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1. ABSTRACT  
Sustainable forest management requires data on frequency and impacts of natural disturbances.  The spruce 
budworm, Choristoneura fumiferana, is a major disturbance agent of the boreal forests of British Columbia, 
affecting over 1 000 000 hectares in recent years.  However, little is known of the impact of this disturbance on 
forest resources and on ecosystem values.  This project aims at describing the ecosystem changes induced by spruce 
budworm defoliation in forests of the Fort Nelson Forest District.  Re-measurements on a network of ground plots 
provided data on stand level changes occurring as a consequence of defoliation.  These included tree mortality, 
species changes, coarse woody debris accumulation, snag populations and growth rate differentials between 
defoliated and not defoliated species.  Using dendrochronology methods we were able to establish a preliminary 
historical recurrence frequency for this disturbance.  A complete database, which includes stand and landscape as 
well as infestation attributes, was prepared and used in hazard modeling, and to analyze landscape conditions that 
favour budworm outbreaks.  High resolution (Ikonos satellite) and Landsat remote sensing methods were employed 
to develop techniques for monitoring the temporal and spatial characteristics of budworm outbreaks.  
Communications and extension activities included talks to local area foresters, and to conferences on Mountain 
Forests and Climate change.  Forest Innovation Investment provided funding for this research project. 
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3. INTRODUCTION  
The boreal forest has been subject to, and has adapted to, disease, fire, glaciation, and insect infestation.  The 

present mosaic of forest patches found across the landscape is the result of the recurrent action of man-made and 
natural disturbances that have shaped the landscape over the last several hundred years.  Current trends in 
sustainable forest management (e.g., Kohm and Franklin, 1997) take the view that these natural disturbances have 
been and continue to be necessary for the maintenance of the forest's ecological balance.  With increasing global 
demands to demonstrate forest sustainability, there is a clear need to develop management systems that take into 
account natural disturbance regimes.  Thus, there is a need to compare the potential outcome of natural disturbance 
regimes with the potential outcomes of alternative management strategies, in terms of forest structure, composition, 
and yield of timber and non-timber values.  Forest structure determines not only the future availability of timber, but 
also the temporal and spatial availability of resources for maintenance of a healthy ecosystem.  Budwormís role in 
these ecosystems, and its interaction with other disturbances, is not clearly understood.  Ecosystem-based 
management systems are meant to preserve and mimic the natural processes, so that ecosystem integrity is 
maintained at the landscape level.  However, most of the information required for ecosystem-based management is 
currently lacking.  

This project aims at determining the historical frequency of budworm disturbance in the Ft. Nelson District of 
British Columbia, developing remote sensing methods to measure its extent and intensity, determining landscape 
patterns that contribute to susceptibility to defoliation and measuring its impact on selected ecosystem components.  
The latter include measuring effects of defoliation on stand structure, tree mortality, understorey regeneration, 
succession rates, coarse woody debris cycles and snag availability. 

 
3.1. Measurement of ecosystem changes due to budworm defoliation. 
Assessment of ecosystem changes requires long-term research.  A network of 39 study stands in areas that 

have sustained different degrees of defoliation is already established in key areas of this District.  Seventeen of these 
stands have been monitored for ecosystem changes since 1992.  The remaining plots were established in 2000.  In 
the summer of 2002, additional plots were established to study budworm impacts on spruce plantations.  Preliminary 
results of these studies, based on the initial 17 stands, were summarized in Alfaro et al. (2001) and Shand and Alfaro 
(2003) summarizes all the plots. As of 2002, tree mortality in the worst hit study stands reached 48%, and top-kill 
affected 33% of the live trees.  There is a need to continue monitoring tree mortality, defoliation, and ecosystem 
variables and to develop equations that predict mortality from defoliation level and ecosystem variables.  Early 
studies focused only on timber values.  However, ecosystem-based management requires that we understand how 
defoliation changes other components of the ecosystem, such as coarse woody debris and snags, which are important 
habitat for many animal species.  We test the hypothesis that budworm has a significant effect on rate of tree 
attrition and growth of conifers and deciduous components, as well as the composition of understorey vegetation, 
snag availability and coarse woody debris. 

 
3.2. Determining historical frequency, intensity and extent of budworm disturbance.  
The outbreak history of this budworm is not well known in BC (Alfaro et al., 2001).  Defoliation in the Prince 

George Forest Region of BC was first recorded in 1957 and into the 1960ís near Liard River (Erickson and 
Loranger, 1982) by aerial observers of the Canadian Forest Service, Forest Insect and Disease Survey (FIDS).  A 
second outbreak was observed in the 1980ís and is still ongoing.  Sustainable forest management requires that we 
establish the disturbance frequency for this budworm; however, earlier records were not available for this area.  
Trees maintain a record of canopy disturbance in their pattern of narrow and wide growth rings. Based on studies of 
the growth response of forest trees to western spruce budworm (Alfaro et al., 1982; Swetnam and Lynch, 1993), we 
expect that tree rings will be reduced significantly for several years in response to defoliation. In white spruce rings 
from the Abitibi region of Quebec, Morin and Laprise (1993) found that known eastern spruce budworm outbreaks 
consistently appeared as periods of declining growth trends. Burleigh (2000, M.Sc. Thesis) studied the historic 
frequency of infestations in the Fort Nelson District based on tree rings.  She concluded that infestations were more 
frequent and more intense in northern areas of the District than further south, giving rise to the theory that budworm 
may expand from population centers in the northern sections of the District.  Understanding these processes is 
important to forecast budworm outbreaks, and in timber supply analysis and planning.  

Here we test two hypotheses a) That budworm is a recurrent phenomenon with a characteristic periodicity, and 
b) Budworm spreads from ì hot spotsî  to invade susceptible stands. Our earlier dendrochronology work in this area 
provided preliminary indications that different parts of the District have sustained variable numbers and intensity of 
infestations over the last 100 years and that outbreaks seem to develop first in the northern sections of the District, 
and spread South from there. 
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3.3. Modeling hazard and landscape attributes that increase susceptibility to budworm. 
In a preliminary study, stand susceptibility to budworm defoliation was examined by overlay of defoliation 

maps of the study area onto Ministry of Forests cover type maps using a GIS.  Preliminary analysis identified forest 
characteristics associated with increased susceptibility to defoliation by spruce budworm.  Susceptibility to 
defoliation was related to site quality, level of crown closure and stand age.  However, these preliminary studies 
considered only within stand tree attributes. Outbreak dynamics, however, depends to a large extent on the spatial 
context of pest and host (Moloney and Levin, 1996).  

Hypothesis tested: Budworm susceptibility at the stand level is determined by intrinsic (within stand) and 
extrinsic (landscape) characteristics. Intrinsic characteristics are stand structure, age, species composition.  Extrinsic 
or landscape attributes include distance to nearest infestation, proportion of susceptible spruce in the landscape, 
barriers to spread and edge effects (Moloney and Levin, 1996).  Composite files containing defoliation history maps, 
obtained through remote sensing and GIS methods, were intersected onto the corresponding Forest Inventory files. 
The resulting files were analyzed to determine stand and landscape attributes that increase budworm susceptibility. 
 

3.4. Assessment of spatial and temporal changes of recent budworm outbreaks using remote 
sensing. 

Methods suitable to the forests of northern B.C. are being developed for the assessment of spruce budworm 
defoliation using satellite remote sensing.  Building on considerable work regarding image classification that has 
been done in the forest environment of eastern Canada (Leckie and Gougeon, 1981; Ahern et al., 1991, Beaubien, 
1994; Franklin and Raske, 1994) various methods and modifications have been explored.  Both good and mixed 
results have been achieved, but with development, appropriate methods for defoliation assessment of the Fort 
Nelson area have been confirmed as viable. A method has been established that is appropriate for determining 
landscape-based estimates and mappings of cumulative defoliation.  Continued assessment of ground plots allow for 
year-to-year broad scale mapping that can be extended across the entire study area.  Improvements to this are still 
possible, especially with the use of multitemporal and change detection techniques. 

Concentration this year focused on finalizing single date classification of eastern spruce budworm defoliation 
to an operational level.  The second focus was compiling a multiyear sequence of classifications to test consistency, 
demonstrate the classification method and product, and help make inferences on both the evolving defoliation 
intensity of individual sites and the changing spatial distribution of budworm damage. 

 
3.5. Specific research objectives for year two (2002-2003) (from approved workplan) 

Quarter 1 (April 1, 2002 to June 30, 2002) 
Ecosystem subprogram: Alfaro/Shand 
Prepare workplan 
Set up schedule for field work 
Prepare quarterly report 
Modeling subprogram: Magnussen/Boudewyn 
Extract variables of interest 
Prepare quarterly report 
Remote sensing subprogram: Leckie/Gougeon 
Classification development 
Prepare for field work 
Prepare quarterly report 
 
Quarter 2 (July 1, 2002 to September 30, 2002) 
Ecosystem subprogram: Alfaro/Shand 
Field trips to Ft. Nelson area to measure defoliation and tree mortality in all research plots 
Collection of new increment cores from areas not included in previous surveys 
Establishment of new plots in defoliated young plantations  
Survey of coarse woody debris and snags  
Prepare quarterly report 
Modeling subprogram: Magnussen/Boudewyn 
Investigation of variables of interest 
Prepare quarterly report 
Remote sensing subprogram: Leckie/Gougeon 
Obtain additional Landsat imagery 
Collect field observations 
Compile field data  
Prepare quarterly report 
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Quarter 3 (October 1, 2002 to December 31, 2002) 
Ecosystem subprogram: Alfaro/Shand 
Data auditing and data entry 
Database update and analysis 
Prepare quarterly report 
Modeling subprogram: Magnussen/Boudewyn 
Model consolidation 
Prepare quarterly report 
Remote sensing subprogram: Leckie/Gougeon 
Incorporate field observations into classification 
Classification implementation 
Prepare quarterly report 
 
Quarter 4 (January 1, 2003 to March 31, 2003) 
Ecosystem subprogram: Alfaro/Shand 
Data analysis 
Prepare final report 
Prepare annual report 
Modeling subprogram: Magnussen/Boudewyn 
Prepare annual report on landscape level risk assessment and prediction 
Remote sensing subprogram: Leckie/Gougeon 
Analyse classification results 
Prepare annual report 

 

4. METHODS  
4.1. Measurement of ecosystem changes due to budworm defoliation. 
Impact plots were established as five linear sub-plots, each approximately 50 m long by 2 m wide.  The start of 

each line was located at least 50 m inside the stand.  The linear plots were established in a polygon arrangement 
(often a pentagon) with 50 m interval between lines.  However, topographic and access limitations sometimes 
required this plot layout to be slightly modified.  Trees within 1 m of the transect line, dead or alive, were recorded.  
A border tree was counted in, if at least 50% of its diameter was within 1 m of the transect line.  Data recorded for 
each tree included species, status (alive or dead), level of defoliation and, if top-kill was present, the length of the 
dieback.  A tree was counted as dead if it had 100% defoliation for two consecutive years.  Death was assumed to 
have occurred in the first year.  A trained observer assessed defoliation using binoculars to first divide the living 
crown into thirds, and then to estimate the amount of total foliage missing from the crown.  Mortality, defoliation 
and top-kill were re-measured in annual visits from 1992 through 2002, except for 1993 and 1998.  Mean tree 
defoliation was calculated for each white spruce for each year.  

The stands selected in 1992 were divided into five classes according to the number of years of consecutive 
defoliation each stand has sustained since the start of the outbreak in 1985.  Stands that had sustained protective 
sprays (2 or 4 years of protection) with the biological pesticide Bacillus thuringiensis Berliner (Bt) (Hodgkinson, et 
al. 1979) were placed in different classes.  Details of the plot lay-out and preliminary results can be found in Alfaro 
et al. 2001. The 14 plots established in 2000 were paired at seven sites and classed by site name.  Since 2000, the 
presence of spruce bark beetles, Dendroctonus rufipennis, in live white spruce has been determined by checking 
each tree for boring dust and pitch tubes.  The height extent in metres of beetle activity in each tree was recorded. 

An ecosystem description of the budworm sample stands to site series was conducted in 2001 following the 
procedures as described in Field Manual For Describing Terrestrial Ecosystems (1998) and Delong et al. (1990).  
The information gained will extend the information from the forest inventory to allow more accurate and detailed 
site comparisons between plots, and better quantification of changes in the forest ecosystem over time.  Plot 
reassessments and the establishment of new plots occurred in early August of 2002.  A survey of coarse woody 
debris using line intersect methodology (Marshall et al. 2000, Taylor 1997) was conducted in the mature stand plots 
to obtain an estimate of coarse woody debris volumes.  In addition, a wildlife tree class assessment (Field Manual 
For Describing Terrestrial Ecosystems 1998) was done in each mature stand plot.  Eight new plots were established 
in plantations, bringing the number of plantation under study to ten. 

 
 

4.2. Dendrochronology: Historical frequency, intensity and extent of budworm disturbance. 
Increment cores collected in 2001 were used to build five spruce chronologies.  Two from the southern region 

of the Fort Nelson District: Fontas River and Milo Lake, and three from the northern region: Scatter River, Beaver 
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High Grade and Kiwigana River (Figure 1).  Increment cores were collected from white spruce, subalpine fir, 
trembling aspen, black poplar and paper birch.  The cores (one per tree) were extracted at breast height with an 
increment borer from a random position around the bole circumference.  

The ring-width measurement was conducted using a WindendroTM tree-ring image processing system. The 
precision of the measurement was 0.01 mm.  The measured ring-width sequences were plotted and the patterns of 
wide and narrow rings were cross-dated among trees. Increment cores were examined under a microscope to 
determine possible false rings, missing rings, or measurement mistakes.  The cross-dating was aided by the presence 
of distinctive narrow rings, and the quality of cross-dating was examined by the program COFECHA (Holmes, 
1983). The age-related growth trend within each ring sequence was removed using the program ARSTAN (Grissino-
Mayer et al., 1993) in which the detrending curve selected was a negative exponential curve, a regression line of 
negative slope, or a horizontal line drawn through the mean of the series. Deviations from this curve were 
standardized to produce a set of annual growth indices for each sample. Ring-width chronologies for each species 
were derived by averaging the growth indices for each year among different trees for the study area (Fritts, 1976). 
Chronologies were developed for five areas within the Ft. Nelson Forest District. The resulting yearly values in the 
chronology, called ring-width indices, represent the growth variations affected by macro-environmental factors.  

Two deciduous (non-host) chronologies were also constructed for the Ft. Nelson Forest District. One 
aspen/birch chronology for the Kledo Creek area (by Burleigh et al., 2001) and one aspen chronology for the Fontas 
River area.  Non-host tree ring chronologies were examined for periods of release and compared to host 
chronologies to determine if periods of growth suppression due to budworm outbreak in spruce were synchronous 
with periods of release in non-host species.  The detection of the spruce budworm outbreaks from tree-rings was 
based on the pattern of the growth response (ring-widths) to field-observed defoliation, and on comparisons with 
deciduous (non-host) tree species not affected by budworm in the same period. 

Changes in radial growth indices from one year to the next were calculated for each sampled tree using the 
International Tree-Ring Data Bank (ITRDB) computer software LRM (List Ring Measurement) (Grissino-Mayer et 
al., 1993).  A negative growth change of greater than 20% was considered as an abrupt growth reduction and a 
severe deviation from the natural growth trend.  The percentage of trees showing such abrupt growth reduction was 
calculated for each year and a value of 40% was used as a threshold indicating an impact from a large-scale 
disturbance factor, possibly a severe insect infestation or climate.  The extensity of outbreaks was estimated from the 
percentage of trees showing abrupt growth reduction (> 20%) during a documented or suspected infestation period 
lasting for > 4 consecutive years.  The same criteria were used in deciduous trees to calculate abrupt growth 
increases.  A positive growth change of greater than 20% was considered an abrupt growth release.  The percentage 
of trees showing such abrupt growth release was calculated for each year and a value of 40% was used as a 
threshold.  The extensity of release was estimated from the percentage of trees showing abrupt growth release (> 
20%). Periods of suspected budworm outbreak in spruce chronologies were compared to areas of growth release in 
non-host (deciduous) chronologies to determine if there was any relationship between the two events. 
 

4.3. Modeling hazard: landscape attributes that increase susceptibility to budworm. 
The research approach for this past year concentrated on developing a model that could be used for predicting 

the relative risk of future spruce budworm defoliation in a given location within the study area.  More specifically, 
our objective was to develop a logistic regression model that predicts the relative risk of a new defoliation event at a 
given year in a given location.  The database that was created last year (a fusion of FIDS sketch maps, Landsat TM 
image, forest inventory, DEM and river networks for a period from 1985-1996) was used to develop this model. 

All stand inventory and topographic variables in this database were screened on a year-by-year basis (from 
1985-1996) for inclusion in the logistic model.  Variables that showed significant and consistent (more than 5 years 
out of 10) association with the occurrence of new spruce budworm defoliation events were current needle biomass, 
merchantable stand volume, elevation, distance to nearest past defoliation, and distance to nearest river.  These 
variables were retained and used to develop the model. 

These 5 explanatory variables are correlated and would introduce problems if used directly when fitting a 
logistic model. Instead, a stand index and topographic index were constructed from linear combinations of the 
explanatory variables.  These two indices were then used as predictors in a logistic linear regression model.  Relative 
defoliation risk of a specific location was predicted with this model: 
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 where SIC is the stand index and TIC the topographic index. 

This model was developed and used to predict defoliation rates in 1986, 1989 and 1990. 
A draft scientific manuscript is currently being produced that documents all the methods and results used to 

develop this model.  The intent is to submit this report to the Forestry Chronicle sometime during the 2003-2004 
fiscal year.  
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4.4. Assessment of spatial and temporal changes of recent budworm outbreaks using remote 
sensing. 

4.4.1. Imagery 
The focus of image acquisition was to continue with coverage for year 2002 and assemble selected historical 

data.  In addition, duplicate data for the same year were assembled so that consistency of methods can be assessed.  
Five images were obtained, three through the CFS.  Table 1 lists the imagery now collected for the study and the 
state of processing.  Considerable effort was placed into geometrically correcting the imagery.  The cloud free 
August 02, 1999 orthorectified image will be useful to test the dataset used to classify the July 17, 1999 image for 
robustness and consistency.  The August 14, 2001 orthorectified image will aid in improved geometric corrections 
for imagery centered on the westerly neighboring Track 51/Frame 19 images.  The July 22, 2001 image will provide 
redundancy for the 2001 defoliation mapping.  The August 16, 1993 image increases the opportunities for multi-
temporal change studies by strengthening the suite of 1990 imagery and reducing the time gap to the 1987 image.  
New imagery was acquired for 2002.  Neither is of ideal specifications.  The June 14, 2002 data will reflect 
defoliation conditions from 2001 since needle flush and budworm feeding had not taken place yet.  It may also be 
affected by the lack of full leaf flush on the hardwood trees. The September 11, 2002 image suffers from cloud and 
haze and will be only partially useful and will have to be analyzed carefully.  Fall senescence had begun and the 
hardwood trees may show symptoms similar to damage and defoliation. 
 
Table 1: Landsat acquisitions and processing status for the Ft. Nelson spruce budworm study. 

Satellite Date Path/Row Status  
Landsat 5 August 25, 1987 50/19 Corrected   
Landsat 5  August 16, 1993         51/19 To Be Corrected Recent Acquisition 
Landsat 5 August 28, 1994 50/19 Corrected  
Landsat 5 August 24, 1996 51/19 Corrected  
Landsat 7 ETM+ July 17, 1999 50/19 Corrected/Classified  
Landsat 7 ETM+            August 02, 1999          50/19 Orthorectified Recent Acquisition 
Landsat 7 ETM+ August 04, 2000 50/19 Corrected/Classified  
Landsat 7 ETM+ January 25, 2001 50/19 Corrected/Classified  
Landsat 7 ETM+ July 22, 2001 50/19 Corrected  
Landsat 7 ETM+ August 14, 2001 51/19 Corrected/Classified  
Landsat 7 ETM+             August 14, 2001     51/19 Orthorectified Recent Acquisition 
Landsat 7 ETM+             June 14, 2002             51/19 Corrected/Classified Recent Acquisition 
Landsat 7 ETM+             September 11, 2002   50/19 Corrected Recent Acquisition 

 
Attribute data (summarized in Table 2) complementing the image data set were also acquired through similar means.  
These include the Digital Elevation Models for all of NTS mapsheet 94, which completely covers the image areas of 
both Track 50/Frame 19 images and neighbouring Track 51/Frame 19 images. 
 
Table 2 : Attribute data acquired to complement Spruce Budworm research 

Attribute Data Location Notes on data 
 
TRIM II DEM 

 
NTS 94 

Dataset includes full Digital Elevation 
Model raster image for orthorectification 
purposes 

 
TRIM Vectors 

 
NTS 94 Dataset includes Utilities, Waterways, 

Roadways, and Wetlands 

 



   
   

9

 
4.4.2. Field Work 

Fieldwork was collected August 2002 using procedures established in previous years.  Forty-nine reference sites 
(stands or sections of stands) were assessed from helicopter. Five parameters again were recorded for each site and 
include: 
- overall defoliation class - Healthy, Light, Moderate and Severe (this year 13 sites were rated as healthy).  
- % defoliation - total cumulative defoliation of the susceptible species (recorded to the nearest 10%). 
- stand greyness ñ overall grey colour (generally representing exposed branches) exhibited (four classes). 
- species composition 
- closure. 
A uniformity description was also used within each parameter. Site boundaries were predefined from July 17, 1999 
imagery based on maps of established ground truth training stands. Outlined areas generally represented sites of 
predominantly mature spruce of moderate or dense closure. Sites were outlined on hardcopy prints of the Landsat 
image, which were used in the helicopter for navigation and identifying the sites. Oblique 35 mm photography was 
taken of each stand with a 70-210 mm zoom lens and numerous close-up pictures acquired. 
 

4.4.3. Compilation of Test and Training Sites and Their Use 
The 2002 field data were compiled and archived with care taken to ensure long-term association of individual 

photographs to the targeted stands.  The field data was incorporated into the operational aspect of classifying 
imagery and has been transferred for use in classifying the 2002 budworm cycle imagery.  Approximately fifteen of 
the Landsat field data sites correspond to sites associated with the Ikonos imagery and its classification training 
suite. Transfers of 92 additional ground truth sites from the 2001 Ikonos imagery to the Landsat imagery were 
completed.  Advantages to this include increased sample size for both testing and training, and the use of sites 
delineated to a greater accuracy from the high resolution imagery.  Training areas will also be more precise with a 
reduction of inclusions of hardwood and black spruce within those designated as defoliation classes.  These sites are 
now ready for application to the datasets to improve the classifications.   

Dataset growth and compilation of this nature strengthens the network of reference sites within the study area 
especially with the addition of the ground plots of this study.  The continuance of quality field data will uphold the 
ability of the established operational method to transfer test and training sites for each year imagery is collected and 
make future defoliation mapping efficient and robust.  Their use in evaluating the nature of eastern spruce budworm 
outbreaks in northern boreal forest is very valuable.   
 

4.4.4. Automated Isolation of Ikonos Imagery 
High resolution imagery both for pixel based and individual tree crown damage assessment was a main 

emphasis of effort in 2001/2002.  This was ground breaking work and a first application of such techniques utilizing 
high resolution satellite imagery for damage assessment and certainly to eastern spruce budworm damage 
assessments.  Some further analysis of this data was conducted.  The general conclusions held.  For pixel based 
classification, good results were obtained on a stand basis for four classes of healthy, light, moderate and severe 
defoliation levels.  A key feature was that within stands, patterns of defoliation could be identified and some of the 
recognized difficulty in assessing defoliation on mixedwood and open stands was alleviated.    

Single tree isolation and classification did not produce sufficient results.  The one meter resolution was not 
adequate for the northern forest stands of the Ft. Nelson district and the fine requirements of damage assessment.  
The multispectral data of Ikonos is 4 m resolution and spectrally there was too much mixing of trees and open 
ground in one pixel to produce good whole tree assessments.  It is speculated that Quickbird imagery, a new satellite 
system with 60 cm resolution panchromatic and 2.5 m multispectral, might be appropriate for this type of single tree 
defoliation mapping.  Further work should be pursued with this sensor.  Due to the expense of such imagery, it 
would only complement the Landsat defoliation mapping on a site specific basis.  It would be used for areas of high 
interest or value, or where salvage and control programs are being planned.  The work conducted this year was 
instrumental in solidifying results and conclusions from previous work.   

 
4.4.5. Landsat Image Analysis 

A major component of the overall study objective was taken towards finalization this year. This was the transfer 
of classification methodology from a successfully classified image to other images in the collection.   

Cumulative defoliation was previously mapped for the July 17, 1999 Landsat 7 ETM+ image. The operational 
methods were then transferred to three images that were geometrically corrected to the 1999 image.  These images 
are the August 14, 2000, the August 04, 2001 and June 14, 2002 images, all Landsat 7 ETM+ data.  The images 
represent three budworm cycles.  Using existing train and test areas updated to incorporate corresponding field data 
and changes in image conditions such as cloud cover, the single image defoliation mapping procedure was applied.  
The single date classified products were then compiled into a multiyear sequence and preliminary tests for 
consistency conducted.  Further analysis will also be carried out to examine the evolution of the spruce budworm 
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outbreak in the study area and the associated spatial distribution of budworm damage once classification consistency 
has been fully satisfied. 

Continued classification of imagery for the duration of the project and beyond will strengthen the consistency 
testing and reliability of the established methodology and classification products.  In turn, this allows for greater 
confidence in the mapping produced from the classifications of each budworm cycle. 

 

5. DISCUSSION 
5.1. Measurement of ecosystem changes due to budworm defoliation. 
We completed all the objectives stated for this year in the ecosystem impacts subsections of the study.  Plot 

reassessments (see Tables 3 and 4 and Figure 1) and the establishment of new plots in plantations occurred in early 
August of 2002.  A survey of coarse woody debris was conducted in the mature stand plots to obtain an estimate of 
coarse woody debris volumes.  The values obtained are presented here, but more detailed analysis accounting for 
initial stand volumes and species composition is required to draw relationships to budworm activity.  In addition, a 
wildlife tree class assessment was done in each mature stand plot. 

This data will be used in subsequent years to determine long-term impacts of budworm defoliation. Tree 
mortality and growth rate reduction will be used to calculate budworm induced depletions in timber supply and 
changes in succession, stand structure, snags and coarse woody debris.  

 
Table 3: Locations and treatments for each spruce budworm impact plot established in 1992 and used in this study. 

Plot No. Location Stand class1 No. years defoliation prior to 1992 Spray years 

7 Muskwa (1) 2 None 
10 Demo For 2  
11 Clarke (1) 2  
14 Snake (1) 2  
18 Snake (5) 2 

3 to 4 
(1988-1991) 

 

1 Kledo (1) 3 None 
2 Kledo (2) 3  
3 Kledo (3) 3  
4 Kledo (4) 3  
5 Kledo (5) 3  
6 Akue Ck. 3 

5 to 6 
(1986-1991) 

 

12 Clarke (2) 4 1991-1992 
13 Clarke (3) 4 

3 to 4 
 

15 Snake (2) 5 1989-1992 
16 Snake (3) 5 

3 to 4 
 

8 Beaver Ck. 1 (control) None 
9 Beaver Ck. 1 (control) 

0 
 

  1Stand classes refer to the number of years of defoliation the stands sustained prior to 1992 and   
  whether, and for how many years, aerial control was applied. 
 
Table 4: Locations and character of budworm impact plots established in 2000.  

Plots Site Stand Type 
21, 22 Milo Lake Mature 
23, 24 Kiwigana River Mature 
25, 26 Dean Gordon Farm Understory 
27, 28 Fontas River Mature 
29, 30 Scatter Old Growth Overmature 
31, 32 Beaver High Grade Mature  
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Figure 1: Extent of defoliation mapped by aerial overview survey of defoliation in 2001, with the locations of all 

budworm impact plots. Aerial overview survey was not conducted in 2002 
 

5.1.1. Budworm damage in the research plots established in 1992 
All stand classes (Table 3), except for the control stands, showed a reduction in the level of defoliation (Figure 

2). The unsprayed stands maintained the highest levels of defoliation, with class 2 stands averaging 32 percent 
crown defoliation and the class 3 stands 26 percent.  The sprayed stands had less defoliation, at 27 percent for class 
4 stands and eight percent for class 5 stands.  The control stands sustained very light feeding, with an average crown 
defoliation of three percent. 

 

Figure 2: Average percent defoliation by spruce budworm of spruce trees for each stand class.  Class 1 (control) 
stands sustained no defoliation before or after 1992, except for very light feeding in 2001 and 2002.  For 
definition of stand classes see Table 1.  Plots were not visited in 1993 or 1998. 

 

With the exception of the Class 5 stands, all stands had less top-kill in 2002 than 2001 (Figure 3).  Top-kill is 
measured only for living trees. Top-killed trees may die, or they may flush and recover. The stand classes with the 
highest levels of defoliation also experienced the greatest proportion of white spruce with top-kill.  The unsprayed 
stands, class 2 and class 3, had 33 percent and 18 percent of spruce with top-kill.  The sprayed stands, classes 4 and 
5, had 18 percent and nine percent of spruce with top-kill.  The class 5 stands had a slight (0.2%) increase in the 
number of trees with top-kill. The control stands had only two percent of the spruce with top-kill.   
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Figure 3: Top-kill of white spruce in each stand class, 1992 to 2002.  For definition of stand classes see Table 3. 
Plots were not visited in 1993 and 1998. 

 
The highest level of mortality (Figure 4) was experienced by stand class 3, unsprayed stands with the longest 

duration of defoliation, at 48 percent of the white spruce alive at the start of the study in 1992.  Class 2 stands, also 
unsprayed, experienced 24 percent mortality since 1992.  Class 4 stands, sprayed two years, had 15 percent 
mortality, and class 5 stands, sprayed 4 years, had ten percent mortality of the spruce alive in 1992.  The 16 percent 
mortality for the control stands was attributed to windthrow and saturated soil, not to budworm defoliation.   

 

Figure 4: Cumulative mortality of white spruce alive in 1992.  Mortality at the control site from 1997 to 2002 was 
attributed to windthrow, not budworm.  For definitions of stand classes see Table 3. Plots were not visited 
in 1993 or 1998. 

 
Live trees in the impact plots were checked for signs of bark beetle (boring dust and pitch tubes). No bark 

beetle activity was recorded in 2002 (Figure 5). 
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Figure 5: Occurence of spruce beetle, Dendroctonus rufipennis Kirby, in live white spruce trees that sustained 
different degrees of defoliation.  For stand class definitions see Table 1. 

 
5.1.2. Budworm damage in the research plots established in 2000 

The results from the Muskwa (2) plantation plots established in 2000 are included with the additional 
plantation plots established in 2002 (see 2002 plot results).  The budworm sample plots established in 2000 had no 
previous assessment of defoliation, top-kill, or mortality.  All sites, except for the Beaver site, have had substantial 
recovery since they were esablished (Figure 6). The Milo site has recovered from 33 to ten percent defoliation. The 
Kiwigana site improved from 18 to nine percent defoliation. The understory Dean Gordon Farm site experienced an 
improvement from 41 to 32 percent.  The defoliation of the Fontas site had declined markedly from 48 to nine 
percent defoliation. The Scatter site, which was not visited in 2001 due to flooding, improved slightly from 41 
percent in 2000 to 35 percent in 2002. The Beaver High Grade site has increased in the level of defoliation from 
three to ten percent.  

 

 

Figure 6: Defoliation by spruce budworm of white spruce and percent of trees with top-kill at each of six impact plot 
sites. * The Scatter River site was not visited in 2001.  At most sites there was a reduction in defoliation 
from from 2000 and 2001 levels. 

 
Top-kill in white spruce declined slightly at all sites except for the Milo Hill and Dean Gordon Farm sites 

which each experienced a two percent increase to ten percent and 72 percent respectively.  Top-kill at the Kiwigana 
site decreased from 4.5 to 1.6 percent, at the Fontas River site from 16 to ten percent, and from nine to six percent at 
the Beaver High Grade site. The Scatter River site had no top-kill recorded in 2000, was not measured due to 
flooding in 2001, and had a four percent incidence of top-kill recorded in 2002.   
 

The Mature stand plots established in 2000 have all sustained some mortality in 2000 to 2002 (Figure 7). The 
Kiwigana and Fontas River sites had nine percent mortality. The Scatter River site had 6.5 percent, the Milo Lake 
site 5.5 percent and the Beaver High Grade site four percent mortality. The Dean Gordon Farm site, a spruce-
subalpine fir understory beneath an aspen canopy, had no mortality recorded from 2000 to 2002. 
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Figure 7: Mortality of white spruce alive in 2000, at each impact plot site.   
 

Live trees in the impact plots were checked for sign (boring dust and pitch tubes) of spruce beetle, 
Dendroctonus rufipennis Kirby. No bark beetle activity was recorded in 2000 or 2002.  Beetle sign was recorded on 
three percent of the live spruce at the Milo site and seven percent of the live spruce at the Fontas River site in 2001.   
 

5.1.3. Impacts on plantations 
The plantations in which impact plots were established were ordered by mean tree diameter for the comparison 

of budworm defoliation, top-kill and terminal weevil attack (Table 5).  Plots will be monitored for damage and 
mortality. 

 
Table5: White spruce mean diameter at breast height, mean defoliation, and percent of trees with 2002 terminal 

weevil attack at the plantation impact plots. 

 Plots  Site   Mean Tree Diameter (cm) Mean Defoliation (%) Weevil Attack (%) 

 37, 38  Snake River (6) 1.4 0 20.1 

 33, 34  Muskwa River (3) 2.4 0 40.8 

 39, 40  Kledo Creek (6) 3.4 .02 20.4 
 19, 20  Muskwa River (2) 5.7 1.37 17.8 

 35, 36  Muskwa River (4) 6.0 5.20 3.0 

 
The younger plantations, with smaller trees, had no budworm defoliation recorded.  The two older plantations, 

Muskwa (2) and Muskwa (4), where the mean DBH of the trees is 5.7 cm and 6.0 cm respectively, had 1.4 percent 
and 5.2 percent defoliation (Figure 8).   

The incidence of top-kill showed a similar pattern to defoliation (Figure 8).  The three  younger plantations 
showed no top-kill, except for the Snake (6) plantation where three percent of the stems had top-kill. The Muskwa 
(2) and Muskwa (4) plantations had 15 percent and 48 percent of the stems with top-kill. 
 

 
Figure 8: Defoliation by spruce budworm and incidence of top-kill of white spruce at five plantations, ordered by 

increasing mean tree diameter. Numbers in brackets specify the individual plot at each general location. See 
Table 5. 



   
   

15

 
The incidence (Figure 9) of terminal weevil (Pissodes strobi Peck) increased from 20 percent at the Snake (6) 

site with a mean DBH of 1.4 cm to 41 percent at the Muskwa (3) site with a mean DBH of 2.4 cm.  The incidence 
then decreases to 20 percent at the Kledo (6) site with a mean DBH of 3.4 cm, decreases further to 18 percent at the 
Muskwa (2) site with a mean DBH of 5.7 cm and finally a decrease to three percent at the Muskwa (4) site where 
the mean DBH was 6.0 cm.  This distribution makes sense, as the incidence of weevil attack increases as the trees 
enter vigorous growth early in life and then decreases as the trees age and become larger.   

 
Figure 9: Incidence of terminal weevil (Pissodes strobi Peck) at five plantations ordered by increasing mean tree 

diameter. See Table 5. 
 

5.1.4. Ecosystem description 
All sample sites are in the northern variant of the moist warm subzone of the Boreal White and Black Spruce  

biogeoclimatic zone (BWBSmw2). In order to determine site differences, an ecosystem description to site series 
(Table 6) was completed in 2001 by the BC Ministry of Forests for each of the impact plots (Field manual for 
describing terrestrial ecosystems 1998). Site series 05 is a white spruce-currant-horesetail community with a mesic 
to subhygric moisture regime and rich nutrient regime typical of valley bottom or river terrace locations.  Site series 
01 is a white spruce-aspen-step moss community found on mesic medium to rich upland sites.  The 05-06 site series 
complex is a white spruce-current-bluebells community on a subhygric medium site.  The 06-04 site series complex 
is a black spruce-lingonberry-coltsfoot community on a subhygric poor to medium site with a thick moss layer and 
deep sandy soil. The sites that have received repeated defoliation and experienced mortality have had a substantial 
growth of brush since studies began in 1992.   

 
5.1.5. Coarse Woody Debris 

A coarse woody debris (CWD) survey using line intersect methodology (Marshall et al. 2000, Taylor 1997) 
was completed for the mature stands in 2002.  Preliminary figures for total coarse woody debris volumes per hectare 
were calculated for the mature stand plots (Table 6).  Other information gathered on the coarse woody debris 
included species and decay class. More detailed analyses accounting for initial stand volumes and species 
composition is required to draw relationships to budworm activity 



   
   

16

 
Table 6: Location, stand type, site series, and coarse woody debris volumes per hectare for buworm impact plots 

established in 1992 and 2000.  
Plot No. Location Stand Type Site Series CWD m3/ha

1 Kledo (1) Mature 05 84 
2 Kledo (2) Mature 05 148 
3 Kledo (3) Mature 05 151 
4 Kledo (4) Mature 05 66 
5 Kledo (5) Mature 05 159 
6 Akue Ck. Mature 06/04 83 
7 Muskwa (1) Mature 05 57 
8 Beaver Ck. Mature 05 114 
9 Beaver Ck. Mature 05/06 114 

10 Demo For Mature 05 62 
11 Clarke (1) Mature 01 93 
12 Clarke (2) Mature 05 225 
13 Clarke (3) Mature 05 135 
14 Snake (1) Mature 05 253 
15 Snake (2) Mature 05 292 
16 Snake (3) Mature 05 240 
18 Snake (5) Mature 05 92 

19, 20 Muskwa (2) Plantation 05 - 
21, 22 Milo  Mature 05 151 
23, 24 Kiwigana  Mature 01 121 
25, 26 Dean Gordon Understory 01/05 - 
27, 28 Fontas  Mature 05 81 
29, 30 Scatter Old Growth Overmature 05 224 
31, 32 Beaver High Grade Mature  05 238 

 
 

5.1.6. Wildlife Tree Assessment 
A simple wildlife tree assessment (Field manual for describing terrestrial ecosystems 1998) was conducted in a 

subsample of the mature stand plots.  Trees with a DBH 15 cm or greater, dead or alive, regardless of species were 
assigned a visual wildlife tree code. This method will be expanded in subsequent impact assessments to include all 
the trees within each impact plot.   

 
5.2. Dendrochronology 
Analysis of the chronologies built in years one and two of this project was completed and a draft manuscript 

for publication in a scientific journal was prepared.  Our results confirm the findings of Burleigh et al. (2001) who 
reported that northern and southern regions in the Ft. Nelson District of British Columbia differed in the number of 
outbreaks they had experienced in the past 100 years.  Considering both data sets, the ring width chronologies 
indicate that areas in the northern region (Dunedin, Kiwigana, Liard, Scatter and LaBiche Rivers and Beaver High 
Grade) generally experienced four outbreaks in the past century, 1870s-1880s, 1900s, 1950s-1960s, and 1980s ñ 
present (Fig. 10).  The southern region (Fontas River, Milo and Clarke Lake, Kledo Creek and Snake River), with 
the exception of Clarke Lake, experienced two outbreaks in the past century, 1960s and 1980s ñ present.  Clarke 
Lake had an additional outbreak in the 1930s-1940s.  This information will be of use in the long-term planning of 
the timber supply of this District.  

 A comparison of host and non-host chronologies in the Kledo Creek and Fontas River areas showed a release 
(growth increment) in deciduous growth in the period when spruce was defoliated in the 1960s (Fig. 11).  A 
corresponding growth decline in deciduous growth occurred after defoliation ceased and growth in spruce recovered 
to pre-outbreak levels.  The distinct peak in deciduous growth during the period when spruce was defoliated 
confirms that the decrease in spruce was due to a non-climatic event.  The Fontas River comparison is similar to the 
findings of Burleigh et al. (2001), which used the Kledo Creek chronologies, and establishes growth increases in 
deciduous species as indicators of spruce defoliation when the two species occur together. 

Burleigh et al. (2001) hypothesized that differences in outbreak pattern between northern and southern regions 
of the District could potentially be explained by environmental heterogeneity that leads to varying habitat suitability.  
The northern sites are likely to be more suitable habitat for the budworm, as they lie well within its geographic 
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range.  Thus the most frequent outbreaks occur in the northern region with infestations possibly expanding 
southward during high population levels or with favourable conditions.  
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10. Inferred spruce budworm outbreak periods in the Ft. Neslon area.  Solid bars denote outbreak periods that 

met the criteria set up in this report.  Cross-hatched bars are periods that experienced a of disturbance 
visible in the ring-width pattern, but did not meet some aspect of the criteria that was established (see 
methods).  Non-host chronologies show periods of growth release.  Asterisk (*) denotes chronologies built 
in 2001, whereas those without asterisk were reported by Burleigh (2000).  Chronology sites are arranged 
from North (top) to South (bottom). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11. Fourteen-year moving average comparison of host and non-host chronologies in the Kledo Creek and 

Fontas River areas.  Horizontal bars indicate periods in which spruce was defoliated by the budworm. 
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5.3. Modeling hazard: landscape attributes that increase susceptibility to budworm. 
The modeling subprogram met, and exceeded, all of the stated objectives for the second year. The objectives of 

(i) extraction and investigation of variables of interest, and (ii) model development and consolidation, were all 
completed. In addition, the production of a draft manuscript was begun. 

The main result of this past years work has been the development of a model that can be used by a forest 
manager to predict the relative risk of a future new spruce budworm defoliation event in a given location, during the 
time of a budworm outbreak in the Fort Nelson District. While this model cannot be used to state with absolute 
certainty which forest stand will, or will not get attacked by the budworm, it can be used as an overall planning tool 
to at least indicate which stands are most likely to suffer from a new infestation during an outbreak cycle. This past 
years work has also increased our understanding of the spruce budworm ecology by showing that, at a landscape 
level, elevation, proximity to previous infestations and rivers, and stand biomass and volume, are the primary drivers 
of the spread of infestations in this region. Other factors such as stand age, height and species mixtures donít seem 
to have as important an influence on determining new infestations of the spruce budworm. 

Extensions to end-users are not part of the stated objectives for 2002/2003. Extensions are expected after 
completion of the draft manuscript in early 2003/2004, and may include a final, publishable report and a workshop 
for various stakeholders. 

 
5.4. Assessment of spatial and temporal changes of recent budworm outbreaks using remote 

sensing. 
An operational method of defoliation classification with Landsat data for the Ft. Nelson and northern B.C. 

environment has been established.  It was successfully applied to the 2000 and 2001 spruce budworm cycles.  
Geocorrection of the full image set was completed and the most recent field information was compiled and 
transferred to the appropriate imagery classification data sets.  All objectives for year two were met and other 
expectations are ahead of schedule in regard to the base long term work plan. 

Previous work (Leckie et al., 2001) reporting on the analysis of the July 1999 imagery indicated that the 
developed methodology for defoliation mapping worked best in dense stands (greater than 40% cover) and an 
accuracy of 70-75% was achieved for two broad damage classes (healthy/light and moderate/severe).  Upgrading, 
testing and operationalizing the method for three more images, for a total of four images within three budworm 
cycles, revealed a lower range of accuracy but also consistent trends within the pattern of those results.  Ranges 
within each image of the broad class accuracy were 65% to 73% for the healthy/light broad class with an average of 
70% and 60% to 70% for the moderate/severe broad class with an average of 64%.  Overall accuracy of the two 
broad classes for the four images ranged from 63% to 72% while the average overall accuracy was 67%.  This 
accuracy is based on the assumption that the test stands have uniform defoliation (e.g., for a moderate test area it is 
assumed all pixels have moderate defoliation).  We know this is not true based on the ecological plot data of this 
study, field observations and the results of the Ikonos high-resolution satellite image analysis.  Therefore, the 
accuracy if summarized at the stand level is somewhat better. 

Confusion of the healthy class with the light class and the severe class with the moderate class warrant the use 
of the broad defoliation class approach. Only the August 14, 2001 image has the majority of the healthy class test 
pixels assigned to the healthy class; the other images all have the majority of the healthy class test pixels assigned to 
the light class.  The four image accuracy analyses also indicate that light and moderate test areas are more successful 
in having the majority of their pixels placed in the assigned class and a secondary percentage of pixels assigned to a 
contiguous defoliation class.  For example, a light class test area has the majority of pixels assigned to the light class 
and then the secondary allotment is to the healthy class, thus keeping the majority of the broad class test areas within 
the appropriate broad class.  However, the healthy and severe classes tend to have the majority of their test area 
pixels assigned to the other class of the same broad class level.  This means the majority of healthy test pixels are 
designated to the light defoliation class and the majority of the severe test pixels are designated to the moderate 
defoliation class.  These trends are all illustrated by Table 7 summarizing the confusion matrices of the percentage 
placement of test defoliation pixels to a classified image derived from training defoliation pixels. 

Accuracy is reduced not only by inter-defoliation class confusion as noted, but also by confusion with the 
hardwood and black spruce classes.  This class confusion likely stems from the inclusion of pockets of scattered 
hardwood and black spruce within the defoliation class training areas or within the test areas themselves.  As well, 
open patches within stands also cause misclassification of defoliation level.   
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Table 7: Confusion matrices of defoliation test pixel assignment versus actual placement in the training pixel image 

classification for each classified image. 

July 17 1999  Class Test Pixels Assigned To 
 Class Healthy Light Moderate Severe 

Healthy 21.4 19.3 11.9 17.6 

Light 58.6 46.5 9.2 9.6 

Moderate 6.6 14.3 58.7 39.3 

Training Class 
Test Pixels 
Placed In 

Severe 13.4 14.0 11.6 30.6 
Total % of Test Pixels 100.0 94.1 91.4 97.1 

      

August 04 2000  Class Test Pixels Assigned To 
 Class Healthy Light Moderate Severe 

Healthy 10.9 19.9 26.3 12.9 

Light 66.3 47.9 20.9 13.4 

Moderate 4.9 14.3 24.7 42.5 

Training Class 
Test Pixels 
Placed In 

Severe 15.1 9.5 24.7 27.1 
Total % of Test Pixels 97.2 91.6 96.6 95.9 

      

August 14 2001  Class Test Pixels Assigned To 
 Class Healthy Light Moderate Severe 

Healthy 48.4 30.9 18.8 6.0 

Light 28.3 34.4 22.3 8.6 

Moderate 18.4 7.9 31.5 36.1 

Training Class 
Test Pixels 
Placed In 

Severe 1.1 12.7 17.6 43.9 
Total % of Test Pixels 96.2 85.9 90.2 94.6 

      

June 14 2002  Class Test Pixels Assigned To 
 Class Healthy Light Moderate Severe 

Healthy 33.9 16.2 4.4 15.4 

Light 41.2 37.8 32.2 17.4 

Moderate 10.6 27.8 50.7 26.1 

Training Class 
Test Pixels 
Placed In 

Severe 13.9 10.4 8.6 36.3 
Total % of Test Pixels 99.6 92.2 95.9 95.2 

 
The June 14, 2002 image has an above normal inter-broad defoliation class confusion relative to the trend of all 

images previous.  The confusion exists between the light class of the healthy/light broad category and the moderate 
class of the moderate/severe broad category.  This may be attributable to the seasonal difference of the June 14, 
2002 image relative to the mid-July to mid-August range of the other three images although verification is needed. 

Examinations of the classifications or defoliation maps produced for the study area indicate generally good 
agreement and consistency among the four classified images.  Figures 12 to 15 show a study area map of classified 
defoliation level for dense white spruce stands (i.e. white spruce as determined from the forest inventory).  A closer 
look at the defoliation classifications (not masked for the dense white spruce stands) are given in Figures 16 to 19, 
which highlight a subarea around Ft. Nelson.  A notable visual difference in the Figure 19 (June 14, 2002) to the 
other images of the Ft. Nelson area is the apparent aggressiveness of the moderate class in stands not previously 
classified as defoliation.  The 2002 confusion matrix explains this event to a degree where hardwood test pixels 
previously averaging a 96.8 % accuracy for 1999 to 2001 drops to a 91.2 % accuracy for 2002.  The majority (4.2%) 
of the misclassified hardwood test pixels are placed in the moderate defoliation class, which previously only 
contained 0.1% (1999), 0.3% (2000), and 0.2 % (2001) of hardwood test pixels.  This may be due to the fact that 
greening of hardwoods had not completed yet causing signature confusion of mixedwood and other stands with the 
spectral signature of moderately defoliated stands.  As can be seen in Figure 15, the main subarea classification for 
June 14, 2002 produced under a white spruce mask addresses the situation by excluding mixedwood and other 
stands without a strong white spruce composition. 
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Figure 12. Maximum likelihood classification of the main subarea showing defoliation classes occurring 
within white spruce inventory polygons. (July 1999). 
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Figure 13 Maximum likelihood classification of the main subarea showing defoliation classes occurring within 
white spruce inventory polygons. (August 2000). Note the clouds in the image. 
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Figure 14 Maximum likelihood classification of the main subarea showing defoliation classes occurring within 
white spruce inventory polygons. (August 2001). 
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Figure 15 Maximum likelihood classification of the main subarea showing defoliation classes occurring within 
white spruce inventory polygons. (June 2002). 
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6. EXTENSION 
The extension objectives of this project are to provide timely information to the public, industry and Ministry 

personnel on the impacts of spruce budworm as a natural disturbance agent, and to provide the information and tools 
necessary for effective management of spruce budworm outbreak areas.  The public at large will benefit from a 
better understanding of this natural phenomenon, and therefore will be better prepared to participate in natural 
resource management debates.  The forest companies in the area will gain from knowledge of how the budworm will 
influence the age, size and species available for future harvest.  The Ministry of Forests will gain the information 
they need for timber supply planning, understanding the impacts of budworm on forest health, and management 
regimes necessary to insure the maximum future value of forest resources.  End users will be the Ministry of Forests, 
Fort Nelson District, Prince George Region, Slocan Forest Products, and scientists working with spruce budworm, 
forest succession, and other natural disturbance agents. 

The extension activities consisted of information products aimed at the general public, the forest practitioner 
and the scientific community. This year we communicated our ecosystem impact results to forestry personnel in the 
Fort Nelson District, Prince George Region, and Slocan Forest Products Ltd..  These communications consisted of 
an impact report and discussion.  In addition, results were discussed at the Workshop on Climate Change in the 
Western and Northern Forests of Canada: Impacts & Adaptations at Prince George in February 2003 and at a public 
seminar at the Pacific Forestry Centre in November 2003.  Remote sensing results were discussed with local 
foresters in Fort Nelson. 

A draft scientific manuscript on the hazard model is currently being produced that documents all the methods 
and results used to develop this model.  The intent is to submit this report to the Forestry Chronicle sometime during 
the 2003-2004 fiscal year.  
 

7. SUMMARY AND CONCLUSIONS 
7.1. Measurement of ecosystem changes due to budworm defoliation. 
The overall extent and severity of defoliation decreased in 2002, continuing the trend from 2001.  Crown 

defoliation and top-kill have declined since 2000 in most of the budworm impact plots.  Many of the trees showed a 
good flush and only light to moderate feeding in 2001 and 2002, allowing some recovery and reducing the level 
crown defoliation and top-kill in most stands.  Budworm population levels may continue to decline and the outbreak 
end, as was thought with the population decline and minimal defoliation experienced in 1995.  Population levels and 
defoliation may also increase once again as they did in the late 1990ís.  Even if the current outbreak ends, tree 
mortality and ecosystem changes will continue for some years to come.  Continued monitoring of the outbreak in 
these and other stands will provide a greater understanding of the progression of the outbreak and its influence on 
spruce mortality, stand characteristics, and succession.  

Continued monitoring of the plots established in this District, as well as completion of the work outlined for 
future years, will be essential for establishing the nature of the ecosystem changes induced by budworm defoliation.  
Information on the return frequency of budworm disturbance is necessary for the development of sustainable forest 
management plans and long-term timber supply planning.  

 
7.2. Modeling hazard: landscape attributes that increase susceptibility to budworm. 
The main result of this past years work has been the development of a model that can be used by a forest 

manager to predict the relative risk of a future new spruce budworm defoliation event in a given location, during the 
time of a budworm outbreak in the Fort Nelson District.  While this model cannot be used to state with absolute 
certainty which forest stand will, or will not get attacked by the budworm, it can be used as an overall planning tool 
to at least indicate which stands are most likely to suffer from a new infestation during an outbreak cycle.  This past 
years work has also increased our understanding of the spruce budworm ecology by showing that, at a landscape 
level, elevation, proximity to previous infestations and rivers, and stand biomass and volume, are the primary drivers 
of the spread of infestations in this region.  Other factors such as stand age, height and species mixtures donít seem 
to have as important an influence on determining new infestations of the spruce budworm. 

 
7.3. Assessment of spatial and temporal changes of recent budworm outbreaks using remote 

sensing. 
A data set of 8 years of imagery over the period 1987 to present has now been assembled and largely geometrically 
corrected. The imagery needs to be normalized for use in change and time sequence analysis.  Within the data set 
there is imagery each year since 1999 and the acquisition program will continue to build on this collection.   
 

The capabilities and limitations of both medium resolution (e.g., Landsat) and high resolution (i.e., Ikonos) 
satellite imagery have been defined.  It is anticipated reasonably consistent and accurate mappings of broad 
defoliation classes are viable with single date analysis of Landsat imagery.  An operational procedure has been 



   
   

29

developed for this.  Individual tree isolation and defoliation level classification was not sufficient with the 1 m 
panchromatic and 4 m multispectral resolution of Ikonos imagery. It is expected that the 60 cm and 2.5 m data (pan 
and multispectral) of the Quickbird satellite sensor might be just within the threshold to produce useful individual 
tree crown products in the northern boreal forests of B.C..  Regardless, pixel based classifiers using these high 
resolution satellite data will likely give useful detailed defoliation assessments at the stand and within stand level.   

Although four classes (healthy, light, moderate and severe) are classified, this is only to help produce better 
classification of the broad categories of healthy/light and moderate/severe.  Other forest type classes (e.g. black 
spruce, hardwood) need to be included to prevent spurious classification of defoliation levels in other stands or 
inclusions of these forest types in defoliated stands. 

A network of reference sites has been established and is being assessed for defoliation from the ground 
and/or aerial observation from helicopter each year.  This is in addition to the budworm impact plots of this study.  
The sites are also adding further information above that of the ground plots regarding the evolution of the budworm 
outbreak.  This makes creation and accuracy assessment of subsequent defoliation map for future years very 
efficient.   

Map products have been created for 3 years of the budworm outbreak.  Year 2002 was missed because of a 
poor quality image, but techniques to overcome this and produce a 2002 map will be explored.  Improvements in the 
classification accuracy, consistency, number of defoliation levels, and applicability of results over a wider range of 
forest conditions (e.g. into more open and mixed species stands) are expected to use multitemporal and seasonal and 
change detection techniques.  Designing, developing, testing and operationalizing these methods will be the basis of 
future work 

 
7.4. Concluding remarks 
We have advanced our understanding of the budworm disturbance with this multidisciplinary project, and are 

starting to build the linkages between ground observation of ecosystem changes due to defoliation, landscape 
modeling and forecasting, and remote sensing of budworm damage.  The knowledge gained will support sound and 
sustainable forest management. 
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