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1. Project overview:

• The potential benefits of remotely-sensed imagery have not yet been realised by

Australian pine producers.  This project demonstrates the application of high

resolution digital imagery for the assessment of plantation canopy condition and the

potential benefits derived from incorporating this spatially-explicit information with

other environmental spatial coverages.

• A major outcome of this project was the production of a Handbook (attached) that

presents the details associated with this project and provides recommendations for

the acquisition, processing and modelling of multispectral imagery for this application.

• The methods were developed through a demonstration study based on classifying

tree crowns affected by three damaging agents common in Australian pine

plantations; the Essigella californica aphid, low soil nitrogen levels, and the fungal

pathogen Sphaeropsis sapinea.  Study sites were located in the southern Hume

region of New South Wales at Carabost State Forest and the Kangaroo Vale Section

in Buccleuch State Forest.

• In September 2002, imagery was captured over the study sites using a CASI

(Compact Airborne Spectrographic Imager) and DMSC (Digital Multi-Spectral

Camera Mkll) airborne remote sensing instruments approximately 1 week before the

field campaign.  This enabled trees to be co-located in the field and in the imagery

during the initial fieldwork.  Additional DMSC imagery at modified wavelengths was

captured in September 2003 coincident with the field campaign. The images were

calibrated to reflectance values using spectro-radiometer measurements from

pseudo-invariant features placed in the field, which were recorded at the time of

image capture.

• Decision tree analysis was used to create hybrid models of canopy condition from

three inputs: (a) the field based observations of crown condition for the three

damaging agents, (b) a set of four mean crown vegetation and red-edge indices, and

(c) a mean crown fractional cover estimate for sunlit canopy, shadow and exposed

soil.  The decision tree models were used to generate classified canopy-damage

maps for key crown attributes selected for each damaging agent, and the level of

accuracy of each model was calculated along with summary tables and charts.

• The decision tree models were used to create continuous coverages showing the

proportion of ‘sick’ to ‘healthy’ trees over the entire area of the imagery.  The pixel

size of these coverages was converted to 25 m for compatibility with existing climate,

terrain and soil data contained in the Hume SIS GIS database.
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• Broad scale environmental data and soil profile information was collated or measured

for this project at both demonstration sites, and the spatial correlation between

canopy condition indices and the site/soil attributes was examined.  This analysis

revealed new information about the dynamics of these damaging agents in P.radiata

plantations, including a high correlation between locations with high mean crown

transparency due to defoliation from Essigella and locations exposed to high net solar

radiation (i.e. higher elevation and N-NW aspect).

• Detailed information about the project are presented in the Handbook and a series of

journal publications which have either been submitted or are in preparation.

2. Historical development of this project

In 1998 the Montreal Process Implementation Group for Australia (MIG), a Commonwealth-

State body, reported that research was required to further develop indicators of Australia’s

capacity to assess sustainable forest management.  Funding for a series of research projects

associated with this process was provided by the Wood and Paper Industries Strategy

(WAPIS) and managed by FWPRDC.

The collaborative CSIRO FFP / SFNSW research team associated with the application of

remote sensing technologies to the classification of forest canopy health and condition, has

its origins with a project supported by this WAPIS funding.  The project was aimed at

developing and testing a reliable and robust indicator that could be used to assess the health

and vitality of Australian eucalypt forests and was titled ‘Forest vitality and health: Indicators

of changes in fundamental ecological processes in forests based on eucalypt crown condition’

(FWPRDC PN99.814).  This project brought together, for the first time in Australia, a

multidisciplinary research team with experience and skills in areas of remote sensing and

forest health and management.

The research team successfully classified crown condition using a series of reflectance based

algorithms derived from hyperspectral (CASI-2) imagery of eucalypts in a stand of moist

sclerophyll forest (Olney State Forest) exhibiting a range of crown decline symptoms (Stone

et al. 2000, Coops et al. 2003b, Coops et al. 2004).  The final report for this initial project

(PN99.99.814) was submitted to FWPRDC in June 2001 (Coops et al. 2001). Figure 1

provides an overview of the work completed at Olney State Forest, a healthy stand of native

regrowth forest approximately 80 km north of Sydney, and an adjacent stand with mature

eucalypt trees exhibiting a range of crown decline symptoms associated with bell miner

dieback:  Figure 1(a) shows the original remotely sensed imagery of the healthy stand;  (b)

the imagery of the unhealthy stand; (c) imagery of the healthy stand classified using the

Eucalypt Canopy Condition Index (ECCI) model;  (d) imagery of the unhealthy stand

classified using the ECCI (taken from Stone and Coops 2004).
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(a) (b)

(c) (d)

Figure 1.  Remote assessments of eucalypt crown health at Olney State Forest, NSW.

In June 2001, the research team successfully applied for an extension to FWPRDC PN99.814

with a project titled ‘Testing generic capabilities of a crown condition indicator for assessment

of forest health and vitality’.  The final report was submitted to FWPRDC in June 2002

(Stanford et al. 2002).  This report presented the development of a framework for monitoring

the health of Pinus radiata plantations affected by Dothistroma needle blight again using high

resolution hyperspectral (CASI-2) imagery.  A series of spectral indices were tested using two

different approaches for extracting crown-scale reflectance measurements and relating these

to ground-based estimates of infection.  Statistically significant relationships were found using

a ‘halo’ approach (which ignored each tree crown’s brightest central pixels) for extracting
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within-crown reflectance values (Coops et al. 2003a).  Models were then developed to map

the distribution of six crown damage scores across the study sites at Bondo (Buccleuch State

Forest) in southern New South Wales.  These models were applied to the imagery and a

pixel-by-pixel classification algorithm was developed to cluster similar crown damage scores

for the entire image extents (Figure 2).

 

 
 

(a) 
 

 
 

(b) 

Healthy                                            Un-healthy 

 
Figure 2.  CASI 2 image of a Pinus radiata plantation at Bondo (Buccleuch State Forest) showing (a), upper

slope of red edge and (b), Map of needle blight severity classes across the plantation using red-edge

prediction and spatial clustering.

The knowledge and experience gained by the forest health/remote sensing research team in

completing the above research projects then contributed to the planning and successful

application for funding of the current FWPRDC project ‘Application of multispectral imagery to

the management of pine plantation condition and productivity’ (PN02.1906).
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3. Project objectives and outputs

This project had three principal objectives and three specific outputs.  Each of the objectives

has been met and the outputs have been produced.  Section 3.1 lists the objectives and

outputs, and the sub-points describe how each of them has been met in this project.

3.1. Principal objectives:

1. To identify and define the type of remotely-sensed imagery that best defines the

structure, condition and physiological status of Pinus radiata plantations.

a. Digital Multi-Spectral Imagery (DMSI) and Compact Airborne Spectrographic Imager

(CASI) 2 imagery were obtained over the study sites. Our analysis shows that DMSI

is more cost effective than CASI2, and is equally suited to classifying the

physiological status of P.radiata trees.

b. Key vegetation spectral wavelengths were identified that allow the assessment of

chlorotic and necrotic needle behaviour.  We recommend the acquisition of 4, 10nm

wide spectral bands centred on 680nm, 700nm, 720nm and 750nm.  These bands

provide a useful characterisation of relative chlorophyll content and the shape of the

‘red-edge’ in P.radiata.

c. The spatial resolution of the imagery is critical to the detection of crowns in the

images.  The 50 cm resolution of DMSI enabled the location and shape of crowns to

be accurately identified.

d. We recommend capturing imagery in September.  The expression of symptoms from

many damaging agents is greatest in winter.  Image capture in an early spring also

occurs before the annual growth of new shoots in P.radiata, thereby showing the

impact of the damaging agents on mature foliage.

2. To develop algorithms that will automatically classify the imagery into reproducible

categories of canopy condition applicable to silviculture at the compartment level e.g.

thinning, pest management, pre-harvest assessment.

a. Automated Tree Delineation algorithms (such as TIDA) detect crowns based on

the maximum reflectance brightness in a cluster of pixels, and the distribution of

pixel values around that maxima.  Crowns that are severely affected by damaging
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agents such as Sphaeropsis and Essigella tend to not have a pronounced

brightness maxima, which substantially reduces the accuracy of automated

delineation techniques for identifying unhealthy trees.  We developed an

alternative technique to estimate whole-crown spectral statistics using a spatial

filtering process.

b. We tested the sensitivity of a range of vegetation indices to crown level field

observations of condition.  Key vegetation indices were the chlorophyll index

(680nm/750nm) and upper slope of red edge 
30

720750 ρρ −
.

c. Spectral un-mixing provided a highly successful method to detect canopy

condition.  The Sunlit Canopy fraction image was useful for identifying canopies

and the severity of damage from all damaging agents, and the Exposed Soil and

Shadow fraction images were used to remove non-vegetation pixels from the

imagery.

d. Decision Tree Analysis was successfully used to create hybrid models,

incorporating vegetation index and fraction images to classify the severity of

impact from the damaging agents.  These models provide an easy to understand

model framework for future users.

e. The decision tree models were used to produce damage classification maps for

each of the forest health variables measured in this project.  Summary tables

describing the condition-class composition and accuracy of classification for each

damaging agent were calculated from subset images.

3. Demonstrate the potential benefits of integrating this spatial coverage with other

environmental and operational GIS modules through a series of visualisation and

analytical techniques.

a. Results produced by the remote sensing models can be summarised at a range

of scales compatible with other environmental data in the region, including

information from the Hume SIS.

b. A series of coverages were created showing the proportion of unhealthy crowns

in the estate at 25m cell size.  These layers were compared with existing GIS

data, and data produced specifically for this product such as estimates of plant

soil water holding capacity, to examine the influence of environmental and site

factors on the severity of damage from these damaging agents.  This analysis

has revealed new information about the dynamics of these damaging agents in

P.radiata plantations.  This includes a high correlation between locations with
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high mean crown transparency due to defoliation from Essigella and locations

exposed to high net solar radiation (i.e. higher elevation and N-NW aspect).

3.2. Specific outputs from the project include:

1. Recommendations for the acquisition, processing and incorporation of multispectral

imagery of canopy condition into an operational GIS, with associated cost/benefit

analyses.  These recommendations and set of associated procedures would be

supported by a series of peer-reviewed scientific papers and presented as an operational

manual and CD for use by plantation growers.

2. The recommendations would also provide an assessment of multispectral imagery for

satisfying other existing inventory requirements, e.g. establishment success, weed

infestation and pre-harvest assessments.

a. An operational manual has been developed and is attached. This handbook

provides a step by step description of the methods developed in this project, and

lists and discusses many of the issues which forestry and GIS staff will need to

consider when applying this type of approach in future analyses.

b. A series of peer-reviewed papers have been prepared and submitted to

international journals describing the work developed in this study. These include:

Submitted Papers:

• Goodwin, N., Coops, N.C. Stone, C. (2003) Quantifying Forest Canopy

Condition from Airborne Imagery using Spectral Mixture Analysis and

Fractional Abundances. International Journal of Applied Earth Observation

and Geoinformation (in review).

• Coops, N.C., Goodwin, N., Stone, C. (2004) Predicting Sphaeropsis sapinea

Damage on Pinus radiata stands using CASI-2 Derived Spectral Indices and

Spectral Mixture Analysis. Photogrammetric Engineering and Remote

Sensing. (in review)

• Stone, C., Coops, N.C. (2004) Assessment and monitoring damage from

insects in Australian native forest and plantations. Australian Journal of

Entomology. (in review).

Papers in preparation:

• Coops, N.C., Stone, C., (2004) Use of a radiative transfer model to examine

variation in reflectance spectra due to damaged Pinus radiata foliage.

Australian Journal of Botany.
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• Coops, N.C., Stone, C., Sims, N., Goodwin, N. (2004) Assessment of Forest

Plantation Canopy Condition from High Spatial Resolution Digital Imagery.

Canadian Journal of Remote Sensing.

• Sims, N.C. et al. (2004) A decision tree modelling strategy for assessing the

health of Pinus radiata using remote sensing imagery.  Canadian Journal of

Forest Research.

c. A PowerPoint presentation will be prepared by the authors for participation in either a

Team or Individual Project Presentation to representatives of Australian pine

producers, as directed by FWPRDC.  The scheduling of this presentation will be

managed by the FWPRDC but is anticipated to be in the later half of 2004.
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Disclaimer 
 
This report is prepared to provide guidance only and should not be relied upon 
without professional advice. To the extent permitted by law, CSIRO and State 
Forests of New South Wales will not be liable in any way to any person for any 
use this work or information or material contained in it. 


