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JAXA’s Kyoto and Carbon (K&C) Initiative

Supporting development of regional mapping of forests and change
(Bur first understanding impacts of surface moisture)



 Annual mosaics from 2007 to 2009
 Three acquisitions per year
 Used strip dates captured under driest conditions

Generation of image mosaics



 Annual mosaics from 2007 to 2009
 Three acquisitions per year
 Used strip dates captured under driest conditions

Generation of image mosaics



 Annual mosaics from 2007 to 2009
 Used strip dates captured under driest conditions
 Mosaic for 2010 compromised by wet conditions

Generation of image mosaics



Tall Closed Rainforest

Eucalypt Woodland

Low Acacia Woodland

Biomass library - 1139 sites (2781 plots)
Brigalow Forest Regrowth

Open Callitris Forest

Ground truth data for estimating AGB



Retrieval of AGB – ALOS PALSAR and beyond
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Persistent Green Fraction, Australia
Landsat-derived 
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Landsat ‐ spectral visible, 
near infrared and shortwave infrared data



ALOS PALSAR and Landsat 
Persistent Green



Potential for Ecosystem 
Classification



History of Natural Events

Landsat FPC and ALOS PALSAR
L-band HH and HV (RGB)

Fire history (past 30 years)
from Landsat time-series



Landsat FPC and ALOS PALSAR
L-band HH and HV (RGB)

Clearance history (past 30 years)
from Landsat time-series

History of Land Use



Forest Structure

ICESat GLAS/
Segmentation of L-band and

Landsat FPC

Forest Stand Height



Structural Classification based on Landsat FPC, ALOS 
PALSAR L‐band HH and HV and ICESat.

• Segmentation based on FPC and L‐band HH/HV (40 classes)
• Similar vertical vegetation profiles for each class (e.g., 17)



Early Regrowth Recovery from fire Mature pine

Composites of Landsat FPC, L‐band HH and HV



ICESAT Profiles, Injune

Early Regrowth Recovery from fire Mature pine



Chained 1997Logged 1995Stem Injected 1970’s

Annual rates of change 1970-1999
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Assessing forest disturbance 
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profiles

Current state



ICESat‐derived height map
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Comparison with airborne LiDAR

Comparison with ICESAT



Comparison of ICESAT Height Products

Based on Regional 
Ecosystems

Simard (2012) Lefsky et al. (2010)



National 
Segmentation

Northern Qld

HH|HV|PG



National 
Segmentation
Southern Vic

HH|HV|PG



Scaling from LiDAR to SAR

Gill et al. (2009)

SPDLib (Bunting et al.,. 2012; open source software supporting visualisation and 
processing of LiDAR data



Biomass Mapping Australia

• Integration of ALOS PALSAR, Landsat 
Persistent Cover and ICESAT

• Consideration of different forest 
growth stages, ecosystems and 
structural formations (e.g., 
mangroves, flooded forests)



Tie Point Generation: ALOS PALSAR and Landsat Panchromatic





Forest Growth Stage Mapping

Landsat FPC and ALOS PALSAR
L-band HH and HV (RGB)

Differentiation of early regrowth
and remnant forest
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Characteristics of Remnant (undisturbed forest):  
Different Regional Ecosystems ‐ Brigalow Belt Bioregion

Regional Ecosystem



Integration of ALOS PALSAR and Landsat‐derived FPC
Forest Growth Stage:  Brigalow Belt Bioregion

Regional Ecosystem Mapping Growth stage map



Relevance to Policy: Addressing CBD Aichi Targets



Recovering the Endangered Brigalow 
Forest Ecosystems, Queensland, Australia

Regrowth classificationRelevance to Vegetation Management 
Acts, Australia





Dry and wet Landsat Mosaics, Tanzania
Rapideye mosaics for selected sites

NDVI wet and dry and ALOS PALSAR HV
Capturing biomass and phenology

Tanzania



• Supporting statewide to national characterisation, 
mapping and monitoring of woody vegetation

– At multiple scales using multi‐sensor data
– Algorithm and method development (e.g., retrieval of biomass, 

structure, species composition and change)

• Understanding ecosystem response to human‐induced 
and natural change

– Tree to landscape

AIRSAR C, L and P‐band

The Injune Landscape Collaborative Project, Queensland, Australia



Tree to Stand Level Products
Leaf

Branch

Trunk

Total

Integration of LiDAR and CASI

Tree height (LiDAR)

Species (Hyperspectral)

Location and density of stems (LiDAR)

Stand-level biomass



Environmental Change:  Impacts of drought

2000 2006



Tree mortality: Comparison of 2000 and 2009 LiDAR
August 2000 – Optech ALTM1020

April 2009 – Riegl LMS-Q560

0m 30m
Height



Tree mortality and loss of understorey through fire: 
Comparison of 2000 and 2009 LiDAR



Forest Disturbance Monitoring:  ALOS PALSAR Correlation
(August – October, 2007)

Yang et al. (2012).  Observation of vegetation vertical structure and disturbance using L‐band InSAR over the Injune region in Australia. Remote 
Sensing of Environment, K&C Special Issue.



MODIS‐Simulated Landsat sensor data

Schmidt et al. (2012).  Multi‐resolution time series imagery for forest disturbance and regrowth monitoring in Queensland, 
Australia.  Remote Sensing of Environment (in review)



Vegetation Phenology:  Stable Sites



5th Aug 2007 13th Aug 2007 21st Aug 2007 21th Aug 2007 6th Sep 2007

14th Sep 2007 22nd Sep 2007 30th Sep 2007

8th Oct 2007

Hyper‐temporal Landsat FPC (actual, simulated)



Hyper‐temporal Landsat FPC (actual, simulated)

5th Aug 2007 13th Aug 2007 21st Aug 2007 21th Aug 2007 6th Sep 2007

14th Sep 2007 22nd Sep 2007 30th Sep 2007

5th Aug 2007



Time‐series comparison of VHR data

Worldview 2 (2010)Hyperspectral HYMAP (2000)



Key questions
• Are certain tree species removed in preference to others (e.g., 

through logging activities)?
• Is the composition of tree species within the regenerating forest 

communities a function of prior land use history (e.g., clearance 
mechanisms, time in pasture)?

• Do tree species respond differently to fire (e.g., as a function of 
intensity and frequency)?

• Are some tree species more susceptible to climatic fluctuation 
(e.g., drought, flooding)?

• Do changes in structure occur in response to events and 
processes (e.g., dieback of crowns) even though mortality of 
species does not occur?

• What are the observed changes in AGB as a function of 
processes such as woody thickening, tree dieback and fire?
– Requirement for additional overflights



Land Cover 
Classification





Generalised Systems for Land Cover and Habitat Classification



0. Level 1-3

1. Vegetated vs Non-vegetated*

2. Terrestrial vs Aquatic*

4. Cultivated/managed vs Natural/semi-natural*

3. Artificial versus Natural (bare and water bodies)*

0. Level 1-3

2. Large objects (e.g., field boundaries)**

1. Water (flowing/standing; merged objects)**

Layers combined to 
generate LCCS Level 3 

classification

*Layers above Level 1-3; 
deleted following 

generation of Layer 0: 
LCCS Level 1-3 

**New layers inserted 
above Layer 0.

Initial Segmentation/Classification
to LCCS Levels 1-3

Classification of LCCS Levels 1-3



-1*. Lifeform Aquatic

-11. Bare

-24. Lifeform

-12. Surface aspect

-15. Water

-13. Material -14. Macro-pattern

-17. Dynamics

-20. Tidal -21. Material -23. Sediment load

-26. Cover (winter) -27. Height -28. Leaf type

-29. Phenology -30. Distribution -31. Stratification

-2. Water seasonality  (nat) -3. Crop lifeform -5. Water seasonality (cul)

-6. Cultural -7. Crop. Combination

-8. Artificial -9. Surface aspect -10. Urban density

-18. Persistence -19. Duration

-22. Depth

-4.  Field Size

-16. Physical status

-25. Cover (summer)

*Distance (in layers) below LCCS Classification level

-33. Cover (winter) -34. -Phenology -35.  Materials-32. Cover (summer)

Temporary layers (pixel-based)

Classification beyond Level 3



Classification beyond Level 3
Raster Attribute Tables

Level 1‐3

Large objects

Level 4

|‐‐‐‐‐‐‐ Small objects ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| Pixel‐based

|‐‐Lifeform‐‐|



Combining LCCS Codes
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LCCS code

A11 A1 B2 NA NA A7 A9 NA NA NA NA NA NA NA NA A11.A1.B2_A7.A9

A12 A1 NA A11 A12 D1 E2 NA NA NA NA NA NA NA NA A12.A1.A11.D1.E2_A12

A12 A3 NA A11 A12 D2 E2 NA B3 B7 NA NA NA NA NA A12.A3.A11.B3.D2.E2_A12.B7

A12 A6 NA A10 NA NA E5 E6 B4 B13 NA NA NA NA NA A12.A6.A10.B4.E5_B13.E6

A23 A1 B4 NA NA NA NA NA NA NA NA NA NA NA NA A23.A1.B4

A24 A1 NA A13 A15 D1 E2 NA NA NA NA NA NA NA NA A24.A1.A13.D1.E2_A15

B16 NA NA NA NA NA NA NA NA NA A3 A8 NA NA NA B16.A3_A8

B27 NA NA NA NA NA NA NA NA NA NA NA A1 B2 C2 B27.A1.B2.C2



LCCS code LCCS description

A11.A1.B2_A7.A9 Small sized field of Broadleaved Evergreen Tree crops

A12.A1.A11.D1.E2_A12
Broad‐leaved Deciduous Open (40‐65%) Woody 
vegetation

A12.A3.A11.B3.D2.E2_A12.B7 Needle‐leaved Deciduous Open (40‐65%) Low Trees

A12.A6.A10.B4.E5_B13.E6 Perennial Short Closed Graminoids

A23.A1.B4 Graminoid crops

A24.A1.A13.D1.E2_A15
Broadleaved Deciduous Open (15‐40%) Woody 
vegetation on Flooded land

B16.A3_A8 Gravel, Stones and Boulders

B27.A1.B2.C2 Turbid Shallow Artificial waterbodies

Generation of LCCS descriptions



LCCS Classes, Cors Fochno, Wales



”a) Classification of General Habitat Categories, Cors Fochno, mid Wales, generated using b) multi-temporal Worldview data 
and showing the active raised bog (centre), surrounding agricultural (light green) and bare (primarily infrastructure) areas 
(brown/black), and semi-natural vegetation, including grasslands (mid green, adjacent to the bog) and forests (darker shades of 
green).  A more detailed classification of c) the active raised bog (see red box; aerial photograph courtesy of Toby Driver, 
RCAHMW) shows the extent of d) Sphagnum (orange) and e) Calluna (dark grey) species overlain onto Unmanned Airborne 
System (UAS) imagery acquired in 2012. 

a) b) c)

d) e)

Standardized land cover maps at local to global scales relevant to numerous activities 
(e.g., UN REDD, EU Habitats Directive etc.)



FAO LCCS Colour Scheme
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Changes in 
Water Extent

a)  July 2011
b)  March 2012
c)   July 2012
d)  April 2013

Changes in 
components of 
the LCCS class 
and hence 
LCCS class



Overview
• Progress towards generation of biomass and structural map for Australia 

based on integration of ALOS PALSAR, Landsat‐derived persistent green and 
ICESAT GLAS.
– Evaluation of contribution of each

• Regrowth mapping
– Example for the Brigalow Belt Bioregion
– Differentiation of regrowth stage, including early and remnant stage.

• Capacity for regional ecosystem mapping
• Land cover and habitat classification.

– FAO LCCS
• Validation with reference to extensive airborne and ground data sets

– LiDAR
– Field measurements of biomass

• Datasets provided to and available to JAXA.
• All software open source and available to JAXA. 
• Addresses carbon cycle science, conservation of biodiversity and 

contributions to international agreements (e.g. UNREDD).


