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I.

PROGRESS ON PROJECT OBJECTIVES DURING PERFORMANCE YEAR
OBJECTIVE 1: Identify factors that are associated with locations where moose-vehicle
collisions occur.
ACCOMPLISHMENTS: The first two years of data collection were successfully completed
and many preliminary analyses have been performed.
OBJECTIVE 2: Identify moose movement corridors and factors associated with movement
behaviors.
ACCOMPLISHMENTS: Sixty moose were captured and fitted with satellite collars.
Movement data is transmitted daily and preliminary analyses have been performed. An
additional 12 moose have been captured and fitted with satellite collars to replace moose
lost to mortality.
OBJECTIVE 3: Provide information to ADF&G and ADOT&PF that will allow each
agency to be more effective in their efforts to reduce moose-vehicle collisions.
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ACCOMPLISHMENTS: An annual progress report with preliminary findings was prepared
and submitted to both agencies.
OBJECTIVE 4: Publish a peer-reviewed research paper detailing the research and findings.
ACCOMPLISHMENTS: The submission of one peer-reviewed research paper is underway,
and at least two more will follow later this year.

II.

SUMMARY OF WORK COMPLETED ON PROJECT TO DATE.

Within 72 hours (typically within 24 hours) of being notified of a MVC, ADF&G staff visited
the collision site to collect data describing characteristics of the site. During the same trip, staff
collected the same data at 2 randomly selected “non-collision” sites in the general vicinity
(within 5 km) of the collision site.
During the reporting period, graduate student Luke McDonald and ADF&G technicians collected
data at 195 additional moose-vehicle collision sites and 440 additional random “non-collision”
sites, yielding a total of 475 collision sites and 905 random sites for analysis. A model was
constructed using this data to predict collision hotspots, and is being optimized for the final
report.
Approximately 60 moose were captured by ADF&G biologists using aerial- and ground-based
darting techniques. Immobilized moose were fitted with high fix-rate GPS radio-collars with
Iridium satellite technology that periodically transmitted location data to ADF&G. This new
technology eliminated the need to recapture moose to obtain data.
Between the fall of 2017 and winter of 2018, twenty-one collared moose died from various
causes (1 MVC, 10 Harvested, 1 starvation and 9 Unknown). During March of 2018, seventeen
additional adult moose (12 females, 5 males) were captured via ground-based and helicopterbased darting and equipped with GPS collars. All darted moose responded well to the drug
cocktails used and no capture related mortalities occurred. To date, the GPS collars have
successfully transmitted 1,211,187 moose location data points.
Species distribution models were used to evaluate the relationship between MVC sites and
various environmental factors. Preliminary analyses indicate that collisions are associated with
areas of low visibility (higher vegetation heights and greater embankment angles). A more
detailed analysis will be performed once additional data is collected.
Moose movement patterns were analyzed using Brownian bridge movement models. This new
method, unlike older approaches such and kernel density estimators, do not assume that locations
are independent and therefore are able to provide more in-depth understanding of home ranges,
migration routes, seasonal movement and habitat-use. Preliminary analyses are being conducted
to identify factors associated with moose movement rates but detailed analyses will not be
conducted until additional data is acquired.
The graduate student is analyzing MVC and moose movement data, has begun writing his thesis,
and will be preparing manuscripts for submission to scientific journals. The graduate student has
prepared two annual progress reports and has begun some preliminary analyses but most work

2

IPR AKW-19 P4.0 Moose Vehicle Collision Mat-Su Valley 2018
associated with this objective will occur after the end of data collection in December 2018. A
paper regarding temporal variation in moose-vehicle collisions is near the submission stage.
III.

SIGNIFICANT DEVELOPMENT REPORTS AND/OR AMENDMENTS.

No significant deviations occurred.
IV.

PUBLICATIONS

McDonald, L. R., T. A. Messmer, and M. R. Guttery. 2018 Annual Report. (Appendix A)
McDonald, L. R., T. A. Messmer, and M. R. Guttery. Temporal variation of moose-vehicle
collisions in Alaska. In progress.
McDonald, L. R., T. A. Messmer, and M. R. Guttery. Delineation of moose-vehicle collision
hotspots using machine learning. In progress.
McDonald, L. R., T. A. Messmer, and M. R. Guttery. Semi-urban moose movement behavior in
south-central Alaska.
V.

RECOMMENDATIONS FOR THIS PROJECT Project will continue 1 more year.

Prepared by:
This report was authored by Luke McDonald and Gino Del Frate for Michael Guttery who has
left state service.
Date: August 24, 2018

Appendix A:
2018 Annual Report

ASSESSMENT OF FACTORS ASSOCIATED WITH MOOSE-VEHICLE COLLISIONS AND
THEIR RELATIONSHIP TO MOOSE SEASONAL MOVEMENTS IN THE MATANUSKA AND
SUSITNA VALLEYS OF ALASKA
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Executive Summary
Moose-vehicle collisions (MVC) continue to be a major issue in the state of Alaska, with the
Matanuska-Susitna Valley reporting nearly one-third of the collisions reported statewide. From
June 2016 to January 2018, data were recorded at 333 MVC sites to compare the local-scale
landscape and habitat metrics along roadsides where collisions were reported to random
locations along the same roadway. In March 2017, sixty moose were fitted with global
positioning system (GPS) radio-transmitters deployed on necklace-style collars. These GPS
transmitters provided location data hourly and the data are transferred via satellite every 12
hours. These data, in conjunction with MVC data, will be used to develop recommendations to
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mitigate MVC human health and safety risks and moose mortalities in the Matanuska-Susitna
Valley.

Introduction
Wildlife-vehicle collisions are an ongoing threat to both motorists and wildlife populations
(Conover et al. 1995). In addition to direct injuries and mortalities from wildlife-vehicle
collisions (WVC), indirectly impacted drivers are at greater risk of accident due to traffic
congestion and road obstructions associated with WVCs. Wildlife crossing signs have been
found to be largely ineffective due to the almost immediate habituation of drivers to installed
signage (Sullivan and Messmer 2003, Al-Ghamdi and AlGadhi 2004, Huijser and McGowan
2010). Past studies have identified numerous factors associated with WVCs, the importance of
which are known to vary among species, locations, and seasons (Litvaitis and Tash 2008).
6
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Most of the WVCs in Alaska involve moose (Alces alces gigas). Between 2000 and 2012, the
Alaska Department of Transportation and Public Facilities (ADOT) documented 9,949 moosevehicle collisions (MVC) in Alaska. These MVC resulted in not only thousands of moose
mortalities, but also 23 human fatalities, 118 incapacitating injuries, and approximately 1,400
minor injuries (ADOT, unpublished data). The ADOT estimated that $35,000 is lost every time
an MVC occurs in the state. This estimate only accounts for the auto damage and medical
expenses of each crash and excludes the value of a human life which is placed at $6 million. The
average annual rate of 765 MVCs per year remained relatively constant through this time period,
regardless of the various attempts to reduce MVCs. Since June of 2016, 515 MVCs have been
reported in the Matanuska-Susitna (Mat-Su) borough alone.
Study Purpose
Parallel to the various methods available to the ADOT to ameliorate the MVC problem (e.g.
roadway lighting, vegetation clearing, fencing), the Alaska Department of Fish and Game
(ADF&G) has the regulatory authority to establish targeted moose harvests in areas where high
moose concentration or concentrated moose movement create increased MVC risks.
Unfortunately, ADF&G currently lacks the information required to model and predict where
targeted hunts will be most effective relative to moose movement, seasonal habitat, land access,
and public safety.
To gain a better understanding of the factors associated with MVCs and moose movement
patterns in a rapidly developing landscape in Alaska and, subsequently, to better inform efforts to
minimize MVC risks, the ADF&G initiated this research project in 2016 to collect site-specific
information from MVC sites. Additionally, to better understand seasonal moose movement
patterns, sixty moose (45 female, 15 male) were fitted with global position system (GPS)
transmitters deployed on necklace-style collars.
Study Area
The Matanuska and Susitna Valleys (i.e. the Mat-Su Valley) are located in the Mat-Su Borough
of south-central Alaska. The area is approximately one hour north of Anchorage via the Glenn
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I.

Figure 1. MVC study area map emphasizing major road systems, Mat-Su Valley,
Alaska, 2016-2019

Highway. The area has three cities, Wasilla (population ~8,000), Palmer (population ~7,000),
and Houston (population ~2,000); however, the Mat-Su Borough has a population of
approximately 100,000 mostly suburban citizens.
This study focuses mainly on the major highways in the Mat-Su Valley which can be seen in red
in Figure 1. The major highways include the Glenn Highway, which follows the Matanuska
River east towards Glennallen and Tok, and the Parks Highway, which follows the Susitna River
north towards Talkeetna, Denali National Park, and Fairbanks. Other major roads include the Old
Glenn Highway, Knik Goose Bay Road, Trunk Road, Bogard Road, Palmer-Fishhook Road, and
Wasilla-Fishhook Road, all of which carry considerable amounts of traffic during the rush hours.
The average annual temperature is 8.1 ℃ with the minimum monthly temperature falling to 12.6 ℃ in January and the maximum monthly temperature rising to 20.9 ℃ in July. In the
summer, average precipitation varies between 4 and 7 centimeters per month. In the winter,
average snowfall varies monthly between 20 and 30 centimeters (Western Regional Climate
Center 2016)
The elevation ranges from near sea level at the southern reach of the study area to near 1,000
meters at the eastern end of the Glenn Highway. The vegetation along the roadside is typically a
mixture of alders (Alnus spp.), cottonwoods (Populus spp.), willows (Salix spp.), or spruces
(Picea spp.) of various heights and various grasses and forbs. During the summer months,
fireweed (Chamaenerion angustifolium) is the dominant roadside plant. The moose population in
this area is primarily managed under Game Management Unit (GMU) 14A and consists of
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approximately 7,500 moose. The upper reach of the study area is included in GMU 14B and
GMU 16A. A map of the GMUs covering the Mat-Su Valley can be found in Appendix A. In the
most recent completed harvest report, 1051 (27%) of the moose hunters in 14A & and 109 (20%)
of the moose hunters in 14B reported a successful harvest (ADF&G 2016).
Methods
MVC Data Collection
When a moose is struck by a vehicle in the state of Alaska, the driver is expected to report said
collision to the local authorities (Figure 2). At the beginning of this project, the state troopers or
police officers would contact the Alaska Moose Federation (AMF), which is an organization that
collects moose following a MVC and transports the moose to a local charity. The AMF would
provide the ADF&G with information regarding the collision such as the call time, date, weather
conditions, location via coordinates, and sex of the animal.

II.

Figure 2. Reported MVC locations, point density shaded in red, Mat-Su Valley,
Alaska, 2016-2018

In March 2017, the AMF stopped salvaging moose for the state, so general location information
began being passed directly from the law enforcement dispatch center to the ADF&G office in
Palmer. As of December 2017, this information is being emailed directly to the ADF&G office
in Palmer as the information is recorded at the dispatch office. Upon finding a reported MVC
site, a waypoint is taken using the Petosoft GPS iPhone app and a Garmin GLO receiver and
named numerically.
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The waypoint from each site, i, is used to create three randomly generated points via an R shiny
web app. The random points are chosen from a shapefile of the road system that has been clipped
to only include the area within 10 km and further than 2.5 km from site i. Two of these points are
chosen and the same measurements are made at these two control sites as at site i. The names of
these points are also numeric and simply equal the addition of 10000 or 20000 to i, so that after
one collision you would have three records named i, 1000i, and 2000i. This naming convention
is used to quickly separate the collision and control sites in the database while simultaneously
being able to link associated control sites to collision sites.
The following observations are noted at both collision and control sites: date, time, road type
(curved, hill, straight, etc.), speed limit, estimated traffic per 10 minute interval, number of
lanes, presence of a median, presence of lighting structures, functionality of observed lighting
structures, estimated distance to observed lighting structures, presence of moose warning
signage, estimated distance to observed moose warning signage, presence of snow, presence of
construction, presence of collision evidence, presence of fencing, type of observed fencing,
position of fencing in relation to collision, presence of bodies of water, presence of housing, and
type of vegetation measured in the verge.
Quantitative measurements are taken for the site in general regarding lane width, shoulder width,
and snow depth. Further, at two-meter increments from the shoulder to the tree line (or other
barrier), quantitative measurements are taken regarding the height of any obstruction along the
roadway, typically vegetation, and the depth of the verge that runs along the roadside to develop
a measurement of the visible area in which the moose may have occupied before the collision
(Figure 3). For the purposes of this study, the obstruction area is the vertical area in the verge
that is covered by vegetation or other barriers. The area between the road and the nearest tree line
is referred to as the verge. The verge depth is calculated by multiplying the length of the verge
by the difference in depth between the road and the ground surface. The verge depth
measurements, calculated by taking the inverse tangent of the depth divided by the two meter
length, can also be used to describe the angle of the roadside.
These measurements will be included in models to try to explain what factors contribute to
MVCs. Models will be developed using a variety of landscape level factors such as habitat type,
light pollution, and proximity to water features, as well as the site specific local factors measured
in this project such as the presence or absence of moose-warning signs, fencing, and lighting
structures (Appendix B).
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III.

Figure 3. Verge depth and obstruction area are compiled from measurements
taken at MVC sites, Mat-Su Valley, Alaska, 2016-2018

Moose Movement Data Collection
Within the study area, 60 moose were darted and fitted with Vectronic Satellite GPS collars in
March of 2017. Location data is collected by the collar hourly and uploaded every 12 to 36
hours. Figure 4 shows the initial location of each moose. Moose were opportunistically selected
from roadsides across GMU 14A. The lower portion of the study area (the area within GMU
14A) was stratified into seven 500-750 km2 areas. Each strata was given a target of 6 females
and 2 males. The remaining 3 females and 1 male were chosen at random. All 60 moose were
darted from the ground within a three week period by ADF&G personnel. Captures were
conducted in accordance with ADF&G Division of Wildlife Conservation IACUC protocol
2016-31. The transmitters were sized to fit 45 females (cows) and 15 males (bulls). Thirty of the
cow collars have virtual fencing capabilities that increase the fix rate to get location data every
five minutes when the cows are inside pre-determined “fenced” areas (Figure 4). These “fences”
surround areas where collision rates are generally high (i.e. Parks Highway, Glenn Highway,
Knik-Goose Bay Road, Palmer-Fishhook Road and Wasilla-Fishhook Road).
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IV.

Figure 4. Initial locations of the 60 captured moose in relation to the virtual
fencing, Mat-Su Valley, Alaska, March 2017

MVC Preliminary Results
Since 1 July 2016, data have been collected for 333 of the 515 reported MVC in the Mat-Su
Valley. Data were not collected at collision sites that were outside the study boundary (Figure 1).
Physical evidence of a collision (e.g. moose hair, blood, broken car parts) was found at 131 of
the 333 collision locations. The remaining 202 collision locations were chosen based on either
GPS coordinates from AMF or descriptions of the area received from the law enforcement
dispatch center. Data were also collected at 524 control sites within the study boundary. As seen
in Figure 5, MVCs in the Mat-Su Valley between 2016 and 2018 typically occurred near dusk or
dawn. Fifty percent of the collisions between 2000 and 2012 occurred within 12.6 % of the total
time frame, centered on the dusk and dawn of winter. The exact same trend has occurred for the
2016 to 2018 data.
Seasonal Variation Model
Over half (55%) of the reported MVCs this year occurred between December and February
which is typical for the area (Figure 6). This sharp increase in collisions is most likely a result of
the hazardous winter driving conditions (e.g. snow, shorter day length) and the influx of moose
from the surrounding mountains.
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V.

Figure 5. Timing of reported MVCs, Mat-Su Valley, Alaska, 2016-2018 (Lines
indicate sunrise and sunset.)
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VI.

Figure 6. MVCs reported per day in 2000-2012 compared to the 2016-2018 data,
Mat-Su Valley, Alaska
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VII.

Reported MVC data from 2000 to 2012 was used to form a frequency table of
MVC dates. This data was fitted with a generalized additive mixed model
(GAMM). In the GAMM, the frequency data was explained by the day of the
year and smoothed with a cyclic penalized cubic regression spline with matching
ends and a degrees of freedom of 10. Traffic counter data from the Parks and
Glenn Highways for the same time frame was used as an offset to account for
traffic fluctuations. Using the mgcv package (Wood 2006) in R, the model
building method used a Poisson error distribution and a log link (Krauze-Gryz
2017). Recent MVC data was also used for a similar analysis, the results of which
are also shown in Figure 6. The fitting method ‘Loess’ was used rather than the
GAMM fitting method due to a lack of data.

Machine Learning Model
Due to the high volume of variables measured at each site, as well as the complexity of the
analysis, using traditional model fitting to analyze the difference between control and collision
sites requires a very dramatic reduction in the amount of data used. To perform analyses using as
many variables as possible, we analyzed the data collected at each site using a machine learning
model. To create a machine learning algorithm, a portion of the data representing both outcomes
(collision or control) is subset into a training dataset that is used as the basis for the model’s
predictions. The remainder of the data is then used to test the model. This testing dataset does not
include whether the site is a control or collision site, but instead predicts whether the site is a
control or collision site (Lantz 2016).
Seven datasets were formed from the overall database of collision and control site measurements
and used to test this method in its most basic form data and shows encouraging results. We
formed each dataset with a different number of variables and named each group according to
which variables were added. Group ‘Base’ refers to only the measurements of the road surface
such as speed limit, lane width, shoulder width, and lighting. The other groups consist of the
‘Base’ variables and the verge depth, obstruction height, and obstruction type for the
corresponding number of meters from the road surface, 2 through 12 (Figure 3).
In Table 1, these results have been simplified to show the number of variables used in the model,
the percentage of control sites used in the testing and training data (Ratio), the number of
instances (N) in each subset of the data, the resulting proportion of correct predictions (True
Positives, True Negatives), and the resulting proportion of incorrect predictions (False Negatives,
False Positives).
In this form, the model relies strictly on the measurements collected at each site and cannot
compare sites that do not have equal representation of measurements on each side. Because the
group ‘Base’ contains no verge or obstruction measurements, it is able to use 676 date points
(466 for training, 210 for testing). As it is further developed, the model will yield a probability of
MVC based on location and time. Once this is combined with the elevation data procured from
the Mat-Su Borough LiDAR and Imagery Project and the habitat and movement models
developed using the moose movement data, we will develop a prediction surface showing areas
with a high probability of moose crossings as well as MVCs.
VIII. Table 1. Variation in machine learning model successes and failures based on the
addition of new variables
Group
Base

Variables
28

Training
Ratio
64%

Train
N
466

Testing
Ratio
64%

Test
N
210

15

True
Positive
22%

True
Negative
56%

False
Negative
8%

False
Positive
14%
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Two
Four
Six
Eight
Ten
Twelve

39
50
60
70
80
90

63%
55%
50%
47%
44%
43%

403
325
248
190
142
72

63%
55%
50%
47%
44%
44%

182
146
111
85
64
32

25%
25%
31%
34%
36%
34%

49%
49%
40%
29%
31%
25%

14%
6%
10%
18%
13%
19%

12%
21%
20%
19%
20%
22%

Moose Movement Preliminary Results
Of the initial 45 female (cow) and 15 male (bull) moose radio-marked in March 2017, we have
confirmed 10 cow and five bull mortalities. Additionally, one cow and one bull had a collar that
malfunctioned and stopped transmitting location data. Seven of the cows and three of the bulls
were legally-harvested. One cow was involved in an MVC. We could not confirm the cause of
death for the other two bulls and two cows, but believe it was likely natural causes. We
recovered and refurbished the radio-transmitters for a future deployment.
Of 19 cows observed during a parturition survey on 26 May 2017, 15 were accompanied by a
calf. These cows had 19 calves, with 4 of the cows having twins. A database is being built to
compile the spatial data collected from these radio-transmitters. Figure 7 shows the current
distribution of the radio-marked moose or the mortality locations.

IX.

Figure 7. Current or mortality locations of the 60 radio-marked moose, Mat-Su
Valley, Alaska, January 2018

Seasonal Movement
Alaskan moose have a typical seasonal movement strategy in untamed areas that is outlined in
Table 2 (Ballard and Whitman 1988, Pritchard et al. 2013).
X.
Table 2. Alaskan moose movement strategies (adapted from Ballard and
Whitman 1988, Pritchard et al. 2013)
Season Months
Winter December – mid-April
Spring Migration mid-April – mid-July

Elevation Expected
Low due to snow depth in mountains
In transit to higher elevations
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Summer
Rut (Breeding)
Post-Rut (Fall
Migration)

July – August
September – October
late-October November

High
Highest
In transit to lower elevations

This pattern can be recognized in the seasonal variation in MVCs (Figure 6). Due to the
correlation between human habitation and lower elevations, the risk of an MVC increased as
moose move into lower elevations during the winter.
Many of the radio-marked moose showed different patterns of movement. While some moose
migrated greater than 40 kilometers away from the original capture point (n = 7) or greater than
750 meters higher in elevation than the initial capture point (n = 8), over half of the collared
moose stayed within 250 meters of their original elevation (n = 35) or stayed within 10
kilometers of their original capture location (n = 31).
At the other extreme, four of the radio-marked moose never traveled farther than three
kilometers from their capture point and fourteen never had a change in elevation greater than 100
meters when compared to the elevation of the capture point. Figure 8 and Table 3 show the vast
difference in seasonal movement strategies.
XI.
Table 3. Maximum distance and elevation change of radio-marked Alaskan
moose, Mat-Su Valley, Alaska, March 2017-January 2018
Max Change in Distance
> 40 km
> 20 km
> 10 km
> 5 km
> 3 km
< 3 km

N
7
15
7
21
6
4

Max Change in Elevation
> 750 m
> 500 m
> 250 m
> 100 m
< 100 m
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8
8
9
21
14
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XII.

Figure 8. Seasonal movement variation between radio-marked moose, Mat-Su
Valley, Alaska, March 2017-Janurary 2018

2018 Work Plan
January – May 2018:
• Complete 9 course credits at Utah State University.
• Present at The Wildlife Society Annual Meeting in Utah
• Draft paper: Seasonal MVC variation analyses
• Draft paper: Effects of pyrotechnic shows on Moose Movement
May – December 2018:
• Final field season collecting additional MVC site data in Mat-Su Valley, AK
• Further development of machine learning model
• Further development of moose trajectory and habitat use analysis
• Development of prediction surface for MVC probability
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