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ABSTRACT: This paper compares the ability of four data sources to detect scattered trees with red crowns in pure conifer
stands in British Columbia. Such trees are generally recent victims of mountain pine beetle attack. Timely detection of
these trees is a key requirement for operational control programs in the province of British Columbia. Results indicated
that l.4-m resolution MEIS images allowed the detection of more trees with the appearance of red attack than 3.4-m
resolution MEIS imagery (a ratio of 1.82:1) and conventional aerial photography (a ratio of 1.36:1). Fewer trees displaying
red crowns were detected using 3.4-m resolution MEIS imagery than with conventional aerial photography (a ratio of
0.71:1). Recently killed trees were not generally visible with 6-m resolution MEIS images. A limiting factor for the MEIS
data is the pixel size in relation to an average crown diameter of 3.5 m ± 0.5 m for mature lodgepole pine, of which
only slightly more than one-half of the crown will be illuminated by the sun. A pixel size of 1.4 m is smaller than the
average diameter of sun-lit portion of tree crowns; therefore, trees with red crowns are easily detected. A pixel size of
3.4 m is almost equal to the average diameter of tree crowns or slightly larger than the sun-lit portion; therefore, fewer
trees with red crowns were detected.

INTRODUCTION

T HE MOUNTAIN PINE BEETLE (Dendroctonus ponderosae Hopk.)
is one of the most damaging pests of mature pines in west

ern Canada. It is estimated that in 1986 more than 94,135 ha of
British Columbia's forests were infected (Wood and Van Sickle,
1987). The beetle prefers lodgepole pine (Pinus contorta Doug!.
var. latifolia Engelm.), western white pine (Pinus monticola Doug!.),
and ponderosa pine (Pinus ponderosa Laws.). In the absence of
suitable hosts, it will also attack spruce (Picea spp.) and Douglas
fir (Pseudotsuga menziesii (Mirb.) Franco) (Safranyik et aI., 1974).

The life history of the mountain pine beetle has been de
scribed elsewhere (Safranyik et aI., 1974). The first indication of
beetle caused mortality is usually discolored tree foliage. In the
spring of the year after attack, as the tree weakens, foliage turns
yellow green or yellow brown and usually by August trees are
red brown. After mortality occurs there is loss of foliage and
the tree appears grey (Murtha, 1972). These red and grey stages
are referred to as "red attack" and "grey attack," respectively.

Pure pine stands which exceed 80 years of age, or 20 cm dbh
(diameter at breast height), are at greater risk of being attacked
than younger mixed stands. Mountain pine beetle attack spreads
quickly if not checked; therefore, potentially hazardous areas
must be closely monitored, and appropriate measures taken.
Management guidelines to monitor losses include annual aerial
surveys of mature lodgepole pine stands and on-the-ground
inspections of suspected infestations. Although aerial sketch
mapping is occasionally employed to delineate the approximate
limits of very large infestations, the British Columbia Ministry
of Forests (BCMF) relies primarily on normal color photographs
at a scale of 1:10,000 to direct its control program. The red crowns
of scattered trees recently killed by the mountain pine beetle
are readily detected on such photographs. Other agents, such
as porcupines, occasionally kill trees and cause identical symp
toms, but the experience of BCMF has shown that, in areas where
the mountain pine beetle is active, it is the cause of 80 to 90
percent of the number of red crowns detected on the aerial
photography (Bill Jensen (BCMF), personal communication).

The British Columbia Ministry of Forests follows the proce-

PHOTOGRAMMETRIC ENGINEERING AND REMOTE SENSING,
Vol. 55, No.3, March 1989, pp. 333-337.

dures described to combat mountain pine beetle infestations.
Normal color aerial photographs at a scale of 1:10,000 are ob
tained each summer in infested forests. Contact prints are in
spected and all infestations of five or more trees are plotted on
a map. The following winter, field crews probe the infested
areas and remove trees which pose a threat of harboring beetles
which could spread to nearby healthy trees. The infested trees
can be both red trees, and green trees where the presence of
bore holes and boring dust indicates infestation. The latter are
called"green-attack" or current attack trees.

Remote sensing tools for mountain pine beetle damage de
tection have also been investigated. Brockhaus et al. (1985) were
able to classify Landsat MSS data into three mortality classes
with 76 percent accuracy. Rencz and Nemeth (1985) were able
to detect red attack trees with accuracies up to 65 percent with
Landsat MSS when blocks exceeded three hectares, and accur
acies up to 95 percent with simulated Thematic Mapper data
for infested areas larger than 1.5 hectares. An early study by
Harris et al. (1978) to assess forest pest damage in British Co
lumbia using Landsat-l and -2 was unsuccessful, emphasizing
the need for imagery with better resolution.

The objective of this study was to evaluate the potential of
the MEIS-II linear pushbroom array imager for detecting red
crowns of trees probably killed by the mountain pine beetle in
comparison to conventional methods involving the use of 230
mm (1:10,000-scale) normal color photographs. The Multi-de
tector Electro-optical Imaging Scanner MEIS-ll (McColl et aI., 1984)
is an airborne sensor which has a spectral response from 350
nm to 1100 nm and a spatial resolution of 0.7 mrad. MElS-II
images have been used successfully to detect damage from the
spruce budworm in central New Brunswick (Ahern et aI., 1986).

STUDY AREA

The study site is located north of Smithers along approxi
mately 20 km of the Babine River in central northwestern British
Columbia. Situated in the Montane Forest Region (Rowe, 1972),
pioneer forest species include lodgepole pine, covering exten
sive areas of past fires, black spruce (Picea marianna (Mill.) B.s.P.),
and white spruce (Picea glauca (Moench) Voss). Elevations range
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TABLE 1. DATA ACQUISITION

RC-10
Kodak Aerocolor

Sensor Negative film 2445 MEIS-II pushbroom scanner

Lens focal length (mm) 305 24.6

Band No.
Spectral region (nm) < 400 to 460 (blue) 1. 464.5 - 495.5
(50% response range) (yellow dye layer) 2. 532 -564

3. 571 - 606
4. 655 - 695

510 to 570 (green) 5. 691.5 - 704.5
(magenta dye layer) 6. 702 - 718

7. 737.5 - 754.5
8. 757.5 - 794.5

590 to 670 (red)
(cyan dye layer)
(Kodak, 1976)

Platform Cessna Conquest Falcon 50

Altitude (m) 1524 2075, 5000, 8825

Image Resolution (m) 0.19 1.4, 3.4, 6.0

Date Obtained 19 Aug. 1986 19-21 Aug. 1986

TABLE 2. A CONTINGENCY TABLE IN WHICH THE INTEGER TABULATED IN EACH CELL (x, Y) INDICATES THE NUMBER OF BEETLE INFESTED PLOTS FOR

WHICH ")(' TREES WITH RED CROWNS WERE COUNTED ON THE 1.4-M RESOLUTION MEIS IMAGERY AND" y' TREES WITH RED CROWNS WERE COUNTED ON

THE 230-MM NORMAL COLOR PHOTOGRAPHS.

x = no. of trees detected on l.4-metre resolution MEIS data
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Total number of trees detected with MEIS 901
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Total number of trees detected with air photos 664

from 600 m to 900 m. The area was of particular concern to
the British Columbia Ministry of Forests because it had mature
pine trees of high value which were under attack by the moun
tain pine beetle.

DATA ACQUISITION

Table 1 summarizes the airborne data obtained. MElS data
were acquired at three different altitudes to determine the most
suitable resolution for detecting trees with red crowns. Com-
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TABLE 3. A CONTINGENCY TABLE IN WHICH THE INTEGER TABULATED IN EACH CELL (X.v) INDICATES THE NUMBER OF BEETLE INFESTEO PLOTS FOR

WHICH X TREES WITH RED CROWNS WERE COUNTED ON THE 3.4-M RESOLUTION MEIS IMAGERY AND Y TREES WITH RED CROWNS WERE COUNTED ON

THE 230-MM NORMAL COLOR PHOTOGRAPHS.

x = no. of trees detected on 3.4-metre resolution MEIS data
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parison data acquired included 230-mm normal color photo
graphs (1:10,000 scale) conventionally used by the British
Columbia Ministry of Forests to detect beetle infestations.

DATA ANALYSIS

Three MEIS flight lines at lA-metre resolution, two flight lines
at 3.4-metre resolution, and one flight line at 6-metre resolution
were recorded on high density digital tapes. The MEIS data were
observed on an ALICE system (Till, 1987) in normal color using
the data from band 1 (480 nm) displayed as blue, band 2 (548
nm) displayed as green, and band 4 (675 nm) displayed as red.
The digital data were manually enhanced and contrast stretched
to fill the available dynamic range; and to increase the contrast
between trees with red and green crowns.

MEIS data were also acquired at near infrared wavelengths
(698 to 776 nm). Although the near infrared region is sensitive
to mountain pine beetle damage (Ahern, 1988), the infrared
reflectance is also strongly affected by other factors such as tree
species and the presence of understory vegetation (Franklin,
1986). A preliminary examination of both manually enhanced
natural color and color infrared data displays showed that the
manually enhanced natural color display provided excellent
contrast between pine trees with red crowns and their green
neighbors. The color infrared display showed crowns of many
different hues, making an unambiguous distinction between
red and green crowns less certain.

Geometric effects were corrected by adjusting the vertical and
horizontal scale controls inside the ALICE color monitor, thereby

obtaining equal image scale in the along-track and cross-track
directions.

A total of 318 plots of isolated groups of dead trees with the
appearance of red attack were outlined by a photointerpreter
from the British Columbia Ministry of Forests onto the 230-mm
normal color photographs. The plots were transferred to the
MEIS images. The same interpreter counted the number of trees
with red crowns in each plot on both the MEIS images and 230
mm normal color photographs. This approach provided a sim
ple way to assess the relative detectability of trees having red
crowns.

Contingency tables were prepared, indicating the number of
trees with red crowns which were identified on the MEIS images
as compared to the 230-mm normal color photographs. It was
not the intention that the counts of red trees from the normal
color photographs be the reference for truth but rather that they
be used for comparison purposes to determine which data source,
the MEIS images or the aerial photographs, can be used to detect
more trees with red crowns.

RESULTS

ASSESSMENT OF DAMAGE FROM MEIS DATA VERSUS 230-MM

NORMAL COLOR PHOTOGRAPHS

The number of red trees detected with l.4-m resolution MEIS
data is compared to the number detected on the aerial photog
graphs in Table 2. The integer tabulated in each cell of Table 2
indicates the number of beetle-infested plots, which had"x"
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TABLE 4. A CONTINGENCY TABLE IN WHICH THE INTEGER TABULATED IN EACH CELL (X, Y) INDICATES THE NUMBER OF BEETLE INFESTED PLOTS FOR

WHICH X TREES WITH RED CROWNS WERE COUNTED ON THE 1.4-M RESOLUTION MEIS IMAGERY AND Y TREES WITH RED CROWNS WERE COUNTED ON

THE 3.4-M RESOLUTION MEIS IMAGERY.

x'= no. of trees detected on lo4-metre resolution MEIS data
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red crowns counted on the MEIS image and "y" red crowns
counted on the 230-mm normal color photographs. The 45° line,
drawn through the cells, represents an equal number of trees
detected with each data source. The majority of occupied cells
lie above the 45° line, indicating that more trees are being de
tected on the MEIS images than with the aerial photographs.
The total number of red trees detected with MEIS is 901, com
pared to 664 detected with the aerial photographs, a ratio of
1.36:1.

Table 3 is a contingency table comparing the number of red
trees detected with 3.4-m resolution MEIS data to the number
of trees detected on the 230-mm normal-color photographs. In
this case more occupied cells lie below the 45° line, indicating
that we were not able to detect as many trees with the MEIS
data as with the aerial photographs. The ratio of total number
of trees detected with MElS to the number detected with aerial
photographs is 509:714 or 0.71:1.

Red attack trees were seldom visible on the 6 m resolution
MEIS imagery; therefore, no further analysis was conducted.

ASSESSMENT OF MEIS DATA FROM DIFFERENT RESOLUTIONS

Table 4 is a contingency table comparing the number of red
trees detected with l.4-m resolution MElS imagery to the number
of red trees detected on the 3.4-m resolution MEIS imagery. The
number of trees with red crowns detected with the l.4-m
resolution data is substantially higher than the number detected
with 3.4-m resolution data, a ratio of 1.82:1.

Multiple interpreters were not used for each data source, so
the possibility exists that interpreter skill level would influence

these results. However, the substantial differences between the
MElS and photo-based tree counts (36 percent), coupled with
the qualitative improvement in contrast achievable with MEIS
data (red crowns are much more distinct than on the air photos),
indicate that MEIS data at l.4-m resolution provide a means to
detect more red crowns than the current normal color aerial
photographs employed by the British Columbia Ministry of
Forests.

The average crown diameter of mature lodgepole pine trees
in the study area, determined by measuring the crown diameter
of 70 trees on the 230-mm normal color photography with a
Zeiss Stereo-cord', was 3.5 m ± 0.5 m. At the time of data
acquisition the solar elevation angle was approximately 45°,
causing the sunlit portion to be slightly more than one-half of
the crown (Cavayas and Teillet, 1985). As a result, more than
one MEIS pixel occupied each sun-lit crown for the l.4-m
resolution case but part of one MEIS pixel occupied a sun-lit
crown for the 3.4-m and 6-m resolution case (Figure 1). A 3.4
m pixel will typically have a radiance value which represents
contributions from one or more sun-lit crowns and shadows. A
6-m pixel will average the contributions of several trees plus
the intervening shadows. This averaging effect will result in
lower contrast between pixels affected by red attack trees, and
adjacent healthy or grey attack trees than in the l.4-m case,

• The use of trade names is for information only and should not be
interpreted as an endorsement of a particular product by the authors
or their institutions.
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CONCLUSIONS

FIG. 1. A forest canopy showing the portion of a tree crown occupied by
a MEIS pixel.

where the pixels are more pure. Thus, we can conclude that
more than one pixel per sun-lit crown is necessary for confident
detection of red attack trees (l.4-m case), that detection is sporadic
when the sun-lit crown occupies slightly less than the area of
the pixel (3.4-m case), and that detection is not possible when
the sun-lit crown occupies less than 20 percent of the area of
the pixel (6.0-m case).
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This experiment was designed to compare the ability of MEIS
II pushbroom sensor data to allow detection of scattered trees
with red crowns. These trees were presumably recently killed
("red attack") by the mountain pine beetle.

The results of this experiment demonstrate that

• Enhanced MEIS data at 1.4 m resolution enabled the detection of
1.36 times as many trees having red crowns as were detected
using conventional 230-mm normal color photographs;

• Fewer trees displaying red crowns were detected using MEIS data
at 3.4 m resolution than were detected on the 230-mm normal
color photographs (a ratio of 0.71:1); and

• Scattered trees with red crowns were not generally visible on the
6-m resolution MEIS imagery.

We conclude that pushbroom scanner technology is well suited
for surveys of trees killed by the mountain pine beetle, provided
the data are contrast stretched and that resolution is sufficient
to ensure that the sun-lit portion of a typical crown generally
occupies more than one pixel. It offers a means to detect more
trees which have the appearance of red attack than the currently
employed data source (contact prints from 1:1O,000-scale normal
color photographs), and this makes an improved control pro
gram possible.


