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Accurately detecting Douglas-fir bark beetle attack centres: comparing helicopter sketch mapping to digital photo-mosaics (RP 2007-15)
By: Ken Day, RPF, Don Skea, RFT, and Cathy Koot, RPBio,

Introduction

Douglas-fir bark beetle (Dendroctonus pseudotsugae) is a
native beetle which attacks recently killed Douglas-fir trees.
In periods of epidemic populations the beetles are capable
of mass-attacking and killing live but stressed Douglas-fir
trees. These epidemics frequently follow weather events that
cause significant stand damage (such as windthrow or snowbreakage) or extended drought conditions. At the Alex Fraser
Research Forest, heavy snow events in 1998 and 2003, plus
wind events in 2003 and 2007, have created conditions where
Douglas-fir bark beetle populations are rising.
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According to Day (2007) bark beetle control strategies on
the research forest emphasize prompt detection and removal
through
• aerial sketch mapping of red-attack trees in August,
followed by thorough ground reconnaissance, and
• prompt harvesting of current attack centres before the
following March to prevent beetle emergence.
In 2007 the general bark beetle detection work outside the
Research Forest was undertaken by the use of mediumresolution digital photo mosaics, which were analyzed for the
presence of red-attack trees.

Methods
Helicopter Sketch Mapping
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Sketch mapping was conducted on August 21, 2007 by two
staff members sitting in the front and rear left seats of a
Bell 206 Jet Ranger. As the helicopter flew parallel lines
across the Research Forest, the locations of red-attacked
Douglas-fir trees were sketched onto a colour orthophoto
map. Attack centres that were difficult to map were fixed with
	
Red-attack trees are those infested by bark beetles with
sufficient drought stress to cause foliage to turn red. Red-attack
trees detected in August are typically one full year since attack, and
the current brood has developed and left the trees to find new host
trees.
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a Geographic Position System (GPS) reference point. After the flight the mapped locations were
digitized into a geographic information system (GIS) along with GPS locations.
Digital Aerial Photo Mosaic
The photographs were gathered and analysed under contract to Tolko Ltd. through Forest Investment
Account (FIA) funding. The photos were acquired and analyzed by Allen Schaad, RPF, of
Technapro Forest Management. Photos were captured between August 15 and 24, 2007 using a
professional-grade digital single lens reflex camera. No filters were used on the camera. Flying
height was 195 m (640 ft) above ground elevation. Each image was geo-referenced, and viewed in
ArcMap to digitize polygons around attack centres.
Ground Reconnaissance
The data from the helicopter sketch mapping and the digital photo mosaic were combined into a
single database, and a work plan for ground reconnaissance was assembled. Ground reconnaissance
was substantially completed between December 5 and December 20, 2007. Tom Foley, RPF, was
contracted to visit each site identified by either survey. In the event that no Douglas-fir bark beetle
attack was evident at the identified location, the surveyor would work outward from the identified
location up to approximately 200 m radius from the site before declaring the site to be incorrectly
identified. A group of red-attacked trees within 200 m of the mapped location was assumed to be the
mapped site.
Data Analysis
Using the Chi-Square Test of Independence for Two-Way Tables, the Positive ID and Negative
ID tallies for the Helicopter Sketch and Digital Photo Mosaic methods from both Knife Creek
and Gavin Lake blocks were pooled and compared in a contingency table. Positive ID means that
Douglas-fir beetle-induced red Douglas-fir were accurately identified in the survey. Ground-truthing
was still necessary to ascertain whether active Douglas-fir bark beetle was present or not. Negative
ID means that either no Douglas-fir bark beetle symptomatic trees were found at all at the site or
within a 200 m radius during ground-truthing, or the site was a root rot or very old, gray Douglasfir bark beetle site. The null hypothesis was that the accuracy of identification of Douglas-fir
beetle-induced red Douglas-fir is independent of survey type. Percent Accuracy, as well as Percent
Frequency of Positive ID of each method were also calculated. The Mean Number of Salvageable
Trees Found/Point for each method at both Knife Creek and Gavin Lake were compared using a
two sample t-test. Only those sites that were ground-truthed and the number of salvageable trees
determined were included in this analysis. Assumptions are that the data are random, normally
distributed and population variances are equal.

Results
Figures of the Research Forest depicting the results of the two survey methods plus ground
reconnaissance are attached at Appendix A.
Table 1 shows the breakdown of mapped sites according to the data source. The sketch mapping
approach identified 73% of the infested sites, while the photo-mosaic approach identified only 27%
of the infested sites. There was concurrence between the two surveys 16 times out of 17 sites at
Gavin Lake, but only 8 times out of 18 sites at Knife Creek.
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Table 1: Mapped sites by detection method. Positive identification means that bark-beetle
induced red trees were accurately identified in the survey method. Common positive
identifications are those where the two survey methods correctly identified the same location.
Helicopter Sketch
Digital Photo Mosaic
Common Pos.
ID
Block
Pos. ID
Neg. ID
Pos. ID
Neg. ID
Gavin Lake
50
19
17
2
16
Knife Creek
43
12
18
0
8
Total
93
31
35
2
24
Although the sketch mapping found more sites, only 75% of the sites were actually infested.
While the digital photo mosaic only observed 27% of the infested sites identified, 95% of the sites
identified were actually infested. Table 2 details the reasons for the negative identifications.
The survey method was highly significant in the accuracy of site identification (α=0.01). The photomosaic method is significantly more accurate than the helicopter sketch mapping, but the helicopter
sketch mapping is significantly more effective at detecting Douglas-fir bark beetle centres than the
photo-mosaic method.
Table 2 indicates the result of the ground reconnaissance for those sites that were negative
identifications. The most frequent reason for a negative identification for the helicopter sketch
mapping was that nothing was located, and this indicates that the spatial accuracy of the sketch
mapping was an issue. The remaining reasons for a negative findings are misidentification of dead
trees as a red-attack spot.
Table 2: Reasons for negative identification according to survey source.
Block
Gavin Lake
Knife Creek

Source

Reason for Negative ID
Lodgepole No current -pine
grey only

Photo-Mosaic

1

Heli-Sketch

5

Nothing
located
1

1

7

Photo-Mosaic
Heli-Sketch

Root rot
patch

Grand Total
2

5

18
0

2

3

7

12

One important issue in the mapping of attack sites is the minimum number of trees detected to
declare an identification. Table 3 shows the mean number of salvageable trees found per point was
smaller in the helicopter sketch method compared to the digital photo-mosaic, and this difference
was statistically significant between survey type at Knife Creek (α=0.05). There was no significant
difference between the Gavin Lake Block and the Knife Creek Block within a survey type.
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Table 3: Mean number of salvageable trees found at each point, by survey type and block. **
denotes values that are significantly different between survey type (α=0.05). There were no
significant differences between blocks within survey type.
Helicopter Sketch
Digital Photo Mosaic
Block
Pos. ID
Avg.
Pos. ID
Avg.
Trees/spot
Trees/spot
Gavin Lake
50
7
17
11
Knife Creek
43
8*
18
22**
Total
93
35

Discussion
Helicopter sketch mapping is a time-consuming process costing about $0.37/ha. The helicopter
sketch mapping approach covers approximately 3,450 ha per hour of flying time, and relies on
intimate knowledge of the landbase to provide an acceptable level of spatial accuracy. Less intimate
knowledge of the land base would increase the flying time as more GPS points would be required.
Research Forest staff have been experimenting with on-board GIS mapping coupled with real-time
GPS to increase spatial accuracy, but this has not yet been successful.
The digital photo mosaic approach costs about $0.12/ha. This method requires no knowledge of the
landbase, and the rate of data acquisition is much higher than sketch mapping, meaning that times
of good weather can be used much more productively, and larger project areas can be photographed
during the critical month of August.
August is the critical month for aerial detection because:
• sun angles are still high, giving best colour recognition and minimizing the depth of shadows in
the canopy;
• colour change in attacked trees has progressed sufficiently; and
• there is sufficient time available to plan the ground reconnaissance and develop a harvest plan
for the affected areas, and implement the harvest before the following spring.
The helicopter sketch mapping was more effective at detecting red attack trees, finding more
groups and smaller groups on average, as compared to the digital photo mosaic. This is particularly
important in an increasing bark beetle outbreak, where early detection of small outbreak centres can
help in the suppression strategy (Province of BC 1995).
Helicopter sketch mapping had lower spatial accuracy, and a greater percentage of negative
identifications compared to the digital photo mosaic. These two sources of inaccuracy cause higher
ground reconnaissance costs, as time is lost searching for sites inaccurately placed on the map or
finding sites that are not intended for harvest treatment.

Conclusion
Helicopter sketch mapping and digital photo mosaics are both suitable methods of detecting and
mapping red-attack centres caused by Douglas-fir bark beetles. In this study, helicopter sketch
mapping found more sites and smaller sites, but was less accurate in the identification of Douglas-fir
bark beetle attack and its spatial location as compared to digital photo mosaics.
Timely detection and mapping of Douglas-fir bark beetle centres is critical to the management of
beetle outbreaks. Detection needs to occur in August when weather conditions and expression
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of symptoms are at the optimum combination. If bark beetle outbreaks are widespread, digital
photo mosaics are superior because of their lower cost and greater production rate as compared to
helicopter sketch mapping.
People producing and interpreting digital photo mosaics for the purpose of Douglas-fir bark beetle
detection should strive to detect more sites and smaller sites. People involved in helicopter sketch
mapping should work to improve the discrimination of the active red-attack centres from other
groups of dead trees, and improve the spatial accuracy of the mapping.
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Appendix A: Bark Beetle Locations by Survey Type and Number of Trees
Knife Creek Block

Appendix A: Bark Beetle Locations by Survey Type and Number of Trees
Gavin Lake Block

