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Forests of Australia 
• ~150 million ha of native foresta 

• The most carbon dense forests 
on earthb 

• Provide ecosystem services; 
– Maintain biodiversity 
– Land/atmosphere gas and 

energy exchange 
– Provision of resources incl. 

water, food, timber etc. 
• Spectrum of forest structural 

complexity  
• Monitoring and reporting is 

legislated in State, Federal and 
international agreements. 

a ABARES, 2012.  Australia’s forests at a glance 2012.  Department of Agriculture, Fisheries and Forestry, Canberra. 

b Keith, H. et al. 2009. Re-evaluation of forest biomass carbon stocks and lessons from the world’s most carbon-dense forests. Proc. 
Natl. Acad. Sci. U. S. A. 106, 11635–11640. 
 



Forest assessment & remote sensing 

• Traditionally assessment 
achieved with API and 
inventory 
– Expensive 
– Time consuming 
– Temporally and spatially 

coarse 
• Next generation inventory 

tools; remote sensing 
– Synoptic 
– Applicable scales 
– Automated 

 
 



Forest assessment & remote sensing 

• Challenges within Australia 
– Heterogeneous 
– Leaf angle distribution 
– Low canopy density 
– Shadow 

 
 



Data acquisition and processing 

• Three study sites 
– Short open woodland 

(SOW) 
– Foothills mixed species 

(FMS) 
– Tall closed forest (TCF) 

• 27 inventory plots 



Data acquisition and processing 

• Airborne laser scanning (ALS) 
data collected in April 2012 

• Small-footprint, full-waveform 
airborne laser scanning 

• Post-processed to discrete 
return 
 



• Fundamental forest 
inventory metric 
– Essential Climate 

Variable 
– Modelling biomass / 

carbon 
– Growth models 

• Number of different 
metrics 
– Maximum height 
– Dominant height 
– Lorey’s height 

• Metrics are scale 
dependent 

• ALS is an objective tool 
with which to measure 
canopy height 
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Canopy height 
• Tested a number of ALS derived 

analogues with canopy height 
• Across 27 inventory plots 
• ALS is a good estimator of canopy 

height 
• 99th p w max height (RMSE = 6.6%) 

 

• 95th p w dom height (RMSE = 10.3%) 
• Strong linear relationship between 

ALS and inventory metrics 
• The same techniques is applicable 

across a patch work of native forest 



Short open woodland Foothills mixed species Tall closed canopy 

Canopy height 



• Metrics of complexity includea: 
– Function 
– Composition 
– Structure 

• Vertical forest structure 
• Assessment of forest structural 

complexity: 
– Essential Biodiversity Variableb 

– Disturbance history 
– Improving terrestrial ecosystem 

models 
– Reconciling remote sensing products 

a Franklin, JF, et al., 1981. Ecological characteristics of old-growth Douglas-fir forests. Gen. Tech. Rep. PNW-GTR-118. Portland, OR: U.S. 
Department of Agriculture, Forest Service, Pacific Northwest Research Station. 48 p 

b Pereira, HM, et al., 2013. Essential Biodiversity Variables. Science (80-. ). 339, 277–278.  

Canopy complexity 



 
• Anecdotal range in vertical structural 

complexity across study sites 
• Number of canopy strata as an 

analogue for structural complexity 
• Canopy strata is defined as a local 

maxima of vegetation density within 
the canopy profile 

• Ecologically meaningful 
– Comparable with inventory 

assessment 
• Scale dependence 

– Canopies not crowns 

Canopy complexity 





Nonparametric smoothing of Pgap 



• Nonparametric cubic  
    spline regression requires  
    calibration of alpha 

• Solution to invert with supervised classification 
(80 plots) 

• Repeated (n=50) random sub-sampling cross-
validation 

• TYPE II error (commission) 
– 1 (16.7%), 2 (10.3%), 3(66.7%) 
– >1 strata (2.4%) 

Supervised classification 

 



Bootstrapping 

• N = 100 
• With replacement 
• Same number of returns 

as original point cloud 
• Local maxima occur at 

different locations within 
each iteration 
 



Validation 
• Common validation methods include 

ocular assessment or use of telephoto 
lens  

• Not appropriate; 
– Subjective, time consuming, not 

collected by land management 
agencies 

• Parameterised using inventory 
measured height and allometrically 
derived canopy radius and HTFB 

 
 

• Species and crown position density 
factors 

• Integrate canopy volume 
• Results 

• RMSE 0.39 canopy layers 
• RMSE ~1 in more complex forest 

• Could be used to estimate FAVD or 
layer boundaries 

• Does size of plot integrate enough 
trees? 
 
 



Results 
• Method scales well 

– Number of polynomial 
sections increases linearly 
with height 

• CL is moderately to poorly 
correlated with other ALS 
structural metrics (r2 0.2 – 
0.5) 

• Canopy height regulates 
the number complexity of 
a forest plot 

• Independent measure of 
canopy structure 
 
 



Open source tool-kit 

• Written in Python 2.7.x 
• Tools include: 

– lasIO: enables analysis of .las files in numpy e.g. slicing and 
indexing. Also tiling a subsetting  

– canopyComplexity: calculates metrics of vertical structure 
e.g. Pgap and number of layers 

– woodyAttribute: allows attribution at the large-area scale, 
this process utilises Python’s “multiprocessing” module 
and therefore can be run over a number of cores. Can 
calculate height, FHD, Cv and CL 

– extractPlots (requires MySQLdb) and geometricTree 



Conclusions 
Canopy height 

• Developed and validated tools to estimate canopy height from ALS  
• ALS provides a robust estimate of metrics of canopy height 
• Good linear relationship between ALS analogues and canopy height 
Vertical structural complexity 

• Developed a tool to estimate ecologically meaningful metric of 
vertical structure complexity 

• Tool uses simple calculus to estimate canopy complexity from 
nonparametric regression of Pgap 

• Accurate estimation of number of canopy layers when compared to 
geometric canopy models 

• Demonstrated methods of scaling complexity beyond the plot scale 
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