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Abstract
Expansion of the natural range of the Mountain Pine Beetle Dendroctonus ponderosae Hopkins has resulted in severe
mortality of mature pine forest stands in British Columbia. The natural range of D. ponderosae is influenced by cold
temperature mortality, which has been reduced by warming trends occurring in the study area for the past half century,
as inferred from historic climatic data obtained from Environmental and Climate Change Canada, Meteorological Service
from 1960-2015. Satellite imagery of the study area examined for two years, 1999 and 2015, verified extensive pine forest
stand decline, upwards of 30 percent forest cover loss. Methodological challenges identified after an accuracy assessment of
forest cover classification can be attributed to difficulties in the pre-processing selection of clear satellite images, as well as
in accurate classification of land cover types as validated by forest cover loss data obtained from the University of Maryland
GLAD team. A definite spatiotemporal correlation was identified within the study area between a local warming trend
between 1960 and 2015, which reduced limitations on the survivability of D. ponderosae populations, and significant decline
in forest cover between 1999 and 2015, as measured through forest cover change detection.
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Introduction

years during which temperatures in the study area drop to
the critical culling value, subsequently expanding the current
range of the outbreak by increasing the residence time the
beetle can survive in healthy forest [3].
It is the tenet of this study that the main driving factors
in initiating and sustaining the current outbreak of D. ponderosae and subsequent forest loss in the study area are (from
greater to lesser influence): an upward trend of winter temperatures as derived from historical weather data, and a greater
density in suitable mature pines in forests mainly comprised
of primary host trees.

Forest dynamics monitoring measures the spatiotemporal
structural and compositional changes to forest ecosystems.
Causes for forest land cover change can vary from internal
events such as tree growth or forest succession to natural
or anthropogenic disturbances [6]. To catalogue and assess
changes caused by the latter, researchers monitor disturbance
events in forest ecosystems using imagery obtained from remote sensing instruments aboard Earth-observing satellites
and analyze changes in land cover [4]. The focus area of
this study is located within the Interior Plateau of British
Columbia, an elevated region roughly lying between the
coastal mountain range and Rocky Mountains of western
Canada [5]. The area (Landsat path 50 row 23, Figure 1) contains mountainous forests primarily populated by the Lodgepole Pine (Pinus contorta var. latifola). The area ranges
in elevation from 500 to 4500 meters and comprises several
provincial parks, the three largest contiguous of which are
North Tweedsmuir Provincial Park, South Tweedsmuir Park,
and Entiako Provincial Park. This study area is worth examining as the epicenter for the large ongoing outbreak of
the Mountain Pine Beetle (Dendroctonus ponderosae), a treeboring bark beetle whose infestation by larval stage results in
most cases in the death of the host tree. The latest outbreak
began in the late 1990s within these three contiguous parks
and has already destroyed millions of hectares of mature pine
forest. As such, this event comprises a significant natural disturbance to forest ecosystems of the region and has already
precipitated dramatic land cover changes as observable via
satellite imagery [1].
The Mountain Pine Beetle (Dendroctonus ponderosae) is a
species of bark beetle native to mountainous pine forests in
western areas of the United States and Canada [2] (pp. 39). Evolution equips the beetle with two main strategies for
spreading and infesting tree bark; a “mass attack” strategy
conducted via pheromone dispersal to overwhelm the natural
defenses of a single tree with sheer numbers, and a mutually
beneficial carrier relationship with blue stain fungus (Grosmannia clavigera), a parasitic fungal species that attacks nutrient channels, impeding resin flow meant to inhibit beetle
activity [2] (pp. 213-222).
Within its range, D. ponderosae is responsible for a large
percentage of mature pine tree mortality [3]. Its population
and spread is mostly limited by the availability of suitable
trees between 60 and 170 years old [1]. Nominally, regular
forest fires cultivate larger distribution in the age of trees,
leading to a lower active population of current beetle infestations, but in recent decades, anthropogenic containment of
forest fires (enforcing public policy) has led to forests predominantly consisting of mature pines, providing a larger vector
surface area for the beetle and consequently increasing its potential to spread and multiply to healthy pine forest [2] (pp.
3-9).
Climate conditions are another limiting factor for beetle
spread and growth. D. ponderosae cannot survive exposure
to extreme cold temperatures at or below -40 degrees Celsius.
Thus, winters with prolonged conditions at these temperatures will effectively cull the entire population. Unfortunately,
observed warming trends have increased the interval between
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Data and Methods

2.1

Landsat Data

(a) RGB 1999 August 2nd

(b) RGB 2015 July 5th

Figure 1: Landsat Path 50 Row 23.
This study used Landsat 7 ETM+ data (Figure 1a) from
1999 August 2nd with identifier LE70500231999214EDC00
and Landsat 8 OLI data (Figure 1b) from 2015 July 5th with
identifier LC80500232015186LGN00.

(a) SWIR 1

(b) SWIR 2

Figure 2: Shortwave Infrared Differences (R: 2015, G: 1999,
B: 1999)
As can be seen in SWIR differences (Figure 2) there is a
large change in shortwave infrared emission, indicating potential changes in vegetation cover between the two years of
study.
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Minimum Yearly Temperatures

Images were chosen specifically with respect to the following
three criteria:

Proximity (km) from 0 to 40

Minimum Temperature (C)
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• Minimize time difference between image and tree cover
reference data (2000 and 2015 respectively) to ensure accurate validation.

• Minimize day of year difference between images to ensure
accurate spectral comparison of forest cover.
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• Fall within latter half of local growing season to maximize Figure 4: Minimum yearly temperature measurements within
forest cover.
40 km of the study area.
When exposed to prolonged temperatures below -40 degrees
Celsius, a population of D. ponderosae will invariably experience mass mortality, an event which logically slows the spread
2.2 Classification
of the beetle to healthy pine trees and consequently slows forest cover loss from infestation. As seen in the minimum yearly
Categorical classification in this study resulted from supertemperature data (Figure 4), the interval between years with
vised training site selection and classification using a decision
population-controlling conditions within the study area was
tree. Training sites focused mainly on coniferous forest for
fairly frequent between 1960 and 1997, inferring beetle popmaximal coverage, but included other forest cover types to
ulation was regularly controlled by temperature. However,
improve validation accuracy with tree cover reference data.
from 1998 to 2015, the temperature measurements taken by
Sites were chosen along land cover class boundaries to aid the
stations within the study area never again reach populationclassification algorithm and reduce overfitting.
controlling conditions. As can also be seen in this figure,
overall minimum temperatures in the 40 kilometer proximal
area show a trend of steady increase from 1960 to 2015.
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Results

(a) 1999: Forest Sites: 11; Non- (b) 2015: Forest Sites: 21; Nonforest Sites: 9
forest Sites: 19

Figure 3: Training sites. Green is forest training; red is nonforest training.
(a) 1999 Classification Result

(b) 2015 Classification Result

Figure 5: Forest / Nonforest Classification Result

2.3

Historic Climatic Data

It is immediately apparent from the results of the supervised
forest / nonforest classification (Figure 5) that a significant
amount of forest cover change has occurred.
Focusing on a sample area in the center of the image (Figure
6), it is immediately obvious even before classification that
forest cover has been lost.
After classification (Figure 7), the results favor dramatic
and widespread forest loss in this specific sample area.

This data (Figure 4) was obtained from Environmental and
Climate Change Canada, Meteorological Service. It consists
of minimum yearly temperature data from weather stations
located within a 40 kilometer proximal radius of the study
area boundary. Measurements with proximity of 0 are inside
the study area.
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(a) 1999 Before Classification

(b) 2015 Before Classification

Figure 6: Sample Area Before Classification

(a) 1999 After Classification

(b) 2015 After Classification

Figure 9: Study Loss; Red: 2000 Forest Extent (Loss); Green:
2015 Forest Extent (No Loss)

Figure 7: Sample Area After Classification

3.2
3.1

Change Detection Assessment

Classification Assessment

User
Producer

Loss
0.4978669425
0.4992389781

Gain
0.230163437
0.4982166744

Study Loss
Gain
No Change

No Change
0.879887737
0.80679068

Ref Loss
3921336
116145
2582039

Gain
26014
849188
583466

No Change
2829120
2724167
23189048

Table 2: Change Detection Pixel Counts

Table 1: Accuracy statistics of study classification vs Reference (GLAD Global Product)
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Discussion

Pine forests and pinewood are dominant natural resources in
the mountainous regions of British Columbia. Forest loss on
this scale and magnitude will no doubt affect the livelihoods
of a large amount of people, as well as disrupt a large amount
of habitat.
Warming trends are a contributing factor to the expansion of the natural range of D. ponderosae, based on surveys
of forest insects in both the United States and Canada, to
higher altitudes and latitudes [7] [3]. Analysis of historic annual minimum temperature data obtained from weather stations within a 40 kilometer proximal radius of the study area
showed a warming trend from 1960 to 2015. The study area
included the identified epicenter of the current outbreak of
D. ponderosae, occurring in areas previously not affected by
the insect [1]. Comparison of Landsat imagery obtained from
(a) 1999 Kappa at 70: 0.823, (b) 2015 Kappa at 10: 0.683, just after the start of the outbreak (1999) to imagery obtained
82.9%
70.1%
from 2015 showed a marked change in land cover composition,
most noticeably major forest lost. It is extremely likely that
Figure 8: Threshold vs Classification Accuracy
this is due to major mortality of pine forest stands in the study
area as they succumb to the effects of heavy infestation.
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have significantly reduced the occurrence of minimum winter temperatures that would otherwise control populations of
the beetle in healthy forest.
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Conclusion

Epidemics and runaway outbreaks of the Mountain Pine Beetle Dendroctonus ponderosae Hopkins comprise significant
natural disturbance events and disrupt both the stability and
overall health of coniferous forest ecosystems in western North
America. In recent decades, outbreaks have decimated mature pine stands in British Columbia outside of the beetles’
natural range. Of these, the most recent outbreak has directly caused over 50% mortality to Lodgepole Pine forest
in British Columbia, including over 16000 square kilometers
in the study area alone (30% loss in forest cover). Climate
change is a probable cause for both the unprecedented expansion of the beetle’s natural range and for sustaining conditions
precipitating the outbreak, as warming trends in the area
5

