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Abstract: The results of an investigation of the utility of remote sensing to inform landscape scale biodiversity assessments are 
detailed.  The case study presented here was undertaken within the Moira State Forest, located on the border of New South Wales and 
Victoria in Australia.  The area is a wetland and a part of the Barmah-Millewa Forest.  The area represents the largest remaining River 
Red Gum (Eucalyptus camaldulensis ssp. obtusa Dehnh) forest in the world [1].  This landscape contains important rare and 
endangered Flora and Fauna [2].  Conservation, mapping and monitoring of biodiversity is therefore critical.  The data evaluated for 
this purpose comprises airborne LiDAR (Light Detection And Ranging) data, gathered in July 2001, field survey data (collected in 
2003 and 2005), satellite imagery (Landsat-7 ETM+), and an environmental GIS-database used in the analysis.  The information 
content of both the initial and final LiDAR pulse returns were assessed for their ability to map habitat “condition” information and 
biodiversity context information.  Scaling issues, such as the extrapolation of point and patch scale ground observations to landscape, 
image and regional scales were also considered.  The methods used for combining data from remotely sensed and ground data sources 
are also presented with particular focus given to the analysis and management of relative positional accuracy issues between source 
datasets and derived image products. 
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1. Introduction 
 

Since the UN Convention on Biological Diversity (CBD), held in Rio de Janeiro in 1992, conservation of biodiversity 
is recognised internationally and nationally as critically important for sustainability.  The CBD cited forest biodiversity 
as the richest of all terrestrial systems holding the vast majority of the world’s terrestrial species [3].  A range of national 
and international initiatives have been established which commit governments to the maintenance and improvement of 
biodiversity through the sustainable management of forest ecosystems [4] and to improvements in our knowledge of 
habitat health status.  Such measures are required at all levels of government, from international to the local [5]. 

At the local level, practical ways of defining and measuring biodiversity are necessary for land managers and policy 
makers [6].  Measuring and characterising forest attributes as indicators for biodiversity have been studied widely [7, 8, 
9], and some techniques such as the ‘habitat hectares’ approach [8] in Victoria and the ‘BioMetric’ tool [10] in New 
South Wales, Australia, have been implemented at the level of the State Government to assess biodiversity and habitat 
condition.  However, most of these assessments require costly field work.  In Victoria, vegetation communities, their 
interaction with each other and other biophysical or anthropogenic systems, are mapped using Ecological Vegetation 
Classes (EVCs) [11].  This is a laborious process that presently involves site visits and point based measurements of 
botanical and ecological variables.  Remote sensing data derived from satellite and airborne sensors has many advantages 
over field survey data, its total sampling capability, high-spatial resolution (i.e. small mapping unit size), repeatability on 
a regular time frame and low unit area mapping cost.  High-spatial resolution data, such as IKONOS and LiDAR (Light 
Detection And Ranging), have huge potential for regional biodiversity assessments.  This is the subject of this paper. 

LiDAR is an active sensing technology that emits laser pulses (at around 1µm) and measures the range (distance) 
between the sensor and the illuminated image object.  Some LiDAR instruments also record the intensity of the 
backscattered laser pulses.  This allows for the characterisation of objects and their attributes.  Such LiDAR information 
(along with appropriate positional data from GPS -Global Positioning System and INS -inertial navigation system) now 
provide the potential for accurate, fast and versatile measurements in renewable natural resource management [12].  To 
date, most natural resource remote sensing have been undertaken using passive sensing technologies, mainly in the 
visible / near infrared portions of the electro-magnetic spectrum.  Compared to these 2D information sources, LiDAR 
provides 3D information on the image objects, which enables the estimation of such variables as tree height [13] and 
foliage biomass [14] in forestry. 



Characterisation of forest attributes at the level of a community, or stand, is required to better manage terrestrial 
resources such as forestry, Carbon sequestration, water resource management, soil stability and biodiversity.  There is 
often a good correlation between biodiversity and measures of the variety and / or complexity of arrangement of 
structural components within an ecosystem [4]. Therefore, measurement of forest attributes and evaluation of their 
variety is often advocated as a good indicator of biodiversity in the context of conservation management. The potential 
for using LiDAR data for deriving forest attributes at the level of the forest stand has received strong attention recently 
[13, 14, 15, 16, 17,18] and there is an increasing interest in developing forest structure for habitat assessment [19].  

This research investigates the potential of LiDAR to inform landscape scale biodiversity assessments and aims to 
develop a methodology to measure surrogates of biodiversity to inform decisions made at a landscape scale. To address 
this aim, the following question is posed. How can LiDAR data be used to recover structural and condition information 
about vegetation? 

 
2. Material and Methods 
 
1) Study area 
    

The study area (Fig. 1) covers the Moira State Forest, located on the border of New South Wales (NSW) and Victoria 
(VIC) in Australia.  The area is a wetland and a part of the Barmah-Millewa Forest.  The area represents the largest 
remaining river red gum (Eucalyptus camaldulensis ssp. obtusa Dehnh) forest in the world [1].  This landscape contains 
important rare and endangered Flora and Fauna [2]. Conservation of biodiversity is therefore critical in this area. 
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Fig. 1 Study area 
Study area is displayed in the rectangle on the satellite imagery; Landsat-7 ETM+ (Blue; band 1, Green; band 2, Red; band 4). 
 
2) LiDAR (Light Detection And Ranging) data 
 

The LiDAR data used in this research was gathered in July 2001 and acquired by the Murray Darling Basin 
Commission.  Table 1 details the specifications of the sensor at the time of acquisition.  The data was preprocessed into 
three data sets: first return pulse, last return pulse classified as “ground” and last return pulse classified as “non-ground”.  
Each data set contains two variables: range (distance) information and an intensity of return value. 
 
3) Habitat condition information 
 

Within the study area three vegetation communities exist: River Red Gum (Eucalyptus camaldulensis); Box 
Woodlands (Western Grey Box E. microcarpa and Black Box E. largiflorens); and, Sandhills.  These were then further 
subdivided according to the habitat / community condition of the sites.  In the case of the River Red Gum (Eucalyptus 
camaldulensis), which are the subject of this paper, three condition states were defined: 

• Site Quality 1.  Here mature trees were generally large (~30m) and the area was flooded regularly (this is 
needed for reproduction); 

• Site Quality 2.  Here trees were generally slightly smaller (~25m) and the area was flooded occasionally; 



• Site Quality 3.  Here trees were generally smaller and the area was infrequently flooded. 
 
 
Table 1. LiDAR acquisition specifications. 
 

Scanner Model ALTM 1225 (now ALTM 3025) 

Sampling intensity 11000 Hz and 12500Hz 

Flying height 1100m 

Laser swath width 800m gross, 600m net (25% overlap between swathes) 

Laser wavelength & foot-print 1.047 microns ; 0.22m diameter 

Vertical Accuracy 0.15m (1 sigma) 

ALS Internal precision 0.05m 

Acquisition Date July 2001 

 
 
4)  Field survey data 
 

Two sources of field data were available.   
• State Forests New South Wales (SFNSW) commissioned a seasonal bird census from 1999 to 2002 within 

Barmah-Millewa Forest.  This study [20] established twenty benchmark sites (four in each of the Red Gum 
condition classes, Box and Sandhills).  Each site established was a two hectare circular plot.  The location and 
habitat types of the sites were used as training sites in this research.   

• Additional field survey data (32 sites) were collected (by the authors) in the Moira State Forest, in July 2003 and 
July / September 2005.  Although 2-4 years had elapsed since the LiDAR survey no significant landcover / 
landuse change had taken place during the period.   

All of these surveys conformed to, and were conducted using, the standard Birds Australia Atlas Habitat Form.  Each 
site established was a two hectare circular plot (Fig. 2, grey area).  This is the official proforma survey form provided by 
Birds Australia, widely used to collect habitat and vegetation community condition information.  The form consists of a 
series of questions in five categories; general description, vegetation structure and diversity, land use, landscape and 
wetlands.  These were then aggregated and summed to produce a plot quality score.  Additionally, the authors collected 
data on tree height, canopy cover, and course woody debris (GPS, clinometers and reference photography) at four 
locations within the 2ha plot (Fig. 2 hollow circles).   
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Fig. 2 Field sampling strategy 
Grey area shows a two hectare plot for Atlas Habitat Form. Additional measurements of tree height, canopy cover and course woody 
debris were conducted in the centre and circles1-4 within the plot. The circles were located approximately 60 m from the centre. 



Moira State Forest – South area

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Example of sample sites 
Each of two hectare sample sites is indicated as a circle on LiDAR imagery (interpolated LiDAR first return intensity, 1m grid). The 
background imagery is Landsat-7 ETM+ (Blue; band 1, Green; band 2, Red; band 4). 

 
3. Results and Discussion 
 

To investigate the utility of LiDAR to recover structure and condition information, the first return pulse data set was 
analysed to determine its correlation to the field samples.  The LiDAR data within each of the two hectare plots was 
extracted (and an additional 10% buffer added to account for potential positioning errors).  ANOVA and Bonferroni 
statistical measures were used to conduct multiple comparisons (Table 2) between each of the sample plot quality scores 
and the LiDAR first return intensity values. The results showed that there was a significant difference between the River 
Red Gum Site Quality. 

The predictive capability of the LiDAR for site condition assessment was then tested.  In total 141 sample sites were 
selected within the River Red Gum forest (Fig. 3) and the LiDAR data was extracted for each site.  Each 2ha plot 
contained ~5500 LiDAR 1st return pulses.  These were compared to the River Red Gum site data to examine the degree 
of association between the two datasets.  Initial results suggest that the three site quality “states” are statistically different 
in terms of their 1st return intensity information.  The reasons for these differences are the subject of ongoing studies, but 
it is thought that the differing canopy thickness (leaf area and canopy cover) and volume scattering vary between the 
three condition states.  This is demonstrated in Table 2. 
 
 
 
 
 
 
 
 



Table 2. Multiple comparisons (Bonferroni) 
 

 
Multiple Comparisons

Dependent Variable: intensity
Bonferroni

23.796* .935 .000 21.56 26.03

-11.984* .932 .000 -14.22 -9.75

-23.796* .935 .000 -26.03 -21.56

-35.780* 1.041 .000 -38.27 -33.29

11.984* .932 .000 9.75 14.22

35.780* 1.041 .000 33.29 38.27

(J) testplot
River Red Gum
Site Quality 2
River Red Gum
Site Quality 3
River Red Gum
Site Quality 1
River Red Gum
Site Quality 3
River Red Gum
Site Quality 1
River Red Gum
Site Quality 2

(I) testplot
River Red Gum
Site Quality 1

River Red Gum
Site Quality 2

River Red Gum
Site Quality 3

Mean
Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound
95% Confidence Interval

The mean difference is significant at the .05 level.*. 
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Fig. 4 3-D plot of height / intensity colour coded for a plot 
 

Fig. 4 shows all the return information (around 12,000 points) for a sample plot.  The range information has been used 
to generate a 3-D profile of the vegetation in the plot area.  The intensity of return information of each return pulse has 
then been colour coded to demonstrate its return vigour.  It can be seen that the ground returns in general exhibit a much 
higher return value.  This is since they interact with the ground or large woody debris components.  First or initial returns 
are generally much weaker and it is thought that this results from multiple scattering effects present within erectophile 
Eucalypt canopies.   
 
4. Conclusion 
 

This study has explored the ability of LIDAR data to aide in habitat condition assessments.  First return intensity 
information was shown to be correlated to Birds Australia Atlas Habitat scores and of use in extrapolating condition 
information from the standard two hectare plots to the landscape scale.  More generally, high spatial resolution remotely 
sensed data has enormous potential to inform patch and regional scale biodiversity assessments.  Future work will 
concentrate on combining the spectral reflectance information of IKONOS imagery and the 3-D information gathered 
from LiDAR survey. 
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