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SHORT Short com m unication  articles are short scientific entities often dealing
w ith m ethodological problem s or w ith byproducts o f  larger research 

COMMUNICATION projects. The style should be the sam e as in original articles.

The risk of moose Alces alces collision: A predictive logistic model 
for moose-train accidents

Hege Gundersen & Harry P. Andreassen

Gundersen, H. & Andreassen, H.P. 1998: The risk of moose Alces alces col
lision: A predictive logistic model for moose-train accidents. - Wildl. Biol. 
4: 103-110.

We used logistic models to estimate the risk of moose-train collisions for the 
Rprosbanen railway in Norway. During 1990-1997, a total of 13,506 train 
departures were registered along Rprosbanen during the months when the 
risk of collision was highest (December to March). The statistical model 
selected to predict the risk of moose-train collisions included train route, 
time of day, lunar phase and average train speed, as well as two climatic 
covariables, i.e. snow depth and temperature. Trains running at night, in the 
morning or in the evening experienced a higher risk of collision with moose 
Alces alces than day trains. The probability of collision was also higher dur
ing nights of full moons than during nights o f half or no moons. As observed 
previously with trains in Norway moose-kills increased with increasing 
snow depth and decreasing temperatures. To test the predictability o f the 
model, we used a logistic model based on train departures during 1990-1996 
to predict the number of moose-train accidents during winter 1996/97. 
Although the model had a satisfactorily high predictability, the best models 
would probably be those based on a combination of both temporal and spa
tial aspects. We discuss how logistic models may be applied to introduce 
remedial actions on high-risk routes or during high-risk periods.
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In m ost parts o f  the w orld  there has been an increase 
in the num ber o f  gam e-vehicle  accidents during the 
last decades (G root B ru inderink & H azebroek  1996, 
R om in  &  B issonette 1996), resu lting  in large socio
econom ic costs (Jaren, A ndersen, U lleberg, Pedersen 
& W iseth 1991, G root B ru inderink  & H azebroek 
1996, R om in  & B issonette 1996) and psychological 
p ro b lem s fo r peo p le  in v o lv ed  in  the  acc id en ts  
(Vatshelle 1995, G undersen, A ndreassen, H aave & 
S toraas 1997). G am e-vehicle accidents also have 
consequences fo r w ild life m anagem ent, as accidental 
death  o f  anim als m ay have severe and unpredictable 
effects on population  developm ent (Petersson & 
D anell 1992).

T he increasing num ber o f  gam e-vehicle accidents 
has prom oted an in tensification  o f  rem edial actions, 
and studies on  the effectiveness o f  d ifferent m itiga- 
tive techniques (e.g. Schober & S om m er 1984, Jaren  
e t al. 1991, W aring, G riffis &  Vaughan 1991, R om in 
& D alton 1992, G leason  &  Jenks 1993, R eeve & 
A nderson  1993, L utz 1994, G root B ru inderink & 
H azebroek  1996, R om in &  B issonette 1996). The 
increase in the num ber o f  gam e-vehicle accidents has 
also m otivated  studies addressing gam e behavioural 
and environm ental factors w hich m ay cause anim als 
to be close to  traffic arteries. Im portan t gam e behav
ioural aspects include m igration  (A llen &  M cC ul
lough 1976, G oodw in  &  W ard 1976, A ndersen, 
W iseth, P edersen  &  Jaren  1991, L avsund  & Sande- 
gren  1991, G undersen, A ndreassen & S toraas in 
press) and daily  activity  rhy thm  (C arbaugh, V aughan, 
B eilis &  G raves 1975, A llen  &  M cC ullough 1976), 
w hile influential environm ental factors are snow  
depth  (A ndersen et al. 1991, G undersen  et al. in 
press), tem perature (A ndersen et al. 1991, G undersen 
et al. in press) and landscape features (C arbaugh et 
al. 1975, B ash o re , T z ilk o w sk i &  B e ilis  1985, 
Feldham er, G ates, H arm an, L oranger & D ixon 1986, 
G leason & Jenks 1993, G undersen  e t al. in press). 
H ow ever, it is not possib le to  m odify  gam e behaviour 
and environm ental factors so that the num ber o f 
gam e-vehicle accidents w ill be reduced.

Som e techniques used to  prevent gam e-train  acci
dents, such as reduced  speed, ultrasonic w arning 
sounds, as w ell as the new ly in troduced p ilo t car 
w hich runs ahead o f  trains frightening gam e aw ay 
from  the railw ay (T. S tephenson, pers. com m .), m ay 
be lim ited  to  certain  periods o f  the year, o r to  partic
u lar routes, w ith  a high probability  o f  co llisions w ith 
gam e. H ow ever, the probability  o f  m oose-collision  
along a specific train  route, and how  the risk  varies

Figure 1. Location of the R0rosbanen railway study area in 
Hedmark county, Norway, with indications of the stations men
tioned in the text.

according to  tim e and various environm ental and 
technical factors has, to our know ledge, never been 
estim ated.

W e used  a statistical logistic m odel to estab lish  the 
m ost risky train  departures fo r the R prosbanen ra il
w ay w hich has the h ighest risk  o f  m oose-tra in  co lli
sions per km  in N orw ay (G undersen et al. in  press). 
In the m odel w e included train  speed, type o f  train, 
tim e o f  day and lunar phase, as w ell as clim atic 
covariables know n to be correlated  w ith m oose-train 
collisions.

Material and methods 

Study area
T he study w as restricted  to the R prosbanen  railw ay 
w hich runs th rough the valley  o f  0 s te rd a le n  from  
E lverum  (60°53’N , H °3 4 'E ) to  R pros (62°35 'N , 
11°20’E) (Fig. 1). R prosbanen is 240 km  long, and 
has the h ighest frequency o f  m oose-tra in  collisions 
(0.36 m oose killed/year/km ; G undersen  et al. in 
p ress) in N orway. T he railw ay runs th rough the val
ley, w hich is surrounded by hills o f  boreal forest, 
dom inated  by N orw ay spruce P icea abies  and Scots 
p ine P inus sylvestris, in terspersed w ith a few  boreal 
deciduous species such as birch B etu la  pubescens  
and w illow  Sa lix  spp.

Data material
D ata on train  kills and on train  departures w ere
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o b ta in ed  from  T he N o rw eg ian  S tate  R a ilw ays 
(N SB ), The N orw egian N ational Rail A dm inistra
tion, and from  the local W ildlife C om m ittees in the 
m unicipalities o f  S tor-E lvdal and R endalen  from  1 
D ecem ber 1990 till 31 M arch 1997. E ach record  o f a 
m oose-train  collision  included the train route on 
w hich the collision  took place. D ata concerning c li
m ate, i.e. daily  average tem perature and snow  depth, 
w ere obtained from  the m eteorological station in 
E venstad  (61°4'N , 11°7'E) (see Fig. 1).

Analyses
We have previously  show n that 79%  o f all m oose- 
train  accidents along the R prosbanen railw ay occur 
from  D ecem ber to M arch, probably due to  m igratory 
behaviour o f  m oose m oving from  the hills w ith large 
am ounts o f  snow  dow n to the bottom  o f the valley o f 
0 ste rd a le n  w here the railw ay runs (G undersen et al. 
in press). Thus, w e chose to incorporate only the four 
m onths, D ecem ber - M arch, w ith the h ighest risk  o f 
m oose-train  collisions in the present analyses. The 
predicted  risk o f  m oose-train  collisions from  A pril to 
N ovem ber (i.e. the part o f  the year excluded from  the 
analyses) ranges from  0.001 (July and A ugust) to 
0 .009 (N ovem ber). T herefore, inclusion o f  these 
m onths in the analyses w ould  result in  low  p re
dictability  o f  the chosen statistical m odel due to  the 
low  explainable variance o f  the binom ial response.

F or each train  departure on the R prosbanen railw ay 
during the four m onths from  D ecem ber 1990 to 
M arch 1997 we reg istered  w hether the train  h it a 
m oose (coded as 1) or not (coded as 0). A logistic

Table 1. Number of train departures analysed, numbers of moose- 
train collisions and risks of moose-train collisions along eight 
routes at the Rprosbanen railway. Route indicates the section of 
the Rprosbanen railway run by the specific train route, but no dis
tinctions were made between north and south going trains. In 
parentheses the distances of the routes are given. See map of the 
Rprosbanen railway line in Figure 1.

Route (distance in km)
No of train 
departures

No of 
collisions Risk (95% Cl)

Alvdal - Tynset (23) 160 0 0
Tynset - Rena (157) 15 0 0
Koppang - Tynset (100) 15 0 0
Elverum - Koppang (88) 2317 31 0.013 (0.009, 0.018)
Elverum - Rena (32) 1523 1 0.001 (0.000, 0.003)
Elverum - Rdros (240) 7201 317 0.045 (0.040. 0.051)
Elverum - Tynset (189) 1405 48 0.035 (0.026, 0.046)
Tynset - Rdros (52) 870 10 0.012 (0.006, 0.020)

m odel w as applied including all available train tech
nical pred ic tor variables, i.e. average train  speed, 
type o f  train  (freight or passenger train) and tim e o f 
day (coded as n ight 21:00-3:00, m orning 3:00-9:00, 
day 9 :00-15:00, evening 15:00-21:00, respectively). 
We included daily  snow  depth and daily  average tem 
perature as covariables, since these tw o clim atic vari
ables previously have been show n to be good pred ic
tors for the yearly  variation  in the num ber o f m oose 
killed by trains in N orw ay (A ndersen et al. 1991, 
G undersen et al. in press). Personal observations sug
gested  that lunar phase m ight affect the num ber o f 
m oose-train  collisions along the R prosbanen railw ay 
(S. S letten, pers. com m .). We therefore tested  this 
suggestion by including lunar phase (full m oon: ± 3 
days, ha lf m oon: ± 3 days, new  m oon: ± 3 days) in 
the m odel. H ow ever, not all train  routes run all the

Table 2. The logit model chosen to best explain the risk of moose-train collisions. (AIC = 
for other models > 3230.6).

3228.2; AIC without train speed = 3228.7; AIC

Predictor Estimate df x J P

Intercept -7.033 ± 0.880

Train route
Route Elverum - Koppang 
Route Elverum - Rena 
Route Elverum - Rpros 
Route Elverum - Tynset 
Route Tynset - Rdros

0.554 + 0.375 
-1.488 ± 1.057 
1.705 ±0.331 
1.173 ±0.365 
0

4 110.75 <0.001

Time of day 
Morning 
Day
Evening
Night

-0.163 ±0.147 
-1.625 ± 0.229 
0.101 ±0.142 
0

3 94.44 <0.001

Lunar phase 
Full 
Half 
New

0.358 ±0.142 
0.010 ±0.129 
0

2 9.05 0.011

Snow depth (cm) 0.017 ±0.002 1 107.74 < 0.001
Average daily temperature (°C) -0.039 ± 0.007 1 30.98 < 0.001
Average train speed (km/h) 0.016 + 0.010 1 2.53 0.111
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w ay from  E lverum  to R 0ros, and as the risk o f 
m oose-tra in  accidents varies along the railw ay line 
(G undersen et al. in press) w e also included the spe
cific section o f  the railw ay line covered by the route 
in the m odel (hereafter term ed route factor). The 
m ost parsim onious m odel accord ing  to  A k a ik e’s 
In fo rm ation  C riterion  (A IC  values; B urnham  & 
A nderson  (1993)) w as chosen to  pred ic t the risk o f 
m oose-tra in  collisions.

Results

O ut o f  a to tal o f  13,506 train  departures along the 
R prosbanen  railw ay in the periods analysed, there 
w ere 406  m oose-tra in  collisions, w hich k illed  466 
m oose. P relim inary  analyses show ed that the p roba
bility  o f  co llid ing w ith  a m oose w as 0 .030 (95%  C l = 
0.028, 0 .034 ), bu t it varied  considerably  betw een 
routes (univariate m odel: x \ , i 3,498 = 174.73, P < 0.001) 
(Table 1). The route specific risk  o f  k illing  a m oose 
could  m ost probably  be ascribed both to varia tions in 
the distance o f  the rou te (univariate m odel: x \  13,504 = 
153.56, P  <  0 .001), although  the slope o f  the linear 
m odel w as ra ther flat (d istance in  km , estim ate = 
0 .010 (SE  =  0 .001)), and spatial variations in co lli
sion risk  along the local areas traversed  by the d iffer
en t routes (e.g. due to  d ifferent food availability  and 
topography as show n by G undersen  et al. (in press)).

To attain convergence fo r a global m odel (w ith no 
interactions) w hen including the route factor, we had 
to exclude th ree routes w ithout any train  kills, con
sisting  o f  190 departures (see Table 1). The m odel 
show ed no significant association  betw een  m oose- 
k ills and train  type ( x \  ,3,302 = 0 .02, P = 0 .857), or
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Figure 2. Probability of moose-train collisions in relation to A) the 
time of day, B) lunar phase and C) average train speed (see statis
tics in Table 2).

m oose-kills and average train  speed ( x \  I3,303 = 2.53, 
P  = 0.111). T he m ost parsim onious m odel, w ith  only

Table 3. The logit model used to predict the number of train-killed moose for trains running in the morning, day, evening and at night the 
whole distance between Elverum and Rpros in winter 1996/97. (AIC = 1752.2; AIC without train speed = 1752.3; AIC for other models 
> 1754.0).

Predictor Estimate df x 2 P

Intercept -6.817 ± 1.836

Train
Morning

Day
Evening
Night

-0.175 ±0.193 
-1.745 ±0.295 
0.098 ±0.181 
0

3 68.77 <0.001

Lunar phase 
Full
Half /  New

0.297 ±0.154 
0

2 3.57 0.059

Snow depth (cm) 0.018 ±0.002 1 68.13 <0.001
Average daily temperature (°C) -0.031 ± 0.009 1 10.60 0.001
Average train speed (km/h) 0.036 ±0.021 1 2.14 0.144
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Table 4. Observed and predicted number of train accidents involving moose-train collisions during winter 1996/97 for departures of pas
senger trains leaving in the morning, during the day, in the evening and at night and running the whole distance between Elverum and 
Rpros. G-statistics are presented for the goodness of fit test.

No of accidents
Train departure No of departures Observed Predicted G P

Morning 201 14 6.44 3.46 0.063
Day 222 2 1.63 0.04 0.842
Evening 242 11 10.03 0.05 0.823
Night 60 2 2.03 0.00 0.992

statistically significant term s, included route, tim e o f 
day, lunar phase and the covariables snow  depth and 
tem perature (Table 2). How ever, according to AIC, 
this m odel was indistinguishable from  a m odel w hich 
also included average train speed (see Table 2).

The risk o f  collision was 5-6.8 tim es higher during

the night, m orning or evening than during the day
tim e (Fig. 2A), and 1.3 tim es higher during periods 
w ith full m oons than during periods w ith new  or half 
m oons (see Fig. 2B). The probability  o f  m oose-train 
collisions increased w ith increasing train  speed,
although not significantly so (see Fig. 2C). For in

stance, an increase in train speed
from  50 to  100 km /hour doubled the
risk o f collision. The probability  of 
m oose-train collisions also increased 
w ith increasing snow  depth and de
creasing tem perature (see Table 2 for 
estim ates, and G undersen et al. in 
press).

LUNAR PHASE

H a lf/N e w

-30j.V^
-20

ofS
<0 *<c>

Figure 3. Probability of moose-train collisions of passenger trains running the whole dis
tance between Elverum and Rpros in the morning, day, evening and at night, in relation 
to lunar phase, snow depth and temperature (see statistics in Table 3).

Train specification
The above analyses included all train 
departures in 0 ste rda len . To depict 
the risk o f different departures, we 
m ade a m odel containing only pas
senger trains running the w hole d is
tance betw een E lverum  and Rpros 
(there are tw o trains (one going south 
and one going north) in the m orning, 
day, evening and night). We included 
snow  depth, daily average tem pera
tu re , lunar phase (fu ll m oon vs 
half/new  m oon), train speed and train 
(i.e. tim e o f day) in the m odel. To test 
the predictability o f  the m odel we 
excluded the w inter o f 1996/97 and 
used the m odel based on the data 
from  1990 to 1996 to predict the 
num ber o f  train -k illed  m oose for 
each train (m orning, day, evening and 
night trains) during w inter 1996/97.

F rom  1990 to 1996 there w ere 
5,371 departures o f  the trains includ
ed in our analyses, and 229 m oose 
w ere killed. The best m odel accord
ing to the AIC criteria included all 
predictor variables (Table 3). In w in
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te r 1996/97 there w ere 29 m oose-tra in  co llisions 
(Table 4). T he p red ic tab ility  o f  the m odel w as good 
fo r all trains excep t the m orn ing  train , w hich  ex p eri
enced  an unexpected  h igh  num ber o f  tra in -k ills d u r
ing w in te r 1996/97 (see Table 4). H ow ever, 6  out o f  
the 14 co llisions betw een  m oose and the m orning  
train  in  w in ter 1996/97 occu rred  w ith in  a 2 km  long 
section  o f  the ra ilw ay  ca lled  S torholm en. N one o f  the 
co llisions w ith  o ther trains occurred  w ith in  th is area. 
In p rev ious years, 1990-1996, on ly  4 out o f  37 co lli
sions betw een  m oose and  the m orn ing  train  occurred  
a t S torholm en. S to rho lm en  w as iden tified  as an 
excep tional h igh -risk  area  in  1996/97 due to  logging  
activ ity  (the risk  o f  m oose-tra in  acciden ts w as 1 0  

tim es h igher in  1996/97 than  in prev ious years, 
A ndreassen , G undersen  &  S toraas 1997, G undersen  
e t al. in  press). W hen  exc lud ing  the six co llisions 
occurring  at S torholm en, the observed  num ber o f 
co llisions (8 ) w as w ell p red ic ted  by the m odel (G  = 
0 .18, P = 0 .67), a lso  fo r the m orn ing  train.

M orning , day, even ing  and n igh t p assenger trains 
had  average p robab ilities o f  0 .048 , 0 .010, 0 .062  and 
0 .052, respectively , o f  h itting  a m oose , bu t the p ro b 
ab ility  varied  accord ing  to  snow  depth , tem peratu re  
and to  som e ex ten t lunar phase  (Fig. 3).

Discussion

In  N orw ay, the num ber o f  m oose k illed  in  m oose- 
train  co llisions have increased  from  ca  50  train -k illed  
m oose p er year in  the 1950s (C hristensen  1956) to  a 
yearly  average o f  676 during  1990-1996 (G undersen  
e t al. 1997). T his has resu lted  in  econom ic costs due 
to  m ateria l dam age and  loss o f  incom e gained  by 
se lling  m eat and  hun ting  licenses (Jaren  e t al. 1991, 
G roo t B ru inderink  & H azeb roek  1996, R om in  & 
B issonette  1996). T he to ta l econom ic costs w ere e s ti
m ated  by Jaren  e t al. (1991) to  be ca  $2 ,900  p er train- 
k illed  m oose in N orw ay. O n average, 87 m oose are 
k illed  along  the R prosbanen  railw ay  each  year, y ie ld 
ing a soc ioeconom ic loss o f  ca  $250 ,000 . B ecause o f  
the severe soc ioeconom ic costs o f  gam e-veh ic le  
acciden ts, p rob lem s associa ted  w ith  gam e m an ag e
m ent, and the w elfare  o f  train  personnel, new  kn o w l
edge abou t g am e-veh ic le  acciden ts is necessary  in 
o rder to  d im in ish  the problem .

B y apply ing  a log istic  m odel to  estim ate the p ro b 
ab ility  tha t a co llision  w ill take p lace along a certa in  
train  rou te, w e have in troduced  a new  approach  to 
study g am e-veh ic le  accidents. U nlike prev ious stu d 

ies w hich  focused  on  the factors that cause  gam e to 
be c lose  to  traffic arteries, w e focused  on  the factors 
that cause  veh ic les to  co llide  w ith  gam e, because w e 
believe tha t the p rob lem  canno t be efficien tly  tack led  
from  the fo rm er po in t o f  view. A pproach ing  the co n 
flic t betw een  the g a m e ’s natural behav iou r and m a n ’s 
need  fo r transporta tion , by  analysing  m a n ’s decision  
on transport rem edies, m igh t facilita te  the in troduc
tion  o f  new  m itigating  actions. Indeed, it seem s m ore 
feasib le  to  try  to  change hum an  behav iou r ra the r than 
the inherited  behav iou r o f  gam e.

A lthough  ou r analysis w as m otivated  by m an ag e
m en t purposes, the p resen t study reveals in teresting  
aspects o f  m oose b iology, espec ia lly  its tem poral 
ac tiv ity  pattern . C o llision  p robab ilities varied  b e 
tw een  the d iffe ren t train  departures. T rains running  at 
n igh t, in the m orn ing  and in the even ing  experienced  
a h ig h e r  r isk  o f  c o llis io n  th an  th e  day  tra in s. 
T em poral activ ity  patterns o f  gam e species have been 
show n to be an im portan t fac to r affecting  gam e-veh i
cle acciden ts (Peek  & B eilis 1969, C arbaugh  e t al.
1975, A llen  &  M cC ullough  1976, G oodw in  &  W ard
1976, V incent, B ideau , C ib ien  & Q uere 1988, L av- 
sund  &  S andegren  1991, G leason  &  Jenks 1993, 
W ahlstrom  & L iberg  1995). T hus, the low  risk  o f  co l
lision  during  the day tim e m ay be caused  by the re la 
tively  low  activ ity  o f  m oose during  these hours. It 
m ay  also  be assum ed  tha t the observed  effect o f  the 
lunar phase on the co llision  p robab ility  m ay be due to 
h igher m oose activ ity  during  n igh ts o f  fu ll m oons 
than  during  n ights o f  h a lf  o r new  m oons. T here  is, 
how ever, a  need  fo r a m ore  deta iled  descrip tion  o f 
m oose activ ity  during  the lunar phase to  fu lly  un d er
stand the co rre la tion  betw een  the lunar phases and 
m oose-tra in  co llisions.

F u rtherm ore , w e show ed how  m oose-tra in  co lli
sions correla te  w ith  clim atic  seasonal factors (A nder
sen et al. 1991, G undersen  et al. in  press). T he h igh  
risk  o f  m oose-tra in  co llisions during  periods w ith  
large am ounts o f  snow  has been  suggested  to  be 
caused  by m igra to ry  behaviour, w hereas the low  risk  
at h igher am bien t tem peratu res has been  suggested  to  
be re la ted  to  low er m oose activ ity  during  these  p e ri
ods to  avoid  overheating  (see A ndersen  et al. 1991, 
G undersen  e t al. in  press).

F rom  a m anagem en t perspective , the p resen t study 
suggests that rem edial ac tions should  be app lied  only  
on p articu la r h ig h -risk  rou tes. R em ed ia l ac tions 
cou ld  for instance be chang ing  rou tes, i.e. avo id  that 
trains pass th rough  h igh -risk  areas at h igh -risk  tim es, 
e.g. at n ight. In addition , a lthough  the estim ated  p o s
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itive slope o f the association betw een train speed and 
m oose collisions was not significant, we believe that 
reduced speed could serve as a m eans to reduce the 
num ber o f m oose-train collisions in certain areas dur
ing high-risk periods. A lthough the relation betw een 
train speed and m oose collision is considerably un
certain  statistically, the relation should nevertheless 
be considered carefully in the future prior to the 
introduction o f faster trains. H igh-speed trains m ay 
increase the num ber o f  m oose-train collisions con
siderably in the future, and in particular if  careful 
attention to the tim e schedule w hen high-speed trains 
pass high-risk areas is not paid. Finally, techniques 
used to frighten m oose aw ay before the train passes 
through particular areas (e.g. pilot cars driven in front 
o f  trains) m ay be restricted to high-risk periods, e.g. 
night trains during periods w ith large am ounts o f 
snow. L im ited use o f  m itigative efforts w ill also 
reduce the costs connected w ith such actions, and 
thus, it m ay be easier to find the political w ill to 
introduce such m ethods.

The predictability o f our m odel was satisfactory, 
except for the m orning train. This m ay have been due 
to the exceptionally high num ber o f m oose-train 
accidents at S torholm en. S torholm en is an area close 
to the railw ay w hich is used by brow sing m oose dur
ing w inter (S. H anestad, pers. com m .). D uring sum 
m er 1996 this area was clear-cut for cultivation. 
D uring w inter 1996/97 m oose w ere observed to 
m ove from  Storholm en to the nearest brow sing area 
along the railw ay, w hich resu lted  in a 1 0 -fold 
increase in the num ber o f m oose-train accidents 
w ithin a few kilom etres, com pared to  w hat w ould be 
expected from  experiences in previous years (A ndre
assen et al. 1997, G undersen et al. in press). We sus
pect that the tim e w hen the m orning train passed this 
area coincided w ith the tim e w hen m oose were 
brow sing along the railway. O bviously, predictable 
m odels should therefore include both tem poral and 
spatial aspects.
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