009 

Clearing of pine plantation 
in 2009

Adjacent pine plantation



Change detection: Regrowth
PALSAR 
2007

PALSAR 
2009

Change: 2007 to 
2009 

2007 Land cover map 
with regrowth (green) 
overlain Eucalyptus nitens seedlings

12-15 yr old Pine plantation

7-8 yr old Eucalyptus nitens 
plantation



PALSAR scene  - change image



Mathinna: Land use/cover change mapping
• Summarise spatial extent 

and location of 
deforestation (red), 
regeneration (blue) and 
no change (green –
forest, grey – non-forest)

• Re-classification of 
annual land cover maps 

• Extract trend metrics 
• Applicable to modelling 

scenarios

Change 
2007 – 2008 

Area 
(ha)

Area 
(%)

No change 
(forest)

210,210.
7

84.09

No change 
(non-forest)

36,909.6 14.76

Deforestatio
n

2,733.6 1.09

Regeneratio
n

137.7 0.06

TOTAL 249,991.
6

100

Change 
2008 – 2009

Area 
(ha)

Area 
(%)

No change 
(forest)

210,826.
6

84.33

No change 
(non-forest)

37,480.9
5

14.99

Deforestatio
n

1,430.5 0.57

Regeneratio
n

253.6 0.1

TOTAL 249,991.
6

100

07 to 
08

08 to 
09



2007 Baseline land cover mosaic
• Initial masking of mosaics using 

TASVEG (water and urban)
• Object-based approach to 

classification 
– Local tiling: 34 tiles
– Chessboard and multi-resolution 

segmentation 
– Local stitching using variables
– Rule set development: adjust per tile
– Apply classification and export

• Change analysis and generation of 
annual forest information products

Local tiling approach 
applied to PALSAR 2007 
mosaic



PALSAR derived land cover (2007) and TASVEG 

PALSAR 
2007

TASVE
G



PALSAR derived forest/non-forest (2007) and 
TASVEG

PALSAR 2007
Forest 63.5 %
Non-forest 36.5 %

TASVEG
Forest 57.5 %
Non-forest 42.5 
%



F/NF 2009
Forest 63.4 %
Non-forest 36.6%

F/NF 2008
Forest 63.4 %
Non-forest 36.6%

2008
Land cover

2009
Land cover

Annual forest information products



Land use/land cover change

Change 2007 –
2008 

Area (ha) Area 
(%)

No change 
(forest)

4,343,655.2 63.29

No change (non-
forest)

2,490,750.2 36.29

Deforestation 27,024.4 0.39

Regeneration 1,274.75 0.02

TOTAL 6,862,704.56 100

Change 2008 –
2009 

Area (ha) Area 
(%)

No change 
(forest)

4,344,781.75 63.31

No change (non-
forest)

2,496,046.5 36.37

Deforestation 16,342.31 0.24

Regeneration 5,534 0.08

TOTAL 6,862,704.56 100

07 to 
08

08 to 
09



Landsat,                                Radar,                 TasVEG

orest non-forest maps – radar/optical interoperability ?

Landsat,                               Lidar (hgt)             SPOT   



Deforestation 
leaves one 
tree behind
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