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\ ’ R Abstract

- ’ Three major objectives were addressed in this stiudy-of backcountry skiers in Barff

)] . - . .

National Park. The [t objective was to determine bagkcoudtry skiers’ perceptions of
- ‘/} ’ . . . !
avalanche hazagd? while the second was to determine the levels of avalanche knowledge

posscsscdvby th¢ skicrs and identify characteristics of the skiej-rs related to avalanc c knowledge.

Tﬁc last objective was to evaluate the effectiveness ol" present Parks Canada programs (reatmg
/ ’ LRe
“avalanche hazard and. provide suggestions 10 improve lhe programs Wbilc addressmg these 3 -~

- —

objectives, it bgcamc evident that avalanches differ from other na(tural hazards in somC'

.

¢ important ways. : ‘ BN

With  respect to the first objective, several major conclusio&s may be made. First,
. ' ‘ . - \ .. - s . B
. avalanches arc a salient major concern among skiers mtlhe study area. Sccond. skiers tend to.
. - @
overrate the frequency of avalanches relative 1o expert opinion. Finally, several aspects of
skicrsﬂ", pcsccplions of avalanches were discussed Skiers tend to perceive that avalanches are a

large phenomenon that only rarely pose a threat. The skiers in the study arca seem 1o be aware

that ,avalanches‘cén pose a recognizablc risk ¢ "but ihey believe that avalanches are unlikely to

¢

posé a problcm to themselves persbnglly.' i

To fulfil Lhe secpnd objcctive several different indicators of avalanche knowledge were

: ’

.

)

|dcnuﬁcd hese dcall wnh assessmg the avalanche hazard the decnslon 10 cancel or modify a

7’

mp and rout selectlon On an overall basis, the avalanchc knowledgc level of the rcspondems

o

was poor buI it dld 1mprove as avalanche risk in the arecas generally used mcreased However

five charactcnsﬂcs of thc sklcrs were identified which were erongly rclalcd 10 thc mdxcators of -

, @,
avalanche knowledec These were: 0 "":' )
. N A \
o readmg of- material dealmg with avalanched~ _ .
,® prcv:ouc av alanche mvolvemcm . ' %

. taking of 'a_val,anchg.safet)' courses
. > i o~
. ) being'well equipped

s

© & obtaining avalanche information.



Those with lhe.h§w ralings in these characteristics would generally have the best avalanche

N

knowledge. Education ™ cad’ﬂTg) avalanche material and taking avalanche courses,

-

< i "
appears,10 be the most important predictor of avalanche knowledge .

,

Relative 1o the third objective, it was found that skiers gencrallv have a favorable

opinion of the Parks Canada programs, but people often were not familiar with Specific

programs and often did'n'ot make use of scrviccs and information which théy knew were

.

available. Most 1mprovcments Suggeslcd b\ skxers dealt with improving access 1o more detailed

mformauon The- pnmar\ soluuons suggested in lhxx study  were dcvclopmcm of a ski

Jnform{non cemrc and mstallalxon of 1raxlhcad signs.

. : Fin;’illv it hax been shown thal there are some lmp()ﬂml differences buwun

avalanches and other! natural ha7ards For natural hazards in gencrai, most pL?plc arc ignorant

1

of lhc charamer and extem of thc hazard(s) for [hd area in which they reside and work on a

-

permanent basis, while many\ Lhmk Lhal the resp()nsi\bility for hazard mi&igalion lics with the.

3 7

- . /

various levels of geverntent, not the individual. In contgast, exposure 1o avalanches isl,({n a

temporary, recreational basis. 1t has been show’n .‘hc-re that pcople lL‘nd 10" choose lhe)cvcl of -

avalanchc risk to \\hxch Lhey exposc lhcmselve,s in (hrcu rclauon to lhmr dvalanchc/knowlcdgg

P Gencralh as. avalanchc risk faccd mcrcases skxcr< make a grcalcr cffort 1o learn more about

)

protcclmg lhemselves Pcople are sclf motivated smce thns 1S a volunlar‘, rcuca(nonal acnvnly

s

from whxch thev gam much pleasurc Managemem programq such as.a. ski- mformauon ccnlrc‘

&

and’ trar]head 51gns are. hkely Lo attract their attention and voluntary parnc1pauon

ca s &
2 4 -
3 R .
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1yped portions of the thesis vhen time became a pressing factor.
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1. Introduction

Y

=1.1 Background and Objectives

Winter backcountry rccreation has become increasingly popular i the last decade,
parfiCuldrly in mountainous areas (Valla 1980; Ward 1980: Spear 1981; Parks Canada J9%4).

With" this larger number of people in areas subject to avalanches. there has been an increasing
/ . ' .

. N
number of avalanche accidents (Williams 1978a; Armstrong 1981; "Daffern 1983). Many of
r - of e '
s b (] -

these accident® occured during periods when professional [‘orc’é?isrcr‘s were aware of the high
LRV

avalanche hazard (Gallagher 1967; William{s 1975, Slcthcm and Schaerer 1?379, 19%0). bur.thc

backcountry _Lmv&%’érs, at least those invoived in accidents, either were unaware of the riskb or

ignored the kndwo risk for some reason.

F The reasons why the backcountry travellers were unaware of the n_\k{o} ‘choscl' Lo ignore
it have not becen prcviou;ly studied in detail. Avalernc-hc rescarch. to datc, has been meetcd
toward. the assessment of snow stobility, avalanche triggers, protection of structures, avalanche
contro! by explosives gnd other means, land use planning, techniques for scarch and rescue of

N

victims and other similar lopics?(Schacrcr 1962; Fraser 1978; Ives and Krebs 1978; McClung

", 1978; Norem 1978; Perla 19783‘: Perla-and Martinelli 1978). This study was focused on the

/

human aspects of avalanche research, specifically the backcountry skiers’ awareness,- perception

. and knowledge or which to base decisions. with respect 1o avalanches. Only backcountry skiers

. : J
were’ considered, since they constitute the largest group of wimcr-rbackcourrlry users in

moumamoﬁreas and they are readily rdenuﬁable

Srudrcs lhal have been publrshed on backcountry skrer\s have bccn onl) casc hrsLorrcs or .

) sofrnméries of pasr accidcn’ts (Willr’ams 1975; Stethem and Schaerer 1980; Armstrong 1981'

Williams and’ Armstrong 1%4) with only a few cxccpuons such as Daffein (¥983), who was
.one of the first to recognize .the rmportance of providing information lo thc rccrcauonal
"audrence with his guide 10 avalanche safety for skiers and climbers. In the morc gencral { rcld

of natural hazards research, there have been numerous studies concerning environmental risk .
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Many studies have discuSsed user attitudes and percéptions of hazards other than avalanches

(c¢.g. Saarinen 1966, 1982a; Jackson and Mul{e}jee 1974 Jackson 19%1).

.
)

However. avalanche risk differs from other hazard risks in some important wavs. The
major difference between avalanches and other hazards is that the skiers move through the zone

of risk and can control the level of risk in a,refatively short time frame (much like a driver on a

¢
busy highway) as opposed to the more or less permanent assumption of risk associated with

fixed residence in an area subject 1o commonly studied hazards such as floods, drought

0y

windstorms and carthquakes (Whuc 1974a Burlon et al. 1978; Kates 1978). Also, exposure to
avalanches in the baekcounlr\ 1$ gcncrall) on a voluntary, rccreauonal basis.
- Smutek (1981) argixes that mos! recreational backcountry skiers are not aware of the

danger and do not ('reely and knowingly accept the risk of avaianches. They perceive the hazard

.

level' to themselves as being quite low. This perception s similar to that recorded in other
hazard studies. Jackson and Mukerjee (1974) concluded from their study in San Francisco that

people have a tendency to dismiss the earthquake hazard as not troublesome. and consciously

mim"m e the cxpected damage that may occur (o theii properties. This could be explained by
the fact that people assume accidems will only happen 1o others (Burton er al. 1978: p. 106). |

This. research projict will be directed toward underslandiing the backcountry skiers'
awareness and perception of"avalancﬁc, hazard, as well as the knowledge levels of lhe skiers wil‘h

respect to avalanche hazard. and the related management implications. There are three major

objectives incorporated in this study, which are:

- determine the skiers' perception of the avalanche hazard
® determine levels of avalanche knowledge and identify factogs which are related to

avalanche krowledge or'abili;ty to make avalanche risk assessments

o asscss the effecuveness of a scx of existing mformanon programs treatmg ava]anchc a

¢

hazard and provxde suggestlons for 1mprovemem ‘ .

-~
>

'These objccuves are closclv mterrelated For example the first 2 obJectlves must be. achleved

before mcamngf ul suagesuons can be made o 1mprove the management programs



The first objective is related to effective management of avalanche hazard. To devclop
effective programs, one must determine whether backcountry skiers have an accurate
perception of the avalanche hazard, and whether IPC_\' are conccr%cd about the harard. Salience,

awareness and perceplion influence decisions' which could affect the safcl_\/' of the skiing party.

Preparations made by the users to reduce hazard levels may be affected by their risk pereeption.
If it is found that people have inaccurate perceptions of the risk. it may indicate that
v ;e

modifications to present’ programs or development of additional programs dirccted toward

public safety with respect to avalanches. is required.

~The sccghd objcclivc is 10 determine the avalanche knowledge lcvcls of the chkcourrtr\':'_ =

-

skiers and 1dcnuf) characlcrrsucs of the skiers which are good predictors of their knowlcdgc
» vr

Knowing which charactcmtrcs are most closely related 1o compclencc or ability to travel safely .

in avalanche prone terrdin could bc a kc_v step toward modification of cxistir‘rg‘\\’or dcvclopmcnl
of new programs intended to improve the level of publrc safety. To develop effective programﬁ_
one must be aware of skier ’knowledge levels with respect to avalanche safety, rypical experience
levols of skiers (both in terms of number of years'cxpcricncc and number of encounters with

actual or potcnual avalamhc incidents or acudcnts) type of data collected by the skiers and

emploved. Only when problcm areas are rdcnhﬁéd n advances be made toward solving them.
|4 : L
}*uj.fxllmg [he first 2 o'b'jcctives will pamally address the third objcctivc of assessing the

»

effeclrveness of existing' progrims dcalmg with avalanchc ha/ard and assoualcd safety

R

procedures while provrdmg some material on whrch 1o base ¢ suggcsupm for unprovcmcm This

k]
third- objective will be addrcsscd more dlreuh by, dctcrmmmg user. awareness of present

'progrdms oblammg user cvaluanons of the major program prescml» in place and oblammg

suagesuons for future acuons both for sevcral spcmm programs whtch could potcnually be

instituted and ina more general context B ' o

-

-~

‘mcthod of data collection on which risk asscssments are based and dccision guidelines



1.2 Study Area /

Banff National/ Park was chosen as the study area, since it has a high level of
1‘ .

backcountry use im arcas potentially susceptible to avalanche. Also, Pafks Canada has

i {

developed an active management program ia an effort to reduce the Aumber of avalanche

accidents involving backcountry skiers. Four specific trails or areay’ used as sites for user
interviews  were  sclected in conwiltation with ‘Parks Canada (C. Israelson, personal
. ,

communication, 1983; J. Flaa, personal communicaudn, 1984; G. Forlin, personal

'nommumcaﬁn 1984). The locauon of the 4 trails within Banff National Park s illustrated in
Figure 1.1. Thewe trails are accessible from the highway system in the park on a‘day use basis,
although' some people may use the trails to cdmmence multiday trips. Trails or arcas selected
include Mosquito Crcck., Redearth Creek, Bo.' Hut and the PipeStone trails. There is potential -
for avalanche accidents in the first 3 6(‘ thesf areas, although they vary somewhat in fisk levels.
There 1s no dangcf ol avalanches along the Piﬁeswnc trails. The 4 trails were chose? to provide )

as broad a\spectrum of terraiv’conditiony and avalanche risk as possible.

3 Thesis Qutline
Folldwing this brief intro ctory chapter, the thesis is broken into several major parts.

. _ : <

e stage for the study, discussing the work that has been done
S : : . ~ &

10 ‘datc and the relationship of this work to the thesis. The difficulty of managing. avalanche

First, the literaturc review sets

hazard in backcoumr\ areas is clearl} evident af ter reading this secuon Next, the methodology
. for this stud\ is prcscmed The study populauon 1s descnbed along with samplc desxgn

dcvclopmcm of the quesuonnalrc used 10 structure Lhe mlernews fleld testing of the
‘ qucsuonnam and 'the electronic [ ield equnpmenl data collection and the preparauon of the
data f or anal\sls Th’nd a morc dcta)led descr:pnon of lhe study area and 1hc sklers who use it
is provrded This outlmc of Lhc managemem scenario is used to presem*a descnpuon of the
~ chmatc and ph)smgraphy of Banff Nauonal Park the winter of 1984-85, types of skiing’

‘ avanlablc in thL area, the lralis at Wthh thc mtcrwews were undcrtaken the numbcr of people ,

.
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using the study trar’ls, the type of people using the’ trails, several characteristics .of the ski

&

partics who usc the trails and the types of skjing done on the trails. : .

The remaining chapters deal directly with the 3 main objectives of the thesis. First, the

) . . . ro4n
lindings with respect to skier salience, awareness and perception of avalanche hazard are

1

prescnted. The sccond objective is treated in Xchapters, the first dealing with several indicators

of avalanche knowledge. or expertise (i.c. abilityAlo make decisions that do not lead to accidents

fh). and the second outlining some of the factors

when travelling in avalanche prone ter
‘ A

related to these knowledge indicators. The first of these chapters introduces the indicators of
avalanche knowledge used in the study, which are ability to rate the avalanche hazard, history

of cancelling or modifying a trip in the past because of avalanche hazard and route selection

: ’
. ©

ability. Scores on these in‘dicalors are related to level 'of avalanche nisk faced on the day of the
mterview to give an overall impression of the reSponderrts' experlise levels. In the second of
rthSC_ChaplCTS, the expertisc indicators are compared to a number of skier characteristics to
(;clcrminc whiéh oney best predict avalanche eapertise. These factors include staying overnight
- in the backcountry, p'revious trail use, past avalanche involvement, experience. being the party
leader, avalanche safety education, reading of avalanche material, carrying safety equipment
and obtaining information with respect to the avalanche hazard.

The rhird objectiye is addressed in a chapter dealing with the role of Par,k's Capada in.
a\'a}arrche ri“sk management. This chapter opens with a'comparjson “of évafanches 1o other
natural hazards:. such as earthquakes and floods, and the management implicau'.or_rs. The nextj
major’lporlion‘ provi‘dcs a hisloryb of Parks Canada's programé,‘ followcd b§ a discussion of the-
'sur\'C\ resu]ls with rcspect io the present programs. The thrce major areas covered b\ 1he ‘
survev of rmportancc herc are awareness of Parks Canada s programs,.comments with &Especl.
1o Ihc backcounm avalanche hazard. forecast and possxble future accrdcm likelihood rediytion
programs. The final portron of 1he chapter. treats suggested melhods to 1mprove the Parks'

Lanada programs and to reduce the I’uture number of avalanche accadents The major fmdmgs -

of the lhcsls are summarued in the concludmg cﬁapter



. . , .
2. Literature Review
As outlined in the introduction, theré is only a small volume of litcrature that deals
-

directly with the backcoimry skier's perception of ayalanche harzard or avalanche knowjedge.

Fortunately, one may use an oblique approach, and Aalso consider related fields in the literature
to supplement that treating backcountry users who subject themselves to the risk of avalanches:

These related ficlds include the natural fazards literature . the risk literature and the wilderness
: " ‘

/
/

recreation literature. ’ / ’ o .

<

2.1 Avalanche Hazard Literature
The human aspects of avalanche hazard cannot be divorced from the physical aspects,

because of the obvious influence of the latter on the former. A briel sumimary of the literature

- pertaining 1o the physical aspects of avalanches is discussed here 1o provide a better

understanding of how .lhcy can affect people, followed by a review of the literature treating the

human aspects. Before continuing, it is appropridle to define an avalanche as a mass of snow

- and any entrained material sliding or falling down a slope.

; S a

2.1.1 Physical Aspe'cts of Avalanche Hazard

The.majority of the litcral‘urc which has been published dealing with avalanche hazard

falls into this category. The lilcrature'lreating the physical aspecis of avalanche hazard may be

subdivided into a number of groups, which include: kX
e weather and terrain. . : o
e snow behaviour T
e protection against avalanches :
e forecasting
~ . E . - . A
® land use planning ‘
B &
e technigues for search and rescue.
. ¢



2.1.1.1 Weather and Terrain C
h '

5

Avalanches cannot occur without appropriate weather and terrain conditions. Nine
wcather related parameters that are gencrally recognized to be, important in avalanche
formation include new snowfall depth, snowfall intensity, precipitation intensity, crystal

type, new snow defsity. rate of settlement, air temperature and windspeed and direction

(L.aChapelle 1966 1974). These faclors, along with terrain, are among those reviewed by
respondents+n this study when they makc_’lheir own hazard assessments.

New snowfall has becn 1dcnuﬂed as the srrrgle most 1mportam cause of avalanches
(Pcrla and Martinelli 1978; Pnce 1981 Roch 1?81). The rate at which snow, and
parucularly precipitation (measured in water equivalent), accumulates affects the rate of
stress application to the snowpack (ArWater 1966; Judson 1967; Perla 1970, 1977). Some
snow crysral lypes in new snow are more likely to promore avalanches than other types
(Atw, 1952; Judson 1967, LaChapclle 1969). Higher density new snow is more likely to
cause avalanches because of rapid weight 'accumulation (LaChapelle 1969). Majo:
ayalanches can be triggered by rain. (Schaeter 1962; Hutcheon and Lie 1978). Raie of
scttlement is associated with temperature and wind (Perlé and Martinelli 1978; Daffern
'1983). Low rempcrarures.reduce the rate of seulcmcm and prolong periods of snow
dnstabrlu) while wind tends to increase the rate of seu]emem Air temperature is mos¢
rmportant in spring; when above freczmg Lemperatures can srgmflcamly weaken th‘
snowpack (ngg 1966; Schaerer 1967 Armstrong 1976) Loadmg of avalanche slopes b/
wind transporlcd snow is one of lhe most significant causes ot avalanches parncularly m '
‘ conlmen[al chmaLes such as in the Rocky Moumams of Canada (Judson 1964; LaChapelk '
1966: Roch 1981). el

‘ }~or avalanches to occur the 1erra‘m must be approprxate F&\.ION 1o consrder

A

include slope angle, aspect roughness and vegetanon (Martmellr 1974 Perla and Martmellr

1978 dc Qucrvam 1979 Srethem and Perla 1980)



2.1.1.2 Snow Behavionr

The behaviour of snow and its physical and mechanical propertics has received a
great deal of pracrieal and theoretical attention. in the ljterature. The snowpack has
cpmplex physical properties, cnmplicaled by the fact that snow is a thermodynamically
unslabld's”nbslance, as a result of existing near its melting point (Perla and Marlj_nerli
1978). This instability allows the snow pack 1o change noticeably in even short periods of
time (e.g. Seligman 1936;‘,Laénapelle 1970; Fraser 1978; McClung 1980; Adams and Brown
1982), eirher'gaining or losing su‘ength. The complex physical propcrg’es of snorv along
with the potenual for raprd strength change make it difficult for the average backcountry
skrer to make accurate assessments of snow stability. The snow pack e\ms as a la\ered
structure. Weak lavers in this structure are particularly important with resp’eel ln
avalanches,.(l.aChapelle and Armstrong 1976; Pcrla and r\‘/larlinelli&l978;}.. Finally. a
significant amount of ef‘forr has been directed toward un’derstandi‘ng lne tnggeri'ng'

mechanisms of avalanches (Brown et al. 1972; Mellor‘1973; Perla 1978a; McClung 1981).

2.1.1.3 Proleclion.AgainsI Avalanches
There are 2 c;mmon means of protection against avalanehes -— arlrfxeral lrxgecnng
ol avalanches and protective structures. The goal of artrf:crally releasmg avalanch&_\iv_n_t_h\
explosives is 1o frequently release small (a{ least m a relalxve sense) amounts of snow at a
controlled time. In this wayv large, eatastrophlc avalanches which occur al.unprcdrctable o
umes are hoped 10 be prevented (e g. Gardner and Judson 1970 Gubler 1977 lsraclsoni
1978) Structures may be desrgned 1o dxverL ava]anches from areas wherc they could cause -
damage or loss of lrfe to have sulﬂcrem strength to resist the force of the avalanchc or to.
hold the snow m plaee on the mountam (e g. Schaercr 1962 Assessmcm of Rescarch on :
" Natural, Hazards Staf £-1975; I~raser 1978 Perla and Marunellr 1978 Mears 1979) Ncuher:-j‘
- of these artif rcral means of protecuon are hkely to be of wrdesprcad bencf it to: hackcoumry,

: s}ners here in Canada because of . lhe large areas mvolved relauvcly light usage in ,my--‘

spec1f ic area and cost consrderauons
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Avalanchc hazard forccasnng is based on inputs fror? WCalhcr terrain’ and snow

~

,g behaviour. ThcsL inputs arc discussed abovc LaChapelle (1980) arglies that forecasting of

}igx.alanchc hf’ard is sull a lcchnical art rather lhan an exact science. Professional

5 3
f"\‘ o
"ﬁ;‘?’caslcrs who evajuate the stability of the snow are utilized to safeguard ski arcas,
. ’.(\ it
hlghways,.\mmcs an% other 1nslallanons. Artificial methods (generally some tvpe of

& ¢
evplosive)’ ma( be used to mag(r a\alanchcs when lhc forccaslcr§ fegl that conditions are

unsafe (Perla and,Marnn‘clh f978; Williams and Armstrong 1984)_ Backcountry skiery, as

will be - discussed later, ‘may formulate their oivn stability prediction apd/or- obtain
sl ‘ . 7 L v ( )

professional forecasts, © 0

- a

2.1.1.3 Land Usc Planning 6 .
. . - . . \ §
: Land use planning with respect 1o avalanchcs ls&».a process where arcas at risk are
@ o0

l(lcnul”lcd and mappcd ‘and suuable legislation or guldcllncs for the use of these arcas

dcvelopcd ‘This type of land use planmng has recelved parucular atteniion in huropc where

there are high population densities in mountainous areas (e.g. Oppligcr 1975, Frutiger

\

1977; Hestnes and Lied 1980). Herc in North America, most land usc planning is restricted

“

|+ 1o cénstruction developments.and highways (Ives and Krebs 1978: Frechamd Schacrer 1980:

Mcars 1980), since our mountains are relatively nndeveloped. There ha‘g.’becn some effort

v ., . - s

with respect to regional mapping of hazard areas, with much of the ernphasis on the haZzard

v .

for backc&mtry users (e.g. Ives and Bovis 1978; Hackett and Santeford 1980; Ives and

Plam 1980).

2.1.1.6 Techniques for Search and Rescue

- When the pr'eceeding a’cliustmcnts 10, avalanche hazard fail, we are lcf t with search

and rescue .~ lookmg for and recovermg hve or dead bodies from !he avalanche debris.
o ; <
" There is a sxgmf icant amount of hteralure on search and rescue procedures (e.g. Sehgman

‘ 1936. _Maclnnes 1972 Fraser 1978, Pcrla -and Marlmclh 1978; LaChapelle 1979; Setmcka

e

e

LI
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1980; Daffern 1983), since action cannot be avoided after an accident. whereas it may be

and often-is (with particular reference to the backcountry skier) prior to an accident.

4

2.1.2 Human Aspects of Avalanche Hazard

i

a

The *body of literaturce dealing wilh backcountry travellers who subject themselves o

the ri;‘k of avalanches may be broken into sgvcral categories 10 facilitate discussfon. First, there
will be a brief discussion of {hcldircclion 10Kax'alanchc hazard management rescarch. Neat,
rescarch findings of grouping backcountry skicrs will be prcscnvlcd. This will be I'()ll()wcd by an
outling, of the “typical” avalanche victim. The fourll‘l aspect cévcrcd here will be a listing of
some of the reasons why avalanche accidents occur. Subsequent di.\cu\.sio; will consider

decision making with respect to the risk of avalanches and some of the wavs to redoce the

number of future avalanche viclims.

2.1.21 Dircclion of Avalanche Hazard and Management Research )
McFarlancn(l984)‘ found that most avalanche management programs in Canada
deal only with the physical aspects of the hazard. ignering the human aspects. Oy
recently has there been a move lowa‘rd supplying information to and cduc:ﬁing area users
(c.g. More et al. 1984; Valla. 1984). This shiftis appropriaw.givcn tﬁc inc‘rcasing number of
winter recreationists and increasing concern for avalanches. As an cxample pertinent to this
study, Parks .Ca.nada (1984) reports agmajor increase in cross country skiing in the 4
contiguous mountain parks (Kootenay, Yoho, Jalspcr and Banff) between 1972 and 1976,
and a Subchucnl increase ai 1 slower rate. Public inic.rcsl in avalanc}'lc -harard ms(."

» _ .
markedly in the 1960's and 1970's, taking a content analysis of the Banff ncwsmpgl as an

s indicator (Gardner 1982). f "

X

2.1.2.2 Grduping of Backcountry Skiers
To date, there is. evidence that backcountry skiers may be divided- into 3 groups

(Déffcrn 198i; More et al. A1984; Williams and Armstrong 1984):
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o those who travel on or near marked trails, ;rc only vaguely awarc of avalanche
danger, and would prefer to stay in safe areas
e thosc who travel in avalanche arcas as well as in safe arcas: posscssing a basic
awareness of avalanche danger, but limited experience
» thosc with good avalanche knowledge and cxperience who concentrate their
activitics in avalanche arcas.
From a Jimited survey, Morc er al. (1984) report that about 75 pereent of the skiers are in

the first group, 20 pereent in the second and S percent in the third.

2.1.2.3 The "Typical” Avalanche Victim
. It is instructive to consider what or whom constitutes the “typical” avalanche
victim. Based on a study of avalanche statistics in lvhc United States from 1950 to 1975,
Williams (1978a: p.232) states that "the victim is male. 27 vears old; has had scveral years
of skiing or mountainecring éxpericncc. and didn't know an avalanche from a snowball”.
The meaning of this statement is clear. Most avalanche victims, while perhaps competent
skiers, climbers or other type of winter sportsinen, had virtually no avalanche awareness
training and thereforc were unaware of' the risks thev \ul'crc taking (Wi]liam_s 1978a).
Generally people are noi killed on the large. obvious (cven to the neophylc)lfavalanchc
L 4 .
slopes. Most killer avalanches are of small 10 medium size and are 1rig‘ger&i by the victims
themselves (lGa]laghc'r 1967, Williams '19:/5,‘1978a; stethem and Schacrer 1979, 1980,
Williams and Armstrong 1984).
2.1 .2.4Rcasons for Avalanche Accidents
‘A‘ nﬁmbEr of reasons for avala‘nchc_ accidents become evidﬁm from a review ’of'
avalanche accident case l%isto'rics (Gallagher 1967; Williams 1975; Stethem and Schaerer
1979, 1980; Fesler 1981: Williams and Arms;ron’g 1'984). Thesé é‘ncludc:
®* poor rog;_&: seleciion | :

e incxperience in hazard recognition



e incxperience in haszard evaluation
e negative event feedback
e lure of steep sIopcs and dcc.p ‘powdcp
These recasons, perhaps with the exception 0( the last one, could k:ad one to conclude l.ha(
only inck\:pcricnccd people are caught in avalanches. However, il is not nnu-;mnmn for
pcople who are considcrlcd 10 be experienced and cautious mountaineers 1o be caught in
avalanches (Williams and Armstrong 1984). Some of the -world's grcalésl MOUNtaineers
Nl
have been killed by avalanches (Lev 1978).
Route sclection 1s lﬁe mosl imporla_m skill of onc travelling iA avalanche prone
‘terrain (Daffern 1983). There are numerous documented cases of poor routc sclection
lcad;ng to accidents (e.g. Stethem and Schacrer 1979, 1980; Williams and Armstrong 1934).‘
Daffern (1981) makes an apt point when he states that people are gcncrnlrly reluctant to
retreat —- they . wili lénly retreat if they arc sure that is dangerous, not if they are unsure
that 11 is safe, Choosirilg a safc route is closcly related to harzard recognition and evaluation.
The majority of backcountry skiers utilizing avalanche terrain seem to lack the
ability 1o recognize the hazard. Williams and Armstrong (1984) cite examples where
accidents occurred even after visible and audible warning signs should have made the risk
obvious. Fr‘om the results of a“study of winter backcountry u.slcrs ncar Mount Hood.,
Oregon, Couche (1977) cémcludcd'lhal‘ regardless of training and expericnce, very few
‘people k 1ew how to recognize -avalanche terrain hazards. Similérl_\; avlimilcd survey of ski
‘lgurers in Kananaskis Provincial Park. Alberia. indicated that 75 10 83 pcrLcm ol the
) individuzais had lite to no m'al.unchc,a\yarcncss and: {l(wcrc skiing in avalanche terrain
(More ef al. 19¢4).
l’rogranﬂs intended 1o incicase ﬁ.\'al:s‘nchc:awarc.ncsg and knoxvlé(ig;j 'havc :n>lcasl at
times been incffective. Studies such as Fesler (1981), Gallagher (1981), Smutek (1981) and
Morc ef al. ('1984.)~indi¢alc a lack of usc of aval.anche warnings by 5ackcoumry sk‘ivcrs; o
McFarlanc ('1984l)4 holds that it is not alwéys because the victims do '1"101 kngw any- 'bcltcjr_i,

B

I
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that they becomce involved in avalanches. Often it is because they do not understand the
warnings. Certainly there are documcnted cases of avalanche accidents occurring after
people have been specifically warned not to use an arca by knowledgeable authorities
(Williams and Armstrong 1984). Onc of the reasons for this ignorz}ncc may be inexperience
in hazard cvaluvation or a clear decision to disrcgard the cexpert evaluation and make a
decision morce in accord with their own assessments (as will be documented in the natural
hazards literature review). ¢

Hazard evaluation is decision making“ under conditions of risk. A more general
discussion of this topic is presented later in the literature review, bﬁt there are specific
aspects of this problem presented in the avalanche literature. . P

Smutek- (1981) argues that since the scequence of recognition. evaluation and
qualificd acceptance appears 1o be absent in the vast majority of avalanche accidents
rc_portcd.\mosl avalanche accidents are not a freely and knowledgeable accepted risk. It
appears. from studics of. accident case histories (c.g. Stethem and Sc’hacrcr 1979, 1980),‘
that avalanche victims rarely base their decisions upon all of the information available to
them and actually scem 16 be unaware of what data 1o took for and how to assess it. For
the most p;;zrl. alternative solutions remain ur;cxplorcd and trip objectives are rarely
identificd in terms of safety and risk con_sidcralions _( Fesler 1981).

There are several reasons whydecisions madé With respect 10 'avalanchc risk can be
laulty. Decision making involves hard werk, stress and doubi,_ while physical strain is
xmpOsud by often severe wcalhcr and terrain (Perla and Martinclli 197§; Fesler 1981)
Pcoplc h1vc a lcndcnu to slmphi\ decisions, in an allempl 10 reduce the amoun' of work,
strcss4and dopb;. parlicularl‘y since lhi_g- is "only" a recrcalional activily'. Decisions are
Qg_eri ﬁadc q’hickl,{‘, becausWe énd enviroamental ‘constrain[sv (e.g. sev'erc weather).
It is not surprlsmg then lhal people. wnd to make ifnportant and? potenually life threatemng

decxsnons in a wa) that one would condemn whlle sipping tea in from of the f 1replace

Avalanchc vxcums may makc decmons based upon factors that . thev percexve to be
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imporlani at the moment (e.g. | have to-back at work on Monday morning).” What must

be remembered ts \Qha( is important to them may not be important to Mother Nature’
(Fesler 1981). Also, there is the group facl.\%r; no onc member of the group li.kc.x‘ 10 adniit

/
concern and turn around prematurely (Perla and Martinelli 1978). As a final point, lhchoiS
Ve

a tendency toward overcaution as onc learns about avalanche harzard, but this is later, at
least lcmporanl\ replaced by overconfidence (I)aﬁcrn 1983).

Ncgalwc event fccdback is another rcason for faulty decisions (Smutck 1981
Williams and Armstrong 1984). If a person skiis a slope that is quite steep, and it docs nol
avalanche while he skiis it, he may consider similar slopes encountered in the fulurc‘ to be
safe. There may be a number of such occurrences, confirming the wisdom of his decisions,
unu] one day a similar slope may avalanche. This is dan example of where increased
cxperience may }10t lead 1o increased safety if factors other than slope angle are not 1‘;1kcn'
imto considerauon.

Enthusiasm fnay be detrimental 1o decision making. Deep powacr and steep slopc?s
are powerful lures that have clouded skier's judgements since the sport began (Perla ~zm(l
Martinelli 1978: Stethem and Schacrer 1979; Williams and Armstrong 1984), Programs

intended 10 reduce the risk of avalanche hazard 1o backcountry travellers must pay close

atieéntion 1o thesc reasons for accidents.

2.1.2.5 Risk Taking With Respcct to Avalanches

To determinc écucptablc risk, recreationists must c&aluatc the risk in proportion to
the benefits;  the greater the ‘bcncfitsr the greater lth:}cccprablc risk .(.Williumsu and‘
Armstrong 1984). For c.\'ample; a,‘gToup df lired, cold.sk‘i'lourcrs. may have 10 decide near
the end of the day if the benefits of 4 shorlcut through avalanchc pronc lcrram (which
'would gct them' 1o shclter and warmth an hour faster than the longcr sa(c%omc) EUL
worth the risk. The abilily Lo dclcrmine the acce‘ptabilitv of the risk (to weigh l_hc risk

agamst the beneﬂts) rcqmres lrammg and cxpcrxcnce Evcry md1v1dual uses his value

svctem trammg and experjence to evalualc tisk. In fact, some pcoplc vigw rxsk as. csscntlal
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to the enjoyment of the sport (Ward 1980; Williams and Armstrong 1984).

K}
|

2.1.2.6 Mcthods of Reducing Avalanche Losses

The general approach advocated by most wrilcr; to reducing avalanche losses (1o
backcountry travellers) is public education (e.g. Seligman 1936; Assessment of Rescarch on
Natural Hazards Staff 1975; Perla and Martinelli 1978; LaChapelle 1979; Valla 1980, 1984:
Ward 1980; Daffern 1981, 1983; Fesler 1981; Gallagher 1981: Spear 1981; More el; al.
1984) . Initiatives such as avalanche seminars can curb the future number of avalanche
accidents by helping backcountry travellers make their own judgements in an infornmal wéy
(Ward 1980). Only by understanding lhcrphysical processes which take place.can one know
what data is rclcvanl to dcéision making and only by undcrslanding the technology
available 10 obtain the data Le.g: ihasty snow pits or shovel shear tests) can one retrieve the
information (Fesler 1981). };‘duca;i.onlﬁs rcquifed 10 optimize decisions.

Education, in combination with appropriate equipment caﬁ save lives. Stethem and
Schacrer (1979, 1980) cite instances of preparation such as transceivers, shov’cl~a~» and the
knowledge rcquire(j Lo use them saving lives in cases of av‘alanche burial. The backcountry
skier must depend on the preparedn.ess of his own party; help is 100 far away.

| Avalanche hazard warmng systems can be uscful mecans of commumcaimg the
ha/ard 1o the public (Judson 1975, Perla and Martinelli 1978; Williams - 1978b; Daffern
1983), though these syswms are insufficient in Lhemselves. Education on the usc of theser
Sy stems is required (McFarlane 1984; More et al. 1984).

Slgnc placed at lraxlheads or along traxls can be uscful -to alfﬁ pcoplc to the
pownua] for avalanchc dangcr Great care: must be taken 10, ensure that the signs
'accuralel» reflect. the changing conditions throughout the wmter Warmngs of high '
mstab:lu) in perxods when the snow is stable can lead people to ngnore these signs
"'(lehams and Arms{rong 1984),

Complete closure of [l‘allS or areas ‘has been used in some instances, but the .

techmquc has not proveun to be enurel\ successf ul pamcularl) wuh closures over e\(tended



17

time perrods Numerous examples exist of people being killed in areas that were closed to
the publrc (e.g. Gallagher 1967, erlrams 1975 Stethem and Schaerer 1979, 1980: Williams
and Armstrong 1984).

To conclude this section .on a positive note, there is ;omc initial evidence that
public information programs have had some SUCLCSS. In the United States. the number of
people killed in avalanches from 1971 to 1979 remained relatively stable, while the number
of people involved in winter fecreation, particularly cross country skiirrg_ increased heavily
(Armsirong 1981; Gallagher 1981). Vallé (1984) has identificd a similar temative
conclusion in France. In Canadar there was a definite increase in avalanche accidents in the
carly 1970°s, likely coincident with increased use. See Figure 2.1 for more inf'ormarion on
this trend. However the number of fatalities seemed 10 srabi‘lizc in the late 1970°s and carly
1980's, while use conlu‘nued o increase. More research is required to provide further
evidence for this trend and to determine what level of knowledge ‘the backcountry travellers
have and how they reccive their knowledge (Gallagher 1981) . -

2.2 Natural Hazards l;iteraturc
Since there have been few rescérch proj,cc[s dcvoléd 10 the study of backcountry skiers

who subject themselves to the risk of avalanches, onc must look elsewhere in the litcrature.

. A\alanchcs may be included within the more general' realm of narural hazards. Over lhc past 20

“years, and 1o a lesser extent earlier, a srgmﬁcam amount of work has been donc n rhc natural

N

-

hazards field. A short example which relates factors important to avalanchc risk assessments

fora béckcoumry skier is presemed to identify the aspects of the natural hazard li{érarurc of‘
relevance to this study I-ollowmg thxs the relcvam aspects of the natural hazards lucralurc will

be dlscusscd
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2.2.1 Factors Important in Avalanche Risk Assessments
A short example outlining the factors related to a backcountry -skier's assessment of

3 . . . ! . . p
avalanche risk is presented here to serve as a guide to the natural hazards literature, o identify

LS

the relevant portions of this broad litcrature. The example taken is that of » backcountry skicr

preparing 1o ski down a steep gully. Let us assume that avalanches may occur in this pully . The

.

skier could make an assessment (cither conciously or subconciously) of the likelihood of an
avalanche, before committing himself to the gully. This decision would be based on one or more

of the factors discussed below.

¢

First of all, experience with the geophysical event (c.g. avalanches) must be considered.

,

Geophysical cvents or evidence of geophysical events (c.g. an avalanche track through a treed

. . 5 . . R .
area) form the basis of a person’s experience with respect to natural hazards. Fvents need not

P2

be of a scale to cause a harard before they become a portion of one's expesience. In the case of
the hypothetical backcountry skicr, his experience with avalanches may ¢ nsist of tne harniless
event, such as sighting snow sliding down a mountain while driving from Jasper 10 Banff.

Without this direct or some other indirect experience. the skier has no information on which to

basc a decision and. at any rate,.would be unaware of l.hC risk. ©

One mh§l be consciously aware of an cvent before it becomes significi nt and affects
decisions to be made. As an e,xampl‘c_ while moving into the flat afc;: above the sieep stope. the
skfer may hear the "WhOQT_P" of a lzgge area of snow scttling. He may or may not cpnsidcr this
to be a signif.icam‘ event. To lﬁe tr:‘\{ncd observer, this is an indicator of snow :nstabilitv, but
the skicrimay consider 1t on1y to Bc a nélu/ 1] soun_,d. perhaps caused by the wind.

Assuming the Person is aware cy‘/avalanchcs in gcngral, he will‘ have séme: perception of

such an event. For ~exampk:, the skief could perceive .thei,t"a,va'lanchcs a'r.c unlikely to oceus and
il they dovoc‘cur, their magnilud.c woul(i ’nOl be large cnoixgh‘lov af’vfccl him. Thi< could
ultimately influence the decision. ; | |

T'hg skier's personality may also be related Lo risk asﬂ'sessm'cn.ls.. For cxampla_ the action

- «takKen by Lhe’skicr would depend upoh whether he considered avalanches to be an act of . Ged,

-
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whether he felt that he had some control over the degree of risk to which he ciposes himself,
whether he was a nisk taker, whether he just felt lucky on that dav or whether he was by nature
tmid or aggressive. Because of the difficulty of measuring or assc.;sing personality traits and
their impact on risk assessments, this factor is ignored in the remainder of the thesis.

What onc knows about avalanches is also likely to affect their behaviour. The skier may
know that snow will slide only on stecp slopes and evaluate the angle of the gully as not very
s(ccb. Knowledge may have been acquired 1hrouglh accumnulated expericnce, avalanche safety
courses, reading material dealing with avalanche safety and public information programs. to
provide a hist of the most common sources. This bit of knowledge and the refated evaluation

. {
may lcad a skier 1o believe a particular slope is safe, so that he will ski down it.

Also, the skier's emotions may influence his behaviour, as mentioned in the review of
the human aspects of the avalanche Iileratu_rc. The skicr may be cnjoving a beautiful dav. and
be cagerly awaiting the descent through the untracked powder. With (hese thoughts
predominant in his mind, any consideration of avalanche risk is unlikely. Given the above

‘ *
lactors, the attitude of the skier may be to jgnore avalanches, and the final decision or ultimate
bchaviour could be to ;ki\dOWI] the gully, disregarding the risk of avalanche, unless some
institutional action, such as an area ciosurc cnforced by legislation, discouraged him.

Y

If rcséar'cher,s or managcménl agencies expect 10 have some el'fecbl on the number of

. |
avalanche accidents, they must take into account factors suéh as those outlined for the skier
above. The faclofé which were not addressed in the review of the avaianchc literature above will
be C\ammcg{t the nalural hazards literature, Allhough the factors will be treated from a

general nalural ha/ards vucwpoml the malenal it is certainly apphcable to avalanche hazard

specifically, as well.

2.2.2 Specific Factors in the Natural H:izﬁrdsl Literature
/ \'IT'Fé‘vrececdmg example outlmed a- number of factors related Lo avalanche risk

asscssmcms madc by backcoumry skiers 10 be reviewed in the natural hazards hterature These
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. factors are experience, awareness, pereeption,. knowledge, evaluation, attitudes, sbehaviour and

institutional actions.

2221 Experience
Saarinen (1982b) states there is little doubt that prior natural haszards or disaster
experience is related in some manner "o preparedness level or behaviour. However, there
are some intervening factors. First of all, cxireme events are rarc. People have lil’llc
- experience with them and their memories of such events dim _rapidly over time. Second.
cvents within one's experience may be lcss: destructive than future ones. Third, a Lopic
which will be discussed in more detail later, natural hazards may be of a low priority. As a
final intervening factor, Kiecolt and Nigg (1982) have found that frequent cxpericnce can
breed contempt of the hazard. For examplc, past expericnee with hurricances could lead 10

nonevacuation during future hurricancs.
3

S ek

2.2.2.2 Awareness _ - R

o4

S

As“mentioned in the skier example above. he level of the expericnee must SuTPass
some sahience threshold before a pcr;on is consciously aware of that experience. However,
the common assumption that hcighlencd. a\?a;cncss leads to greater likclihood of
adjustments ta the hazard is only partiallv true (Jackson 1§8]; Saarinen 1982b).

Maslow's (1954) hicrarchy of needs is likciy 1o be related to awareness .and the
eassociated threshold. He states that lower level needs must be fulfilled before higher level
needs arc considered. In other ‘u';)rds. parLicularl,v’i‘n the lesser dcvc’lopéd countrics, pc_oplc‘
may be more concerned \yiL;h basic needs su;h as food and shelher ralhcf'than‘ inf‘rcq.ucm
natural };azard evems.»Only if nalufai hazards are a priority concern is there likvcly to bec a
stlrong link between awareness and making adjustmeits to reduce the risks (Saarinen
1982b). Even in the more developed countries, Kunreuther (1978) rcporvt‘s that people treat
such events as having a probability of oéc_inrrcncé suf ficiently low to pcrnﬁil them to ignoré |

the consequences. This is such a'low priority item thal people do not cven reflect upon the
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CONSeqUEnces.

Both Kunrcuther (1978) and Saarinen (1982b) state that knowing someone who
has made an adjustment to a natural hazard c'an lead to increased likelihood of making that
adoption. Knowing someone else making the adjustment seems 1o mové the hazard beyond
some threshold, increasing ilsisubjcctive probaﬁbili(y.

As a final point with respect o awareness, individuals tend to cxposé themsclves (o
thosc idcas 1vvhich arc in accord with their interests, needs or existing attitudes. Rogers and
Shoemaker (1971) term this sclective exposure. They continue by staung that necd
gencrally must preceed awarcness because of this selection process, although innovations or
new ideas can lead .lO needs. Similarly. people interpret messages and experiences in terms
of their cxisting attitudes and helicfs. ROgcrs and Shoemaker (1971) term this selective
pereeption. |

e
2223 Perccp‘{ion ‘ .

Milet er al. (1975) define perception as an individual's understanding of the
. character ahd relevance of a hazard for self and/or communi.ty.“Thc p‘crception may
include notions about speed of onset,. scope," intensity, duration, frequency, temporal
spacing, causal mecham’srhs and predictabiiity. They note that hazard perception has not
been a particularly powerful predictor of hazard adjustments being used. |

In his early study, Saarinen (1966) found that the accuracy of haz.ard perception

was related to direct economic relationship with the hazard; recent and intense experience

Lo

with the hazard; mbrc and recent cxpefienctrwith the hazard; and Lhe obiectivc certainty of

“ =

future hazard impact. Mxlcn et al. (1975) reached 51m11ar conclusxons In general people
do not havc an accurate perception of the risks assocnalcd with hazards (Saarmen 1982b).
Dramauc nsks such as nuelear power plam explosnons tend 10 be overesumated while
- undramatic risks such as drought tend to be underestxmated

People tcnd to thmk 1hat hazard evems w1ll not affect them personally (Sood

1987) Some beheve thal havme sustamed damaocs in the past, they aré-unlikely to be



affected in the future (Jackson 1981), Finally, Milcu et al. (1975) report that people have
a perception of safcty when they are protccled from hazards by technological devices such

as dams or levccs {or avalanche control “lhrough the use of cxplosives),

2.2.2.4 Knowledge R
In terms of knowledge with respect to natural hazards. the general, statement may
be made that it is Jacking. A number of authors provide more detail. Most people do not

know the character and extent of the hazard(s) for the area in which they reside and work

(Mili er al. 1975). Several authors have found that residents are gencrally unaware Of‘li'ic

. - . S . ' )
v

range of adjuélments and relief prog'rar}is open to them and tend to adopt less adjustments
than the total of which they aredware (Kunreuther l‘;)?S;'J;ickson 1981; Rossi er al. 1982).
Péoplc do not collect enough data to cvaluate the costs and benefits of these low’
probabilil_\' evetrts and they locqle iii areas (o7 their b-cncficial factors, ignoring the disaster
potential (Kunreuther 1978). | .
. ‘ . . . ; ‘ ‘ ™ L

2.2.2.5 Evaluation

~ Knowledge must be evaluated before it is applicable 1o dccisions rcga:rding
behaviour. The time and effort rcqui;ed tor gather and process data force people to
construct a simplified riiode‘l.'of the world. i’eor)le' tend to ovcrsimplify to obtain casy
soluuons (Kunrcuther 1978). Al‘o ~as reported by Saarinen (1982b) making deusicms :

~ about nsl\y activities is difflcult }copic 1cnd 1o oversnmphf) 10 al]ow asy soluuons S0 lhal

suam and anxncly. are reduccd.

2.2.2.6 Atiiwd‘es’ o S N |

| “Gross and Niman (1975) dcfme an attitude as a lcarncd prcdisposnon lO rcspond
toan object or° class of objects in a- ccn&stemly favorable or uniavorablc way As an -
example of amtudes with respect (o] natural-‘ hazards, many pcople thmk 1hat the

,responsxbillty for hazard mluganon lics wnh thc various elcvds of govemmem nol thch

'»mdividuai ( McPherson and Saarinen 1977).



2.2.2.7 Behaviour

2

When appropriate (i.e. total losses are minimized) risk assessments are made,

A}

behavioural patterns are such that losses caused by natural hazards are markediy reduced.
However, past attempts to influence the decisions and resulting behaviour of individuals
have gcnérall)' been unsuccessful. H/aas et al. (1977) report that attempts-to direct

reconstruction to safer locational patterns in Managua, Nicaragua and Rapid City, South

i

Dakota were failures. Regarding the sale of insurance policies. for natural hazards,

Kunrcuther (1978) indicates that there are only a very small number of people who will
v : .

“purchasc coverage without some outside incentive (e.g. legislation), even immediately

following a major disaster. In San Francisco, Tew people have made any.conscious

s

p%“cparalioh for the known high risk of a major earthquake (Jackson 1981). Even after a
. . . - .
disaster, many people do not take what would seem to be attractive options such as

utilizing low interest loans to the [ullest extent to speed recovery (Kunreuther 1978).

1

LT

To summarize, lew people have lakcp acu’on_s 10 protect them$elves from nalura,ll‘
hazards (Kﬁnrculhcr 1978): From an individual point of view, they are right, sin?ce\ the "
likclihood ‘of a disaster affecting any specific individual is generally qunc low. As reporled
by Jackqon (1981), people tend to demonstrate a prcfcrcncc for crisis response. y
:cuons lhal pcoplc do take io protect lhcmsclvcs from a hazar‘é ina pamcular arci ‘tend l&
cnhancc their committm-nt to the risky area (lxxccoll and ngg 1982).

Also lhcre is strong evidence that tcchnologxml soluuons to problems in natural

hazards can mmatc bche viour patlcms which Jead 10 maJor losse< when a- sxgmﬁtam evém

< ocaurs For example, the syslem of levees, dams and drain ge canals constructed on the
délla olﬁthe Ganges Brlhmapu;ra Rlver encouraged large opulations 10 move into the

" area. ln Novembcr of 1970, a lropxcal cyclonc led 1o the death of at least 225 (00 people

and caused crop damage of at lLaSl $63 mlllth (Burton el al. 1978) in the area. ‘T:here -are

' of ten mcemwes (such as the fmancxal ones of plaung factorics in flood zones to-gain river

access fp.r shlppmg and waler supply) whxch encourage behawour lhat may not be
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appropriate with respegt o natural hazards (Saarinen 1982b). Controlling avalanches in the
backcountry through the use of explosives may lead to similar problems; if people bcgin o
believe that all areas are safe from avalanche. ’

As a final point concerning behaviour, Sorcnsoﬁ and White (1980) state that the

adoption of adjustments is influenced by experience, matcerial wealth, resource use ando

personality, but these arc not strong predictors of behaviour.

2228 Insiigulional Aclion

Thefc are 4 msmunonal actions mlh rcspccl l\o general natural hazards which have
rclcva;)cc (o] ava'lax}thc hazard. These arc warﬁmg\ sysiems, information  programs,
education programs and legislation (regulation).

Warning systems have been developed for a number ol nalur‘al hazard events,
including hurricanes.  floods, cur'l_hquakcs (lo some extent), tornadocs, snow ands
avalanches (White 1974a; Brjnkmann 1975; Mileti er af. 1975, National Academy of
Sciences Vl977; UNDRO 1979; Saarinen 1982a; UNDRO 1984). The Wamihg system s
composed of many intcrrélalcd processes (Mileti 1975). These are gencrally dividcd into 3
main parts:

L3 e‘valualion (detection; mcasufcmcnl, collation and preparation of forecast)

e dissemination {(decision 10 warn, message content and distribution of the mc;sagc)

. réspc nse (imcrprclalioﬁ of the message and‘ subsequent re'sponsc).
Because of th: lafke scale of these processcs, they gcncrally takc. place under the direction
of onc or mo-c government bodies. This last proccss is of paru;ular interest to this study.
APcoplc may 1yxorc v«ammos since they lead to dmslons that are comradxctory 10 whal they
already belicvz or are in thc habit of doing (MllCll et al. 1975 UNDRO 1979). Festinger's
(1957) theory of cognitive dissonance expiains this rcluclance to make decisions that would ..
be iff acc&rd with the warning, ra‘l.iler fhan their personal ‘bclief s; |

Public information programs are intended o enhance awareness (and knowledge 10

.

some extent) of natural hazards over time as opposed to warning svstems which are



dcsxéncd only to notily the public of impending disasters. Regulska‘(l982) describes how
information programs makc pcople aware of the hazard and education programs (which
come 1o the fore only after the awarcness stage) provide knowledee. Informing and
cducating the public is generally carried out through radio and television announcements,
printed media and films and shide lectures which are commonly prcpar.cd by government
agencics and private agencies such as the RcdlCross. The potential of volunteers in disaster
information nd cducation programs has ‘become more widely 1ecognized in recent years
(Regulska 1982).

Government legislation has been used to reduce the loss potenual from natural
harzards. lL.and uses l'mvc been restricted in some arcas affected directly by natural harzards
such as flboding, hurricanes and avalanches (e.g.lWhilc 1974a; Brinkmann 1975; Burton e
al. 1978, Regulska IIG’?BZ). Acccpmlblc levels of risk have been legislated in some instances
such as for environmenial pollutants (Burton ef g/ .1978). Legislation has been cnacted to

SCl up cmergency measures organizations to deal airccll)' with disasters (UNDRO 1984).

2.3 Ris} Literature . Lt
- A review of the risk literaturc is included to give an overview of decision making under
conditicns of risk, such as those that may occur when backcountry skiing. Risk assessment

N

‘involves a search f'dr the best trade-off l;cu'\/ccn benefit and risk. It is'a balancing process in
which \'arious_(;oﬂrﬂbinalions of risks are cbmparcd and cvaluated against particular gain§
(Whyte and Burton 198()),Ga.rdr‘xcr (1982) ~f)r0vi§cs a frarﬁcw’ork whiqh can be used to
orgdnin 'lhi's section. lOnc éan idéxuif'y 5 s;éps in a f,ramework\which may bc used as a-
‘syslcmalic approach ip risk analysis. Thcsc steps'cqmpriS‘e: |

e risk identification | ' : o . .

e risk estimation

~

™~ :
e iidk evaluation

_~~—~-2 _ risk responsc. .



e risk monitoring.
This overall process of risk decision making is not nccessarily an ordered sequence, since all
possible combinations of steps and overlapping of steps mav exist in practise (K.-'xlc.\ 1978). but
it provides a useful outline for discussion.

To prcve.n\ confusion, risk and hazard will be given dcfin;lions before proceeding.
Hazard is generally Lhouéh( of as a source of danger, whereas risk is viewed as the possibility or .
probability of ‘loss from hazard {(Whyte and Burton 1980; Gardner 1952).

"With this bricf overview of the risk literature, one will be able to sce that decision
making under conditions of risk often has suboptimal results. This couid be a p.’lrli.{i
cxplanation of why av alamhc accidents ocgur, C\C;l involving acknowlcd[_cd eaperisin the field.”
2.3.1 Risk Ientification

Risk identification 1s l}m recognition of a hazard and the attempt 10 define .‘s()mcvol’ it
phvsxca! characlcmms (Whvlc and Burton 1%0 Gardner 1982). This topic, for the purposes
of Ihl\ lhcsm has been covered m sufficient detail above in (hessection on avalanche literature,
S0 onl_\' the dcﬁni(ion is providcd\‘here. Rcmcmbc'r‘ that risk must exceed some lhrcshold bcl‘orc
it is récogni}cd.‘ Travel by aulomos)ilc may be used as an example. InléllCclually, most of us

understand that there is.some level'of risk in automobile travel. However, the level of risk is

only dimly perceived becausc it has. b‘ecn with people nearly all of i-tgcir lives. Daily automobile

\

RN \ .
journcys are commonplace, and since accidents are relatively rare events, theic is no reason for .

the question of risk to assume any great, p'romihcncc (Sabey and Tdylor 1980). A risk must be
. : B . : .
explicitly recognized before it can be CSlin'}{dlL"d. evaluated. etc. '
‘ ' ' N
2.3.2 Risk Lstimation ' \
Risk estimation is the dctc’rminatf‘gn of the hazard's thrcat potential and its
characteristics, including magnitude, spatial sca‘l\e. f rcquc'nc,\'.A duration and probabilitics (Katus

 1978; Gardner 1'982). Ideally, risk estimation wdpl'd appear to be ia straight f’orw;a,rd procedure,

. N
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once the hazard has been identified. However, since our understanding of people, the
environment and associated interrefationships is imperfect, problems arisc. These problems
include inaccurale estimations of risk, faulty risk perceptions and risk tolerances or

attractivencess.

2.3.2.1 Accuracy of Estimation
Accurate, scientific estimates of risks arc always difficult to obtain, and in some
cases impossible. The very nature of the 'risk, parliculérly in low risk situations, hinders the
collection of data nccessary for the analysis. The scientist producing data for an assessmchl
of risk has few, if any controls on ;he quality of his material. Hazards, such as avalanches,
in"vol\'ing relatively rare and unprediclible events, are "parlicularl_\‘ difficult to describe -
4 Council for Science a‘nd Socicty 1977). o
Kates (1978) has outlined 3 major tvpes of problems that exist in risk éslimétioﬁ.‘
First, l;cdplc nray have limited expericnce with the event. Second. distorted assumptions
are commonly used in the dé\'elopment of a risk eslimalle.' ‘Finally, there are several
constraints in the cogm‘liye process. The following points ‘hold for people in general:
® knowledge of évems 1s less pérfecl than the best scientific record
® more lrccem events are better known than less recent ones
¢ more frequent e'vcmvs are better appraised than ';hose that are not
e events that have a more dircct impact of everyday li'f e and livélihood are more
accurately assessed than those with more triv.ial outcomes. o
C()ghilivc limitalions‘ coupled with the anxieties generated by facing'life as a garrible can
cause uncutaml\ 10 be demed risks to be. dlSlorted and statements of fact to be behevcd
' wuh unwarramed conf 1dence (Slovxc et-al.'1982).
Onc must apppreciate the inexactness in all measures, and learn to cope with the
hlgh degrce of inexactness m this partlcular case (Councxl for Scxence and Socne[y 1977).
k ., The Roval Socxely (1983);' however ~argues thal rnsk managemem 1mphes the

quamxf ication of risk whercver poss:ble While quammcanon is of ten uncertain, it is better



than making no estimate at all.

2.3.2.2 Perceptions of Risk

The influence of perception on risk estimation was alluded o above. Perceived risk
refers to the combined evaluation that is made by an individual of the likelihood of an
adverse event occu.rring in_the future and its likely consequences (The Royal Society l%‘}).
Perccived risks, particularly those of lay pcople, often do not reflect the real risk.

According to Slovic et al. (1982). in one study, experts’ risk pcrccplion.\ correspond
closely to statistical frequencies of death. Lay pcoples® risk bcrccplions were based in part
upon I‘rcquchcies of death. but there were some striking discrepancies. It appears that for
lay people, the concept of risk includes qualitative aspects such as dread (e.g. bear auack‘)
and the likelihood of a mishap being fahlal. Lay pcople's risk perceptions are also affected
by calastrophic potential. Kasper (1980) agrecs lha’l pcrcc'plions of people about risk rarcly
coincide wim- known 'a.clti'al risks or the best avaihblc.cxpcn projections of risk.

There afe olt.ie4.r"reasons why people have inaccurale risk ‘perceptions. Slovic ef al.
(1982) hqlg)lhal perceived risk 1s inl’}ﬁcnced (énd sometimes biased) by the imaginability
and mcmorabiﬁty of fhe/hazard. People may, ihcrcfore, not hav“c va}id pcreeptions for
even familiar risks. In ordi’nary_ hazardous situations, therc is a tendency to dismiss the
risk with an attitude that "it can't happen to me” (Council for Science apd Socicty 1977).
This is perhaps psychologically necessary iﬁ cva‘.scs of répcalcd c;posh.ré, volunlar): or
otherwise. Similarly, ‘people‘ reduce the anxiety. gcncr;;tcd when cont'romihg unccrtainty by
~ denving that uncertainty '.(S‘lo'.vic et al. 1982). As.an example, p’éo’plc conf}om_cd with
vnv_at'ural hazards often view their world as cither ’pcrl‘eqlly safc. or p‘rcdiclable enough 1o
preclude‘»worry-.' Finally, the Council for Sciehcc and So\ciety 21977) makc, the point vlhatv
‘these sﬁbjective,'c§n1mpnly in_acéurale. perceptions of {\‘ri's‘k. often outweigh their objective,
partly quantifiable, aspects in dec}sion:making. o | h

i
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2.3.2.3 Risk Tolerance
To further complicate the issue of risk estimation. there a“re specific activities in
which people will tolerate higher levels of risk or perceive the level of risk as lower than it
\ .

actually is. With respect to cve'ryday situations, Otway and Pahner (1980) have found that
active involvement with risk results in the risk being perceived as lower than if
participation is more passive. Similarly, perceived risk associated with various lcisure
activities diminishes as familivari[y inéreases (Chcron and Ritchie 1982). Finally, Rescher
(1983) states that for any given lévcl of bcncfil, people are prepared o tolerate a greater
level of risk for activities that rate more highly in point of being:

L voJun{lar_\f | ‘ B P

®. avoidable

e controtlabie

e famiiliar (i.e.; not pamcularl\ striking, memorable or shocking)

¢ well understood -

e ot dreaded.

* ot potentially disastrous \
0‘4 remote (i.c. not immedialc or near lefm).

Given this brief review of some of the problems that exist when eistimau’ng risk,

including inaccurate estimation and faulty perceptions, the discussion may proceed to risk

cvaluation. The problems of risk estimation must be kept in mind when evaluating risk.

2.3.3 Risk Evaluation B S

| "Risk evaluation is the meaning a[tributed 1o the mez;surement of thb'rcal poteniial' an
-answer to the quesuon how xmportam 'is ‘tfxe esumaled risk (Kales 1978)” Even wnh perfect
- rlsk identif ication and risk estimation' Tisk evaluation may be i’mperfect as wxll be.

'demonstrated herc When makmg decxsxons under conditions of nsk Fishhoff et al (1981)

stress lhat therc s no onc best method for delermmmg Lhe most acceptable opuon All

?



K}

approaches are decision aids — ways to enhance understanding that need not dictate choices.

Only one of these methods is taken as an cxample here. cost benefit analysis. Before a decision

is madc, the results of cost benefit analysis arc judged by the decision maker. A judgement is

made which takes into account the acceptability of the risks. To give an example of the

complexity of risk evaluations. a discussion is presented relating that acceptance of risk may be

so high that some people appear to be actively-seeking risk.

Ay

2.3.3.1 Cost Benefit Analysis
The analytical approaches utilized for cvaluating the acceplability of risk‘originalé
from ana_lc/)g\ies to financial cost benefit risk arllal_vsis. These analogics appear gencrally valid
“for viewing risk from a societal basis. but they are not applicable to individual risk
assessments. Individuals make intuitive cvaluations (Starr and Whipple 1980) .

Individuals utilize an implicit estimation of the bencfits of a particular action in

i 1
| Ao

:comparison to alternatives and of the risk “i't"c.‘mails. All this is done very informally, with,
no attempt at precise calculation. We arc guided .'by our own and-other's cxpcricnccl.
reasoning .and guesswork, and usually cannoi delay long for a detailed cxamj;’qalidn of ;hc
problem (Council for Science and Society 1977; Crouch and?Wilson 1982).

Lastly, any cost benefit analvsis ca'rmol lead dircctly to decisions {The Royal
Society 1983) which neced a substantial element of value judgement. However, we must

keep in mind that the usc of value judgment can involve some problems.

_2.3-.3.2;Ju<i_gemems B

Dcﬁniliy‘je evide.nce‘ with fespect "to hazards is diI'I'i.c.‘ull to -oblain, making
_judgement an iﬁportanl f‘acet‘of‘ dc‘cision’mavking (Slovic et al. 1982). Hchycr, these
aulhofs state Lhat the products of judvgmcm should b§ l-‘rca.lcd with céution. Pgopic arc less
~than perfectly _célib‘rated in L‘h‘eir. judgémems. the bias élmost ihyaﬁabiy xcndingy to be in .
ft‘he‘dirgclio_rvl of o\vrerc;‘onfidcn/éc rather ’than in &ﬁdcf;o_nfidchcé in Whél we know.‘ Such

: ovcrcénf ivdénce\ is dangerous, i.ndicétin-g that ‘people often ‘do not fealize how little they
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know and how much additional information is nceded about the various problems and risks
faced. This applics both 1o experts and lay people. Also, people allow lh%u[ilil_v of
outcomes o influence their assessment of likelihood and, in the eaxtreme, scarch for and
find psychological certainty quite unjustified externally (Slovic-and Fishhofl 1980; Slovic
el al. 1982). Pcople also tend to behave as though they have control over chance. l.anger
(1980) holds that this is- because people arc motivated to avoid the ncgative consequences
that accompany the ;)crccplion of having no control.,

Somc may argue 1h.al if people have such probléms as described above cvaluating
risk, eaperts should do the evaluations. However, Slovic er al. (1'982) state that even if the
cxbcrls were much better judges of risk than lay people, giving experts an exclusive
franchise on hazard management would involve substituting short run efficiency for the

long term effort required 1o create an informed citizenry.

2.3.3.3 Accepling Risks

Judgement is related to the acceptability of risks. This acceptabililty cannot be
simply derived from a scientific studv of quantified probabjlilies, cosls‘and benefits
(Council for Science and Socicty 1977). The human factor influences the analysis at every
step. From an ethical point of view, the onlv sort of risk that isvtr-uly acceptable is one thai
is judged worthwhile (in .so"mc\eslimalion' of costs  and benefits), and isv incurred by a
~ deliberate choice of its potential viclivms_ in preference to feasible 'alternativés. Of course
these conditions do not always hold in reality. |

Al'so of rclévance‘herc is Starr's (1972) contentiort that socjelal acceptancc. of risk
increases with the benefits to be derived from .an activity. The public appears willing to
.L(,Cpl vo]umar) risks roughly 1000 umes greater. than mvolumarv expoeure rlsks

»

-Volumary nsks are those such as the ones incurred in leisure activities (e g. mounlam

clxmbmg) whﬂe involuntary risks are thosc over Wthh a person has no control, at leasl in

the short’ lerm {c.g. living on a rwcr flood plam) (Kates 1978)
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2.3.3.4 Risk Seekers
)

Acceptance. of risk can increase 1o the point where it seems that some individuals
are almost actively sceking risk. Gardner (1982) and Rescher (1983) state that part of the
attraction of such recreational (and professional) aclivities as mounfamecring, sky di\;ing.
motorcicle and car racing and helicopter skiing derives from high levels of risk. This
demonstrates the complerity of some risk evaluations. Also to increase the compicxily_

I
some cvidence has been found (Kates 1978; Bem 1980). .although it is not entircly ¢

conclusive, fhat groups tend 10 make riskier decisions than individuals. Risk takers in/‘
¢ndeavours such as those anlincd above tend to depend heavily on skill, caution, distorted
perception or luck to provide for themsclves favorable personal odds not ,cxccis'siv'lc by their
Q\i/n risk calculation (Kates 1978). This ability to reduce the risks (0 themselves may be

part of the attraction. : )

2.3.4 Risk Response
. After evaluating the risk, a person or organizalior; may respond 1o the risk. In lhc Case
of avalanchc‘”hazard, any organized rclsponsc is likely restricted to agencies suct as P;xrk§
‘Canada. ’
Sabey and Taylor (1980) have done .som'c, research with rcspcc‘t ;o- automobile safcly,
which- may be applé.d to the case of a_valanche haza‘rd,. They slaie that a soundv knowledge 9!‘
fisk percepiions, attitudes, probable behavvioﬁt“ and cxpectations is most important to the
success of road safety improvements, .aé is an undc.rs.tariding‘ oi the extent to which ‘d'rivc.r '
behaviour is lika_\ to adapt to the cflangcd situation and defeat the intended safety benefit.
. / : . .

The responses 10 risk whidh are more applicable 16 this thesis are discussed in the

review of the avalanche hazard literature.



2.3.5 Risk Monitoring
Gardner's (1982) last step of risk monitoring is one which is sometimes ignored. With
respect to avalanche hazard, a discussion of monitoring may be found in portion of the
Q

)

awstlanche harard literature review dealing with forecasting.

2.4 Wilderness Recreation Literature

The body of wilderness recreation literature provides some informali:)n with respect 10
the objectives of this thesis. The portion of this body of literature that is applicable here treats
what pcoplc are sceking in wildc_mcss recreation in potentially risky settings. To understand

these people and develop appropnate management programs, onc must know what it is lhc

recreationists are seeking ;! or'mx -lhey subjecct themselves to risk .

It would scem reasonable to assume that people do not participate in wilderness

recreation solely to place themsclves in risky situations. There must be some other benefits (o

be gainéd. Miles (1978) holds that risk can be an aside to other rewards. For cxample, one
B \

cannot cnjoy the mountain view without the risk of passage, so the risk is taken. The benefit of
the view outweighs the potential cost of” being invol;éd in an avalanche o1 some other accident.
Pcople go forth for such rewards and become participants in risk recrcation. There is some
cvidence that pecople simply are not aware of e risk or just ignore the risk. Smutek (19%1)
makcs this.argur_ncm fof LhC case of avalanche hazard.

Thcré arc.a number of reasons why a pcrson may consc1oﬁsl\ or unconsciously place
himself m rigky snuauons This is not so much a death w15h as an cnhmcemem of existence
| “lhmugh testing onescli at lh("‘ c@ge of llfc (Schreyer et al. 1978)..A number of benefils of
cngaging in high risk recreation have been identified, including Fomradeship, pers:orial groWlh.

7 ‘
. sclf reliance, self knowledge and excitement.

Ongena (1982) u§es climbing és an examble of comradeship. Climbing ‘partners struggle

on the approach. 1ogclhcr, prolecl each: blheL_over and over during the climb, share the
. s

.spgclagu]ar summn vxcws and feelings of sansfacuon and then make their wa) back o camp 1o
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share food and shelter. Placing this much faith and trust in another person is a very special
experience, one that is generally not available in every day life. Miles (1978) concurs. stating
that the personal bonds that develop with such exbcricﬁccs arc remarkable and of inestimable
value to many people.

Some people may be secking a form of personal growth in risk recreation. According to
Ongena (1982), our mcﬁhanized, technological and convenicnce oriented socicty has made it
very di_fficul( to exercise certain aspects of ouf total makcup. Thcrc' are certain characteristics
gencrally felt to be valued by mankind — intelligence, fitness, resourcelulness, control,
courage, tenacity. judgement: responstbility and accountability . People cngavgc in risk recreation
to exercise parts of their pcfsonai selves that they do not want 1o atrophy. The greater the risk

laken, the more of their reserves they tap and the less atrophy suffered.

Risk recreation can build one's self reliance (Miles 197§ Wchoﬁ 1978). Facing a risk
situation, one kynows that the stakes are high and that the powers of scll” must be relied upon.
-Having confronted self and met a physical and mcnl.al challenge, a person may become more
secure in their identity, more confident in themselves. In this oroeess one can also learn more
about oneselfl. Exposure to unfamiliar situations and trving circumstances devclops sclé'
knowlcdgé, which can onlv -bc uscful (Ongena 1982). This is an inner cxploration of how much
511c can take and gencrally learning about oneself.
) Some people seek excitement in risk recreation. Unless a person is intermittently
flushed and stirred b) some cx&iling expcricncle, there is apt o be a d‘rync'ssrof cmot_jons or a
feeling of ménoton_v (Schrever et al. 1978; Ongena 1982). This-cxpcricngmismv&i]ablé in
g ordivnary life routines, so ‘many people engage in risk rcc_rcali'on i their leiSire time to. obtain
the excitement necessary to mainiain vitality. In like fashion, Lcénafd (1974) hold.s that for the

averagc‘ reasonably: well balanced person, the opportunity to take calculated risks is essential o

fecl fully alive. e

-

*. To. gain the benefits listed~above, a person does not just arbitrarily place himself at

rigk. One first dcfines the goals 1o be obtained and then assesses the level of risk, to be faced: To

~
N . . v

-
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make an intelligent decision, one must determine whether atiaining the goals is worth the
dgnger (Mcier 1978). :

Finally. risk recrcation can promoltc respect for a world which man cannot control
(Milcs'l‘978). Modern technology is so potent that it leads many people to illusions of

immortality and omnipotence. Immersion in environments where one is subject to such forces

K

of nature as weather (as in backcountry skiing) or the power of water (as in whitewater

kayaking) produces respect and understanding of the world that exists bevond human control.

Y
N -
o

— N,

I W fz_
2.5 Relationship of this Study 10 the Literature A

-

From this review of relevant literature, one will 'h\ote that litle work has been done to

date with regard to the backcountry skier's perception of avé]\anch_c hazard, knowledge ahd the

. N
. . .. : X
rg:&g‘_xcd decision making process. Evidence has been prcscmcd‘ (to a minor ecxtent from the
\ -

avalanche literature, but mainly in the natural harards and nsk\lueraturc) lllustraung that

pcople tend to make poor dcusxons under condition$ of risk, and somc of thé reasons for the
\§

: \ .’( .
often poor dccisions were identified. The primary goal‘ of -this thesis is fo\examine som¢ of the

means o improve avalanche knowledge and. hence, decisions, concentrating on ‘the areas

i)

identified as weaknesses here. Lt N
’ / e %

. . : s . - - B . A .
To attain this goal, one mus! be aware of what Lhef‘rccrcauomst is seeking (as described
y .

/7
in the wilderness recrcauon literature) and some of t /he presem characterxsucs of backcoumry

~users. The next major secuon of thc lhe descnbes how data was collected to dctermme the

- ,\

vbackcoumry sluers pcr/c.Cpmm of the avalanche haza% a\ alanche knowledge levels ankj the

~ ,cﬂecuvcncss of prcic’m programs. -One must be aware of the prcccm state to have any hop“ of -

'dcsxgnmg cffccuve/programe for thc future. | ' ; o




3. Methodology . —

A chronologleal sehemc may be used to present lhe series of tasks undcrtaken lo obtain  *

4

lhe data which form the bases. of lhlS thesis. The first stcp was 10 xdenuf\ the populauon of
wimer backcounlry users of’ Banfﬂ National Patk. Next, given this eopula[ion k’gowlcdgc. il

_was possible to design an appropriate sample to be taken from the popula,ti'on’. .T’hird. a mcthod
v T L .
of obtaining information from the sample was devised — intgeviews guided by . the

questionr_iaire which is con(ajned in Appendix 1. The fourlh slep was o field test the data’

eollecuon mslrumems whxch were the quesuonnaue and the elecuomf trall use (.OlmlCI's The

v -

fmal 2 procedures described here are the acmal data collecuon and the preparaupn of 1hc dam 1 /,v.'

f or analysxs

3.1 Study Populanon
e ~The populauon consxdercd by lhvs study consisted of baekcoumr) 'sk:crs in Ban“
Nauonal Park. For the purposes of this stud) backcoumr) was defined as ‘being at lcast SOO m
trom developed arcas, such.as townsites or d()wnmll ski areas, or from p]owcd hl;_.hways }-or
reasons outlfned in the next chapler ," specxﬁc trails ‘were chosen at whxeh to. gonduu'
1nterv1ews These were the Bow Hut, Mosquxto Creek Pxpeslone and Rcdearlh Crcck tra:ls Sec
Flgurel 1 for the location of the trails.. ) R o B ' . ”

No frame or ]ist of indiVidual »ski'ers. (such‘ as ‘the reil ol’ reiz’i%ler’ed volc-:-rvs for .an
elecuon) m Banff Nauonal Park presently eXISLs An aucmpt is bcmg madc by lhe V;snor
Servnces Backcoumry departmem in Banf Nauonal Par;k LO ob{ann counts of lhc numbcr of
users on nordxc skn tranls bul their dala%ase 1s 1neomplele at this time (J Bonhommc personal
commumcanon 1984) N SN B E IR )

To provxde parual compensauon for Lhns lack of a frame uaers on the traxls wCTe: -
counleq employmg a devu;g thCh beJects an mh’ared beam across 1hc trail. Pach umc thc‘ |
beam was mterrupled an impulse’»was sem to an e]ectromc coumcx mdu.almg thagu should- bc

mcrememed These coums glve an. md:cauon of overall trall usage or Lhc Lotal populauon T rom -

L ,-gv',' o - LT coa

R




which the sample ol interviewees was taken.

2

32 Sample Design

The sample aesign was develaped taking several factors into eiccount_ including the need
*to reach a broad spectrum of users; the need to ensure that there was random sclection of
bae'k.ce)unlry users on the 4 trails, cost cfficiency and ume efficiency. In dCVeleping'Lhe design,

it was assumed that aU--imcrvicwing would take place between December 28, 1984 and April §,
: e .

1985. All interviewing did take place during this period. Funds were available for 15 trips to the

- stody drea during this period.

f,

A decision wa«i made to do a. majori(v of the interviewing on weekends and holidays,
which are lhc days when the greatest numbers of peoplc use the area. To lhls end, the ume

frame “was dmdcd into holiday (mcludmg wcekendx and stauutary hohdavs) and weekday

pcriods_ as shown in Table 3.1 (colvmns 1 and irespeclivcly). Each period was assigned a

scquential nuiber to make reference more convenient (column 2 for holiday periods and

P

4

column 5‘l~'or weekday:periods). Also in Table 3.1, the holiday days have been numbered
scquemiall):,‘ (column 3) 1{) facilitate random selection of the periods. Similarly, sequential
num;bcrs h,avc. been assigned 1o the weekdays (column 6). U\se° of the day numbers is explained
4, S .
below.
)

It was deeided to allocatc about 70 percent of the 15 interview periods on holidays and

— LOSIN

aboui 30 percehzl on \«:cckdays. For each of the 15 interview periods, the first decision to be
- made was .whelhcr 'Lhe period sfoukd be d‘esignéted as a holiday ot weekdav\ period. ‘This was
‘done by scleumg suCCessive numbcrs {rom a random number table (Lapm 1973: p. 7121)1f a
-.r:mdom number of 0 l or: 2 was encounlered the interview perlod was deslgnated asa weekday. :
pcnod Othcrwme lhe mterv:ew pernod was desxgnaled as a hollda\ perlod Column 2 of Table
3.2 illustrates the\random desxgnauon of weekday-and holiday perlods ’

Once a pernod had been deslgnated as a weekday or hohdav period, the specxf ic-dates

Were' choscn agam uuhzmg a random number table. For hohday pcnods 2 dxgns from the
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\ Table 3.1 Holiday and Wccekday Periods A\'aflab]c For Intlerviewing

39

to obtain additional interviewing days

e

Holiday Period Holiday  Holiday Day Weekday Period Weekday  Weekday Day
Period Numbers - Period Numbers
Number Number -
(h) (2) (3) (4) (5 (6)
Dec 28 - Jan 1 1 1 -5 Jan 2 °- 4 1 1 3
Jan 5 - 6 2 6 - 7 “Jan 7 - 11 2 4 - 8
Jan 12 - 13 3 8 - 9. Jan 14 18 3 9 - 13
Jan 19 20 4 10 - 11 Jan 21 - 25 4 14 - 18
Jan 26 - 27 S 12 - 13 Jan 28 - Feb 1 S 19 - 23
Feb 2 - 3 6 14 - 15 Feb 4 - & O 24 - 0%
Fek 9 - 10 7 16 - 17 Feb 11 - 15 7 29 . 33
FZN 7 8 18 - 19 Feb 18 - 22 bt 34 - 3%
Feb 23~ 24 9 20 - 71 Feb 25 - Mar 1 9 39 - 43
Mar 2 3 10 22 - 23 Mar 4 - § 10 44 - 3§
Mar 9 - 10 11 24 - 25 Mar 11 - 15 11 49 - 53
Mar 16 17 12 26 - 27 Mar 1§ - 22 1?2 54 - 5%
Mar 23 24 13 28 - 29 Mar 25 - 29 - 13 59 - 63
Mar 30 - 31 14 30 - 31 Apr 1 - 4 14 64 67
Apr 5 - 8 15 32 - 35
Table 3.2 Random sclection of Interview Periods
Interview Period Type Holiday Day Holi;lu_\' Weekday Day Wecekday
Period Dezision Selected Veriod, Selected Period
- Numbecr * Numbcr
(1) (2) (3) () () (6)
1 Weekday 51 11
2 Holiday 12 5 »
3 \ Holiday - 2 9
4 Weekday : 37 ¥
R} . Holiday! 14 6 :
6 ¢ Holiday 18 8
7 Haoliday | 1] 4
8 Holiday 32 15
9 Holiday 26 12
10 ~ Huoliday 23 10
11 Weekday 0l 13
12 Weekday 25 ¢
13 - ~Holiday 5. 1
14 . - Holiday - 8 . 3
15 Holiday 17 7 A
- *16 Holiday 24 11
*17 Holiday 28 13
*18 Holiday .30 14
~* Added

random number table were read successively andmatched to the sequential numbers for the

holi‘day days sh0wnlin column 3 of Table 3.1. Matching by day allows the prohability of
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sclecting a period to vary in relation to the size of the period. Once a day was matched to a
random. number, the cntire period containing lhAt day was selected (i.c. interviews were
conducted on all days of the selected period). Duplicates of dates were ignored. As an example,
l-or imterview peniod 2 (sce Table 3.2), holiday ‘day 12 (column 3) was obtained from the
random number match. From Table 3.1. onc can sce that holiday dav 12 1s part of holiday
period 5 (January 26-27). Hence, interviewing was done on'Januér_v 26 and 27. For weckday
periods, similar selection criteria were used. The results for the random selection of interview
periods are shown in Table 3.2, Three holiday periods were added part way through the study
for reasons lhal are discussed below., )

To reduce travelling time and cost, inlerviewing was carried out at only 1 trail on a
given day (with the cxccblion of 2 days when there were 2 interviewers and 1 day when
interviews were conducted by the s‘amc individual on 2 trails). The -inlcnl was to allocate the
same number of days (weckday and holiday) for interviewing on each trail. It was not possible
to follow the original schedule for 3 réasons. First, there was a delay in obtaining the electronic

N

counters 'or the Pipestone trails, which did not allow interviewing o begin on that trail until
February 5. Second. il became évidcm that if ; roughly equivalent number of interviews were
to be obtained for éach trail to make statistical comparisons‘morc convenient and to obtain the
d‘esircd sample size for each trail, additional i?uervicwing days,would have to be altocated. Third
an’in1crvicwc£ was not available on ‘March. 17.

From Table 3.2, all of the dates on which interviews took place may be derived. These
dates are listed in Table 34 wilh the holiday dates in col_u_mn 1 and the weekday dates m
. column 4. The following disc;ns§i611 explains ‘how' the original assiénmems of interview dates to
ihe trails were oblaincd.;This prp‘cedu_re was pqrfdrm'cd_ before interviewing bcgan and an.
additional 3 times as the ficld study: progiessed, for the reasons outlined above.

A sequential number was allocated 10 e'ach of the holiday days (column 2) and weekday
days (column §), as illusirated in Table 3.4 (Table 3.3 shows the numerié designations of the:
traifs Lhat are utilized in Tab‘le_3.4). 10f, acili"lat’e ‘ranvdom.as'signmcm of the interview daies o’
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Table 3.3 Numeric Trail Designations

Trail Name Trail Number

Bow Hut / 1
Mosquito Crecek 2

Pipestone 3
Redecarth Creck 4

the trails. For the holidav days, 2 digits from a random number table were used to assign dates
to each trail, starting with 6 days for trail 1, then 6 days for trail 2 and_lhcn 6 davs for trail 3.
The remaining‘ﬁ holiday days werc allocated to trail 4. As a‘n‘c.\amplc_ for trail 1 (Bow Hut),
the successive random number matches ‘could have yielded days 6 (January 12), 9 (Janpary
20)'_ 12 (February 2), 19 (Fcbruar_v 24y, 22 (March 9‘) and 28 (M'ﬁrch 31). A similar procedure 4
was utilized 1o assign 5 weckday days to each trail. The date selections and trail allocations [or
tne dates are listed in Table 3.4, These allocalionds ol-interviewing days are listed by trail in
“"able 3.5. Note that these tables contain the allocations which were actually used, after being

reworked 2 times to compensate for the problems outlined above.

An attempt was made 1o obtain a quota of 10 inlerviews on cach interviewing day. This
cid not prove practical, since there weré many days. particularly during the week. when it. was

not possible to obtain 10 interviews, since the number of trail users was too few. Users were

campled near the tfail access point adjacent to the highway. All persons using the trail were
interviewed, subject to constraints (c.g. already interviewing a trail user) on the inteTviewer's
time and non-response. although it was often only possible to interview onc person from cach

Lroup so that length): delavs for thc group were avoided. The respondents were sclected in the

-

tequence that they were encountered by the interviewer, to climinate sclection bias orfhis or her -

part. An encounter was delined to occur when a potential respondent crossed an. imaginary line

»

on the trail near the trail gccess point. The method of sample selection may thus be referred to

as a modified stratified multistage design. : . o
The rationale for-the choice of this dcsi\gn was that a probability sample was obtained

and it was the one most suitable to gain the desired information from a.broad spectrum of users

7



Table 3.4 Allocation of Trails to Interviewing Days

Holiday Day

Holiday Day

42

Holiday Day Weckday. Day Weekday Day Weekday Dayv

Number Trail" Ndmber Number Trail Number
(1) (2) (3) (4) (5) (6)
Dec 28 1 2 Feb! 4 1 4
Dec 29 2 4 Feb 5 2 3
Dec 30 3 2 Feb 6 3 3 .
Dec 31 A 4 4 Feb 7 4 4
Jan 1 5 2 Feb 8 S 1
Jan 12 6 . Feb 18 ‘% 4
Jan 13 7 4 Feb 19 -~ _. 7 - 3
Jan 19 8 2 Feb 20 _~ 8 2
Jan 20 9 1 Feb 21 9 3
Jan 26 10 4 Feb 22 10 2
Jan 27 11 2 Mar 11 11 4
Feb 2 12 1 Mar 12 12 1
Feb 3 13 4 Mar 13 13 3
Feb 9 14 4 Mar 14 14 1
Feb 10 1 3 Mar 15 15 1
Feb 16 16 2 Mar- 25 16 2.
Feb 17 17 3 Mar 26 17 2
Feb 23 ® 8 3 Mar 27= 18 1
Feb 24 9 1 ‘Mar 28 19 2
Mar 2 20 3 Mar 29 20 4
Mar 3 1 3 Apr 4 2] 3
Mar 9. 22 1"
Mar 10 23 2 ’
Mar 16 24 4
Mar 23 25 1.2
Mar 24 26 2.4
Mar 30 27 2
Mar 31 28 1
. Apr 5 29 1
Apr 6 30 2
Apr 7 31 1
' Apr 8 32 1.2 ;
in the ficld.
« - .Since a sampling [ rame of visitors was not available, pretest results were utilized in the

+

" délcrminaiion of sample size. To simplify the calcul'alion of sample size, each trail was treated

as a scparale entity. The sample design, which is disc{ussﬁcd in detail above, effectively gavé a

simple randon sample for cach trail (Emory 1976)‘. Any deviation from a simple random

sample. was compensated for by calculating sample size by trail rather than for the entire

b



Table 3.5 Interviewing Dates for the Tr_}ails

Bow Hut Mosquito Creek Pipestone Redearth Creek
(1 (2) (3) (4)
Jan 12 Dec 28 . Feb 5 Dec 29
Jan 20 Dec 30 Feb 6 Dee 31
Feb 2 Jan 1 Feb 10 Jan 13
Feb § Jan 19 Feb 17 Jan 26
Feb 24 Jan 27 Feb 19 Feb 3
Mar 9 Feb 16 Feb 21 - - "Feb 4
Mar 12 Feb 20 Feb 23 g Feb 7
Mar 14 Feb 22 Mar 2 Feb 9
Mar 15 =~ Mar 10 Mar 3 Feb 18
Mar 23 Mar 23 Mar 13 Mar 11
Mar 27 Mar 24 Apr 4 Mar 16
Mar 31 Mar 25 Mar 24
Apr 5 Mar 26 Mar 29
Apr 7 Mar 28 )
Apr § Mar 30

Apr 6
Apr 8

population, resulting in a somewhat larger total sample size.

Frbm the pretest, it was found that the proportion of park users that were aware of tht

i

P ‘7' -
Parks Canada avalanche hazard forecast was 60 percent. Fifty percent of the trail uscrs’/wcrc

assumed to find the forecast uscful, to provide maximum sjymple size, since pretest results may

have been biased in some fashion. These are 2 of the more important facets of the study.

’

Sample size was determined using the following rclationship, as derived from Lapin (1973: p.

2061):

" n=z'pg/d’,
where the following definitions hold:

n: sample size

7: normal distribution deviate

p: proportion of population possessing attribute

q: proportion of population not possessing attribute

d: acceptable level of error .

It was assumed that jt is .acccptable that the- population

-

v

parameter. is within +0.10 of the



sample prgportion with 95 percent confidence. Hence,

and 7 =1.96.
For the proportion that were aware of the Parks Canada forccast, sample size may be

computed as

n:(I.96)’(0.6)(0.4)/(0.1)‘:92.2
This fiéurc must be rounded up to 93.

For the proportion that felt the forecast was effective or useful, sample size may be
computed as

n=1{1.96)1(0.5)(0.5)/(0.1)*=96.04
This I’igufe musl be rounded up to 97.

The average of the 2 computed sample sizes was 95. Allowing S intervicw rcfusa}s for -
cach trail (roughly the refusal rate in the pretest of 3 percent), gave a cenvex1icnl sample Size of
100 for caeh trail. Sample sizes were calculated using the same procedure after ‘the survey was
completed, using data Froh the survey. T’he resulting sample sizes were 26 for Bow Hut, 46 for

4
\

Mosquito Creck, 51 for Pipestone and 45 for }gﬁdearth Crecek.

3.3 Questvionnaire ant}e_nt‘
The qucsﬁonnaire used in this study is comained in Appendix 1. This questionnaire,
whieh was used to structure personal interviews, is divided into 6 major sections, A through F.
—
ln the following discussion of the rationale of each scction (or particuldar question), please use.
the letter and numbcr combinalions D(e‘.'g. B.I.l) to refer to the duesu’onnaire
A number of opcn -ended or free- rcsponse quesuons are uscd in the quesuonnaxre for‘
rcasons outlined b\ Earle and Lmdell (1984) They state that free- response melhods ‘are used
more appropriately earher in the exploration of a content area or in the prehmmary secuons of
a prehmmary study This type of questlon is most fruitf ully used when researchers are

rclauvely 1gnoram of thcxr area of slud) they §mply~ dQ'not know what the .lmp,ortam

¥
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questions are. Such seems to be the case today with regards 10 most aspects of public risk
perception, especially avalanche hazard. The open-ended items allow respondents to generate
their own response alternatives, including‘ that of giving no responsce at all. fhc results
produced by frce-rgsponse items are controlled less b'y the rescarchers and more by the

respondents.
; —
The first major section of the question raire, A, is. intended to elicit information
{ / ‘

specific to the interviewee's trip for that dayi/This specific information is important, since
. \ . "

i

avalanche hazard can vary toth spatially aar{remporally (Perla and Maruagelli 1978). Data on

—— . ’

the user’s intended or actual route may give an indication of risk perception (Question A1),

since to reach the destinagion, the respondent may be required to cross potentially hazardous
4

terrain. Given the route and the Parks Canada avalanche harard rating, an objective risk level

can be cstablished. Previous experience with the trail is indicaled in question A.Jl. Summer

v

experience is uscful since one can observe the ground as a poterftial slidi‘ng surface for
avalanches — whether itnbc rough (e.g. many large boulders) or smooth (c.g. grass or screc).
This previous experience could provide 50va dal_a' on which to base risk pereeption and
associated safety decisions. Question A.llI focuses on the 1vpe of skiing the user will be ‘doing
that day. since some Lypes may be po‘lcmialljv more risky than others. This provides another
factor influencing objeclivé gsk. Party. sizc (A.1V) is an indication of the number of pcople at
risk and strength of the pa(n‘y. Established leadership (A.V) can be an important l'acld; in
party safety (Gallagher 1967; Perla and Martinelli 1978). Thc’pany lcader is often considered
to be the most experienced member of the grodp..The final 3-questions m iscclion A (A.Vl",
A.V'II and A. VHI) are intended 10 prdvidc information on the lénglh or type of trip (c.g. day
, 6r overnight) and residence. L ' v . ‘ -

The- second portion qf Lhc ducgic;nnairc, B, deals wi/th perception of and attitudes

toward avalanches, as well as assessment Of the risk of avalariches. Question B.I is intended 1o

measure the salfency of avalanche hazard reiative 1o other dif ficulties faced by backcountry

3

travellers in winter and determine whether avalanches arc considered to be a major concern.

» o . )

9
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Beginning at question B, the remainder of the questionnaire deals specifically with
avalanches. B.Il was used to determine if a person knc»:/ what an avalanche is. If the person
did not. the interviewer ricfirrcd an avalanche as "a mass of snow falling or sliding down a
mountain” to facilitate complction of the interview. If the person was still not I‘amrﬁir with
avalanches, the rcmaihdcr of sccr(ronnB was skipped. Questions B.II and B.IV show awarcness
of the hazard frequency and magniludc. The responses to these questions could supply an
indication of risk perception. It is often argued (c.g. White 1974a: Burton et al. 1978) that
onc’s expericnce with a natural hazard is directly related to the adjustments undertaken for that
hazard. Expericnce with avalanche hazard is measured in questions B.V and B.VI, while
questions B.VII and B.VIII deal wi[h'2‘ of the common adjustments to this hazard. ’

The final grr)up of questions in secliorr B: B.IX. B.X 'and B:X1; are intend®d to
determine how the user evaluates the risk of avalanches for the [rilp that day. The perceived
hazard raling supplicd by the intervicwee was later cdmparcd to the ©bjective rating formulated
on a daily basis by Parks Canada personnel.

The third major section of the quegionnaire considers some of the management
implications of protecting winter ' backcountry recreationists. The first question (C.I)
intended to determine what actions the user thinks Parks Canada presently takes to reduce the
risks 1o winter travellers, providing a measure of awareness of present programs.

Next, there is a respondent evaluation of ore of the programg w,hich presently exist in
Banff Nal“ional | Park (question. C.II), the "daily backcountry avalanchc hazard forecast.
‘Questions C. Il 1 through C.H. 3 are self - e\planalorv Questions C.I1.4 and C.I1.5 are used 10

'

check il a pcrson has actually oblamed the Parks (,anada forecast for that day, and the specrfrc

source of lhal mformauon If‘ a hazar‘d wammg is to be ef‘fecuve people must belreve it

P (Burton et al. 1978) Hence, the users werc asked 1f they thoughl that the Parks Canada rating ’

was useful (qucsuon C I1. 6) The purpose ‘of question C 11.7 is to solicit user suggesuons for
5 .
' 1mprovcmcnt of the present avalanche hazard forecasts, The final group of quesuons in section

C (C III to C. VI) is intended to delermme what acuons the uscr Lhmks thal Parks Canada

o«



37

should take 1o reduce the risks to backcountry travellers. C.III is a gcncrhl open ended

question, while C.IV, C.V and C.VI are more specific.

’

- N - -

Section 1) is intended 10 provide additional information which mayv be used t6 explain

differences in responses between individuals. This data is also useful in developing resource

-

management programs. 1:hc users’s experience in winter backcountry activities is measured by
questions D.1 through D .I1l. Knowledge gl{eaned from past experience can provide a basis on
>

which to base decisions. Questions .1V and D.V will be used to gain an indication of user
cducation directly related o the a\;alanchc hazard. kducation is an explicit preparation 1o
reduce risk levels.

Specific knowledge related lO. traveiling safely in 1h§' ba'ckcoum”ry 15 tested in questions
D.VI and D.VI. Daffcrn'(l983) argues that the ability 1o find a salc route is the most
important skill a person travelling in avalanche prone terrain can lcarn. This ability was
evaluated by having the respondent indicate the safest route on a line drawing (1D.VI) which is _

representative of the study area, giving an indication of how the user makes risk assessments.

The linc drawing is included with the questionriairc in Appendix 1. Question D.VII is intended

-

10 nicasure k\nowlcdge of search and rescue techniques. since backcountry - skicrs must be
rescued by their Com]lpanibns if lhc;e s to be anv sigr;ificam chance for survival (Williams
1975). This level of'knowlcdgc is an indicator of prcparatioﬁ'intendcd to reduce risk levels.
Equipment utilized and carried by backcountry lravcllcrls may be an indication of
ﬁazard perception, preparation and kﬁowledge level (ID.VHI). This applies in particular to
safety equipment carried, but mav includg other articles of cquipmcni. Amount and type of

clothinO‘carricd can indicate preplanning ch as avalanches, injurices or

.. P
equlpmcm fallures as would comprehensi a,_;repaxr and ﬁrsl aid kits.

To dcscrlbe the rcspondems placc thcm in society and “to prov1d\ some predictive
cababillues, socxoeconomlc information was collected (scction E). Following lhc lead of Bullcl
(1979) and Van Liere and Dunlap (1980) in the ficld of environmental atmudcs and Harding

" and Parker (1974) in the natural haLards ficld, dala was obtained for the followmg variabics:
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<

occupation, agé. .cduca(ion and sex. Examples of the probe cards for age and education are
included 1in Appendix 1. After all interviews were completed. occupational responses were
categorized according to the 1980 Occupa}ional?lasaiﬁcatio‘n of Statistics Canada (1981).
The last section (F) of the qucstionna‘irc was completed after the interview, to obtain
)

the interviewer’s impression of the user. Questions F.I through F .11l give a general impression

of interview quality. The interviewer’s assessment of the respondent’s capability of dealing with
4

.

avalanche hazard was recorded in question F.IV.
3.4 Pretest or Pilot Study ;
| An initial pretest of the quedtionnaire was performed in‘lhe vicinity o.f Fdmonton,
Albcrlz;. Eleven iplcrvicws were undertaken to discover any problems: wil‘h the questionnaire
and nterview formal. These respondents were selected from a local mountaineering club,
persons in the Department of Geography at the University, of Alberia and skiers encountered
on local ski trails. Persons 6( varying experience levels were selected. Appropriate modifications
were made to the questionnaire and interview format, followed by a second set of pretest
interviews. TiYs second set of interviews (10 people) was undertaken in Banff National Park,
“along the Pipestone, Mosquito Creck "and Bow Hut trails. Following the.c interviews, the
questionpaire was shoriened and reworded again.
The electronic counters wer c thoroughly iested before being installed in the field.
Testing 1look pléce ina 'deeb freeze unit where the temperature was held continuously at -20°C

so that cold sensitivity of the various components could be determined.

3.5 Data Collection

Pcrsonal imcrvie;ﬁ's oﬁ users were selected ’as opposed 1o sclf -adrﬁinistercd
qucsuonnalres for reasons as outlined by McGaw and Watson (1976). These are thal personal
interviews do not assume an-. mterested populauon have higher, response rates; are more

<
ﬂC\lblC are bcuer fof complex and comrovcrsml topncs and hencsty and competence of the

. !

“3a



49

respondent can be appraised.
If a backcountry user refused to grant an interview, a notation of the reason for thé
’ ) ; .
refusal was madc. An atlempt was then made (o interview the neat user encountered. Potential
rcspbndems were informed that provision of information was voluntary.

The interview day started at 0800 hours (or earlier) and continued until 1700 hours or
until all skiers had returned frpm their ‘trip for the day (whichever was later). The readings
from the electronic counters were obtained at the start and the end of the interview day. To
verify the accuracy of the electronic counters, a manual count was maintained l”c;r the entire
day. The manual count also provided a reference to make adjustments (o the clectronic count
for instances where people skied- side by side (hence causing only ! count to occur) or \vN.hClhl
people returned on a different day and/or trail than which lhéy began the tnip. Electronic
counter readings were also obtained for each trail at the étarl '_and end ol cach holidav or
weekday period when an interviewer Was present.

Skiers encoumefcd by the interviewer were generally quite interested in the survey, and
the résbonse was excellent. People did not seem to mind answering questions while they were
preparing to go skiing or putting away equipment after their ski outing. The interviewer rated
over 95 percent of the respondents as b;?ing very cooperalive and nearly 94 pereent as being very
" interested in the study, which -are remarkable figures considering the fa‘cl that on over 22
pcrccm of the imervicwing days, the maximum temperalure was less than -15C (lowcsl

-

maximum of +25°C). Of lhe 366 potential respondents approachcd by an intervicwer, only |
~

person dcclmed 10 paruupale in the siud\ Approxxmalely‘an equal ‘numhber of people were

’Wﬂ

i lcrhewed on each trail with 87 interviews obtained on the Bow Hul mxl 92 at Mosquuo'

£

Creck, 95 at the Pipestone Lrax]s and 91 at Redearth (,rcck .These totals exceeded the Sdmplc

»

siz.cs calculated to obtain slatist;ically significant results by a wide margin.

A
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3.6 Preparation of Data for Analysis

Foljlowing data collection, the data were p'r!cparcd for analysis. The quesi‘ionnaire data
were coded to facilitate processing by a commercial, computerized statistical package known.as
SPSSx. The clectronic and manual counts for each Lréil were tabulated manually.

As cvident from the questionnairc (see Appendix 1), the questions are either of
‘closcd-cndcd, precoded open-ended or open %éridec_i format. The closed-eﬁdcd questions, having
a rcstric_tcd number of responses, were coded directly from the questionnaire. The precoded
open-ended questions were treated in a similar manner. Responses (o the open-ended questions
were placed in categories hsing a simplified form of cor;tenl analysis following the guidclinés of
McGaw and Watson (1976). The relatively small sample size permitted this_ more time
consuming processing of the richer information derived from the open-ended questions.

Total usage cdunls were obtained for each trail over the period in which imcr\—"icws were
conduci‘cd. On days when an imerviewer:‘was present, the manual count was .used as the total
for that day. When no interviewer was present, an adjusted electronic count was utilized. The
adjustment to th; clectronic count was o-btz‘x_ined.for‘_ each trail by comparing maﬁual and
clectronic réadings when /lhey were both available for the same time period. The overall sum of
the electronic couh’ts'(laken thﬁ ménual coun;$ were available for the same period) was
divided by the overall sum of the manual counts (taken‘when electronic counts were available '
for the same period). The. electronic count. was d.ividcd;" by thi§ ratio to derive the adjusted trail

use figure. Note that when calculating trail usage, Ja-'cqlvm of 1 was taken both for a person

who went out and back on the same trail on the same day and for-a p_ersén who went out and

~

back on a different trail and/or day.



4. The Management Scenario — The Area and Its Users

To meet‘}he objectives—of this study, with respect to determining salience, awarencss
and perception of.}(\l'alanchc hazard, sludying avalanche knowledge and guaging effectivhiess of
existing programs,«‘one must have some understanding of the physical setting of the arce and
the nature \of the people using it. In this chapter, the climatic and physiographic aspccié of
Banff National Park are described, as are the weather patterns for the winter of 1984-85 5.{1\1
the 4 ski tfails selected for the study. To portray the nature of the people who ski in the park, .
data are presented which illustrate the r;umbcr of pcople using the study trails, who uses the
trails (in terms of occupation, age, cducation, sex and residence). some characteristics "of‘ the
parties of skiers who use the area (party size. party lcadéishfp and vovcrnighlv locations before A
\énd,bafter the ski outing)-and .lhc type of skiing in which the peopie participate. Knowledge of
‘llhe factors oudined in this chapter facilitates interpretation of the material presented in

succeeding chapters.

4.1 Climate and Physiography of Banff National Park
The clifnalq- and physiography of Banff National Park have a major influence on the

use of the area by backcountry skiers and on the risk of avalanche. )

4.1.1 Climate _ : /}7

Thé climate 6fABanff National Park may be charac‘lcrizcd as "cold subhlumi'd
commental“ (Rheumer 1953). Generally cold Lempcralurcs and the shallow snowpac]\ (as
compared lo other mountain ranges Wthh are commonly used for Tecreation) can- lcad 10
extended perlods of senous snow instability (:)affern 1983). Nearly all skung in the park,lakcs
place in the .Subalpine and alpme ecoregions which arc descnbcd I‘Slrong and 1 ngal (1981)
The climatic forest line. (aboul "100 m) is the. boundary bclwcen these 2 ccorchons Thc, “
suba]pme ecoregion (wnh a lower elevauonal boundary of aboul 1500 m) has winters which arc

long snowy and cobd The ovcrndmg chmauc elemems wtﬂgctl\racleruc lhe ski scason in the

R \'\\" -
51, o
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alpine ccorcgion are strong winds, long winters and higher levels of precipitation than the
remainder of Alberta (Strong and Leggat 1981). More detailed information on temperature,
precipitation, wind and chinooks follows.

The winters in the subalpine ccoregion are generally warmer than the prairie areas 10

thecast. The relatively higher clevation allows escape from severe cold outbreaks. of shallow .

N

Arclic air masses, and warm Pacific air mésses influence this ecoregion during the winter
(Strong and I,ngal 1981).. Howcvcyr_ Janz and Storr (1977) report that SC\}CFC Arctic outbreaks
can affect the area. Long lerm dala‘ from the Lake Louise townsite, which is included within
this ecoregion, show the following mc?m monthly tempcratures for lhp winter months (Janz
and Stogr 1977): ' e |
~ & November: -§C ‘ ‘

®  Dccember:. -12;(‘

e January: L16C

e February: -10C - ' a |

e March: -7C |

-,.Apﬁu-lf:
'Hfgher clcval.ior:s. érc generally warmer (Slrpng and Leggat 1981), since cola air pools ip ‘the
.\'ailcy's. Aygain al‘ the Lake‘Louise‘lO\\'nsitc, the long term averagc’auiumn (Augus! to
Dcc&m%er) sno»\fall is 201 c¢m, whilc-that for spring (January to July) is 236 cr} Snowf il
gcncra]l\ tcnds to mcrcam with levation (Janz and Storr 1977). Topography has a maJor
‘mflucncc on.wmds in this area. Thcnonh-south vallevs, by and largc cannot be consioered to
be wmd\ with east-west valleys Laving the most wind, but still not as mueh as.areas.directly
cast of the park Wmd speeds at the surface are redu?:ed by the forest canopy (Jan? and Storr
1977). Chmooks are mfrc_quem in lhe subalpine rcgion. ahhaugh‘thc weathcr pat[ern that

brmgs chmooks to the prairies can moderale temperatures 10 some extent (Longley 1967, Strong

wand Leggat 1981).. . - ' R

-
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Climatic data for the alpine ccoregion are limited. Mean Januar_\.' r,u;n‘]pe'ramrcs are
generally about 3 to 4 degrees cooler than the subélpinc ecoregion (Slrong and 1_c€gm 1‘)81),q
with snowfalls tending 10 be higher (Jans and Storr 1977). The ofien strong winds com‘monl_\
scour v‘x;indward slopes bare and deposit several times the orginal depth of snow on lecward

slopes (Jan/gnd Storr 7; Strong-and Leggat 1981). These strong winds can be as€Stiated

with clgtid, prccipitatiqn,‘low' mperature and whitcout conditions. Combined with wind chill,

thest posc a serious hazard to theNqackcountry traveller. Chinooks do not occur in the alpine
X4
/ecoregion, and temperatures rarely, if cver, exceed 0°C during the December to l“cbruiy period
Vi . i

(Strong and Leggat 1981).

: }
.4.1.2 Physiography \ 4

The rvuggcd -high moyntain landscape of Banff National Park is onc of the chici'
attractions o backcountry skifrs, along with the extended period of a reliable suppl) of snow

for sknng The average clevatiQn in the arca is over 2000 m, with the highest peaks reaching

.. 2500 1o 3500 m {Smith 1985). TNM mountain ranges have a general northwest -southeast

orientatfon. The ranges arc separated by series of parallel, deeply cntrenched valleys, with 2

major yalleys cutling eastward across the t\nd of the ranges. These major valleys (Bow anfd

North Saskatchcwan) tend to be quite broad. with gem‘ly(erraccd \allcy floors. There ‘is

evidence of extensive valicy and cirque glauauon throughout the aiea (McPherson 1970; Rutter

n

1972), although, at present, only small 1ceﬁelds along or ncar the continental divide and

scattlered cirque glaciers remain.

by

4.2 The Winter of 198485 = . . -

During the wmtmsof 19*4 85, snow accumulation smrlcd unusuall) carly There were

-sxomf'xcam snowfalls in Oclobcr November and D»ccmbnr The hcnghl of show on the ground

by ‘Decc_mber 31, 1984 was 85 cm (compared to an average of 68 cm (Jam.dand Storr 1977)) in

the Parks Canada snow reséarch plot at the I'ake Louisc ski arca. The remainder of the winter
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was charaeleri/.cd by low snowfall and high winds. Many slopes were blown clear of snow,
while hard slabs of wind deposited snow developed in lee arcas. Total accumulated snow only‘
exceeded the December 31 figure by abom 10 cm at any point later in the winter. Snow depth at
the research plot was 90 ¢cm (G. Irwin, personal communication, 1985) on April 1, 1985, as
«compared with an average of 112 cm (Janz -and Storr 1977). Temperatures were generally
modcrate and above average, with the exception of a period from Christmas to New Ycar's., the
last 4 days of January and the first 10 days of Februarv when daily lows were from -30 1o
-35°C. |

To compare the 1984-85 wfmcr to previous winters, one may consider temperature,

/

snowfall, wind and avalanche hazatd. Temperatures were generally warmer than usual, allowing

more snow consolidation. Total snowfall was only about 65 percenl of normal. There was ‘morcﬁ
tvind than the past average, but smLc lhcre was seldom any loose snow availablé for transport,
)
hazardous wind slabs did not develop on lec slopes-to any major e.\lcm.__DMore detail on -the
avalanche hazard is presented in a succeeding chapter. In general terms, the 1984-85 winter was
safer with respect to avalanche risk ‘lhan the average of previous winters. All climatic data for
which relerences were not given above and the backcountry avaldnche hazard forecast were
oblaincd. from the Parks Canada wardens stationed in Lake Louise (C. Israelson, personal
communicatior , 1985).
3 Skiing in Banff !fiationlal Park
" Skiers a"re attricted to BanfT National Pa;l: for a varicty of reasons. These may include
the se‘ener_v, generally reliable snow conditions, the opportunity to ski in challenging“ler;ain and
the search for 1 wi’ldernessewe‘ricncc. Both "downhill" and "cross country skiing" are"‘availablc
‘m Banff National ParP "Downbhill skiing, which 15 available a1 the Mount Norquay, Sunshme

"

and Lake Louise commercial ski resorts, involves riding a ski lift up the slope, pnor to the
[ ]

gravity aided descent. This {6 6rm of "downhill" skiing is not wnhm the realm of this 1hesns since

S

the threat of a\alanchcs is comrolled by teams of Parks Canada wardens, and ass1stance is -

v



readily available in <ase of accidents. This study treats only “cross country skiing” in the
backcountry where ski lifts and avalanche control do not exist and organized rescue teams are
available only after an extended delay.
Parks Canada (1983: p. 3) rccognizes 3 distinct types of ¢rosg country skiing within the
park : s
- ’ ’
® nordic skiing is usually. done closc 1o road access pojnts along valley bottoms and on
adjacent river terraces. The terrain is often flat or gently rolling. but can also include
fairly steep hills.
® ki touring often follows summer hiking trails which may cross high passes. It eaposes
skicrs to many of the hazards characteristic of mountain travel in winter. -
® ski mountaineering lakes place in high alpine arcas and sometimes includes glacicer
< .
‘travel. Skiers must find their own routes and should be well prepared for eatreme cold,
storms, whitcouts, avalanches and crevasses.
.. ®
As one can sce, the level of risk from environmental factors, including avalanches, increases

from the first to the last category . -

4.4 Ski Trails Considered in. this Study
The 4 trails selected as imcr.vicw sites for this study were chosen, in consuhation with
Parks Canada (C. Istaelson, personal communication, 198\3; J. Flaa, personal communicilion,
1984; G. Forlin, personal communication, 1984), to provide as broad a specirum of skiers and
.ski conditions as possible. These trails arc Bow Hul, ‘Mosquito Creck, Redearth Creck and lhﬁc
Pipestone network. Thé location of these trails was illustrated in Figure 1'.1. | )l
- Thc Bow Hul trail (sce Figure 4. 1) is a popular access route 1o Bow ‘and other huts, the .
Wapta lceﬁcld and adjoining &lacncrs In the view of Parxs Canada (1983) it is classified as a
/
. skl moumamecrmg trail. To characlenzc the: people usmg this Lrall lhcy likely corrcspond 10

the category of [hosc with good avalanche knowledgc and cxpcncnce who concentratg lhcn

acuvmcs in. avalanchc arcas (cf. More et al. 1984) Kuncn 13 (1977) rates lhls 1ra|1 as an
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advanced one which can be euremel\ prone to avalanchcs Bevond Bow Hut, cruassCs in the

glacxcrs and Lhe potential for whiteouts represent additional dangers to the skiers.

. The Mosquito Creek’™ trail (see Figure 4.2) is onc of modcrate diﬂ'itull,\' (rated |

intermediate by Kunelius (1977)). following the creek to the alpine meadows at its headwaters.

~

These meadows arc a popular destination for practising downhill .tcchnigues on cross country

skiis (Kunelius 1977) and sightsecing. The type of skiing on this trail gmay be genetally .

‘described as ski ouring (Parks Canada 1983). The people using this trail could. be represenied

as tho"se who travel in avalanche areas as well as safc arcas and who possess a basic awareness .

of avalanche dangcr but have hmucd experience (cf. Morc et al. 1984). The popularity of lhlb
trail is cnhanued by the avaxlablhu of acgommodauon at a hos®l and 4 campground near lha
lral]hLad and the’ polenual for a loop trip starting from the highway at Helen Creek . asébndmg

to Dolomite Pass and returning along Mosquito-Cre¢k. This latier route could mvolxc some
. A

minor ski mountaincering (Parks Canada 1983).

Both the nordic and'§ki touring Caicgorics as described by Parks Canada (1983) cxisi on

the Redearth Creek trail. Figute 4.3 illustrates the .area of the Redearth Creck trail, This trail

follows a Tirc road which iy located 20 km west of’lhc'.Baq_ff‘“t.ownsitc. The first ]TfS Km of the -

. trail (given a novice rating by Kunelius (1977)) are tracksct on-a régular .b‘asis by Parks

Canada Beyond thc trackset portion of the trail, a lesser number of skxcrs continue. to thc :

hg\pt Lake sheher (maintained by Parks Canada) Hval> Pass, “Shadow lake and bebon

Pass, trails rated at mtermedla{e d1ff1culty by Kunchus (1977). Skiers who uscd the mmal

portions of this trail could be represented as being those who travel on 'or near m'arkéd lrails’

. aregonly \acuel) aware of avalanche danger and prefer to stay in saIc areas, whnlc lhosc who
A -
icommued beyond the trackset section could bc charactemed as pcople who lravd in avalanchc

v -'

areas as well as safe areas, whe possess an awarengss of avalanchu dangcr “but. onl\ hmltcd "

)expcrlence (cf. More ef al 1984) °

P
hes

S

 The Pipestone network of trails is located adjacent to the Lake Louise townsite-in the

bottom of the Bow River valley (see Figure 4.4). This is'the only arca included-in the study

7
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where there is no risk of avalanches. The trails, which are trackset on a regular basis by Parks
Canada, are situated_within.a predominantiy closed forest on moderately rolling terrain suitable
for beginner skiers. Commercial aﬁcommodalion is available in the townsite of l_a.kc Louisc and
at the nea‘rby lake of Lake I.ouise. There is a}so a resident population at Lake Louise who
utilize these trails. The skiing on the .Pipcsl(())nc trails would be classified as nordic by Parks
Canada (1‘983), while More et al. (1984) would charac‘lcrizc the skicrs as being those who travel
on or near marked trails, dre only vaguely aware of avalanche danger and would prefer 1o stay
in safe areas.*
£
- 4.5 Number of Pcople Using the Study Trails
The number of people using the 4 trails was monitored over the course of the study.
This mon.iloring'. aldn‘g with the intervicwing, bc:mn in late December, 1984, when there v as,
sufﬁciéni snow for cross country skicrs to I'rcqgcm the arca on a regular basis. The skiers WI‘IL‘
counted féiﬁg manual-and clectronic methods, as described in the methodology chapter. The
trail use counts are presented in Table 4.1. The time periods for which counts wcré collected for !
cach E&?il arc as follows : : | ’
-e  Bow Hut'— January 12, 1985 to April 8, 1985 -
® Mosquito Creek — Deécmber'28., 1984 10 April"lz, 1985
. Pipcst;)fle — February 5, 19854 to April 12, 1985 : : - .
e Redearth Creek — Dccemﬁer 29, 1§84 to April 8, 1985 | .
’T‘olal counts are p‘r@scmcd" for cach trail' but sincc the time periods are different for cach l'rz.il,
thev may not be directly comparable. Also for cach trail, 1ﬁp10p§rlion of usc on weckday and

'@ Y
holiday penods is presented, '

R ‘As can be seen from Table 4.1, usagc of the Bow Hut and {ﬁ/losquil//(:rc\c?‘ﬁiils v&.«. ‘

»

generallv smg throughoul the winter, ﬁth the exception of January when usage of thc Bow °

Hut trail is lower even if compensauon is made for the mslallauon of lhc Bow Hul counter on
4

Janua’r.y 12. AI the bcginmng of the scason, morclpe‘owscd the Redcarth Creek trail than the

y -
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T)a
Table 4.1 Number of Skiers on Each Trail During Study Period
Bow Hut Mosquito Creek Pipestone Redearth Creck

December , : 75 19
January 114 296 592
February 325 - 339 544 398
March 499 517 648 521
April ‘ 121 123 70 53
Total 1059 1350 1262 1583
% Holiday 67.3 . 79.6 55.5 67.0
% Weekday 32.7 20.4 445 33.0

Bow Hut or Mosquito Cregk trails. but the difference became lcssﬁapparcm toward the end of
ithe scason. Reasons for this could be that ski conditions after late February were better on the
latter 2 trails (as a {csull of - higher elevation, greater snowfall and somewhat lower
Lc‘mpcraturcs) and the longer daylighl period made excursions to those trails fartifr awav from
major populati.on\;cemrkes morte allractive, Thc-'rcason that the Pipestone trail Yeceives the
highcﬂsl total usc is greater use during weckday periods. The proximity of this trail to qlhc Lake

Louise townsite with its commercial accomodation and resident population likely accounts for

the greater chkday usc. Weckend use was similar to.the other trails. When considering all

_trails, about two-thirds of the use was on weekends and statutary holidays.

S\ _ . .
The total trail use count of 5254 may not seem to represent a large number of skiers

usipg the area, but when the many trails within Banff Nationa! Park are considered, one

o

recognizes the large number of people who could be subject to avalanche ha‘ard. Kunelius

- (1977) lists at least 72 trails in the park and one must be aware that his book daes nbl describe

all of the trails. Finally, lhe trail usage on these 4 trails does not fit [hc pattern of More el al

(1984) who found that about 75 percent of the skiers would use -trails such as lhe~P1p»stone

trail, aboul 20 percent, 1ra11s llkc the Mosqluto Crcek lrall and about- 5 percem trails sugh the-

Bow Hut trail. K ¢ o L -

A
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4.6 Who Uses the Trails

~ -

To gain an idea of some of the characteristics of the people who cross country ski in
Banff National Park, data were collected with respect 1o 5 varigblcs./Thcsc arc occupation, age,
education. sex and residence. The [indings for the first 4 of these variables were used 10
determine if\there are any differences between users of the 4 trails. Also the overall results were
compared/gainsl those 2:or‘ the general population of Canada. ,

The yc¢cupations of the respondents on each trail were relatively similar (chi-square
significance ‘ cvel greater than 0.05). However, the occupation groupings of the respondents was
quite different from the overall Canadian averages (Siatistics Canada 1983). The greatest
‘varialion occy, iﬁ the occupational categarics for natural scicfces, enginecring and
mathcmatics (28.4 pcrccm‘ of respondent group vs. 2.8 percent population of Canada):,
teaching -(10.5 vs. 3.5 percent); &crical (;4.'3 VS, 15,5 pcrccm); service (4.8 4y, IO.‘I pcr'ccm):
and product fabricating, assembling and repairing (1.1 vs. 6.6 percent). Also. only 8.5 pcrccnl'

. of the respondenys were full lime students, as opposed to 15.3 percent of the popu!alion of
Canada (Statistics Canada 1984b). Overall, about 81 percent of the rcspondcnll% @L
collar jobs, as comparcd to only 49 percem of all Canadians. All of ‘the aboxc figures are for
persons 15 yegrs of age and older. . )

& | Agce differcnc_es existed between the users of the trails, with the users of the Bow Hut
and Mosquito Creek [rails bt‘ﬁvoungcr, on average ‘(sig;lificancc level less than 0.05). An age
difference - also existed between the respondents and the populalum of Canada (SlallsllC‘S
Canada l984a) as shown in Table 4.2. Nearly 88 rgrccnl of the rcspondcmx were. between 21

- and 50 years of age, while only just OV,er'44 percent of Canadians bclongcd o th?s group.

) The edﬁcalion lcvel'of.the reuspondcms did not vary_signiﬁc:mtiy {chi-square level of

, sicmifican'ce greater than 0.05) from trail to trail. However, -'ll;e cducat‘ion lévcl of the

. respondents is much hlgher than that of . lhc overal} Canadlan populauon (Statistics (,anada .

1984b) as shown in Figure 4 5
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2

Table #2 Age of the Respondents Compared to the Overall Canadian. Population

Age Study ' Canada
< 16 0.3% 23.5%
16—20 ‘ 1.1 9.0
21-125 12.9 9.5
26—30 26.1 9.0
31—35 18.1 8.2
36—40 11.0 7.0
41—45 * 10.4 5.6
46—50 . 9.3 5.0
, 51—55 4.4 5.0
- 56—60 ° 3.0 4.7
61—65 3.0 4.1
> 65 , 0.3 9.3
© Total - 364 24889600
Chi-squarc=347.2 Degrees of Freedom=11 Significance lLevel < 0.05

v . L ' . . .
The sex. of the respondents varied significantly from 1rail to trail (chi-squarc
significance level less than 0.05). with the proportion of females being greater on the Pipestonce
Arail than on the others. How‘cvcr, the proportion of male respondents in the study is

. significantly higher than that in the overall population of Canada (75.6 vs. ?_19.5 percent,

o b

respectively) (Statistics Canada 1984a).

Finally, over 87 pefcem of the respondents were residents of Alberta or Brj sh
-Columbia. Of the total number bf respondents, nearly 75 percent were from Calgary (50.7
" percent of- overall toial), Edmomon. Banff, Lake Louise or Red Deer. When developing or
enhancx/ﬁ any programs that deal with users of these backcountry areas one must realize that

nearh 17 0] ‘these people live in refatively close proximity 10 Banff National Park. Also, and

.

pcrhape- mure 1mponaml) ‘the segment of the population ‘which uscs these areas gcneralI\ have-
. white’ collar occupalions, arc moslly wnhm the 21-50 vear age group are much more h,lghly

%

decaled than the gcneral populauon of Canada and three- quarters are men.
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4,7 Ski Party Characteristics : . S

v

itis also beneficial for people developing backcountry plans to be aware of some of the

characicristics of ski partics using the arca. These ski partics are composed of the individuals
N L}
whosc attnibutes wero discussed in the previous section. (iroup aspects considered in this study

. arc party sice, party leddership and overnight locations before and after the ski outing.

“ A

v Partics on the Bow Hut and Mosquito Creck trails were more likely to consist of more

v

than 2 persons than parties on the other trails (significance level less than 0.05). One may take

this as an indicalion that a greatcr.proporlion of the parties that are mountainecring or ski

-
r

touring eapend more cffort on Wrip preparation, which would be rcqurred with the increased

Y

party size. When comndcnng all trails in a‘ggrq.dlc party sizes ranELd from 1 10 23 skicrs, with

.

amean of 3.5and a mcdran of 2. Over 45 pcrunl of the respondmts were mcmbcrs of a party

of 2 skiers .md over 8G pcrccm of the parties had 4 or lcss mcmb
K : ,
Just over 40 percent of the respondents ~wc_r§ ~mcmbcrs-ﬂj“a parly with a recognized

- .

-~

leader. This figure did not vary significantly fromsafl to trail (chi-square level of significance
‘ ) ' - i ) . .. & 3, ” P . i ‘

greater than 0.05). Hence, any management programs-aimed specifically at party leaders would

rc.uh only a nunoruy of parties. ! e : o

.v_. , Ty K

= The loc.alrohs at whu'&g the rcspondcms staﬁcd 1hc mght before and after the mlervrcw

ks °

arc associated mth the Lrall @1 which the interview took p,laéé OHowever itis of greater mterebl

3

.. 1o consider the aggregalc data here. Onr\ shghll) less thag 23 perccm of the respondenls spent

both mghts outside of thc park Thxs mcanc that over three quarters of lhe cross coumr} skrers
. g U . )
uulmng thcsc traale could potcnually b rerr/ﬁed bv SOme evcnmg program hclcf wrthm the parl\

b E] -

Almosl 50 perccm of lhc recpondems spent.at lcasl l m‘ghl m Ihe major cemres of Canmorc

-~y . -

‘Banf f and Lakc L jouise, °where evenmg progran’% could be held Programs held in Banf f could

polcnlmlh au.gacl pcoplc stavmg m nmore if lhcre Was sufl‘ 1c1cnt }J\Mr&a&) Further a full
.;s e

19 perccm of the respondems spcnt al least 1 of the mghrs in. lhe backcountry ether m a hul

orcampmg

& . R L I ” oy
. i . S &
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4.8 Type of Skiing on the Trails . . g

N _

A final characteristic of the skicrs that would be of interest 10 persons managihg an
area such as Banff Nalional.Park is the proportion of the skiers who participate in difl‘cro‘n;
types of skiing. The type of skiing in which people arc engaged can give an i‘ndicalion of the
avalanche risk they encounter. Skiers who are utilizing arcas away from csiablished trails,
particularly those who Ebr'c lelemarking (or eniploying other cross country downhill techniques
on open slopes) or alpine touring (on dowriohill gk:iis with hinged touring bindings)- are subject
1o greater risk of avalancﬂhc (Daffern 1980; Morc et al. 1984).'

The skiers were asked whether they would be trail skiing. of f trail skiing, alpinc touring
or "cross country downhilling” (c.g. tclemarking). [t was possible for an individual‘,skicr o be ?
parlicipating in more than 1 type or caiegor_v of skiing on “(hc,inlcrvx'cw day. Table 4.3 shows a .

“difference (using a'chi*square test) in the risk levels among the trails in the study. Using tvpe
of ékiiﬁg as a‘ measure of avalancﬁc Jisk, onc can _rank the trails in terms of the risk pcople

encounter on them: The highest level of risk is encountered on the Bow Hut trail, followed by

the Mosquito Creek'trajl; the Redearth Creek trail and the Pipestone trail.

>
Table 4.3..APcrccnl of Respondents on Each Trail Engaged in Different Types of Skiing R
‘ Bow Hul Mosguito Pipesigne Redearth |
" ' Creck . c s Creek
Trail Skiing ~ 1000%  '100.0%  100.0% - 100.0%
Off Trail Skiing* 81.6° 554 53 165
Telemarking® ' 644 - 60.9 0.0 16.5
Alpine Touring* . 9.2 |0 0.0« .7 00
Total g 9 T SO T R

* Related10 trail (chi-square sign.ificance‘leVel < 0.05)

o e
® o e " s
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4.9 Chapter Summary

From this chapter, one can gain an understanding of both the people interviewed for
this- study and the arc; in which they have chosen 10 ski. This understanding lavs the
groundwork for matcrial presented in the succeding chapters. Interpretation of salience,
awarcness and pereeption of dvalanche hazard and avalanche knowledge must take this

groundwork into account. as.must the evaluation and suggested enhancement of programs

intended 1o reduce the number of avalanche accidents.



5. Salience, Awareness and Perception of Avalanche Hazard
People must be aware of the risk of avalanches and have an accurate perception of the
) - l"{"»
hazard if they are 1o travel safely in avalapche prone terrain. Continued iise of such terrain by

individuals who do not have an accurate perception of the risk of avajanche is likely ,to lead 10

accidents. In this chapter, the precursors of perception will be disaissed first, that is salience
and awarcness, followed by a presentation of the study findings concerning skicr pereeption of

avalanche hazar8. Avalanche hazard must surpass some salicnce threshold before the skier

R -

becomes aware of -it. Once a skier is aware of avalanche hazard ! perceptions of it may be

forme’(‘l.

5.1 Salience of Avalanche Hazard p

The salience (or promingnce within an individual's mind) of "avalanche hazard to

backcoumr\ skiers was tested by asking if they had any major concerns rcgardmg some of the

s

dxl"ﬁculnes thal sklers face in mounlamous areas and requesting that they rank their concerns in
order of importance. '

Nearly 81 percent of the respondents mentioned at least 1 major concern, Of lhe

: . 8 . : ‘ )
sample subsel that mcnuoned having a major concern, over 73 perccnl (or over 59 pcrccnl of
all respondents) included avalanchcs in - their lxcl of ‘major ‘concerns wuhoul any prior .

rknowl(dgc that this study dealt with avalanchcs The propornon that mcpuoncd avalanches as a

major \,oncern was mgmﬁcanllv greater (chi-square slgmﬁcancé. lcvcl < (1.05) on 1hc Bow Hul

and M)squno ‘Creek trails, where about 88 pe;cenl of thos¢ menuomng a maJor conccrn (or«’

-

abouL 76 percent of all sklcrs on thcse Z)tralls) mcludcd avalanches in l“hClI’ 1151 as opposcd o .

‘about . 58 perccnt (or aboul 43 percenl of all skiers) of the skiers on the other 2 Lralls

N

- Avalanche hazard Was lhus mbr ik cly to surpass the salu.ncc thrcshold of sklers on‘the tralls

where avalanches dre morc. hkel) to occur and a very large prOporuon ol" ‘lhe uscrs of the Bow
. , Y :
Hul and Mosquuo Creek trails consxdcred avalanches tobea maja/r concern

,
- . o
‘
N T A RS L}

LV
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On all 4 trails, avalanches were ranked first in order of importance more often than any

“other major concern. Overall, more than 62 percent of the respondents who mcnlgncd a major \

concern ranked'a\'alanches as being the ny/sl important of their concerns. This proportion
. ) » : . . ) N - .
increases 1o about 76 percent on the Bow Hut and Mosquito Creek trails.
A%’ |
From the above discussion, one can conclude avalanches are a salient major concern in

the study arca, especially among users of trails along which avalanches are more likely to occur.

»

5.2 Awarcucss of Avalanche Hazard

anc,(hc salience threshold is surpassed, skicrs become aware of avalanche hazard and
begin to accumulalc knowledge about ilt. In this study. consideration was given 1o knowledgc of )
how often avalanches which could porenlrallv affect people occur and the number of people

krllcd by avalanches cach year, L =™

.

Respondents were asked how' often they thought avalanches which could potentially
al"feclpcoplc would oceur in lh‘c Rocky Mountains of Canada over the course of the 1984-85

winter. The answers given by.the rcspondems were d1v1ded into 4 groups whxch are"‘

-

e "not vcr) often (19.6 percent of rephes)
§ .o moderalely often (7.2 ercem)

- . ‘ ‘qufﬁe‘“ol‘ten (66.9 perccm)

_. don 1 know (6 3 pcrccm)

lrr%ureral the fespondems raled the frequency of avalanches 10 be grealer than the. ralmg of

nol ver) ol' Len supphcd b\ lhe person who is second in command of the Parks Canada

_}avalanche hazard f orccacung and control team stanoned at Lake Louise (G Irwm personal
*
commgnrcarron 1985 ) ‘Users of the lrarls where there are hrgher levels of avalanche rxsk (r e.

' -
1

) Bow nggand Mosqullo (,rcek) lendetl to rate. the f requency of avalanches whrch could al‘f ccl

people'ﬁ-‘hrgher than the users of the other 2 trarls (chr square srgmf icance level <0.05). q{&

-

. o Over 91 pe{ccm of the respondents were able to gnve an esumate of. the average number

K

o 'peoh_ E xlled b) avalanches m Banf f Nauonal Park each year The medran number ol” deatl‘ls Ce

[
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’

provided by the respondents was 4 per ycar (average 4.5). This is somewhat grcaicr than the 30
vear avcrage (1954-55 to 1984-85) of 0.8 death per vear. Differing from all of British

Columbia and Alberta taken together, where the avalanche death rate increased markedly over

the past 10 years (30 year average 2.7. 10 vear averagc 4.0), Lhc death rate in Ban{f National

Park over Ihc last 10 years (1974-75 to 1984-85) remamed the same as the 30 year avcragc
‘Although the question posed to respondénts asked spcuﬁcall\ about avalanche deaths in Banff
Nalional Park, there is a strong similarityz'bcnwecn the average of the rc's‘ponsescand the 10 year
a;'erage for all of British Columbia and Aloerla. This similarit\' may be purely coincidcnlal

however. There was no significant drfferenee between lhc dealh ralLs expressed by uscrs of the .
R |
4 diffcrent trails.
When considering the frequency of avalanches and the number of deaths caused by
‘ ‘ A\

avalanches, onc may conclude that people consider the level of Tisk to be higher than it is rated
bv an cxperl or available statistical frequpncnes although 1hc dlffcrcncc in number of dcalhs is

‘not large. These results are similar to those found by Kasper (1980), Saatinen. (1982b) and

-

Slovic et al. (1982). ‘

53 Perccp;io'n of Avalanche-Hazard T ‘ ,

The' preceeding discussions on salience and awareness, of avalanche hazard form a

.nalural background for this section which deals with p"rccpuon of avalanchc hazard Mileti ef «.

al. (1975) defme percepuon as an mdlvxdual s understandmg of the charaetcr and relcvancc of

a hazard for self andV‘chommuml) One may add to. this defmmon staung lhat pcrcc:puon 1s N

apprehcnsnon wuh the ming? To delcrmmc the skncr S chcepuon of a’vaJarkhc hazard

-

- /respcndems were asked to- descnbc an avalan‘ghe to express whclhcr thcy had. cver felt

/ 'lhcmsclves o bc in, danger from&n avaIanche and io rela{c lhc feclmgs they cxpcncnccd 1f lhcy

had bcen mvolved i an\ anche acc1dem

[ o N L.

' The respondems - asked for a shorl descnpuon of an avéﬂanchc The descnpuons

PO -

L

given were almost exclusnvel) factual as opposed to emouona.l m eonlcm Thc rlsk of bear

. . ¢
L N . N c . - . B hi .
. . g .

S o
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attack in nark .arcas is a good example of what tends-to be more of an emotional issue (e.g.
Gravelines 1983)1 The descriptions were placed in a number of categoried using’ content
analysis. Many réspondent's descriptions were subdivided into more than one category. The
most comndonly mentioned categories are lisicd below :
. b .
e snow sliding (mentioned by 81.4 percent of respondents)
* ® large size (22.4 percent)

e event or wtéknss\s that caused the snow (o slide (16.3 percent)

h:gh speed (11 4 perccm)

ﬁ o spcuhc avalanche aurlbutcs such as lh" type o( avalanche (10.8 percenl)

risk 1o people(6.9 percent).
Some typical examples of avalanche descriptions given by respondents are "a lot of snow that

comes down quickly”, "rapid downhill_nimement of snow" and "slab of snow coming off a
. R . * : -
hillside that is caused by a weak layer of snow " .

- s

All of the respondents were able to provide a desctiption of an avalanche. The short

dc"scriplions.col‘lected w_erc generally accurate, with only a very srnall nﬂum‘ber which‘comained
Inaccurate mformauon particularly on aspects such as avalanchc 'negermg mechamsms Only a
very small proporuon (less than 7 percen[) described avalanches as being a nsk to skiers. As a
general conclusion from the avalanche descriplibns, the respondems perccive avalanches to be
large masscs of sn0w which move qunckly down the mountain. that mfrequently af’ f ect people. |

Thc second means of exammmg avalanche hazard percepnon in this study involved

' askmg caeh Tespondent whether he had cver eonsugered himself o be in danger frqm an’
¢

'avalaflehc A posrnve answer mdxcated thal the respondem was aware of the risk posed b)
-Vava‘lane};efs and had becn in.an area where he felt that there was some SJg'mf icant I‘lSk of bemg
"swq‘)l awas by an avalanche Nearly 40 percem of the rcspondems stated - [hal lhey had
’..b'percewed pefsdnal danger f rom an av‘alanche at some ume in the past The ]1ke11hood of an.
| :avalanche occum‘ng in each mstance 1s not known but the 1mportant pomt is that the people i

: consndcrcd Lhcmsclves 10 bw,m dadger from an avalanche Of peoplc repdrtmg lhat Ihey had

- : . . .. A . ;
o - oo ‘._,r
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betn in danger from an avalanche at some time in the past, about 83 pereent stated that the
most recent incident had occurred in the 1980°s.

From Table 5.1, it is evident that a greater proportion of the users of the Bow Hut and

p)

Mosquito Creek trails have felt that they have been in danger from avalanche at some time in
the past than users of other trails. As mentioned previously, the Bow Hut and Mosquito Creck

trails are the ones within the study on which avalanches aéc most hkely to occur. Past exposure
N v .

to the risk of -being swept away by an avalanche certainly does not deter future use of arcas

L]
4

where avalanches may occur. This may relate to the finding of Kiccé]( and Nigg (1982) who

have found that frequent expetience can breed contempt of the hazard or relate 1o a tendency
. i : .

to dismis$ the risk with an attitude that "it can'l-happcn to me” (Council for Science and

Society 1977; S3od 1982).

o

Table 5..1 Ever Pcrgonal]y in Avalanche Danger vs. Trail / b
0 ) s
; ‘ | L

Bow Hut Mosquito Redearth Pipestone Total
' Creck - Creck

Never in Danger ' 43.7% 50.0% - 70.3% ', T97.7% 60.7%

Have Been in Danger - - 56.3 5.0 - 207 223 393

“Total N /A 91 . 94 364

»

\ Chi-sq‘uare':-2.9.9' " Degrees of Freedbm:S Significance Level < 0,05

. [N B - E .
& AT Y . : N \ . . . .
Lt K : A N v

. The f nal pomon of this scction deals wuh respondcms who had bccn pcrsonally

' mvolved elther by bemg swept away by an avalanchc or being a membcr ol a party in which

<ome.one else was m an avalanche acéldem ’These people were asked 10 nelatc lhcxr fcclmgs

a,bout theaccxdemjustafler it happened ’ ; e
Only 33 people reported their- feelmgs aboul bemg mvolvcd in an avalanchc acudem

wuh 63 6 perccnt mdlcatmg sorne neg e feelmg (e g bad expcrlcnce ’fl,ucl_cy Lo be ahy_e S

.(



- .
"scared” or "much power in avalanche"),‘l8.2 percent indicating some positive l‘ecllng (c.g.
"good practise” or "confident in rescue”), 12.1 percent refleetlng on some embarrassment and
6.2 pereent reporling being disorienled.' It seems somewhat odd 1o consider z;n avalanche as a
gosilive experience. lnslah)ces where posillve feelings ‘were expressed would scem to have been

. ? .
minor accidents with little damage or loss to equipment or people.

To summarize this secll’on on perception of avalanche hazard, several points may he
madec. P‘irsr_ slm'ers génerally.' pergefve avalanches as large masses of snow moving quickly-down
a moumam that scldom affect people. Second, expericnce wuh the risk of avalanche can breed

-
eomcnﬁpr of the ha1‘ard or rela[e to‘ tendency to dismiss the risk with the attitude that it
can't happen to me”. Finally, people “having difect experience ‘with an avalanche acciient
generally ha\rc a negative l‘ccling about the accident] but a surprisingly large percehta‘gc related
a _positive feeling. . \‘
N
5.4 Chaplcr Summary

From this chapler dealing Wirh salience, awareness and perceplion of avalanche hazard,

several major eonclus).ons ma) be drawn. First, av alanches are a sallem maJor concern among

v .

slucrs in the study area, espccrall) among those uﬁng trails where ,avalancbes are more hkel» 1o

.

occur. Second, skicrs tend to overrate the f requency qg avalanches rejative to*expert opinion.
Also the skiers estimated the annual number of avalanche dealhs lo be sllghtly hlgh.er than the

historical- stallsucal f requcncres Fmally several aspects of skrers percepuons of avalanches
Q. .

‘, were dlSCUSSCd SMCIS tcnd 10 percelve that avalanches are largc ohly’ rarely pose a threat and

o

'are not frightening, E\pcrlence with lhe risk ol" avalaw can lea,gl to a tendency to drsmrss the'

-"rrsk Drrecl e\perrence wrfh an “avalanche accident . gcnerally leaves’ ‘a skier wrt& negauve,.

-

f eclmg ol“ the event, bm a surpnsmglv large proporuon fetain posmve feelmgs
The skrers in the study area» seer to be .aware that. avalapches can. pose a recogmzable

. nsk but lhey belreve that avalanches are uiﬂrliely to pose a problem to themselves personally
‘ A}

- Rcasons f or. this s'eemmgly 1llog1cal relatlonshrp have been presemed by a numbcr ol‘ authors

LE ,

.

| .}<ﬁ '
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Kunreuther (1978) reports lt\al people treat such cvents as having a probability of occurrence

sufficiently low to pcrmii them to ignore the conscquences. Saarinen (1982b) holds lh"el pcople

‘ / _ ’
generally do not have an accurate pereeption of risks associated with hazards, with a tendency

.

o . . A . . . .
o underestimate urdramatic risks (judging from the avalanche descriptions supplicd by the

“
'

respondents, they consider avalanches 1o be undramatic snow slides). Festinger's (1957) theory

- of cognitive dissonance may explain why people tend to deentphasize the risk. since this reduces
stress Ilevcls. Slovic et al. (1982) make a stmylar argament. Finally, the Council for Science and
Socicty (1977) and Sood (1982) present evidence that many-people believe that accidents can

) : .

' B f
happen only,to other pegple, never to themselves. o Tt



6. Skier Avalapche Knowledge l’,cvels

T'he sccond, major objective of this study was to determine the level of avalanche

-
.

knowlcdge possessed by the skiers, so that some estimate of their ability 10 make safe (.e. no

.

accident oceurs) decisions with respect & avalanche risk could be obtained. Three major

categorics of avalanche knowledge indicators were utilized. including ability to assess avalanche -

F R

hazard, a history of cancelling or modifying trips because of avalanche hazard and route
q.- . - ‘
selection ability . Sinceravalanche knowledge becomes important only when a skicr uses an area

‘whcrc:lhcrc is some degree of avalanche risk, this chapter is prefaced wilh a section dcaling

with avaj,anche risk levels on the study trails. I~ollowmg the avalamhe risk levcl material,
% _ -
findings \mh respect IQ lhe knowlcdge Or eapertise indicators are presented, mdudf’m a
9 i
dlSSUSSIOﬂ relalmg avalanche risk t® lghoxvledgc for each of the indicators.
{

-

6.1 Avalanche Risk Levels on the Studyu'l‘rails *

. o

The trails at which interviews took place were .described earlier in the thesis. All of).the
R . /

,salient features of the trails were described, with 1 important exception' — avalanch= risk. Qne
- - - -4
cof the obvious methods 1o distinguish among the respondents in this study is the level of

avalanche risk that they faced on the day of the interview. In this secLi“'on,' 3 major itengg will be
discussed : ‘ - - ’ f L
o /\” . . RN

e why the trail (ised on the day of the interview is a good indication of the tvpe of trail °

gencrall\' used | , ' i o

-

. ®_ the avalanchc Tisk classxﬂcauon scheme Lhal was developcd o - ®

-
rl

4 s .

© e the apphcauon of lhe clasmﬁcanon scheme 1o the study Efaﬂs'

6. l 1T rall Use Patterns Wxth Respect to Avalanche Rlsk

- Daf fern (1981) and More et al. (1984) dxsunguxsh 3 dif ferem levels of recreauomsts

'~ based. on [hCll‘ hkelthood of . exposure to the avalanche hazard The levels are: those who are

a ]

only vaguely aware of avalanchcs and conf ine- Lhell' acuvmes 1o marked tralls and nearby areas

" s
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'.-‘}'.‘_‘—-v A . -
where there is little or no avalanche risk: those with a basic awareness of avalanche danger, but
2 . - , '
N » 1
limited experience who utilize both arcas where avalanches may occur and arcas where -it is
i 2 ‘Q ’ ' .
ur;likely that avalanchcs will occur; and. lasty. those with good avalanche knowledge who

"B

w,. concentrate theif.activities in avalanche prone arcas. Clearly. the people in the first and last

r,‘ ealngorles al*excluswel) use 1 l);{c of lrall (with respét to a\alanehe Tisk ). th RS pg of

s

_' lrall used b) those in the middle eatcgor) may vary more so than for lhe other 2 categories, bu{

~

they coul? be generally ‘characterized as usmg trails with a moderate level of avalanche risk

- f . «

6.1.2 The Avalanche Risk Zoning Classiﬁc‘a‘tions . 4

«.;%ﬁs may be expected, the avalanche -risk along the trails is not constant. To simplify this
classification, only factors which affect the spatial variation in avalanche risk are considered
here. Three different levels of avalanche risk we\rc identificd, including:

o~ no avalanche risk: areas wheresthe terrain is not steep enough or too heavily forested

» ’

for an avalanche to occur -

A . . P~ .
T intermittent basis. such as avalanche path runout z0qcs and other slopes of moderate.

steepness ' ‘ . N . -
! . ’ . : 7/

~

A

N §

.;e‘eceed 25 ) v :  o . ‘* -

These categones rcﬂect only verVrgencral levels of nsk since lhe probability of\'i/alanchc may

vary dramaueall) ev@ wuhm ver\ localucd areas MOSI areas .above chchnc lall mto lhc"

b *
. . a2

' suslamed avalanche rxsk category smce 1here is no fOTCS[ cover o Testrict the? movcment of
. - &
. )

snow and small seemmgl\ mnocu us, slopes above chelme have clalmcd many hves in thc paut

o

(e.g., Wllliams and Armstrbngl 84) AP T o
3 « | - o B
R ; ) . .

* Intermittent avalanche risk: arcas where there is>some risk of avalanche on an

N . 4 ) . Y ’,.-f
sustained\avalanc‘hc risk: areas Where there can be sustained p’er,iods with a hlgh

'.probabxllty of avalanches oceurmg such as; loca.uons above Lteelmc where slopc anglcs

&
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’

6.1.3 Avalanche Risk Zones on the Trails
Tne a&alanchc risk classifications have been supcrimposed on maps illustrating each
. trail. The avalanchc risk classifications for the Bow Hut trail are shown in Figure 6._1. the
Mosquito Creek trail in Figure 6.2, the Redearth Creek trail in Flgurc 6.3 and the Pipestone

trail #n Figure 6.4, Only the arcas along the trails which were examincd during the course of the

study have been classified according to avalanche risk. D0 o

As skicrs move from the zones of no avalanche risk (0 zones of susfained avalanche

risk, avalanche knowledge becomes more important. For this reason, mention,, of the

relationship between avalanche risk zones used and the knowledge indic4tors will be made in

#
succeeding portions of this chaplcr To Iaulxlalc subsequent discussion, the respondems were
. ‘. LIS ’

-classmcd as having used a certain nsk zon¢ by Lakmg the zone of maximum avalanche risk lhal
they passcd through along the way to their destination. To give 2 examples, if a person travelled
to"BOw Hut along the Bow Hut trail, he was assumed to have entered a zone:of suslained

. avalanche risk, and if a person sklied along the Redearth Creek trail to where it crosses Lost

® ) . B ) .
Horse Creek, he was assumed 10 have entered a zone of intermittent avalanche risk. \

r

6.2 Avalanche Hazard Assessfnent

To travel safe]y in avalanchc prone terrain, one must know how to assess lhe avalanche
. -
hazard As rccommended m the literature (e.g. Perla and Marumlh 1978 Daffern 1983) Parks

.,Canada develops ralmgs of the a\alanche haz.ard base?on a scientific analy51s of snow strength‘ ‘
or resnstance lo avalanchmg (snow stabnluy) Good knowledge oh whnch. tp base avalanche
hazard a>s<.ssmcm-s is important, smcc snow stabduv can vary dramaucallv ove‘r even short lime

- pcnods or bctween_lJocatxons of. relauvely close pmx1rmly (e g Perla and Marlmelh 1978)
Hence: a route chmce Wthh may be safc under stable snow condmons (hxeh reslslance 10
sliding or avalanchl‘n%) could be ent;relv unsafe under unstable snow condmons when even the
weight of a skner added to the slope may be suffnuem to cause an avalan‘che The change in )

N

snow Sldblhl\ can be causcd by. a. number of factors (eg an abrupt rise in temperature_
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(especially from bélow to abbve freezing) or-an heavv snowfall) or a combination of several(
\ Ll

~N
%\ ‘ . -

Asf/a measure of avalanche knowledge, lhisr indicator was obtained by asking the
responden to rate the avalanche hazard along the trail on which they were sl‘gling on the day of
the inter ew,}nd provide reasons for;the rating. The response alternatives supplied to the
interviewees were the avalanche ‘hazard ratings en”lployed by Pa}ks. Canada. Using the same

rating scheme facilitates comparison. However, note thal)’afksl Canada rates the avalanche
/

" hazard using a scientific analysis of snow stabxlu) wlnle the respondents may have based their

‘rating on a number of factors mcludmg Snow slabxllty past trall experlence how they felt that

~r

day, various psychological factors (e.g. risk tolerance), etc.

A milnber oll‘nems related to assessment of avalanche‘ hazard will be discussed Ain this
section, Fir.t, the Parks Canadai avalanche hazard rating definitions and ratings for the winter
ol 1984-85 -vill be presented, followed by a discussion of "composite” avalanche hazard fatings.

Thxrd a companson of the respondents and the Parks Canada avalanche hazard ratings will be

®

given. This is essentially a comparison of lav versusfex’perl ratings.of the hazard. Finally, the

quality of the reasons given by the pespondenls for ‘gheir avalanche hazard rating will be

-
.

© discussed. )

6. 2 1 The Parks Canada Avalanche Hazard Ratmgs :
The backcoamry avalanche hazard ratings employed by Parks Canada (as provxdecf by

Dafl‘ern (1083 p. () arc as follows:,
. Lovv avalanche hazard. Mostly stable snow. Avalanches are unlikely except in isolated

po:kets o sieep, snow covered open'slopes' and gullvles. Backcount'ry travel is generally

o
N

safe.
. ( / ’ '
ERERR N Moderate avalanche hazard Areas of unstable snow. Avalanches are posmb/e on steep :

~—

= SNOW covered open slopes and gulhes Backcountry travellexs_shmﬂfl{se‘cautlon

"o High avalanche haLard Mostly unstable snOW\Avalanches are probable on steep.
o ~ .

- o . \

Vo
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% '
\s\now covered opcn slopes and gullies. Backcountry travel is not Iecommended.

'
’D

e  Extreme avalanche hazard. Wrdespread areas of unstable.snow. Avalanches are certain
. %

on Ssieep, snow covered open slopes and gullics. Large, destructive a\alamhes are

-

possible. Backcountry travel should be avoided.

The avalanche hazard ratings published by Parks Canada (G lrwm pcrsonal commumcatlon
¥985) during the sludv period are shown in Figure 6.5. Note thal lhe raling did nol nse abovo
moderate to high at any time durr_ng the study. In overall terms, the snowpack was more stable
during the 1944-85 winter than in prcnous wmters Thc changes in stabxlu) were not as raprd
" -ag they could have been if a major snow storm or thaw had occurred (C. Israelson pcrsonal
. communication, 1985). | B ‘
6.2.2 "(;onnposite" Avalanche Hazard Ratings’ ‘

-Parks Canada often uses a combination - of 24 avalan‘cnc “harard ralings to allow:

e.\pressicm of differing snow stabilities at diffcrem elévat'ions (G. lrwmv pcrsonal

communication, 1985). The °1cvauonal dividing line is generallly the lreehne }~or examplc

Ry

Parks Canada may rate the avalanche hazard as moderate -below treclmc and hrgh,/aﬁovc

tr: seline. Throughout ‘the course of thls study, thc ratmg above treelme was’ ‘euhcr the’ same as

b low treeline” or l category above that for areas below rreclme Respondcms occasronally

1%

pr ovrded composne ratmgs as well.

To f acrhtate mampulauon and comparison of these ratings, lhe éompositc ratings Wch

r(duced 0 a smgle raung using the rcspondem s ‘destination for the day -If the dcstmauon for

e

ke day was abovc trec]mc the highei of thc composuc ratmg parr was the onc uscd in all data

analysrs If the destination was, below treelme the 1ower of the composne ratmg pair was the
- 03¢, used Thrs reducuon o a smel( rating was done both for the ratmgs supphcd by Parks
a Canada and the rcspondems To give an example assume that the skxer rated Lhe ava]anche

+

hazard as low to moderate and Parks Canada- rated rt as moderate to hrgh that day If lhe

skier's destination was above treeline,’ th‘en the skxer s rating would be ‘consi.dcr'cﬁ as rnodcrale :

.

e

¢
»
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their rating by aboul“SO percent of the respondenrs on-this. trail. Evidently there was somg 4

PR : . . . . ' 86
/!
' !

.

and that of Parks Canada as high. On the other hand \f the skier's. desunauon was below

treelme _then the skier's rating would, be considered as low and that of Parks Canada as

e
A B 4

moderate. R : h : -

v

6.2.3 Lay versus Expert Ratings of‘Snow vability

Grven that the avalanche hazard ratings -of both the rcspondcms ("lay pcople” ) and

.

~ Parks Canada, ( experts ") ‘have been Teduced 10 a smgle ‘similar scale a comparrson may be

made between lhem ln general lerms as shown in Table 6.1, the respondcnls 1endcd to rate. lhc

‘ avalanche hazard lhe same’ as or lower than lhe rating of the\erperrs from Parks Canada.

H‘éwever the ovcrall results are brased substamxallv by the raungs bern by the-users of the

Prpestone trarls Over 84 percem of lhe respondents l“rom this trail rated the ava'lanchc hazard

as low,, lchlv Mk.mg’lerram factors into account more than Snow slabr]m The terrain along ;hc

during periods of exlrem“e snow instability. Terrain was explicitly mentioned a"'s a reason for .

N /
confuslon among the respondems vnrh respccl to lhe avalanche hazard raung terminol /ogy

L ’ {
whrch is used b) Parks Canada wrth the intent of expressmg snow stability or strength /n/ot to
drrec‘try relate. the probabrlrty ol‘ avalanche in a grven area, as belreved bv many rcspondepts

Besrdes factors whrch could 1nﬂuence SNOw stabllm in some manner respondcms based therr

avalanche raungs on faclors such ‘as mformauon l"rom books or pamphlels snow depth

& ‘o

terram ‘nurber of people usmg the u'arl feelrngs and preserfé of marked trarls The skicrs
y do not relate the avalanche hazard raung onlv to SNOW. srabrhty | ’ o

Tne comparrsons of greatest mLerest here are for the trarls where 1hc lerrar\makes
avalanches more lrkcly ‘than on Lhe other trarls On the Bow. Hut and Mosquuo Creek trarls

abou[ one-third of the respondems rated the avalanche hazard as bemg lowenthan the rating of

Parks Canada Assummg the expert ranng 10 be more accurate lhan lhe lay person ratmg, thrs

: would.mean that a srgmf rcant propornon of thc skrcrs in these areas have a more nsky dccrsron

' - ’,

— | B

(,/.

Prpesrone Lralls 15 relauvely £lal and heavrly treed, makmg avalanches most unlikely, even ' .

wa

-
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Table 6.1 Difference Between Respondent and Parks Canada Rating vs. Trail
h » Bow Hut  Mosquito  Redearth  Pipestone Total
_ _ ’ Creek Creek '
L amor — = =
Skict > Parks | \27.7%. S 195% 292% . 45% '20.1%
.. - &Canada. ) - e . .
Same - ’ 4.0 - 46.0 57.3 <. 0236 - - 40
Skxer < Parks : - 31.3 o345 ‘13.5 71.9 ©379 .,
"Canada ' ) L o S -
' < . ! .
Total ' 83 87 .89 89 348

Chi -square=71.7 _ Degrees of Freedom=6 Significance Level “g 0.05

base, whxch could be more ll“kely to lead to accidents than if "the skiers, perhaps more

approprrately cons:dered the avalanche hazard ratmg to be hlgher

6.2.4 Quality of the Avalanche Hazard Rating and Rating Reasons .
Bcsides rating the avalanche hazard as low moderate; high or extreme, the respondents

were asked 10 gnve a reason f or lhexr ratmg The rating/reason combmatrons were categonzed as
exhxbmng low, moderale or good knowledge of ratmg the avalanche hazard. In yds section, the

. rankmg criteria f o\{ knowledge are explamed followed by a difcussion of the f mdmgs An the

‘swd) both'in aggregate and on a comparative basis by risk 20 sed.

L3S

YA sxmple set. of rankmg criteria W'ere used to ‘rate. the knowledge levels of the

v -, respondents The knowledge level criteria were as f ollows |
° low — supplled reasons that were wrong or showed little apprecrauon l"or evaluatmg B
avalanche hazard such as not warm enough for an avalanche to occur "a lot of

, ‘snow on‘the ground" "I feel good becatise 11 is"a nice day and expressrons of hope .

tha! the avalanche hazard was low

4 - 2. ' ~

*”_‘,0,; moderate — reasons showed parual understandmg of the methods of makmg
, H ‘avalanche rrsk assessments such as Lhe snow has been stable f or the last few weeks"

-(note that n may have become unstable in the past l‘ew days ‘though) and the Snow .
1$ sull on the trees (note thal thls isa. s1gn of snowpack 1nstab1hry in some mountain

“ranges but it gencrally has little meamng in- th? Canadxan Rockles)




o \
. - o

e good — good understanding of reasons for snow trength and weakness demonstrated,
appropriate referencés to snowpack stratigraphy an inﬂuences on its strength made,
:such as "the recent high winds haye _crea-led dangerous slab ‘condilions"'. "n.o snow has
& fallen for a significant period of tlme". "we saw signs of tccent avalanches”, "we dug
a snow pit”, "I l‘alked to the wardens™ and "the terrain js not steep enough’ for

. avaldnches to occur”. |
" Several points may be made with regard to the relationship between the rcspondenls’ ~

ahilit_v 1o rate the avalanche hazard and the level of risk that they encountered on the day of lhe

interview. The relationship between quality of skier rated avalanche hazard reasons and level of -

- v A

risk encoumelizd is shown in Table 6.2. A relatlvely high proporuon of the users of arcas where

there is no avalanche risk have good knowledge with respect to rating the avalanche hazard,
“that is, ey are generally aware that &here is no avalanche risk. Users of the other 2 avalanché
risk zones show knowledge increasing as-risk increases, but still only about one- half of the uscrs

of the sustamed risk zones have good knowledge with respect 10 assessing the avalanchc hazard.

Table 6.2 Quality of Skier‘Rated Avalanche Hazard Reasons vs. Risk the Used .

” ‘ Risk . Risk -
Low Knowledge - - - 4a1.5% . 44.0% ' 21.1% 34.2%
Moderate Knowledge 47 0 o 190 29.3 18.6 -
Good Knowledge 0 s38 30 496 412
Total =~ T 106 100 . 133 339

Chi-square= 33.8 Degrees of Freedom =4 Significance Level' < 0.05

<

© 6.2.5 Avalanche Hazard Assessment Summary R L
Three major ~concliisions can be derived from this ‘section on. avalanche hazard

assessments. Flrst some conf1 usxon about the avalanche hazard ratmg [ermmology employed by

~

—

Ne Risk . Intermittent Sustaihed~ -Total

¢

Parks Canada seems to exist. Perhaps an exphcn ratmg of snow stabllrty as opposed to

* c . . ®
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S
avalanché hazard, would be better./Second. along trails where the terrain is steeper and
avalanches are more likely (Bow Hut and Mosquito Creek), about one-third of the re$pondents
rated the avalanche hazard as being lower than the expertsfrom Parks Canada. This could
indicate that a significant proportion of the skier: consider th’e risk of avalanche to be lower
than the risk calculated by experts, and hertce the skiers "are actually facing a greater-level of
risk than they perceive. Third,'knowledge levels withArespect to avalanche hazard ratingrs tend 1o
increase as theterrain along the trails becomes steeper and avalanches become more likely. This

is an encouraging trend, but thére is still room for improvement, since only about 50 percent of

the sustained risk zone users have good knowledge Ievels.

6.3 The l)ccisiOn to Cancel or Modify a Ski Outing

The decision to cancel or modify a ski outing should logically be based, at least in part,
on an avalanchc hazard assessment. If, for example, a person considered the snovvpackj- to be
extremcly unstable (i.€. high or extreme avalanche hazard) he may choose to ski on’ relattvely

flat terrain or perhaps just stay home that dal Those who have cancelled or modtf ied a trip in

thé past because of avalanche hazard are likely to have greater avalanche knowledge (or ability -

10 avoid acxdents) smce these actions indicate ability to recognize the risk and wrllmgness to

-

choose an alternative whrch reduces or eliminates the nsk " o

Just over half of the respondents reported that they had erther cancelled or modrf ied ;

previous trip because of the risk: of avalanches The proportlon of the respondents who had -

' 'cancelled a ski trnp or modified their plans. because of avalanche rrsk was closely related

(Chl -square-level of srgmf 1cance less than 0 OS) to the avalanche nsk in the zone used Only .

'about 29 percent of the users. of areas where there was no rrsk of avaldnche had/ever cancelled

4
or. modrr 1ed therr plans whtle about 49 percent of thosc» usmg intermittent l‘lSk areas and about

L

77 .percent .of those usxng sustamed rrsk areas had Evrdently it. is not uncommon for people _

>

uuhzmg more avalanche prone areas to modtf‘y thexr plans because of avalanches Also '

'.emphasmng that plan modrl‘ 1catrons are relauvely common over 78 percent .of those who had-

P
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modified their plans had most recently done so since‘_the beginning of 1983. The respondents
mentioned the following mod"if ications to their plans (-Lhe percentages are relative to the 190
persons who reported a modiflcation, and 1 respondent may. have mentioned more than 1
- modification): | . ‘
. g0 1o another area (48.4%) - s,
* modify route (25.%) , "
* tum back €24.2%)
* stay (or go) home (12.6%) ‘< K
e go downhill skiing,”(/l.6%) .

® wait for other people 10 ski the slope (0.5%). o

Of the 6 different changes in plans mentioned by the respondents, only 2 show a

 significant variation with respect 10" avalanche risk zones (there isa 95 percent likelihood of the

v

. P

n;odxf ying lhexr rOute in the past (aboul one- -third of those who used a suslamed fisk arca and
l

mentioned a plan modlflcauon) than users of the mlermutem {about one- quarter) and ro risk

zories (about 6 percem). Conversely, users of the no rlsk zones wcr’e more likely to have-

menuoned staymg or gomg home because of avalanche rlsk (about one- quarler oT thos> who

used ano I'lSk zone¢ and memloned a plan modlflcatron) than Lhose using mtcrmmem (aboul 14»

percent) or sustamed risk. zones (about 8 percem) These 2 relauonshlps hkcly lllustrate that as

,/\——-

risk of avalanche in the area used mcreases the level ol‘ conf. 1dcnce in one S‘abl]lly 10 avond ~

1

avalanches increases. -

6.4 Specific Route Selettion

relationship exisiing). Users of lhe sustained risk zones were maore likely 1o have 'memioned »

-~

References to :Toute selecnon were made in previous poruons of. thls chapter Af terv- .

_ assessmg the avalanche hazard and deciding thal it is safe to go skung, \skler must choosc a

. specific route to follow Daffern (1983) argues tha{ routef mdmg :s lhe most 1mportam sklll a o

backcoumry sluer wko uulxzes avalanche prone [erram can learn and hcncc measurmg route

Ty
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selecti?dbility iIs a good indicator of avalanche knowlg@ée. In this study, skill at route

selection was measured by havjng the respondents indicate the route they would take to reach .

the cabin shown on the diagram included.n Appendix 1. Related to route selection, respondents

were asked. where they thought avalanches were most likely to occur on the trail they were using
M

that day and what actions they had taken in the past when they had personally felt that they

were in danger from an avalanche.

»

'

6.4.1 The Route Selection Diagram

The diagram enclosed with the questionnaire in Appendix 1 depicts an obvious

-~

avalanche slope between the skier and the cabin. About 73 percent of the respondents chose a

route entirely within the trees, descending gelow the avalanche chute before regaining the

elevation to the cabin. This. is the longesl and likely the safest approach to the cabin. The
i
location of this questron near the end of the questronnarre after a number of questions dealmg
y

with death and the) risk of avalanches may mve induced this rather conservative set of
l

"responses wrth fevy/ people (about 10 percem) making a direct approach to the cabm It may
have been benef: rcral to mc},tﬂe thrs “guestion in the first sectron “of Phe quesuonnarre prror to’
. any drscussron cji avalanthes No van?)oles wer’e/l‘\ound th}t’ would explain any varrauon in the*

[
route selected. The reason given for the route se\ealon proved to be a better means of

i
'f

dlstmgurshmg amOng the respondents.

\ ) ) . . . .- °,

The respondents reasons for chorce of a specrf ic.route were categorrzed as exhrbrtmg

- low, moderate or vgood Enowledge Crrterra forr placement wrthm a specrfrc category were as
' ’ ‘ '?‘ TR a\. '-

¢ -~

e low: supplxed reasons that were wrong or showed httle apprecratron f or ehoosmg a safe
route such as no rrsk of avalanche m the gully ; gully appears 1o be small and 1t
nwould be no- safer in the trees (Stethem and Schaerer ( 1979 1980) cite a number ol”

" examples where people were krlled on slopes such as thrs) and same nsk in all areas

o

N,
N,
AN

v

. .moderate reasons showed parual understandmg o[‘ the methods for selecung a safe

R

0ot

follows C ISP S ,' LT s LN
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\

route, such as "safe,in the trees" (avalanches can flow through or mmale in treed

<

) areas (Perla and Martmellr 1978). but the lnkehhood of an avalanche is consrderably

less .than in the gully), "trces indicate lenglh of avalanche” and "trees provide

. protection”

- ’ . ' D
e good: good understanding of reas%lor route selection, making referencjo_i\lhn{

such as slope angle the obvious gully which may be a terrain-trap, snow ¢ 'rength or

_stability, forest cover, cornice formauon above, route selecuom that minimize time in
rrskrer areas and questions or inferences that the sl&p_e in question is subject to wind

-

_erosion or deposition of snow. . S o ( '

N -

ﬂrs shown in Table 6.3, only a small proporuon {about one quaner) of all sleI'S were

found 10 have good knowledge on which to base roule selecuon decrslons Fven in sustamcd risk

areas only about 34 percent had good" knowledge. lncreasmg knowledge le\kls are evrdcm in the
-
* progression from users of no risk to uscrs of sustamcd risk areas but still the ovcrall knowlcdgc

s

levels are low. Gqod route selecuon knowledge can be crmcal in the sustamed risk 7ones

PIRaES

,partrcularly when snowcondmong ate unstable. Sl

SR

e

Table 6.3 Knowledge Level‘Onf\Whlch Route Choice Based vs. Risk Zone Used

’ . v - . . . i ) o -

. - . No Risk Intermment 'Su_s'_lained - .Totak
\ DR : 7 Risk . Risk . 7.
‘Low Knowledge ‘ T 31.6% 21.9% - 10.9% ' 20 7%1‘
- Motlerate Kfiowledge - . 570 514 . . 55} | 546
'Good l\nmy'ledge o 14 2267 3N 24 6‘ ‘
Total - o e 105 s T -
* “Chi-square=26.6 Degrees of Frecdom=4 --Signif icance‘.Lev‘el'< 0.05° R
. ' d . . t . . . . '!' "
6 4 2 Knowledge of Avalanche Locatlons R I TR U A

‘;. , To choose an approprrate route it'is helpf ul to know where in parueular avalanches are’ '

D 4

most lrkely to occur 'l‘o thrs end thc respondems wese asked if thcy knew whcrc avalanches
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' l‘rend wuh neah’rSG percem of no ris vzone users havmg good’ knowledge of where avalanches '
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were most likely 10 occur on the trail they were using on the day of the jnterview. After an

¢

affirmativd response respondents were asked to cite the speuflc locations where avalanches

\

wére most hkcly to occur and their replies were rated to show knowledge levels as follows :

a

low: supplied locations where avalanches would not occur (e.g. along Pipestone

trails), mentioned avalanche locations that would not affect the area that the person

P

was using (c.g. some persons using the Pipestone trail mentioned the slopes of Mount
Hector which are at least 3 km north of the trail) or could Aot Supply an answer

moderate: was awarc of arcas where avalanches could occur, but supplied only a vagne
location (e.g. "steep slopes beside the trail” or "high slopes near treelinc”) or missed
S : ‘ ’

. some major problcnl areas such as the héadwall below Bew Hut

Bood: properl) identified ,Lhe areas where avalanches are most likely to occur along the

h‘d

roullc they utilized s For the Bow Hut trail these include an avalanche runout zone .

south of the creelg prior 10 Bow Falls, the creek canyon followed by most skiers and
the headwall below Bow Hut. On the Mosduilo Creek 'trail, the areas include 3

avaafn’cl; paths on the east and south sidés of the creek and the meadows above

o—

S ) J .
trecline. On the Redearth Creek trail, there are 2 avalanche paths descending from
>

Pilot Mountain, 1 from Copper Mountain just.beyond the junction with Lost Horse

Creck and the dreas of Gibbon and Healy Pass. There are no likely avalanche locations
along the Pipestone network of trails. ' —
P -

~Over three-quarters, of the respondents stated that they knew where avalanches were

[4

- Jost llkelv to occur. The proporuon who c}almed knowledge of where avalanches were most

likely 10 occur along the lrall bemg gsed on the dav of the 1ntervxew tended to increase as risk

‘increased (chl-,squarc sngmf icance level less thanQWut 62 percent of no n’sk zone users
o = : - . N .
A 4 3 B

' claim’cd knowledge, as compared 10’ about 71 percent of the intermitteny risk-.zone .and 91

'

percént of the sustamedf rnsk- 20n€ USETs. However, actual'knowledge levels show the opposite

{l

were. mosl‘ hkel) to occur, as opposed tq about 38 peré'ent of mtermxttem rlsk zone users and
O .

-

i

-t
o
& -
@ ®
>
«
-

=
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about 25 percent of sustained risk zone users. Evidently as avalanche risk increases. people’

¢ - .
become more overconfident in their knowiedge of where avalanches are most likely to occur.

~
oS

¢

3 Past Actions in the Face of Avalanche Danger
’ \

KnowledM appropriate route selections may also be judged by actions taken in the
past. ';{cspondcms were asked if lhcy had ever felt in danger of avalanchcs in the pm and if
they had, what did they do? A change in route SCICCUOH may be made upon realizing the present
course hofis at leasp some danger frofn avalanche.

Over 39 percent of the respondents fe.lt that they had been in danger from an avalanche
at some time. in the past. Once aware of the r{sk, they related what they h eilhcr‘ taking some
action to reduce the risk or ignoring the risk. fhe fcgponscs to known avalanche risk given
were s ' ' - ‘4,

* modify route (42.7 percent of respondents \.vho had pcrcéivcd risk from avalanéhc)

® cross slope where risk exists — no adjustment or change made to compensate for the

perceived risk (35.9 perceng)
e cross slope where risk exists — after Some adjustment such as proéccding.l al a time
or crossing the haza?us area quickly (22.1 percent)

e get more information on the level of rie& — such as from a hastv study of the snow

stratigraphy (4.6 percent).

L e

There was no significant difference in the proportion citing different responses among users of

the different avalanche risk zones. ' (
1Y

Three of the responses menuoned seemr: t0 be rauonal actions f or a person to take when

L}

one perceives that lhere is eome risk of being engulfed by an avalanchc Thesc are modil ymg

n

one's route 10 return to whal is consxdered to te safer terrain; dqciding to cross the area of risk,

3

but only after makmg some adj\ustmem to explicitly  reduce the risk from an avalanchc and

getting more inf’ ormauon to conflrm or deny the original impression that one it is aL.usk from
\ '

‘an avalanche However the lar% proportion (almost 36 percent), who commued in the f: ace of .

o ¥y
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risk without making any adjustment. seems to 1rﬂc‘aw/poor route selection d€C1810ﬂ$)By a\l;rge'
Jminority of these pcople. T

A number of rcasons can be found in the literature for this seemingly anomalous
bch:’aviour of continuing in the face of avalanche danger without making any adjustments. This
behaviour may be related l? incxperience in hazard evaluation, as related b) Smutek (1981).
Allcrnalively, it has been f}wnd that .many people fecl that accidents happen only to others
(Council for Science anZi Socicly",\ 1977; Burton et al. 1978; Sqod 1982), pedplc ignore the risk
becausce it causes stress (Slovic et c}.\LQ&ZLo\r people exhibit a tendengy to simplify decisions loT
reduce strain (Kunreuthér 1978; Fesler 1981;§aarinen 1982b). On a slightly different tamgent, ©~
Starr (1972) p}:cscnls evidence that people lolérale higher levels of risk in voluntary activitics
(c'.g. backcountry skiing) a.nd Cheron and Riichie (1982) hold that pgreeived risk decreases as
familiarity with a lei‘sure activity increases. Finally, from the conclusions of the preceeding
chapter, it was found that the skicrs often have an inaccurate perception of the risk. It is not
possible to deierminc from the data available which of the above reasons explain why people

maintain a route without change after perceiving an avalanche risk, but any or all of them are

certainly reasonable possibilities.

6.4.4 Roﬁtc Selection’ Summary

Three main conclusions may be derived from.this §éc1ion on route selection.- First,
route sclection knowledge tended to increase with avalanche risk, but the absoluie knowledge
levels still leave much room for improvement. Second, the skiers were 61‘ ten,0verconfidém in
their knowledge of where avajlanch( s were mosl likely to occur, .particularly those using areas of
" higher avalanche \r,isk. Finally, most peoplc take what may be consideredvas réason:ible actions -
when they, perceivc themselves to bie at risk from avalanche, hul a significant mmorm} (aboul,

36 percent) seem 10 ignore the known risk, making-no adj JuSLmems to reduce it;
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6.5 Chapter Summary
c. ’ .
In this chapter. after rating the avalanche tisk faced by the skiers along the trails, 3

major indiéalors of avalanche knowledge or expertisc were discussed. Avalanche hazard
assessment knoMedgc, history-of cancelling or modifying a trip and rou& selection knowlcdgc
were pfcscmcd as indicators of avalanche knowledge. This knowledge becomes more important
as avalanche risk in the area uscd‘ilncreascs. |

It was demonstrated by referring to the literature that the avalanche risk 7one used on

the day of the interview is a reasonable indication of the risk zone gencerally used by respondent.
4 ; ' :
The avalanche risk classificatiogb"schémc was cxplained and-the avalanche risk zones were {f

i

illustrated on maps of the study trails. N ' s

Several c@nclusions may be madc with respect to avalanche hazard assessment

\ kn()\;/ledgc. It was found that there was some confusion about the Parks Canada avalanche

hazard rating terminology. On riskier trails about one-third of the respondents rated the -

- N ’

avalanche hazard lower .han Pa‘rks Canada. It was shown that ability to assess avalanche
hazard 'generally tended to improve as the avalanche risk in the area used incrc'ascd (with the
excepllion of users of no 1isk zones who often reali7ed‘lhal the terrain was not slcc;; cnough fgr
avalanche!s to occur and hence ;onsidcred the shoxf' to be always unlikcly 1o §lidc — i.e. stable).
Howcver; over half of the users of sustained risk areas (where it is most important to be able (o)
assess SNow stability) did 10t possess good knowledge of fmow o as;sess snow stability.
It was rclativ'ely commen for people to modif v their plans §thn they perceived
- avalanche risk. The propcrtion of the respondents whb had cancelled or mo_diﬁcd a lrip‘ in the
,,pas:1 after perceiving ava anche hazard .increascd‘ 5l|bsiantiali)‘ "as avalanche risk in areas used:
- increased. Also, z;s areal risk level increases, thcilcvcl of confidence in one's ability to avoid
51valanches i’ncreascs‘.‘

c Finally, only a small proporlioh of the respondents were found to have good knowlf;dgc e

b

on which to base route selection decisions and as avalanche risk increases, people become more

i .

overconfident in their knowledge of where avalanches are most likely to occur. Also, a

N
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£
significant minority of the respondents report making no adjustments in the face of a known

avalanche risk. -

As mentioned in the introduction to thxs}hgyler one of the objectives of this thesis is
to determine the skiers' levels of avalaz{ct}c/knowlcdge Given this review of the avalanche
knowledge lcvcls, the next chapter turns to an examination of some of the characlcristics of the
skiers -in an ;;llcmpt 1o determine which characteristics are most clésely related to good
avalaﬂnche knéwlcdgc. Awareness of these relationships will permit development of sugge'élions

to improve management programs intended to reduce the number of avalanche accidents.
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- 7. Examining Skier Avalanche Knowledge Levels

In the previous chapler—severalsemrs-of measuring general avalanche knowledge were

Il l’\
discussed. In this chapter, some of the spcuﬁc characteristics of the S}\lCl‘\ are ﬁ\ammcd 10

determine which characteristics are most closely related to good avalanchc knowledge. These

_«hdracteristics or factors to be considered include overmghl backcounm use, prcylous trail use,
past mvolvemcm wnh avalanches, expcrience, bcmg the party leader and adjuslmcms taken to

‘ reduce the risk of avalanches. Throughout the chapter, the relationship of cach factor to the

risk lcvel in the zone used and the avalanche knowledge mdfbalors mentloncd in the previous
3&.

chapler will be examined. To relate the dcgree of association between. (he knowlcdge mdlcalors

and the skier characteristics, when a significant relationship wa$ found. Kendall's rank &

’

corrélation coefficient; tau-b, was used. The use of Kendall's tau-b is recommended by Sicgel

(19%6) and Blalock (1972) for ordinal (ranked) data where observations could possibly be tied °

on wither variable (which applies here). Tau-b has values ranging from -1 (perfect negative

conielation) to +1 (perfect positive correlation). A value of 0 means that ther¢ is no

rela itonship. In the shmmary section of this chapter, the ~significam factors that relate to each
. , .

knowledge indicator will be grouped together for convenience of discussion and to best illustrate
the -haracteristics of skiers who have good avalanche knowledge.

7.1 Staying Overnight in the Backcountry

-

lt may be hypothesxzed that those who have a hlS[Of\ of campmg OT staying in huLs

K

(sur h‘.Bcw Hut) in the backcountry in winter have superior avalanche knowludgc since thesc

peoole often travel further and spend longcr periods of time in lhc backcountry. As a mcasurc.

-

of uvermght backcountry use, ICspondents were asked 10 rclate the average length of thelr ski

trips in daw for this winter (1 r. 19%4- 85) and last winter. To zwc an cxamplc of how the

¢

'.average trip length was denvcd, 11”_ a person left the hxghway'on Salurday and returned to the -
‘ hlghway on Sunday after spending, {lhe mght campmg or m a backcountry hut, lhc mp lenglh :

~would be consxdcreﬁays However if’ the person skled all day Salurday rclurned to lhc'

-
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hlighway on Salurda;' r;igh}, stayed at a hjostclb;Saturd_ay night and then skied all day Sunday
, e ’ S
before returning home, he woﬁld/be,c,onsidered to have taken 2 trips each of 1 day duraiion.
Persons who had an average trip length of greater than 1 day either this winter or last winter
were considered to have stayed in the backcountry overr;ight. .
In this section, aftér considering the relau’onsfn’p bctween overnight backcountry use
and trail risk zones, statistically éigm’ficam relationships Setween overnight use and the

c

avalanche knowledge indicators will be examined.

7.1.1 The Relationship with Trail Risk Zones

There is { strong relalignship between overnight backcountry use and use of the
different trail risk zones, as shown in Table 7.1. The likelihood of a person staying in the
bacl‘icofmlry overnight increases dr:amatically as avalanéi:he risk along the trail in the zone used
incrcascs/(fmm 7 percent for users of no risk zones to over 73 percent of sustained risk zone
uscrisj. Only about 37 percent of all respondents had spent arl;:ast 1 night in ihe backcountry,

tat over three-quarters of theseﬁl overnight users spent part of their trip on the day of the

interview in a sustained risk zone.

Table 7.1 Overnight Backcountry Use vs. Risk Zone Used

; _ NoRisk . Intermittent . Sustained Total
‘ . : , : Risk Risk
No Backcountry Overnight 93.0% - 762%  268%  62.6%
-Backcountry Overnight -~ - 7.0 : 238 732 374
Toad s 105 133 ..358

Chi-squarc='129.3 ' Degrees of Freedom =2 Significande Level < 0,05
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7.1.2 Explaining Avalanche Knowledge.in Terms of Overnight Backcountry Use
Statistically sxgmﬁcant relauonshnps were found between ovcrmgh( backcountry use and
all oft the know]edge indicators, mcludmg avalanche hazard assessment sknlls eaneellmg or

%
changing plans hecause of avalanche risk and route seiclion.

7.1.2.1 Avalanche Hazard Assessment

Over.80 percent of the people who had stayed overnight in the “’backcoumry

posseésed moderate or good knowledge with respect 1o assessing avalanche hazard,. as

compared to about 56 percent of those who had not slaycd in the backcountr) overmghl

The chdall s rank corre]atlon coefficient, tau-b, had a valug of 0.18. Those who Had
/ o

staved in the backcountry overnight generally had superior abilily al assessing avalanche

hazard. as opposed to those who had not stayed out overnight.

7.1.2.2 The Decision to Cancel or Modify a Ski Outing
Over 76 bercem of the people who had sltaycd in the backcountry overnight had
cancelled or ch'anged their plans due to avalanche risk, as compared 1o only about 39
percent of those who had not camped or stayed in a ba'ckcoumry hut. g‘iving_‘\a tau-b value
of 0.36. Of the 4 different plan changes mcnuoned by the respondents for which Lhere was
sufficient data for stat:sucal tests 1o be made (1 €., . gh to another area, stay (or go) home,
modify the route selected or turn back), .071}) 1 has a sxgmﬁcam relationship (sxgmﬁcance
“ Jevel less t}h@_Q,OS) Wwith staying overmght in thc backcoumry Of the people who reported
: makmg a change in their plans because of the risk of aya}anche and had sta)cd in thc
g backcountry overmght about one- thxrd menuoned modlfymg thetr route, as opposcd lo’
only 17 percent of ;hose who reported makmg a change in their plans and who had not
- stayed in the backcountry overmght (tau b vaIue 0. 18) Evndemly ‘those who had stayed in- .

f . the backeountry overmght were more lxkely 1o report modlfymg thexr route becausc of

- avalanche 'danger than _thos_e who had not stayed in the backcount-r.y ovcrmght.

» e
. o+
- ) ;
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| 7.1.2.3 Route .Selection
Some significant relationships between route selection knowledge and staying
overnight in the backcountry ware found as well.‘ First of all, those who had stayed in the
backcoumry overnight were more likely to possess good knowledge on which to base route
sclccuon decisions (over ‘41 percent) than those wk;o had not slaycd out overnight (less
than 15 percent) (tau-b value 0.29). Seconq, over 87 percent of those who had stayed

overnight in the backcountry claimed knowledge of where avalanches were most likely to

occur along the trail being used on the day of the intervie\'v, as compared to about 68

perccnnl of lhose‘ who had not staved out overnight (tau-b value 0.22 : However, a lesser ‘
proportion of those who had stayed out overnight had good kn.ow]edge f where avalanches
wcere livkely to occur than those wha had not stayed 091 overnight (26 \percent vers:us 60
pereent) (tau-b value -0.22)'.‘Thosc who stayed out overnight were more ovedsenfident in_

their knowledge of most likely avalanche locations.

7.1.3 Backcountry Overnight Use Summary

To summarize this section which distinguishes people who have stayed in the
backcountry overnight, seéveral points may be made. First, those who have stayed in the
backcountry oyernight form the great majority (nearly three-quarters) o)f those who were using
sustained risk zones: Parks Canada has a good opportunity to reac‘h these pedple, %in‘ce in is
mandatory to register with Parks Canada pnor to staying o-vermght in the backcountry Second,
' ‘overmght backcountrv users have supernor abxhty to assess avalanche hazard as compared to
. those, who have not stayed out overnight. Third, overmght uScrs are more hkely lo have
h':cancellcd or modlfxed a sk1 trxp because of avalanche rnsk and more likely to have mentioned

;

mod:f ying phelr;?iroute 'thanr m_)n-ovcrmght- users. This suggestsﬁhal overnight users are more“
likely to uae areas wﬁere avalanches may occur and that ihey are Wi]lin'g 10 shoW respect lfor
avalanches by modlf ymg thelr route 1o avond the nsk Fourth usmg the reasons »ngen for the

routc selecuon on the diagram from Appendlx 1 overmght users have bctter knowledge on
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Wthh 1o base route selection decisions than non- overnight users. However, ovcrmghl users

tend to be overconﬁdem in thelr knowledge of where avalanches are most likely to occur. This

-

may relate to the fact overnight users generally skied in arcas where there were many avalanche

paths to consider (and they only mentioned a few) and they were less concerned about

-

avalanche risk becausc of their superior ability to avoid it (as indicated in the test diagram

)

question). Finally. when considering only users of sustained risk zones, therec were no

significant (at chi-square significance level less than 0. 05) differences in any of the knowledge

mdlcalors between those who have stayed in the backcoumry ovcrmght and those who have
:'--,,1;_

not. Staying in the backcountry overnight is not a useful trait to dtslmgmsh risk aslscssmcnl

ability of those most susceptible to avalanche risk. -

7.2 Previous Trail Use . ' ,
. .
e

Previous use of a trail can provide information 08 which to base decisions which affect
W .

- ‘
safety with respect 1o avalanches. From past trips, one can be aware of wind scoured (i.c.

often safer) and lee (i.e. often riskier), slopes and be familiar with the route commbnl'y used

e

‘through the area. Knowledge of‘&pﬁtenually risky areas can also be retamed from prcvxgu%‘lnps

Sorge ¥.
This is parlxcularl» useful when Iow cloud obscures ayalanche starlmg zones or when vpxblhkg 15

In this section, the relationship between previous trail use and avalanche risk izongs -
. . . . B

‘used will be discussed. Also, significant relationships between previous trail use and avalanche

-~

¥nowledge will be examined.

7.2.1 Relating Previous Trail Use and Trail Risk"Zones

AS'shown in Table 7.2, there is'a moderately strong relationship bctwcen _previous use

’

of the trail at which the interview took place and use of the different lraxl nsk zones along the

~
1

tralls Only about one- -half of the people usmg zones where there 1s no risk of avalanche had

used the traxl prevmusly whlle about 64 percem of Lhe users of intermittent rxsk zones and
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ncarly 76 percent of sustained risk zone users mentioned previous use of ‘the trail. Over
three-quarters of the people most subject to the risk of avalanche (using sustained risk z6nes)
were able to draw upon previofis experience with the trail to make decisions with Tespect o
roan
avalanche rrsk Cross tabulation of previous trail use and the various knowledge indicators is

necessary to determine whether previous trail use has any effect on the relationship witl

avalanche knowledge.

Table 7.2 I§revious Trail Use vs. Risk Zone Used

‘No Risk . Intermittent Sustained Total
, _ Ris "+ Risk
= —
Had Not Previously Used Trail 49.6% 36.2% 24 1% 35.9%
.Had Previously Used Trail 50.4 - 638 75.9 64.1
Total s 105 137 357
Chi-square=17.7 Degrees of Freedom=2 Significance Level < 0.05

7.2.2 The Re‘lat"ionship Between Previous Trail Usc and Avalanche Knowledge

| Significant rclationships' (chi-square sign?ficagxce level less than 0.05) were found
between previohs trail use and the 3 major types of avalanche knowledge indicators considered
in this_)thesi.s. These are the assessment of avalanche’hazard, the decisionnto cancel or modify a v

ski outing and route selection.

7.2.2.1 Avalanche Hazard Assessmem

Thc quality of the reasons that the respondems provrded for Lherr assessmem of
avalanche hazard on the day of the interview was found to be related to prevrous trarl use
(tau-b 0.13). Over 72 percem of the skiers who stated that they had used the trarl _
“previously had erther moderate or good knowledge on whlch to base an avalanche hazard
assessment, as compared to only about 52 percem of those who had not prevrously used the

L]

trail. o L ' .
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7.2.2.2 The Decision to Cancel or Modify a Sl(i Outing,
Quite a strong relationship (tau-b 0.35) between previous trail use and a history of -
. cancelling or m(pdifying a ski outing was found. About 66 percent of the respondents who .
had previously used the trail mentioned cancelling or changing a trip in the past because of
avalanche hazard, as opposed to only about 30 percent of those who had not previously
used the trail. Those who had'breviously usesl t.he trail were either more willing to modify a
trip, or skied more often in arcas where it eould be necessary 1o modify a trip.
The relationship between previpus trail use and\ history of trip modification also
exists when e.onsidering only those who entered' arcas where avalanches are most likely —
sustained risk zones. Of this group, nearly 85 ‘percent of the people who h4d previously

used the trail reported previously cancelling or modifying a trip, as compared to only about

55 percent of those who had not previously used the trail (tau-b 0.31).

7.2.2.3 Route Sclection _
Two of the indicators of route selection knowledge (the test diagram and claimed
knowledge of avalanche locations) showed a significant rclationship with previous trail use
" when considering the respondents in agéregate, while 2 different indicators of route
"- selection knowledge (2 actions taken after avalanche risk was perceived — modify the route
/and cross the slope without making an adjustment) wcfre_significantly relatéd with trail use
when considering only users of sustained risk iones.
| | When considering the respondents in aégregate. there was a weak (tau-b».O 13), but
sl srgmf icant, relatronshrp between prevlous trtrtlaﬂs:: and route selectlon knowlcdge as.
measured by the rcasons grven ‘for the route selecuon on thc dlagram from Appendlx A
greater proportron of those who had prevrously used the tratl ( about 28 perc.ent) had good :
. Toute selectron knowledge than - those who had not prevrously used the trail (about 18 '
percent). There was a much stronger relationship ( tau b 0.42) between prcvrous trarl use

and claimed knowledge of where avalanches werc most ltkely to occur wrth nearly 89:

percent of those who had prewousl\ used the trarl clalmmg knowledge as eomparcd to..
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about 51 percent of thoee who had not previog}sly used the trail.

When COnsidering only the group for which route selection is most critical, that is,
the users of the sustained risk zones, moderately strong relationships were found between
previous trail use and 2 of the actions that respondents related taking after perceiving some
risk fro_rLan avalanche in the past. First, those who had previously used‘the trail (about
one-third of them) were much less likely (tau-b -0.28) to report modifying their route

‘ when they perceived some risk from avalanche than those who had not previously used the
trail (over 69 percent). Perhaps; those who had ‘previously used the trail were more
confident in their route selection abilil_r'. Second, thoac who had previously used the trail
were much more likely (tau-b 0.31) to report crossing a sl_ope in the face of perceived
avalanche risk (ncarly 47 percent) without making any adjustment. than those who had not
previously used the trail (about 8 perccm). This second relationship provides additional

csidence that those who had previously used the trail were more confident in their route

selection ability, and make riskier decisions.

7.2.3 Previohs Trail Use Summary
3 A number of general points”may be madc with regard 1o previous. trail use. First, aboul
64 percent of the respondems had prevxously used the trarl on which the interview took place.
The hkehhood that a person had prevrously used the trail 1ncreased as the risk of avalanche in
lhe z0me used on the day of lhe 1merv1ew mcreased I-or example a person who entered a
sustamed avalanche risk zone on the da) of the mler\(rew was more hkely to have prevrously
used the trail than a person who enrered only a no nsk zone‘ Second pnople who had
-prevrousI) used the trail generally had a superror ability at assessmg avalanche ha/ard as '
*compared to Ih0sc who had not. T'hrrd there was a greater Irkehhood of reportmg prevxous
\_;cancellatrons or modrf 1cauons of prevrous skr outmg among those who had prevnously used the.

) "'trarl than among those who had not Thrs mdrcates that-a greater wxlhngness 10 modif y a mp 3

or, perhaps more hkely, a hrstor) ol‘ sknng more oft ten in areas where n could be* necessary to’

/
V-
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modify a trip.

Lastly, several faclslshould be mentioned with regard to route selection. When__
considering all respondents, those who:memionecl prcviou‘sly using the trail had lnCl:CGSCd
ability at r;)utc' selection and a greater c‘laimed knhwledge of most likely avalanche lecalions
than"thc;% who were using the l;ail for the first time (but actual knowledge levels were not

significantly different). When consideration is given only to uscrs of the sustained risk zones,

those who had used the trail in-the past' were less likely to modify their route in the face of
perceived avalanche danger‘and more likely to cross a slope even afler avalanche risk has been”
perceived wilhout. making any adjustment than those .who had ngt previously used the trail.
Generally speaking, those who had previoﬂsl'y used the trail were more confident in_their route
sclection ability than those who had not, and made riskierﬂ decisions. There may be some basis
for this increased confidence, with 1 reaéen being-superior ability al.assgsing avalanche hazard.
These people cerlainly showed a l»ﬂﬁngness to modify trips when necessaly. |
. . v

7.3 Past Involvement with Avalanches

~ Saarinen (1982b) argues that prior experlence with a dxsaster is rclaled n somc manner
with prepardness level or ability to deal with the hazard. In this section, an indicator-of pasx
N mvolvemem with avalanches will be exammed Material for lhxs mdxcator was collected bv
askmg the ‘Tespondent whether he or any of his acquanmanccs had ever becn mvolved m an
avalanche accident. Following a general dlSCUSSlOl’l on avalanche mvolvcmem the relauonshlp .
between avalanche mvolvement and avalanohe knowledge will be exammed |

K

+1.3.1 A General vLook at Avalanche In'volveinenl ' ; : A
A rather large propomon (over 38 percent) of the rcspondems clzumcd lhal l.hC) or an

,acqhamtance had been involved in an avalanche accndent that is, bemg swcpt downhxll b) an

avalanche Even only those who had been personally mvolved in an; avalanche accndcnli.

compnsed nearl), 11 percent ol‘ Lhe skxere mtervxewed Thls surprlsmgly large pmpomon of lhe:
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>pondcnls who had p%rsonall) been involved in an avalanche accident would seem to mdlcale

'

nﬁn) avilanche accidents li/not result in a fataluv There have been dnly 81 deaths caused

5

avalanche among, these parllcxpaung in a Tecreational amvm (excluding snowmobiling)
%,
urmg lhc past 30 )cars in British Columbia and Alberta (sce Figure2.1).
J

4 A sigaificant rclationship exists between the trail fgk A&ngs-used on the day of the
ok,

‘\-‘L.“ A3

fgﬁw”xcw and avalanche mvolvemem Prom Table 7.3, which illustrates the relallonshlp

-,

§ belwccn avalamhc 1n3’olvemem and risk zone uscd. it is evident that as avalanche risk increases,

the hl}(;hhood?f prevnous muolvemcnt increases. About 25 pcrcemﬁof the users of no risk zones

have a history, of prev:ous mvolvemem The proportion increaSes o over 56 pcrccm in the

sustamed risk zones. One m‘a\ eond*ude that pasl mvolvemcm with avalanehes does not deter

L

usc of zones wherc avalanches are moslohk.el); 10 pccur.

° <
)

_ Table 7.3 Rcspondenl or Acqu'aimance Involved in Avalanche v€. Risk Zone Used
) . ‘. 3 e 9 . ae L}

-
\

N No Risk Intermitient Sustained” Total
: Risk Risk

No Involvement 748% . 71.4% 43.5% 61.7%
“Involvement 25.2 . 28.6 56.5 38.3
. Total . - 115 105 138~ 358
Chi-square=31.9 I)egrees of Freedom =4 Significance Level < 0.05

' l,):‘f'} M R B K 4

\.Ir" ‘ °

7.3.2 lixplainihg’ Avalanche Knowledge in Terms of Avalal;chu Involvement

@ Previous avalanche invo]vme(&l has statistically signiiicant relau‘onships (probabilily of

relationship enstmg greater than 95 percent) with all of the avalanche knowledge mdxcators

addresscd in this study (avalanehe hazard assessement, cancelling or modxf ymo a trip and route
\

selection).
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7.3.2.1 Avalanche Hazard Assessment
Pcrsonslwi;h a previous history of avalanche involvement are more likely (tau-b

0.24) 10 have good knowledge with respect to asscssing avalanche hazard (over 59 percent)
-’ . g

Lot

than those with no previous avalanche acgident experience (only 39 pereent of these people
were rated as having good knowledge with Tespect 10 assessing avalanche hazard).

. When considering only uscrs of the sustained risk zones. where ability 1o asscss

\ oF
avalanche hazard is most important, a slightly stronger relationship exists (tau-b 0.31)

with a greater propdrlionyf those with a history of accident involvement having good

knowledge (over 61 perdent) and a lesser pr?)gorlion of those without any involvement

having good knowledge (less l‘?an 35 percent).

3

)
7.3.2.2 The Decision to Cancel or Modify a Ski Quting

£33
Lt

" Those with a history of avalanche involvement were certainly more likely (tau-b
0.35) to have cancelled dr modified a trip in the past because of avalanche risk than those
with no avalanche accident involvement (about 75 percent versus about 39 perdent).
Having made such trip modifications in the past, these people are likely to modify future

trips if the avalanche risk is 100 high. Similar rclationsﬁips exist when considering only

those who used sustained risk areas (tau-b 0.30).

Those with a histor)" of cancelling or modifying a lrfp were askqfi what changes -

they had made to their plans. About twice as many of those who had ;'x-history of

avalanche accident involvcfnenl reported modifying their routc because of avalanche risk

\ o & )

Ih\é‘nﬂhﬁsé—\with no preyious accident invoitvement (tau-b 0.21). Those with previous

accident experience abpea}‘lo be somewhat more willirig 1o modif'y lhéir route because of -
¥ F ] .

avalanche risk. Again, the same sort of relationship exists where including only users of the

sustained risk zones in the analysis (tau-b 0'.26')_.
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: a,valanchc risk, those previously involved in an avaléncﬁe accident were less likely (tau-b

.
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7.3.2.3 Route Selection

Significgnt relationships exist between previous cxposure to avalanche accidents

and all of the indicators used for route sclection knowledge. These indicators fall jnto 3
different groups, which are an assessment based on‘ thé reasons given for the route
selection on the diagram from Appendix 1, knowledge of most likely avalanche locations
along the route taken on the day-of the interview and actions taken when avalanche risk
was crcéived in the past.

ersons with a previous history of avalanche accident involvement were more likely
to have ‘good route selection kndw]edge than those without this éxpcricnce (tau-b 0.27).
About 40 percent of those with previous accident involvement were rated as having good
route scleetian knowledge on the basis of their reasons for choosing their route on the test
Aiagram, as opposed to only 15 percent of those with no prcvious_accident involvement.
The relationship is nearly identic:! when only sustained risk zone users are considcrcd‘
(tau-b0.26).
| Respondents with previous avalanche acoident involvément were somgwhal more

likely (tau-b 0.13) than others to claim knowledge‘ of where avalanches were most likely to

occur along the trail, but their actual avalanche iocation knowledge was only very

marginally betier (tau-b 0.06). This indicates some overconfidence in knowledge of most

likely avalanche locations by those with previous accident, experience.-In comrasi, among
users of the susxax:ned risk zones, the knowledge %cls of those with accidez\ experience‘
was actually belter (tau-b 0.22).

Finally, when considering the actions taken by the respondents af ler perceiving

some risk of an avalanche occurrinz, some surprising results were derived. After perceiving

-0.18) 1o modify 1héir'route '(th’is decision ‘was likely made on the trail, as opposed to the |

detision to cancel or modif y a trip, which was probably made before leaving the highway,

or at least not af ter specifically perceiving immediate risk from an avalanche), and more - -

'
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likely to report crossing a suspect slope without making any adjustment to reduce the risk

(tau-b 0.21). These relatively strong relationships are in direct contrast 1o previous

findings reported in the lileratu.rc. For example, \yﬁorkcrs such as Burton er al. (1978) and
]

Saarinen (19%2b) have found that people with prior natural hafards experience are more

N

likely to adopt adjustments. Perhaps as suggested by"i the Council for Science and Society
(1977). people feel that accidents Cannot happen 10 themsclves, parliculariy if they have
already been associated with that tvpe of accident (Jackson 1981 ).
7.3.3 Summary of Past Avalanche lnvolvem‘eﬁt
To summarize this section, a number of statements may be made about lhoéc' who have
N .
;a history of being personally involved in an avalanchc accident or knowing 5omc§nc clse who
has been in such an accident. First. a surprisingly large proportion (over 38 pereent) of the
respondents have either peisonally been or had an acqnqinlancc involved in an avalanche
accident. From this, one may conclude that many a\'allanchc accidents do not result in fatalitics. .
Second. the majority of tho:c with past avalanche accident experience use arcas where there is
at least some risk of an avalinche — past involvement apparcﬁtlydocs not deter future use of
avalanche prone areas. ! | |
The following point: may bz made about pcople who have past avalanche accidcni
experience, és compared to tiose who fack that experience:
.0 ihey have generally oetter avalanche hazard assessment skills
e they are more likely to have modified a lrib in the pastl, which may be due 10 the fact
- that lﬁey more ?flC)‘x usc areas o'f highef avalanche risk
] lhcy have better rovte sclec‘iidn knowledge ( .
e they are 'mdfe likelv_v" 10 overestimate their knowledge of hosl.likcly avalanche locélions
'(cxcept‘user.s of sustained risk zones; who do have su;ﬁcrior k’now\ledgc)‘
e  when they pé'r‘teive- avalanche risk, they aré‘more likely. to kccﬁ goingalo'n'g the sélmg

route without making any adjusument. -
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The first 3 points are similar to the findings of Burton er al. (1978) and Saarinen (1982b) from

the field of natural hazards, but the last 2 points are definitely in contradiction to the findings

of thesc authors. The cxplanatt ould be that people may accept higher known risk levels in

these voluntary activities.( Rescher 1983).

7.4 Experience

o ler’s experience level

Prior to any detailed study, one would think that a back€
would have a major cffect on avalanche knowlegige,' with those h.aving more experience having
_greater’ knowledge. ;To test this assumption. a 4 part discussion dealing with expericnce is
presented here. The indi'yidual parlé include:
e the derivation of an experience indicator ] 1 §
® some of the survey results for expcricnéc

L3

® relating experience and avalanche risk in“thé zone used

e relating experience o avalanche knowiedge.

7.4.1 Deriving ana Experience Indicator : P

To obtain a measurc of expericn;e, the number of years that a p(erson has been involved
in Qimer recreation in mountainous areas is insufficient. There must°be some considcralion of
the number of times per season that a person barticipates in these acti\./iu'és. Ideally, the
proportion of the outings which took place in avalanche prone terrain should be known és, well,
but this factor was ﬁot obtained in the slud\" A measure of expenencc was derived for the
‘purposcs of this (Lud\ by taking lhc product of the term number of years of paruexpauon and
the term gweg by Lhc average number of da\s spem in moumamous backcountry areas f or the
wm[crs of 1983-84 and 1984 - 85 Hence, if a person had pamcxpated i winter recreation in -
A mountamous arcas for thc last 10 years, and ‘md spem an average of 10 days per winter over |

“the last 2 winters in the’ moumamous backcountry, he would have an expenence factor of 100

which cquates vcry roughly to 100 days of sknng These are approx:mately Lhc mcdxan figures
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'fq_r all of the respondents. To compensate for the fact that the respondent may have been
interviewed prior to the end of the 1984?5 winter, the number Of days for that scason were

. : . ( ' /— vr/l
adjusted. It was assumed that the ski season lasted from December 1. 1984 1o ?dril 30, 1985

and that the person would ski, on average, the same number of days per month af(®r the
. Q

imcrvi?w as prior to the imerv/icw,

7.4.2 Experience Levels of Skiers Surveyed

‘The estimates for the total number of experience days of the respondents  were
surprisingly high‘ (sce‘ Table 7.4). The median figure was 100.3 days, with the average being
240.7 days. The average number of backcountry skiing days in mountainous varcas for the last 2
seasons was 19.2. Evidently, many people have made a significant committment in time and
money (cquipment and transportation) lo‘ the sport. Also, 'ovcr 37 percent of the respondents
have gone on a trip of 2 or morc days wherc they camped or stayed in a backcountry hut ovbr
the past 2 winters. More experienced people are more likely 10 have taken overnight trips.

’

Table 7 .4 Expericnce in Days of the Respondents

Days Count Percent Cumulative Percent .
0-19 65 1738 17.8
20 - 39 31 8.5 , 26.3
40 - 59 35 96 o359
60 - 79 : 23 6.3 42.2
80 - 99 27 7.4 49.6
00 - 199 66 ‘ 18.1 67.7
00 - 299 43 11.8 . : 79.5
300 - 399 . 9 5.2 84.7
400 - 499 ‘ 15 4.1 88.8 .
200 - 749 19 5.2 94.0
50 - 999 - \ 6 . 1.6 95.6
1000 - 1999 - 11 3.0 . 98.6
- 2000 - 2999 2 0.5 992
3000 - 3999 1 0.3 99.5
© 4000 - 4999 2 ‘ 0.5 100.0 ©
Total 365 100.0
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7.4.3 Experience Levels in the Different Risk Zones Used

To compare expericnce 1o level of risk encountered by terrain, the median number of

u o
|

experience days was used as a dividing line. As shown in Table 7.5, people utilizing areas where
there can be sustained periods of high avalanche risk are likely to be more cxperienced. A
similar relationship holds when the average number of experience days is used as the dividing

line, but the differences. though still significant. are not quite as pronounced.

Table 7.5 Number of Experience Days vs. Risk Zone Used

No Risk Intermittent Risk  Sustained Risk Toual
< 100 days 64.2% t 53.3% 33.3%  48.7%
> 100 days 35.8 46.7 66.7 51.3
Total 106 105 138 349
Chi-square=24.] Degrees of Freedom=2 Significance Level < 0.05

) ’ | ¥ “‘

-
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7.4.4 Relating Experience to Avalanche Hazard Knowledge
Similar to the previous factors diecussed. experience was found. to have statistically
significant relationships with all 3 of the avalanche knowledge indicators considered in this

study-(avalanche hazard assessment, cancelling or modifving a trip and route sclection).

7.4.4.1 Avalanche Hazard Assessment

, When using quality of the reasons given for the avalanche hazard rating‘supplied,
by the respondenis 1s ;an indicator of ability to assess avalanche h;i‘ard a generall“y positive
¢! ationship (tau-b 0. 18) was found between experrence and ava]anche ha;a.rd assessmenl'
ability. About 34 per(.ent of those with from 0 to 49 days of experlence had good
vknowledge as dxd about 45 percent of the 50 to 99 day group, about 58 perccm of the 100’
0 199 day group, 61 percem of the 200 to 399 day group and about 45 percent of the over

400 day group No reason for the knowledge drop in the most experrenced group was f ound .
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in analyzing the data collected, but as illustrated later in ‘this chapter, experience is not one
of the most important factors with. respect to making decisions under\conditions of risk .
Finally, no significant relationship was found between these 2 variables when considering

“only users of the sustained risk zones. e e

7.4.4.2 The Decision to Cancel or Modify a 'Trip | , . :
Persons with gréaler expericnce were more likely to have cancelled or modified a
ski trip in the past than those with iesser experience (tau-b 0.37). Only about 19v percent of
those in the 0 to 49 day experience group had made sﬁch a change, as opposed to about 64
percent of the 50 to 199 day group and about 73 percent of the over 2700 day g;01xp. Once
explanation for the increasing likelihood of changing a trip due 1o avalanche risk with -
. increasing experience may be only that partitipaling in more trips increases the probability
of havi‘ng to changce at least 1 trip. Similar to above, t@crc was no significant relationship

r

between these 2 variables when considering only users of the sustained risk zones.

7.4.4.3 Route Selection

Significant relationships were feund between experience and all 3 indicators used
for route sclection ability. 'First‘, persons with grealier experience were more likely to give
better rcasons for the route chosen on the diagram from Appendix (tau-b 0.21). Only
abaut 14 percent of those in the 0 to 49 day experience group were c’lassificd as having good
knowledge ‘or which to base routellseleclion decision™ This T igure increased gradually to
over 39 percent in lhe over 400 day expcnencé group. An cven stronger positive -
relauonshxp exists when con51dcrmg only the sustained risk zone users (tau- b 0. 3])

Second, claxmed knowledge of most hkely avalanche locations along the trail uscd
on [hc ddv of the interview certam]v mcreased with expcrxcncc (tau-b 0. 25) from 57
percent of the 0-49 day ,expenence group tQ abcgyt 88 percent o£ the most experienccd
‘ group. However, actual avalanche loc.alion knowledge did not shbwl such a clear trchd, with

the least expericnced group having about the same knowledge level as the most cxpc’richccd
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group (tau-b 0.08), »allhough among users of sustained risk zones actual knowledge does
increase with experi’énce (1au:/t3\£).22). Some degree of overconfidence must come with
expericnce, al least among the gerletia«l skier population.

Finally, a significant relationship was found between experience and actions taken
when risk from avalanche was perceived by the rcspondems This relauonshlp existed onl)
among sustained risk zone users, wheére it was found that more experienced skiers were less
likely to relate crossing a slopc after making an adjustmem when avalanche risk is
suspected than those with lesser experience (tau-b -0.29). Unl"orl-unately, no significant
relationship was found to tell what Lhe_\" were more likely to do, but lhe_v c.ould ‘-have_ _

modified their route to avoid arcas where avalanche risk was perceived or continued

without makin any adjustment.

7.4.5 LExperience Summary
In this section, several aspects of skier experience were presented. First, the derivation
of ‘an indicator for~ skier experience was explained. Second, it was noted that the 'skiers
interviewed had a generally high level of expericnce. Evidently, many people have made a
significant committment of l)olh time anef 'r:noney (in terms of_equlpmem and trarlsporlalion) :
to the sport. Third, the following observations may be made about those wh'o. have greater
experience levels, as compafed 1o _those with lesser experience,: ,
e ~ they are more l’ilkely to use areas of greater avalanche risk
o thev have superior avalanche hazard assessment skills
® it is more likely that they have cancelled or modified a trip i the past (remember that
»_the\ have had more opportumues to do so)
e they have better route seléction ability
J they are overconﬁdenl in’ their knowledge of - lr}est llkely avalanche locauons (excepl
solcly the users of e sustained.risk areas)

° whe_n considering only users of sustained rlsk areasﬁ_ they aré less likely to cross a slope
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where avalanche risk is suspected after making some adjustment to the risk.

7.5 Being the Party Leader

Daffc*r’l -(‘1983) and Wilkinson (1983) récognilc that the leader can have a significant
influence on the safety of the party,'particularly in large groups. For this reason, analysis of
the interview data was performed to determine whether party leaders had better avalanche
knowledge than non-leaders. Bearing iﬁ mind that partics were no more likelv to have a
recognized lbcad_crvin any of the 3 risk zones, the a;falanchc knowledge 6f the lcaders will be
discussed, in terms of avalanche hazard asséssment, the decis“i;m to cancel or modify a trip and
route selection. ’ - |

The ability of. trip leaders to assess avalanche hazard could not be distinguished from
that of non-leaders. |

Trip lcaders were somewhat more likely to have canccllca or modified a trip in the past
;han non-leaders. Aboutl 63 percent of leaders had madc such a chan-gé, as comparcd to éboul
50 percent of. the rest of the skiers. Trip leaders have, at least to é marginal extent (tau-b
0.12). been more conservative in their decisions.

With respect 10 route selection, the only significant relationship showed trip leaders 10 -
be more likel)_: to claim knowledge of a;'alanche locations than non-leaders (tau-b 0.16). About
87 percent of leaders claimed to have this knoWicdge, as opposed 16 less lha’nv 72 percent of the

N

non-leaders. However, there was no signifigm difference between actual knowledge of the 2

groups,'dcmonstfating sérﬁe ovefconﬂdc . of lcad.crs“‘ in their knowledge. Finally, when
considéring on.lyﬁ users of the ‘sustained risk zone/ péirly"._ieaders tcn‘dgd 10 bc somewhat more
'conse.rvative than othe'rs‘ in their route selectifﬁs after ﬁerccivin_g._somisk from avalanche.
- Party leaders were more liké_ry (tau-b 0.32) toi report | difying their route after percciving ‘
avalanche risk (65 percent) than non-leaders (about 30 pcrrcem)b and less fikely (tau-b -0.24)
to merit_ion crossing a slope wﬁe_re avalanché risk is suspected withoui_ ‘maikir'lg any adjﬁslmcrm

(20 percent) than non-leaders’ (over 46 pe;cént).

\\‘
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To summarize this section on party leaders, several salient points may be made. First,
‘lhe likelihood of ski parties having a recognized leader is not related to the avalanche risk
cncountered. Fer example, ski parties using sustained risk zonee are no more or no less likely to
have a recognized lcader than parties using no ot intermittent risk zones. Second. trip leaders
are no better at making avalanche hazard assessments than non-leaders. Third. trip leaders are
more likely to have cancelled or modified a trip in-the past than non-leaders. As a fourth point,
‘trcip leaders exhibit some overconfidence i their knowledge of mos-l likely avalanche lncalions.
Finally, when considering only users of sustained risk zones., party leaders tend to be more
conservative in route selection after avalanche risk is perceived than non-leaders. Overall, party
leaders generally have no better or worse knowledge than non-leaders, but;_lhe_y have a tendency

"

to be slightly more conservative in their decisions.

7.6 Adjustments to Reduce the Risk of Avalanches

A number of adjustmenis may be made by an individual to reduce the risk of
avalanches to himself. In the interviews, thc respondems' were queried about a number of
major adjustments which 1hey could have made. Pcople may Lak avalanche awareness courses

or rcad books on the subject to enhance their ability to travel safely in avalanche prone lerrain.
\ - .

Preparation for a trip may mclude acquiring and carrying specific items of equrpmem. along

with obtaining information with respect to avalanche hazard immediately prior to or during the

early stages of a trip before potentially hazardous conditions are encountered. Each of these 4

adjustments are discussed-in this section.
>~

7.6.1 Avalanche Safcry Courses )

A

Peoplc can enhance their abrlm to travel saf ely in_avalanche prone lerram by taking
avalanche safety courses or seminars, subJect to the proviso that such courses must be

sup}?}er_nemed by field experience in the company of knowledgcable persons. There will be 2.,

A
by

) a

m?mﬁrt’i’oﬁrs\in | _this discussion of avalanche safety courses, which are a prescntation of the
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responses given with respect 1o courses taken and an examination of the impact of taking such

”

courses on avalanche knowledge.

7.6.1.1 Survey Results with Respect 1o Avalanche Sz;fct)' Courses*

Table 7.6 shows the relationship between taking an avalanche safcty course and
risk rating in the area the respondent was using. The attribute of taking a course or
attending a semi;lar is related to the risk ra}ing of the area. A greater proportion (about 62

percent) of the individuals using areas where there can be sustained high risk of avalanche

have taken a course than those in the other rating categories-

35 percent). However,

>

there is a large proporlion‘ (ncarly 49 pereent) of the people u arcas where avalanches

Rz
may occur (including the intermittent risk category) that have not taken an avalanche
safety course. Even of those who have taken courses {considering all respondents here),

over 40 percent have taken courses with a total duration (for all courses taken) of 2 days

or less, where only a minimal amount of material tould be covered. As a positive note, on
. g FOTES
' E hai

an aggregate basis, the mean. number of days spent attending courses was 5.3 and the
median was 4.0. Evidently, at least some people are making a sigriif—i;ant investment
time and 'possibl)' money to improve their training in this ficld. Almost 68 percent of the
respondents taking courses hadaken their mOSsL receny course in the 1980's. Some péopi«:
mentioned taking as many as 3{gvalanche safely courses in their lifetime.

These courses or séminars were sponsored and  taught by ai wide variety of
institutions and individuals. To give an examplc of lﬁis variety, the 162 rcspondems who
had taken such a course rcporlcd 6‘3 dlffcrem course sources. The most commonl)
: menuoned courses were madc avallablc by the following orgamzauc;ns or mdnv:duals (wm'
number of re%pondems laking the course in paremheses)

s Alpine Club of Canafia (17)
. Canadian Ski Patrol Systems (15) ‘
e Ciy of Calgary (J3) , » o

¢ British Columbia Institute of Technology (11) - S
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Tablck 7.6 Taking of Avalanche Safety Courses vs. Risk Zone Used

No Risk Intermittent Sustained -~ Total

’ Risk Risk
Not Taken Course 67.8% 61.9%. " 38.4% 54.7%
Taken Course 322 38.1 61.6 45.3
Total 115 105 138 358

Chi-square=25.0 Degrees of Freedom=2 Significance Level < 0.05

. ‘Univcrsily of Calgary (10)
. A'I”Schaeffer (1)

®  Parks Canada (10)

®  Blue Lake Centre (9)

e Tony Daffern (8).

7.6.1.2 Thc Impact of Avalanche Safety Courses on Avalanche Knowledge .7

Taking avalanche safety courses was found 1o haye a significant effect (95 percent
probability of relationship existing) on all 3 of the.major types of avalanche | nowledge
indicators discussed in this thesis. - :

Respondents .who had taken an avalanche safety course were better able (tau-b
0.22) than those who had not to supply valid reasons for their rating of the avalanche
hazard or snow stability on the day of their trip. Over 57 percent of lhose who had taken a

course were rated as having good hazard assessment knowledge, as compared to only 38

' percent of those who had not taken a course. A similar relationship exists when considering -

only users of the sustamed avalanche risk zones ( tau-b 0.21). :
When consrdermg the respondems both in aggregate and solely those usmg the

sustained rrsk areas, a much greater proporuon of those who had taken an avalanche safety

course had cancelled or modrfred a‘trip in the past because of avalanche rnsk than those

?
who had not, taken a course In aggregate (sustamed risk area responses were srmrlar with

\

"tau b of 0 37) over rhree quarters of those who had taken a course had changed tnp pl\ans

“in the past whxlc less than 35 percent of‘ those who had- not taken a course had changed

14‘»
L]
7

¢
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their plans (tau-b 0.41). Taking a course seems 10 increase onc's propensity to make plan
modifications because of avalanche risk .

Route selection knowledge »:/as also affccted by taking avalanche safcI\ COUTSeS.
Significant rclauonshrps were found bctween course taking and route selection knowledge
rated by the reasons for the route selected on the diagram from Appendix 1, knowledge of
most likely avalanche locations and actions taken when avalahche risk was perceived.

About 36 percent of those who had taken a course were rated as having good route
selection knowledge based on the diagram question in the interview, as compared 1o about
A -15 percent of those who had not lakerr a course (tau-b 0.24). Even lhough course lakers
ranked higher. there is still much room for improvement in lrouxe selcclioo abiliry. No
significant relationship was found where consi_deri"ng only sustained risk zone uscr:.

As seems to be the trend for the chvaracterislics discussed thus far, thosc who had -
taken a course were more lil;ely to claim knowledge (tau-b 0.26) of most likely avalanchc\‘,}
locations alorjg the trail used on the day of the inrerview (about 88 percmeﬂnl\) lharr lhosc
who had not taken a course (about 65 oercent), but their actual knowledge levels were only
ver'y marginally better (tau-b 0.02) than non-takers of cou,rses. No signlficerll

relationships for this overestimation of their knowledge were found solely for users of

sustained risk zones.

L

Finally, asignificant relationship was found with 1 of the actions taken after skiers €

had prevrously percerved risk from an avalanche. Skxers who_had taken a coursc were much

\

less llkely (tau-b -0. 40) lo cross.a slope where avalanche risk was suapccled after makmg
D . / :

B
[

some ad;ustmem (about 10 percem of course takers fell mto thls}atcgory) lhan (hosc who

BN

had not raken such a course (about 46 per(:em) CourSe lakers must have placed more f aith. .

in their routg selectlon abllny. enher by crossmg the slope wuhout makmg an adjustmcnl ~ "' p

s

e
or Just modxf ymg therr route to avoid. the area where avalanche nsk lS pcrcc;vcr,l Srmrlar

'results were denved for users of sustamcd rrsk zones ( tau- b 0 38)
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7.6.1.3 Avalanche Safely'Course Summary ‘ 1 —

i
& Speaking in general terms, llle taking of avalanche safety courses evxdeml\ can
have a significant positive 1mpacl on avalanche knowlcdge Scveral specnf;lc conclusions
m'a) be derived from this section as well. First, as avalanche risk in the area used increases.
4 i lllc likelihood of people using (he area having taken a course incrcasch-lowevennearly

-

half of the people using areas where avalanches can oécur have not Laken a course.

. Furlhcr even though over 40 percent of the course tlakers attended courscs ol 2 days or
lcs's in duration, the mean number of days spent at courses was 5.3. Finally, the following
points may be made when comparing people who have taken a course 1o those who have
not:

* they are better able to assess avalanche hazard

| &\ ® they are more likely to have cancelled or modified a trip in the past, thus showing |

increased willingness 10 change the 4rip if conditions are inappropriate

e they have better rout¢ selection knowledge, but there is still much room for

|
{

improvement
e they overestimate their knowledge of most likely avalanche iocations

e theyare less likely 1o cross a slope where they susp.ct avalanche risk after making

an adjustment, which may mdlcale increased confidence in 1he1r route seéguon
- 41 P

. ablllly. ' , S , &

ki

7.6.2 Reading of Materml Dealing With Avalanches
Cn
In addmon to takmg courses, a skler can enhance his knowledge of avalanche safeu by

<
€ reading'books and othcr material. In this section, the survey reﬂults with respect to reading of

~ material %lmg w1th avalanches W111 be prescnled followed by an examma“lon of whether

‘reading such material has any ef fi ect on avalanche knowledge



.7.6.2.1 Sufvcy Results for Reading of Avalanche Material

Besides pamphlets, newspapers and magazines, lhel respondents reported reading 22
diﬁ'ereql books which.dca]l wholly or panigll_v with avalanches: These books include
Scligman  (1936), Fraser (1966), LaChapelle (1969, 19;9), Maclnnes  (1972),
chada-}-‘l()}é?ﬁ‘d‘ Steck (1972), Ferber (1974). Williams (1975), Kunclius\' (1977),
Chouinégi (1978), Perla and Martinelli (1978). Tejada-Flores (‘1981) and l);ﬂTcrn (19%21)_
along \‘\\(‘ith several others in forcign laaguages and a f"cv;' mam'mls published by
organiigzions such as the Canadian Ski Patrol S)'sléms and the British Columbia Institute
of;Teghnology .

Since a number of these publications treat avalanches only as an aside. the books
were categorized as dealing specifically with avalgmchc% or being géncral books. Those
categorized as specific avalanché bopks included Scligman (1936), Frascf (-19()6),
LaChapelle (196“9, 1979). Williams (1975). Perla and Martinelti (1978), Daffern (1983),
Canadian Ski Patrol Systems manuals, a Japanese language book and a Bril;'r"sh Culum}bia
Institute of Technolqu manual. Pamphlets, megazines and rewspapers were placed in the
general catcgory. A person is likely to learn more about lrﬁ'clling safely through avélanchc
prone ierrain by reading z; specific avalanche publication. Also, a greater interest in the
subject and a desire to learn more about it is shown by reading the specific books. Table
7.7‘-illustr_ates the reading of books related to the level of risk in the zone which the

ris:pdenl used on the day of the interview. A greater proportion of thosc using the
s

ined risk areas (about 56 percent) than the intermittent (less than 28 pereeni) or no

risk (13 percent) areas have read at least 1 spec.fic avalanche book."

7.6.2.2 The Effect of Readihg on Avalanche Krowledge
Reading of material dealing with avalanches was found to be telated 10 all 3 of the .
major aValgnc_he knowledge indicators discussed in this thesis, which are assessing

avalanche hazard, cancelling or modifying a trip dand route selection ~(probabih’ly’ of

* relationship existing greater than 95 percent),

La
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Table 7.7 Reading of Avalanche Material vs. Risk Zone Used

No Risk Intermittent Sustained Total

Risk Risk
No Material Read 29.6% 21.2% 8.8% 19.1%
Only General i‘srerial Read 574 51.0 - 358 47.2
Specific Beok(s) Read 13.0 279 55.5 337
Total 115 104 137 356
Chi-square =530 Degrees of Freedom=4 Significance Ievel < 0.05

It was foun that reading of avalanche material had a major impact on avalanche
hazard assessment auility (which was- Judgeu by the quality of the reasons supplied by the
respondent for his avalanchc haz.ard rating on the day cf the interview). Only about 29
percent of those who had read no material dealing with avalanches w.ere rated as having
good snow stability assessment knowlcdge, as compared to about 39 percent of those who
had read gencral material and over 66 percent of thosc who had read sp'bvciﬁ,c avalanche
books (tau-b 0.33). A sim’i'lar, althouzh somewhat weaker (tau-b 0.29), relationship was
found when considering only usefs of sustained risk areas.

Respondems‘who had read avalanche material were alao more likelv (tau-b 0.42)

to have cancelled a trip or changed their plans because of avalanche hazard in the pasl

+

-~

Over 84 percent of those who had read a specific avalanche book had made such a lrlp
change in th¢ past, which is a much greater proportion than lhose who had rcad 8nly
general avalanche material (about 42 percemg or none‘at all (abou’t;28 percent). Reading
of avalanche material, pamcularly s pecific books, cvxdemly has a maJor impact on

people’s willingness to changc lhe/n,pl‘ ins because of avalanche rlsk or al[ernalnvcl) thexr

.awareness that avalanche risk levels sh: suld be c0n51dcrcd when makmg the lmal decision to

e

go or not to &0 along a spec:fxc route. A'ncmg users of Lhe sustained risk zones, a similar

relationship exists as well (1au-b 0,30);

Two indicators of route selection capability were found to be significantly related
to reading of avalanchc material. These are route selection ability as rated by the reasons

- supplied for the route sclected on the diagram from Appendix'1 and knowledge of where

. . s . !
~— . : « B ‘ !

~
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avalanches are most likely 1o occur on the trail used on the day of the intervicw.

In terms of knowledge on which the route sclection was based, only about 11
percent of those who had read no material were rated as having good route sclection
knowledg“c. as compared o about 16 percent of those who had read general matcrial and
nearly 45 percent of those who had read specific books (tau-b 0.32). Reading of avalanche
material certainly improves route sclection ability, since only about 10 pereent of those
who had read specific books were rated as having low route selection knowledge, much less

L 4
than the 38 percent of thosc who had read no material.

In the same vein as the previous factors discussed, those who had read avalanche
material, particularly specific books, were much more likely to claim knowledge (tau-b
0.33) of most I'Lk'cly ayalancﬁé locations along the trail they werc using that day. but their
actual Knowledge levels were marginally worse (tau-b -0.07). Overconfidence in knowledge

",y .

of specific avalanche locations seems 10 be common among those who are otherwise more

+

knowledgeable.
Similar to the aggregaic of the people survc_#cd, those who used sustained risk areas
showed increasing route' selection ability with reading 8f avalanche material (lau-b 0.24),

but there was no overconfidence in knowledge of most likely avalanche locations by readers
of avalanche material — they actually did have somewhat better knowledge (lau)l

0.24).

A

7.6:2.3 Summary for Readir.g’\of Avalanche Material

Of the factors discussed to this stage in the chapter, ‘rcading of avalanche material

\ ,
appears to be among thos: having the greatest positive jnfluence on ability 10 make

\

* decisions under conditions of aVaKanchc risk. Several specific summary points may be made

. \ .
about reading of material dualing \yith avalanches. First, the respondents reported reading

a.wide variety of publications. Thx books most commonly reported as being read were
S\, . :

‘those of Perla and Mar;inélli (qu<8) (read by 21 pércent of those reading: some

publications) and Daffern- (1983) ‘(read by_27.5 percent of those reading son:
publicatibns). Second, a scheme was pre§enlcd' by whichv the malcriai read cbixld be ran‘kcd ,

-
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as to the amount of detail contained. Third, as avalanche risk in the zone used increased,

reading of avalanche ‘mallcrial increased, although still only just over half of the users of
sustained risk rones had read specific avalanche malerial. There is some room here to
encourage people, particularly those using sustained risk area#s 1o read more detailed
publications. Finally, reading of avalanche material affcected the indicators of avalanche
knowledge as follews:
e had a major positive impact on avalanche hazard assessment capability
* ledto increase_d awareness of need and willingness to cancel or modify a trip when
avalanche risk is high
@ improved route selection ability N h
e Jed lo‘ some overconfidence in knowledge of most likely avalanche locali.ons,
'excepl exclusively among .users_ of sustained risk zones where reading of such

&
¥

material was related 1o increased knowledge. ' e

7.6.3 Safety Equipment Carricd by the Skiers

Various items-of equipment can be carriedMilizcd by skieIS(tg\.reduce the risk of
-being caught in an avalanche and to increase the, efficacy of any party self rescue in the case of
an avalanche accident. Several cther items should be carried on any backcountry trip- regardless

. & ) R

of ‘the avalanche ris}. One.rnust bear in mind that carrying equipment does not necessarily
mean that one knows hnWélo ‘use \1& Experience. along w'r(h\_‘lnrowledge, are requiredvto make
| effective use of the (qurpn:;?’m lr; this™section, the survey results with respect to equrpmem
carried will be discussed, follgvgd b) the relatl‘onshrps between carryrng equrpmem and

-

a valan,che knowledge

1. 6 3.1 Survey Rcsults on hqurpmem rrred
Survey results with respect 10 carrvmg vanous types of equrpment are presented ;
. here The types of eqmpmem consrdered mcludc those for snow. study, avalanche rescue,

and gcneral emergencres An aggregate of avalanche rescue and - general emergencv

-
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equipment, termed being well equipped, is considered as well.

Snow study equipment can be useful wher'r attempting to predict snow élgbilily
(Perla 1978b; Daffern 1983). Some items that can casily be carried in the backcountry
include a snow crystal plate, a magnifier and a clinometer. The magnifier is used in
conjunction with the crystal plate to study snow stratigraphy as described by Perla and
Martinelli (1978). Slope angles may be measured using a clinometer as suggested by Perla
(1978b) and Daffern (1983). ;Fron'x the ‘gnow stratigraphy analysis, a person with
appropriate education and experience can estima\e the makimum angle of slope on which it
is safe to ski. However, almost none of the respondents darriefl lﬁis snow study equipment.
Only 2.2 percent carried a crystal plate and magnifier, 1.9 percent carried a clinometer and
only 0.9 perccm carried both. Evidently pcopLe prefer skiing to digging holes in the snow.

fhe obvious and best method of reducing the risk of avalanche is 1o choose a safe
route (‘Villiams and Armstrong 1984). However, there is'a chance that one can rﬁakc a
route finding mistake in avalanche prone terrain. According to a number of vexpcrts (c.g.
Kuneliu: 19'{\7_,“;‘ Daffern 1983; Williams and Af;nstrong 1984), all parties travelling in lhcéc
. areas sh@Quld cariy avaianche rcscue' beacons, shovels and probes' (éilhef sectional probes
carried .n the pack or ski poles which join:/[ogcther to form a probe) to facilitate self
rescue. Zach pérson should have an avalanche rescue beacon and ideally ‘everyone should
car.ry a shovel and a probe to guard against the case that the individuals carrying the shovel

and/or ;robe are caught in an avalanche. Use of all 3 items is important to minimize the

time taken for rescue, since thcre is often little time to effect a live rescue. Williams and

Armstrcng (1984), based on a study of avalanche accidents in the United States between
1950 and 1982, have found that only 50 percent of. persons completely buried‘ by an

~avalanche can snrvxve longcr Lhan 3(: mmules From Table 7.8, one can see lha{ persons

9

, travellmg in arcas where there can be sustained periods of hxgh avalanche nsk are more

likely to carry these 3 ;tems of eqyuxpmc_}m than those travellmg in areas of lesser rlsk, bul ‘

still only about 41 percent had all 3 items among members of [the party (and all 3 items-



l;
were not necessarily carried by each person). Indeed, over 20 percenl of the respondents’
parties carried no avalanche rescue equipment at all in areas of .sustained high avalanche

|
risk.

4

Table 7.8 Carrying of Avalanche Rescue Equipment vs. Risk Zone Used

No Risk Intermittent Risk  Sustained Risk Total
. No Equipment 80.9% : 70.5% 20.3% 54.5% -
I Item 6.1 9.5 18.8 12.0
2 liems 7.0 11.4 20.3 13.4
3 Iiems 6.1 8.6 ‘ 40.6 20.1
Total 115 " 105 138 ‘ 358
Chi-square=114.2 Degrees of-Freedom =6 Significance Level < 0.05

In the opinion of many cxpelts (Kunelius 1977; Tejada-Flores 1981; Parks Canada
l983;‘ Wilkinson 1983}, parlies utilizing backcountry areas should carry 3 othe‘r items in
case of emergencies, iregardless of whether avalanche terrain is encounlered (although these
items can also be useful in the case of an avalanche accident). Th'cge items are warm extra
clothing, a l"irst aid kit and a repair ki_l. It is evident from Table 7.9 that these items are
commaonly carricd by people uulxzmg areas where there can be sustained periods of high
avalanche risk, with people utilizing areas of lower avalanche risk being less well prepared
f orequxpment failures, injuries and unplanned stops. -

: Aa is obvious from the abave -discussion, any well equipped party travelling in
avalanche prone terrain should carry all 3 items of avalanche rescue equipment and all 3
”itcmé of emergency eciuipmem " As shown ’in Table 7.10, only a small proportion of the
| ” 'respondents parties could be clas:.lf:ed as being well equ:pped although those travelling m:
areas wherc thete can be sustained penods of high avalanche risk are more likely to be well:

equlpped (l L. carry,all- 6 items).



Table 7.9 Carrying of Emergency thipmcm vs. Risk Zone Used

No Risk ln(ermiuem Sustained Risk Total
Risk :
0 or 1 Item 49.6% 27.6% 5.8% 26.3%
2 Items . 17.4 21.0 145 17.3
3 ltems - 33.0 : 51.4 79.7 56.4
Total 115 105. 138 358
Chi-square=72.2 Degrees of Freedom =4 Significance level <, 0.05

=

Table 7.10 Whether Party is Well Equipped vs. Risk Zone Used

No Risk Intermittent Sustained Total.

Risk Risk
Not Well Equipped ' - 94.8% 91.4% 60.9% 80.7%
Well  Equipped . 5.2 8.6 39.1 193
. Total ' 115 105 138 358

Chi-square =573 Degrees of Freedom=2 Significance level < 0.05

+7.6.3.2 The Relationship Betwcen"Carvrying Safety Equiomenl and Avalanche Knowledgc

Carrying of avalarl\che re‘séhé and emergency equipment, along' with being wclllf
equipped, wete found to be significantly related to all 3 mdlcators of avalanche knowledge
'ncnuoned in this thesis, that is, avalanche hazard assessment abllny history ol cancelling
or modifying a trip because of a'valanche risk and route selection skills.

Avalanchc hazard assessmen{ skills were found to be positively lclated 1o carrying
safety equipment. Only about 36 percent of those who carried no avalanche 'rescuc g
equipment were raf\led as having good avalanehe hazard assessmenl knowledge, a percentage
much 1ower ‘than for those who carried all 3 items of ayalanche safety equipment (over 63
percent). The ltau-b ‘value for carrymg avalanchc rescue equlpment is-0.28. In terms of
. carrymg emergency ec;u:omem, about 31 percent of thos_e who carried none or only 1 ileln
were rated as having good knowleoge as compaied to n’early 56 percent of those 'who‘
camed all 3 xtems (tau b 0 26). Lastly, about 43 p"rcem -of mdmduals who were not wl:ll
‘equlpped were found to have good knowledge as. opposed to over 63 percent of those who

were well equrpped (tau- b 0. 21). The sole 51gmf 1cam rclanonsh:p when consxdermg only
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those who used the sustained risk zones was for being well equipped (tau-b 0.20).

' The likelihood of a person having cancelled or modified a trip in the 'pasl 1ncreases
with the amount of safely equipment carr.icd. Only about 34 percent of those who carried
no avalanche rescuc equipment had cancelled or changed a trip, while nearly 84 percent of
those who carried all 3 items of avalanche rescue equipment had (tau-b 0.41). Similarly,
only about 21 percent of those who carried no or only 1 item of emergency equipment had
cancelled or changed a trip. relative to 70 percent of those who carried all 3 emergency
items (lau-b 0.40). Finally, about 45 percent of those who were not well equipped had
cancelled or changed a trip. as compared to nearly 86 percent of those who were well
equipped (tau-b 0.32). Similar relationships existed when considering only users of the
sustained risk zones, with tau-b values of 0.20 (avalanche rescue equipment), 0.20
(emcrgency equipment) and 0.19 (being well eqnippeg). The only ‘significam relationship
found between any plan change becausev of avalanche risk and safety equipment carried was
in the aggregate data beiween modifying one's route and being well equipped. Here, abolll
2lpcrcenl of lhose‘who‘ were. noU well equipped rer;orted modifying their route becal;se
they .thought the avalanche hazard was 100 high and about 36 percent of well equipoed
persons had modified their route (tau-b 0.16). |

Finally, significant relationships were found between carrying of safety equipment:
and of the mdxcators of route selection ability. These are route selecuon knowledge as
'raled from the reasons given for the route selected on the diagram from Appendix 1 and
l(nowledgc of most likely avalanche locations: : |

With rcs.r)ecr to route selection knowledge only about 16 percent of those who
carned no avalanche rescue equxpmem were rated as havmg good knowledge as compared
to nearly 48 perccm of those wllo carried all 3 nems (tau-b 0.26). Carrymg emergency
| equlpmem was related to rou.te'selecnon knowledge as well, with orly about 12 percent ‘of ,
those who carrled no emergency equlpment or only 1-item havmg good route selectron

knowledge relauve to about 35 percent of those who carrred all 3 items having good
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knowledge (tau-b 0.27). Finally, only about 1§ percent of those who were not well

equipped had good knowledge, as opposed to one-half of those who were well equipped
(tau-b 0.26). Route selection knowledge levels, both for the ag‘grcga'lc of all respondents
(which was presented above) and solely for -users of the sustained risk sones, were higher

» v
for those who carried the various iicms of safety equipment. For uscrs of the suslaincdv“
risk zones, the tau-b values were 0.19 (avalanche rescue equipment),.0.2] {emergency
equipment) and 0.27 (well equipped).

With reference to khowledge of most likely avalanche locations. only 63 pereent 6f
those who carred no avalanche rescu¢ equipment claimed knowliedge, while 89 pcrccht of
the people that carried all 3 items of avalahchc fcscuc cquipment did so (tau-b 0.28).
Similar proportions were found for claimed knowledge of most likely avalanche locau‘ons.
for both carrying of emergency cquipment (tau-b 0.26) and being well equipped (tau-b
0.1¥). Overconfidence in their khow]edge of most likely avalanche locations was found for
respondents scoring higi}ly in all 3 factors. This overconfidence was not cvident when
considering only users of the sustained risk arcas for any of the f_actors. In fact. as number
of items of emergency equipment carried increased, actual knowledge of most likely
avalanche locatfons increased for this group (tau-b 0.26) and there was a grcal;:r
probability that well equipped users of ﬁ&nslained risk ."z.ohes had greater actual
knowledge of most” likely avalanche locations than those who were not well equipped -

.

(tau-b 0;21)[

7.6.3.3 Salety Equipment Summary

Those who'have maZie the effort to aéquirc and carry the vafious items of safcty
cquipment generally have. bé?ter avalanche knowlcdge than those who carry little or no .
safety equipment. Carrymg of safety cqurpmem 1s hkely a more obvxous reflection of only

1 of the decisions made by these more knowledgegble peo%f ew specific points may be

made in summarizing this section which provide support for this general statement.

ey



7.6.4 Obtaining Information With Respect to the Alalanche Hazard
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First, only a very small proportion of the respondents.. carried sriow study
cquipment. Pcople could be encouraged to obtain such “equipment and learn to apply

information which may bc obtained by using the equipment to e¢nhance their decisions with
[¢]

respect to avalanche safety. Second, people generally carried more items of avalanche
% -

. I
rescuc cquipment as risk in the zone used increased, althgugh still only a minority (about
. Lhi |

e

4] percent) of those who used sustained risk zones carried all 3 of the items gené‘rally
accepted by experts as being required for a speedy . effective rescuc. Third. people gehe‘r\allyh
carried mo’rc items of emergency equipment as risk in the zone used ihcreased. Fourth,
only a small propottion of the respondents using any of the risk zones were considered to

A

be well equipped but lhe proporlion of those who were well equipped did increase as risk
in the zone used mcrﬁd ' “ .
f-mally as all 3 of the factors considered here (carrying of av alapchc rescue and ‘

emergency equipment, along with being well equipped) increased, the following slalcmems

~may be madc:

® avalanche hazard assessment skills increased

® the likelihood of having cancelled or modified a trip in the past because of
' . . \

avalanche hazard increased

route selection skills increased
+ @ overconfidence in knowledge of most likely avalanche locations increased, except

LS

among users of sustained risk zones where actual knowledge increased.

The respondents were asked whc_ther they -or members of ‘their pé-rty usually obtained

information or made observations regarding the risk of avalanches in the area before taking or

"soon af ter the start of a ski trip In this section a summary of the survey responses to this

- qucsuon is presemed followed by an analysxs of whether those who obtam some l”orm of

ml‘ ormation have beuer avalanche knowledge ’ =

l , . ) . ,

/.
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7.6.4.1 Obtaining Avalanche Hazard Information

As may be observed in Tabl; 7,11.‘a surprisingly large proportion (over 77
percent) of the respondents, especially among users of the low and i-mcrmiucnl risk sones,
stated that they generally obtained information about ‘;rvalanchc risk in the area> that they
intended to use. There was 2 trend of incrca‘sing-likclihood of oblaining such in'flormal.ion
as risk in the zone used increased, however. While recognmng that lhc proportion of the .
respondems who stated that they gencrally obtained mformauon may be exaggerated to
some extent because of desire to depict themselves as being knowledgeable, it is interesting
10 examine in grealef detail the tvpe of information obtained and‘lhc'sourcc of that
information.

Table 7.11 Acquisition of Information About Avalanches vs. Risk Zone Used

No Risk Intermittent  Sustained Total

Risk Risk
No Information Obtained 37 4% 21.9% 109%  22.7%
Information Obtained 62.6 78.1 89.1 ‘173
Total B T 118 105 137 "357

Chi-square=25.0 . Degrees of Freedom =2 Significance Level < 0.05

The respondents reportcd obtaining a number of dif f ercm-types of informaiion. all

of Wthh could be usefl ul mputs to decxsxons made about a\alanche risk. These information

c‘,

Ly pcs and thc proporuon of lhe respondcms thal mentioned cach one are as f ollows (wnh

lh& percemages relauve to the 134 respondems who menuoncd an inf ormanoh\l_)pp,)\

A
. Parks Canada avalanche hazard report (31.3 perccm) D

o '@vcather f orecast (21.6 perccnl)

. . vxsual observauon ( 18 7 perccnt)

.- snow pn or other ,stabxlity test (17 9 percem)

e spowor skx,repo\rt,(lS;? perccm) .  o R bt
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e recent weather lrend;z‘ll.9 percent)

e history of weather céﬁdiﬁons which affect snow stability throughout the winter
(7.5 percent}

e all other information types not separately mentioned {10.4 percent).

Only a small proportion of all respondents (about 17 percent of the total of 365
rcspondéms) stated that they aclualljy went 1o ihe effort to make their own obéérvalions
with respeci‘xlo the risk of avalanches A respondém was considered to have made
observations with respect to avalanche condmons if he reporled digging a snow pit (or
making some other test of snow stability), ma}(mg vxsual‘ dbservauons (such as observmg
recent avalanche acuvny or noticing which slopes have been heavily laden with wind blown
Snow) reliance on past experience on that trail (e. g rcmembﬁrmg the safe route fhrough

\

the area or remcmbcrmg prominent areas of avalanche danger or mamtammg a hxstor) of
\

weather conditions that may affect snow stability lhroughou.x:e wimer*,) From Tab!~ 7.12,

it is evident that as avalanche risk in the zone used increases, t lnkellhdod of a respondent

‘ 3 : N

' making his own observations increases.. _ YA\

-

Table 7.12 Reported Making of Observations vs. Risk Zone Used

)

4 \

No Risk Intermittent  Sustained .- Total
“Risk /‘” Risk -

_ Did Not Make Observations - 97.3% ,82.% 71.7% 83.2% -
- Did Make Obscrvations ‘ 26 o 1N 282 % 168
Total 115 / 105 - . 138 358

Chi-square=29.6 ) Degrecs of Freedom/-d Slgmf icance Level < 0.05 y

"propo,r_n_on f the respondents that menuoned each .ane .are as follows (with thew_;

‘ab

L]
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percentages relative to the 249 respondents who m‘emioned an inf ormation'sourc‘c')':
e Parks Canada wardens (38.6 percenit) | |
e ielephone recording (9.6 percent)
® Parks Canada Banff information centre (8.8 percent)
» - commercial radio stations (8.4 percent)
e friends (8.0 percent)
o other skiers (2.8 percent)
e trail guides or other publications (2.0 percent)
e cable television inf orma}ion program (1.6_percent)
e 1opographic maps (1.6 percent)

e other information sources not separately mentioned (12.0 percent). !

The very high proportion that mentioned the Parks Canada wardens as an informatiog
source may be a result of the highly educated skiers seeking inl"ormation_ from thosc who ,

3
‘they perceive 1o be most knowledgeable.

It is informative to relate the 5 most popular information source: mentioned to the

risk zones used by the skiefs, as shown n_Table 7113' The likelihood of people contacting

the Parks Canada warden service increases substantially as avalanche risk in the zone used -

Increases. When considering all of the respondents aboul 40 pcrcent rcported that th)

' generally contacted one of the park warden offices bel’ ore thelr mps

»

Sklers can obtam mformauon on current avalanche hazard (ondmons l" rom a . )

telephone recordmg which is ‘updated by Parks Canada as ‘condmons. change Not

ks

surpnsmgly the . proporugn that uulue lhrs servnce mcreases in ‘dircct relauon 1o the v
) avalanche I‘lSk in the zone used as shown m Table 9.13. - | o
From Table 7 13, .onc mav mfer thaL people uuhzmg no or mtermmcm rlsk arcas;
fare the ones most likely to stop at the Parks Canada Banf f mformauon cemre probably to a
obtam general trarl mformat@) ra:her than specmc avalanche ml”ormauon A number of -

‘ ﬂrespondents using the sustamed rlsk areas reported that the ml" ormauon cenlrc was a poor,' :

R
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—Fable 7.13 Proportion Uding Information Source vs. Risk Zone Used

135

No Risk  Inftrmittent  Sustained Total
Risk Risk
8
Parks Canada Wardens * 46.3% 52.1% 71.0% 58.8%
Telephone Recording * 3.0 7.0 15.0 9.4
Parks Canada Info Center * 14.9 12.7 2.8 9.0
Commercial' Radio Stations 10.4 9.9 5.6 8.2
Fricnds * 3.0 4.2 13.1 7.8
Total | 6T 71 107 245

* Response dependent on risk level (Chi-sduare level of significance < 0.05)

* source of avalanche information becausé of a lack of knowledgeable staff.

-

There is no sighificant difference in 'using commercial radio stations as an

-
A7

information source among users of the different trail risk zones. Parks Canada supplies

their avalanche hazard forecast to a number of stations in Calgary and Edmonton, but it is

“commonly broadcast only on the Banffl and Canmore stations. .

Only about 8 percent of the respondents who supplied an information source stated
” 1
that they obtained information from their friends, but there was a significant> M ference

among ‘uscrs. of the different avalanche risk zones. People using the sustained risk areas

were. more likely to-obtat information from their friends (see Table 7.13).

‘:7.6.4.‘2 Relaling Oblaining of lnformalion to Avalanche-Knowledge

Srgmf rcant relauonshrps were f. ound between obtaining information wWth respect to

1 IS <
a

the avalanche hazard and all 3 of .the major avalanche knowledge -indicators dlscussed in

this thesrs

Respondems who reporled oblammg information were bener able than those who

had n01 Ao supply valid reasons for their rating of the avalanche hazard on the day of ‘Lherr

. b
lrlp Over 53 percent of those who had obtamed inf ormatron were rated as having good

hazard assessmcnt knowledge as compared to only 25 percent of those who had ‘not
obtamed any mformatron (tau-b 0.26). A srmrlar relauonshrp exrsts when consrdermg only

users of the sustairied avalanche rnsk,}oncs (tau b 0.18).
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A greater proportion of thosc who had obtained informa#on had cancelled or

modified a trip in the past because of avalanche risk than those who obtained no
information. Over 62 percent of those who had oblaingd information reported changing
trip plans in the past, while only about}l percent of those who had not obtained
informa{ion‘ mentioned changing their plans (tau-b 0.35). Thosc who make the effort 1o
obtain information about the avalanche risk are generally bmorc likely to be willing to
modify their ;;lans under conditions of high avalanche risk. However. no significant
relationship was found between obtaining information and plan changes among users of
the sustained risk zones. .

Route selection knowledge was also related to obtaining of info;mau'on about
avalanches. Significant relationships were found between oﬁtaining informaliop and rouwe
selection knowledge rated by the reasons for the route sclected on the diagram f{rom
Appendix 1 and knowledge of most like)v avalanche locations. Only lhé' former refationship
was found to be significant among users of the sustained risk. zones.

About 30 perccnl~ of those who had obtaine¢ avalanche information were rated as

‘havmg good route selecnon knowlcdge based on the diagram qucsuon in the interview, as
compared to about 7 per\em of those who had not bbtamed information (lau-b (.25). The

relationship was weal;e( among users -of the sustained risk rones, with a tau-b value of
{ ! a

. 0.19). Although lhos’e who obtaine8l information ranked higher, there is still much room
&

B i

for or improvement in rolﬁ selecuon abxlxty
Finally, over 83 porccm,of( lhosc who had re¢ported obtaining information claimed

‘ knowlédgc of /'most likely avalanche locations along the trail used on. the day of the

interview, with about 48 percent of those who had not obtained any information claiming

such- Lnowledgc (tau-b 0.35). Only about 45 percent of .those who had ObldlnCd_.

mformauon were rated as actually having good knowledgc as compared o about 48

percent of those who had not obtamed mformauon, (tau-b 0.02). Those who had obtained

avalanche information overestimated their’ kno‘wlcdg_c of the most likely avalanche

—
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locations. %

7.6.4.3 Obtaining Avalanche Information Summary

A number of points may be made to summarize this section on obtaining of
_ information about avalanche hazard. First, and of greatest impoertance, a surprisingly large
proportion (over 77 percent) of the respondents claimed that they regularly obtained
information prior to ski trips. Even assuming that the respondents were only attempting to
impress the imcrvicwevr with their knowledge, a great majority of the respondents were
aware of where th_cy could obtain information and What type of information to ask for.
Also, tvhc likelihood of‘respondents obtaining information incrééscd in direct relation to
trail risk in the zone used. Sccond_' thetp‘robabilil_\' of respondents making their .own
avalanche risk obscrvalionls was directly related to avalanche risk in the zone used, but only
about 17 percent of all respondents reported making their own observations. Third, a high
proportion of the respondents (40 percent) specifically mentioned the Parks Cana
warden secrvice as a good informétion source. Fourth, a number of respondents reported

that the Parks Canada Banff information centre a poor source of avalanche

information because of a lack of knowledgeable staff
Finaily, those who reported obtaining avalanche information as compared to those
who did not may be c'haracleri.zed as follows:
*  had superior avalanche hazard assessmentski .
®  were more iikel_v to have céncelled or modifed a trip in the pst
e  had “superior route sclection lénoyrledgc,_ lelhfsugh there is still much room fer

. improvement : » -

e were overconfident in their knowlvedge of most likely avalanche locations.
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7.7 Chapter Snmmar
ary for this chapter, in which a number of factors were examined in an
attempt to identify the characteristics of skiers which are likely to be related to good avalanche
knowledge, may be divided into 3 major portions. First. since avalanche knowledge becomes
important only when some degree of avalanche risk exists, a brief summary of the maicrial
dealing with avalanche risk levcls faced will be presented. Second, for each of the avalanche

knowledge indicators introduced in the previous chapter, significant rclationships with the

-

factors which were discussed in this chapter will be identified, along with a mecasure of the.

degree of the relationship. Finally. the factors which were most characteristic of those with

good avalanche knowledge will be outlined.
. <

7.7.1 Relating Avalanche Risk l-‘aced to Avalanche Knowledge

Generally as risk level in «he zone used by the respondents increased, t‘herc was a
corresponding increase in avalanche knowledge. Thvis is an encouraging trend. The skiers
lhemselves seem 1o select trails o éreas which are best suited to their level of avalanche
knn\k'ledge. For examplc, those with little or no avalanche knowledge gener.a]ly used areas where
there was no risk of avalanche and those, with Lhe.highcsl 'lcvel.s Qf avalanche knowlcngc
’generally used lne sustained va'\‘/alanche risk areas. This differs from olher hazarés, such as
earthquakes, floods and nurricane’s where knowicdge levels are only randomly associated wil.h
risk exposure, pernaps because of the large arcns aff cct_cd by these othcr. hazaqu as compared
to avalanches (Burton ef al. 19785.

However, even when considcring only the users of the sus[ained risk zones (those with
the highest knowledgc levels), over half of these people werc not rated as having generally good
know]edge on which to base their r:sk assecsmenls This is- an arca ‘which dcl"lmlcly nceds to be

addressed by any programs which have the gpal of reducing lhc numbcr of ava}anche acc:dcnls

Thxs def iciency in avalanche knowledge has becn identified by. a number of authors mcludmg A

ngehe (1977), Fesler (1981—)-,-‘-3{!11116:}( (1981), More et al. (1984) and Williams and A{mslrong'

-4
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(1984). In the remainder of this summaJry, some of the characteristics of those with the best
avalanche knowledge are identified. Knowing these characteristics will allow development of

programs betier suited 1o reduce this deficiency in knowledge.

7.7.2 Summarizing the Significant Relationships
. . - ) - ) ) . . ? .
To facili;;%le identification of ‘the factors which were most characteristic of those with

\

. \ ,
good avalanche knowledge, for each of the knowledge indicators® mentioned in the preytous

\ - RN o
~ chapter, factors which were significantly related will be outlined, along wima,measure of the

SIS

~- ~

degree of the associatior-L tau-b. :As before. the avalanche knowlege-indicators will will be
discussed in 3 groups — avalanche hazard assessment, the decision to cancel or modify a trip
and route selcclioﬁ. For cach knowledge indicator, relationships will be discussed both for the
aggregate data and when considering only users of the sustained risk zones, where dqéisions
madc with respect to avalanches have the greatest importance. - |

. "

7.7.2.1 Avalanche Hazard Assessment
" Relationships were found bellween avalanche hazard assessment knowledge and a
number of the faciors discussed in this chapter. These aré listed belbw for the aggregate
data in order of anda{l rank corrclation coefficx:cm, tau-b, wilh'{ the tau-b values in
parenlheseS: )
e reading of maiérial dcaling with avalanches‘(O.33)
e carrying of 1valanche rescuc equipment (0.28)
e carrying of 2mergency 'e_quipmen't (0.26)
® _ obtaining avalanche info;matibn (0.26)
. ‘previous avalanche vimolvenrxe'm (0_.24)
® taking of avalanche safety courses (0.22): L ~ : e B
. 'beirig‘well eciuipped_ 7(0.21) | |

® overnight backcountry use (0.18) " ‘ - _ | s

& ‘experience (0:18)
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e .previous trail use (0.13).
As can be seen from the tau-b values, all of these relationships are as one would expect,
that is, as the factor increased, avalanche hazard assessment knowledge incrcased. When
considering only tﬁe users of the sustained risk zones, relationships were found between
hazard assessment knowledge and a lesser number of factors. Again, the factors are listed
in order of tau-b: -

o previous avalanche involvement (0.31)

® reading of avalanche material (0.29)

* taking of avalanche safefy courses‘((O.Zl)

® Dbeing well equipped (0.20)

¢ obtaining avalanche information (0.18). -

These tau-" values are crudely similar to those for the entire group of respondents.

7.7.2.2 Cancellation or Modification of Trips
A number of factors were found to be rclated to a history of cancelling or
modifyfng a trip because of avalanche risk. When conéidering all respondents, the related ’:/
factors were as follows, listed in order of tau-b value: ' . '//7
* rcading of avalanche material (0.42)
¢ 1taking of avalanche safety courses (0.4])
® cerrying of-avalanch_e rescuc equiprricm (0.41)
® caurrying of emergeﬁcy equipmént (JO.4O)
e o pericnce (0.37)
¢  overnight backcountry use (O‘,BG) ' S : R
. p:'évidus a.vala’néhe‘ involvement (0.35)‘ L
® . previous trail use (0.354) | . ' L
¢ obtaining avalahche information (0.35) s \ |
.o ~being well equippe_fi'(O.32) | ”

e being the party leader (0:12).
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When considering only users of the sustained risk zones, relationships were found between
| cancelling or modifying atrip and the following factors:
® taking of avalanche safety courses (0.37)
e previous trail use (0.31)
e recading of avalanche material (0.30)
C\ ® previous avalanche involvement (0.30)
° carryl'ng of emergenct' equipment (0.20)
e carrying of avalanche rescue equipment (0.20)
e being well equipped (0.19).

The respondents reporied taking a number ol alternative actions when they
cancelled or modified a trip. Of these actions, only modifying the intended route was
significantly related to any of the factors. For all respondents, these factors are: i

® previous avalanche involvment (0.21)
¢ overnight backcountry use (0.18) :

e  being well equipped (0.16). . i

Among those who used the sustained risk zones, the only significant relationship was with

‘previous avalanche involvement (tau-b—k\"ralue of 0.26).

o
<

7.7.2.3 Route Selection

The last category of avalanche knowledge indicators considered in this thesis is

route selection. ngmf icant rclattonshlps were fougd between a number of factors and route

selection knowlcdge rated b) the reasons for the route selected on the test dlagram from

L3

Appendt\ 1 knowledgc of  most hkely avalanche locatlons and acttons taken when -

avalanche risk was percelved

7z

" Test dlagram route selection knowledge was found to be related to many of the |

factors dtscussed in this chapter When consxdermg the respondents in aggregate, these
factors are: |

* reading of avalanche material (0.32) -



¥

experience (Q.?.lg /
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overnight backcountry use (0.29)
carrying of emergency equipment (0.27)

previous avalanche involvement (0.27)

being well equippéd (0.26)

\

carrying of avaldnche rescue equipment (0.26)

obtaining avalanche informatioﬁ (0.25)

e

/
/

taking of avalanclie safety courses (0.24)

\ /
previous trail use (1‘)43\). /

—

A lesser number of factors were found to be significantly related to test diagram route

knowledge when considering only users of sustained risk areas. These are:

~ carrying of emergency equipment (0.21)

experience (0.31)
being well equipped (0.27) ‘
previous avalanche involvement (0.26) ‘

reading of avalanche material (0.24)

carrying of avalanche rescue equipment (0.19)

obtaining of avalanche information (0.19).

Thesc tau-b values are roughly the same as those for the respondents in aggregate, except

that experience seems to play a greater role in route choices when considering only persons

using sustained risk areas:

There are 2 indicators of knowledge of most likely avalanche locations — claimed

and actual. All of the faciors megtioned in this chapter are related to claimed aira\}ahche

location knowledge whcn'considcring the respondents in ageregate, The tau-b values arc as-

follows:

e  obtaining of av,zilanche information (0.35) .

_ " previous trail use (0.42) :

[
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;
e reading of avalanche material (0.33)
] cérrying of avalanche rescue equgpmcm (028)
e 'uzking of avalanche safety courses (0.26)
e carrying of emergency equipment (0.26) -
e cxperience (0.295)
L ovérnighl backcou}llry dse (0.22)
*  being well equipped (0.18)
e - being the party leader (0.16) -
e . previous avalanche involvement (0.13).
The tau-b values for actual knowledge (for.the aggregate of respondents) are either near 0,
o1 slrongI) negative in the case of overnight backcoumry use, mdncaung subbtanual
overconfidence in knowledge of locations where avalanches are most likely to occur for

persons who arc otherwise considered to be .more knowledgca(ble lhan others with lesser

factor scores.
P b

This relationship reverses itself when considering users of sustained risk areas.

w
-~ e

. There are no significant relationships between the factors and claimed knowledge, but the
following were found for actual knowledge: |
e carrying of emergency ec\luipmem (0.26)
o réadin'g of avalanche material (6.24)
e  previous avalanche involvement (0.22)
®» experience (0.22)"
* bcing' well equipped.(O.Zl).
The overcdnf idence in knowlédgc« oi mogt likely avalanche locations was replaéed by an
actual increase in-knowicdge among usérs of the sustai;led risk zones.
- Three ot" the aCtiéns taken when -avalanche risk was perceived were signif’ icanﬂy
rclated to at lcasl one of the skxer characfernsues When considering the respondems in

: aggregate 1 characterlstlc is related to each: of the 3 actions. The tau- -b value when relatmg
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modifying one's route to previous avalanche involvment is -0.18. indicating that thosc with
previous avalanche experience were less likely to modify their route when avalanche danger
was perceived. Previous avalanche involvement was also related to the action of Crossing a
slope where avalanche risk was suspected without making any adjustment (tau-b 0.21).
‘FTﬁélly_ those who took-avalanche safety courses were less likely to cross a slope when
avalanche risk was suspected after making some adjustment (tau-b -0.40).
When considering only users of the sustaingd risk zones, 2 factors. are related to
i
each of the actions. These are (with the action first and the factor second):
¢ modify plan when avalanche risk was perceived
*  being the party leader (0.32) : f
*  previous trail use (-0.28)
® - cross a slope where avalanche risk was suspected without making an adjusl.mcm ’
*  previous trail use (0.31)
*  being the party leader (-0.24) |
¢ cross a slope where avalanche risk was suspected only aftef making- some
r ‘ ‘
adjustment
’
*  experience {-0.29)

f

* taking of avalanche safety courses (-0.38).

7.7.2.4 Comparing the Relalionsh)péromd to the Literature

Nearly all of the rclationships presented above between avalanche knowledge and
the factors follow the trends that one would expect after reviewing the natural hazards
. _ ‘ A .

literature. That is, as familiarity, experience and adjustments taken toward avalanche

hazard incfease, generally so does'avajanche knolwlcdge.' The tau-b values wcvre somewhal
.low, but the la;ge number of réialionship.s‘with (hosl of the avalanche knowledge indicators
provides confidence that the results obtained afe ;101 sﬁurious. Similar findings have bccnl
'repc')rlcd: in‘ the natural hazards liieraturé by writers such as Saarinczj (_1966, 1982b)’

Jagkson and Mukerjee (1974), Mileti ef al. (1975), McPherson and Saarinen (1977),
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Burton el"alr (1978). Kunreuther (1978), and Kiecolt and Nigg (1982).

However, there were some notable exceptions to what one would expect to find
after reading such lileralure, bo(h' for the respondenls in aggregate and when considering
only those respondents who used snstained risk zones. |

First, when considering’lhe respondents in aggregate, several CXCCp[iOl{S to past
findings in the nawural’ hazards literature were idenlified. These exceptions include

#
“overconfidence in knowledge of most likely avalanche locations, not modifying one's route

when avalanche danger was perceived, crossing slopes where avalanche risk was suspected

without making any adjustment and nol crossing a suspect slope after making some

!
’

adjustment. Conlrary to what onc would expect from the natural hazards titerature (e.g.,

Burton et al. (1978); Saarinen (1982b)). as familiarity, experience and adjustments taken

toward avalanche haza¥{ increasc, the knowledge of most likely avalanche locations does

not increase. Such overconfid®nce in knowledge has been reported in the risk literature by

Slovic er al. (1982). This overconfidence may also be a reflection of risk tolerance by these -

more knowledgeable people who consider avalanches to be an avoidable, familiar, well

understddd, not dreaded and a remote event, as reported by Rescher (1983). Similar

statemnents may be made about the other 3 anomalous relationships.

"Second. 4 exceptions to what would be expected from the results found in the

natural hazards literature were identified when consxdermg only those who used sustained -

risk zones. Those wnh previous trail experrence were less likely to medif y their plans in the

face of percerved avalanche danger and were more likely to cross a slope where avalanche

9

nsk was suspected without making any ad;ustmenl than those Jack .ug previous experrence

on the trail. The most experrenced people were least llkely to cross a slope where avalanche

N

" risk was suspected after rnakrng an adjustmem as were _those who had taken avalan,che
- ‘ - 7“; >

safeety courses. , : _

Evidently there are some drfferenccs between people’s charactensucs relauve to

avalanches and namral hazards in gencral As reported by. Lev ( 1978) and Wllllams and '
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A

Armstrong (1984), it is not uncommon for pgople who are considered expericnced.
knowledgeable and cautious mountainers to be g in avalanches, and some people view
risk as essential to the enjoyment of the sport (Miles 1978 Schreyer ef al. 1978: Ward 1980:
" Ongena 1982). |
7.7.3 Factors Most Related to Good Avalanche Knowledge
From an examination ol” the relationships and the Kendall's tau-b values (the

correlation coefficient) which were presented above, one can identify the factors that were
/

most characteristic of those with good avalanche knowledge. To simplify the factor

identification, only lheltau-b values from the 3 major knowledge indicators were considered.
These are assessments of avalanche hazard, a hislo‘ry of cancelling or modifying a trip because
of avalanche hazard and route >selecti0n knowledge as determined from the reasons given for the
route selection on the test diagram f{rom Appendix 1. The factors identified as lhe beel
indicators of avalanche knowledge-are:

* reading of material dealing with avalanches

e  previous avalanche involvement (either persenal or acquaimance)

¢ taking of avalanche safety courses

¢  being well equipped

e  obtaining avalanche information.
Those ¢i1h- the hgher rau’ngs in these factors would gcnerally have the hcst avalanche

.

knowledge and would generally be best able 10 make decnsxons which would mxmmne the
»

nu‘mger of avalanche accxdems

I‘

EdUCation, in terms of reading dvalanche material and taking avalanche courses,

'ap‘pears"lo be the most important predictor of avalanche knowledge. From educational
‘,malerial. one learns the need[l‘or being well equipped - and the necd to obtain as much"
mformaym -as possible about avalanche risk. There is also a close rclauonshlp between

"educauon and prevxous avalanche involvement, Those who have a hlsmry of. prcvnous avalanchc a

. . v ‘/

v ~
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involyement are more likely to have read avalanche material and taken avalanché safety, courses

.

_than those Gwi;{houl the exf)erien'ée (significance .level less than 0.05). This study pravides
concrete evidence supporting the recent trend toward supplying information to and educating

backcountry skiers (e.g., Mdre et al. 1984; Valla 1984).

P K . iy

“Experience, in terms of winter backcountry use., was conspicuously absent as a good

- _-’.-

predic{or of avalanche knbwledge, except in 'a f ew-'cases when'considering oniy respondents who )
. “;cre utilizing sustamed nsk areas, ThlS is not to say that experlence is useless with reépﬁcl 1o
: avalanche safety but rather that 1f an expenenced person is to have the abnhty to make good
decxsnons with respect to avalanches l'or mox‘e of 1he S predictor factors mentioned above will

hkely be present as well. E’v:demly expenence is useful onl) when supplememed by education

and preparauon for any potential prpblems

AR - . . .



! X ' 8. Managing Avalanche Hazard —

The primary goal of any management program dealing with avalanche hazard should be

to reduce the number of a}'alanche accidents thht occur or to eliminate them entirely. One
/ -
obvious way to attain this goal is to prevent peopﬁ' from using areas where avalanches could

take place through strict enforcement df legislation which denied access ro such locations.
However, this solution is not a reasonable one, both from the point of view of enforcement
logistics and desires of backcountry skiers. Any managcmem programs devised must allow
“generally free access to backcountry areas (Hendee er al.’ l978; McAvoy and Dustin 1981).
while attempting to meet the challenge of reducing the number of avalanche accidents.

Parks Canada is the management agency responsr’ble for tie area of Ba-nl'f- National’
Park, the location of this study. Several programs have héenlnsrituled by Parks Canada in an
attempt to meet the goal of reducing the number of avalanche accidents in the p:lr‘lr.x The
programs, particularly the backcountry avalanche hazard forecast, v:'ill be critically reviewed in
this chapter. In the first sectlon-of the chapter, avalanche hazard will be comparcd to olhcr

hazards to demonstrate some of the differences required in programs dealing ith avalanche

. : ‘ , . !
hazard as’compared to other hazards. Second, to. give a better undersranding of 'lhe Parks

Canada avalanche hazard managemem programs, a ‘history ol“ 1heu devclopment will. be

supplied. Third, the survey results with respect to thc present Parks Canada programs will be’
4 -
pre: . nred Finally, based on the survey results with respect te the programs malerral from thc

previous chapters and approprlate luerature rel" erences, methods of rmprovmg Farks Canada .

q
l

programs will be suggested

8.1 Avalanches-Compared to Other Natural Hazards ‘
i :
o L e other natural hazards. avalanches mvolve mtera%on bemeen lhe human usc

~_system and the geoph)srcal event (Whrle 1974b) However there are some drl' fcrcnces bcrween A

‘

' ‘r-I‘\.avalanches and other natural hazards whrch affect the way m whrch 1hey are managed Fcrbcr

(1974) provrdes a schema whlch may be used to dnsngursh the rmportant drl‘ f erences bchcen

- . » . . . oo "
B Sy ’.'-’\

-’ v
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“avalanches and other hazards. In this schema, 2 divisions of hazards are identified — objective

hazards and subjective hazards.
The objective hazardgificlude all natural processes which exist or operate inevitably,

whether or not man 1s involved. Darkness, storms, ﬂooes, earthquakes, hurricances,

avalanches, whitcouts and all such impersonal factors fall into this category. Herein lies the

_sunilagity of avalancncs with other haz\ards |

Thc difference lies m lhe subJe\(su\/e aspects of the haz\ards These arisc from human
error. Accidents always have\aoth pﬁwlllvc and bjcuwetcauses—neuher alone is sufficient
(Ferber-1974). For example, a snow slo;é ;/hnch is weakening through natural processes to

av@nche lomorrow may be triggerc® today by a skier. For natural hazards in general, most

pcople are 1gnoranl of the charactcr and extegt of the hazard(s) for the area in which they

reside and wotk on a pcrmancm basis (Ml _;él al. 1975), while many think that ihe

responsibility  for hazard mitigation lies with the various levels  of govcrnmer;'l‘, nol lhc_

individual (McPherson and .Saarinen 1977). 'The difference betwecn"ﬁvalancheé and other

natural hazards lies in the expasure to the hazard. One is seen as a mandatory, pé'rmanem
il .

exposure (o obtain life esscntials such as employment and residence. while the other is‘an

oplional, lempoi’ﬁry exposure in search of recreation. The former is perceived as. being much

closer to an objective hazard or "act of God " over which an individual has no conttol (only

governmenls have the resources to do so), whereas the exposure in the latter instance is totally
1\ N

co\'rt‘ﬂ)lled by the mdmdual in his search for recreation. People can tesent what thcy see as-
government intervention in thenr-recreauonal actnvmes (Hendee er al. 1978; McAvoy and .Dustin

" 1981). Recreationists oflen seek some fulf:llmem in overcoming these subjecu\fe hazards {c.g.
y) .

-inexperience, poor judgément, poor route choice, poor physical conditions, and inappropriate

cqunpment) uamg only their own resources (Meier 1978; Mxles 1978; Ongena U1982.) Hence as

menuoned prevxously, managemem programs must se¢k only Lo 2id the recreauomst not direct

.

him. : ‘ | o S
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8.2 A History of the Parks Canada Programs
. Pal

. -

Parks Canada has implemented several programs ingnded to reduce the number of

) L, 2 § .

- accidents incurred by winter backcountry wusers. The aim has been mainly lﬁ\ provide
information and to provide assistance in cases of cmergency . Foremost among the programs is
the backcounlrgavalanche hazard forecast. Others include the search and rescuc program. uscr
discretionary safety permits and provision of> advice by knowledgeable staff. The m@¥erial for
this section was derived from intervicws and correspondence with the Parks Canada Public
Safety Supervisor in the Lake Louise area (C. Israclson, personal communication, 1984).

The backcountry avalanche hazard forecasx program was initiated during &c winter of
1981—82. Prior to the initiation of wthis program the warden service provided gencralized
a\'alanche hazard mformauon on an mformal basis. Information was only avaifable on an "as
requested” basis except for press rclcascs during periods of ex#cme avalanche hazard and
occasional radio interviews.

With increased ‘,backcoumr_v usc in the 1970's and early 1980's, these procedures proved

'fi?ﬁdcquate. It became evident that in winter many more backcountry users wercailled by

avalanches than an,y;}olhcr causc. A number of fatal accidem;ﬁhich occurred in and near Banff

NanOnal Park in February of 1981 pointed out lhe need for a forénal program.
Durmg the summer of 1981 a well coordinated, high profile public awareness and
information program was developed. Arrangements were made to develop a backcountn
avalanche hazard forecast on a daily basis which would be distributed by telex to radio and.
tclevxsnon stauons newspapers, helicopter sk* operations, highway maintenance snaH the
Canadian Sk: Patrol System, and Parks Canada warden service and mlormauon outlets. |
At present, warden service personncl who develop-the avalanchc hazard f or¢casls at the
3 alpinex ski areas in Banff National Park‘conf each afternoon. Following these daily
dlscussmns forecaster»aen at the Lake Louise ski arca generate a backcoumry for(‘:LaSl and
distribute the hazard mformanon via telex to lhe locations described abovc "The Banff

-

mformauon centre, warde_n offices and recorder teleohones are coniaclcd by telephone to

T
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L 4 .
update the hazard message, so that all outlets receive the same message. Backcountry patrols

are dis;;alchcd to collect snonack information, obs;:rve avalanche activity and verify the
hazard forccast.

i No significant changes to the backcountry avalanche hazard forecast program are
anticipated in the ncar future. There are indications Fhal the program is well received by the
public, as will be mentioned in succeeding portions of the chapter.

A number of warden service personncl have undertaken épecialized training for
backcountry scarch and rescue operations. They are prcparqd 1o search for lost persons and
rescue those who /have suffered injury. Trained dogs, helicopters and various other equipment
are g\'ailable for use in search and rescue operations. Unfortunately, victims of avalanches may
dic before b'cing reached by the search and rescue personnel, because of the time delays involved

in backcountry users contacting the warden service after the accident and subsequent transit

time. Hovgﬂr, victims have been rescued ajive under favorable burial conditions when rescue

[y

/ crews seceived prompt notification. : ' 0

»~

Backcountry users may voluntarily’ obtain safety perﬂmils fér their trip. Their
anlicipated route and timing along the route arc indicated on the permit, which can facilitale
scarch and rescue operations if the people do not return by the dcsignaled date and time.

Parks Canada personnel are available, particularly knowledgeable members of the

warden service, to provide advice 10 backcountry travellers upon request. They may recommend

saf¢ and enjoyablc areas, while providing detailea information on potentially hazardous areas.

~

Of the 4 programs discussed above which are intended to reduce Lhe level of risk
cncoumered by winter backcountry travellers, the backcoumry avalanche hazard forecast,
con]uncnon with the provxsxon of advice, is the most 1mporlant The ulumate aim is to prevent

\

accidents before they happen, not ‘reacl to them: after they occur as in the safety permit and

“search and rescué programs..Howeverl,ytherc is still a need for the latter 2 programs. to reduce

: o .
. losses when accidents do occur.

3 . : . ) .
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- 8.3 Respondent Knowledge, Opinions and Suggestions with Respect to Parks Canada Programs
In this sui}y, the 'rcspondehls' knowledge, opinions and suggestions with respect to
Parks Canada programs were tested, particularly with respect lo the backcoumry avalanéhc
hazard forecast. First, respondents were asked which programs they were aware of that were
intended to reduce risks to backcountry skiers, followed by a more detailed set of questions
treating the avalanche hazard forecast. Finally, respondents were asked their advice on what

Parks Canada could do in the future, besides the presént avalanche hazard forecast program, to

reduce the number of avalanche accidents.

8.3.1 Awareness of Parks Canada Programs

The respondents were posed the guestion of whether they were aware of any ac;ions
that Parks Canada takes 1o reduce the risks to backcountry ,‘skilc_rs. Nincly-fou; percent l(v)(' the
respondents were aware of at least llaclion."AAll of the programs presently implemented by
Parks Canada weré mentioned by at least 1 person. Comments on the rcspondc(nj's rcplic/s were
provided by a member of lﬁe warden service in lake louise (G. lrwin, r‘pcrsonal

communieation, 1985). The response. may be divided into 3 categories: those dealing in the

safety, information and services.

8.3.1.1 Safety Programs
".Thé safety category may'te considered in 4 parts: re.spc')nscs dcaliri.g‘ with avalanche
control, those treating programs Lo increase lhé probability that people get in and vut of
the backcqumry safely, thOse'dca!ir;g wﬁh risk rgduclion on ténils and those dealing’wilh‘
_lrail signs. First, over 30 bercem of Lhé respondents mentioned some form of avalanche
= control through the use of explcsives., }"ark‘s Canada controls avalanches only at ihe 3
alpine ski-areas and along highways, bui there is 4no avalan;hc coﬁtrol in the backcéunpry, _
as suggested b) over 26 perceﬂt of the respondems !

Second, the respondems mentioned 6 dlfferem actions they thought thal Parks

Canada 1akes to increase the probability “that people gct in and out of lhc backcoumr) .
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safely. The proportion of respondents mentioning each action is listed in parentheses
below: /
e safety registration (15.1%)
® scarch and rescue (14.0%)
e 1rail patrols (6.0%) i
* sclf registration facility at trail heads (0.5%) .

® ensure that people take appropriate equiprrxenl (0.3%)

nightly check of parking lots (0.3%).‘

Parks 4Canada‘ does not take any of the latter 3 actions and patrols trails only on an
intermittent basis.

Thi‘rd, to reduce risk on trails, respondents stated that Parks Canada closes trails )
(4.4%). provides huts for shelter (1.4%), ‘places campsites in low ri'sk areas (0.3%) and
routes trai]s in areas where there is low avalanche risk (>1.6%). Parks Canada does not clbse
trails, bul it does prov1d< some huts and place designated campsites in low. risk areas. Only
a small ﬁumber of marked and adverused trails (such as the Pipeslone trails) are routed in
areas of low avalanche risk. 4 |

Finally, Lrar_l sigﬁs such as drstance arkers (7.9%) and avalanche hazard zone
markers (10.7%) were mentioned by the respondesis. The avalanche hazard zone marker
signs along trails were tried in the past by Parks Canada and were: discontinued. Trail

distance markers are installed at some-trail junctions solely for summer use, so any benefit

to skiers is purely coincidental..

8.3.1.2 lnformaiion Programs

Parks Canada opzrates a numbcr of programs mLended to inform the backcountry
skier. The respondents menuoned aspects of mtormauon dlssemmauon research and"
public educatron ‘ |

All of inf or‘mauon dnssemmauon actions mentioned do exist, with the cxceptlon of

Posung the avalanchc hazard f orecast at the thly srnall number of trails are

-
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graded with respect to difficulty. The information dissemination actions mentioned are as

follows, with the proportion of the respondents mentioning each in parentheses:

backcountry avalanche hazard forecast (27.9%)

information ffom wardens (25.5%)

information centre provides I{ail and risk information (14.5%) ~

provide information to the media (4.1%)

provide weather reports (3.0%)

grade trails as to level of difficulty (1.6%)

post the avalanche hazard at the trail head (1.4%).

provide informéu’ori at the park gate (1.1%) ‘

promote the use of marked trails and teli people the risks associated with not
using marked trails (0.8%) "

warn people of the risks associated with wildlife (0.3%).

The fact that the wardens do research on avalanches and other risks was mentioned

‘

by 11.5 percent of the respondents.

Three forms of public education were mentioned by the respondents, with only the

first one being commonly offered by Parks Canada. The three forms are:

publications such books and pamphlets (8.8%)
educ,alion of skiers— e.g. courses, seminafrs, imcrpretfve programs (3.3%) -

public avalanche awareness presentations (0.3%).

8.3.1.3 Services Provided by Parks Canada

8

°

backcountry skiers. d’l\"gcsc are:

The ,Iespondéhis mentioned . several services provided by Parks Canada to
packing and‘grooming of trails (6.3%)
v . ~

law enforcement (0.8%)

surveying the public to find the best Way to serve them (0.5%) ‘,

highway plowing (0\%) T
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® providing support to crosscountry ski patrols (0.3%).
Parks Canada does pack and groom some trails, provide law énforcement and plow the
highways, but it provides only marginal support for cross country ski patrols and only

occasionally surveys the public.

§.3.1.4 Program Awarencss Summary
B Spe’aking in general ierms, most respondents wére able to identify at least 1 action

taken by Parks Canada to reduce the risks to backcountry skiers. Apparently respondent
awareness of.Parks Canada programs is not exéeplionall_y good, though. Under 28 percent

—  mentioned the backcountry avalanche hazard forecast, the program most directed toward

avalanche safety. ‘A somewhat larger proportion, 40 percent, were aware that Parks

Canada provides information to skiers, but many people were cdgm’zant only of a general

information source. as opposed to a specific one fdr information abouthazards. A lower
proportion of the “respondems were aware of the safety registration and rescue programs/
" in line with the lower profile of these progfams. Finally, a large proportion of the
respondents (over 36 percent) mentioned programs which d.o not exist, particuldrly
avalanche coutrol in the backcoumry and avalanche signs on the trails. These mispaken
imyressions niay relate"to the extensive, readily visible, avalanche conirol programs at’the 3
alp}’ne ski resorts in Banff National Park, and the presence of avaianche warninug signs

aloag the highnfays and at the alpinc ski areas. -

8.3;‘—2'Purks Canada's Backecountry Avalanche Hazard Forecast

The bac}wountrv avalanche haLard rorecast is one of the maJor servnceshwxdth the goal of .
- mcreasmg the saf ety of backuoumr) skiers provxded by Parks Canada Smce it has one of the
{
hxghest program promes and is a readily 1dent1f1able cnmy, it was chosen as the specxflc
‘ program for whxch to test respOndent awareness and opmxons and to obtam suggestxons for

.1mprovemem , e : L ’ e
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A number of questions about the avalanche hazard forecast. were posed 1o the
respondents. First, the interviewees were asked if they were aware of the forecast and if they
knew where to get it. Next, a question was posed as 10 whether the forecast was usually
obtained. To check this response, respondents were asked o pror'idc the Parks Canada
avalanche hazard rating $or that day and the source of that raung. Finally, the respondents

¢

: « .
were asked whether they thought the Parks Canada avalanche hazard forecast was Iseful and

PN

how ;’hcy thought that this program could be improved.

8.3.2.1 Awareness of the Avalanche Hazard Forecast
Over 71 percent of the respondents were aWare of the Parks Canada avalanche
hazard forecast and over 68 pierccm of them were familiar with at least 1 localion.wherc i
could be obtamed although less than 28 percent mentioned the progtam without any
spe(:lflc prompting. As shown in Table 8. l a greater prOporuon of the peoplc using the
| sustained risk areas werc aware of the forecast than those using lower risk arcas. A similar
situation ex‘ists“ with respect 10 knowledge of forecast disseminaljen locations. Over 86

percent of the people who have the greatest need for or can benefit most from the forecast

(i.c. sustained risk zone users) know at least 1 location where it is available.

"Tab]e 8.1 Aware of Avalanche Hazard Forccast vs. Ri?k\IZone Used

No Risk Intermittent . Sustained Total

o Risk Risk
Not Aware of Forecast 6% 343% 109% 27.9%
Aware of Forecast , 57.4 . 65.7 o 89.1 _72.1
Total ' | C o115 105 - - 138 358

Chi-square=34.4 chrees of Freedom=2 Significance Level < 0.05
, ‘ | |
The most common sources of the avalanche hazard forccasl cned by the
respondents were in order of" the proporuon of al} respondems aware of lhat source are:

L4 park wardens (49 3%) - , ' B - : ) K



* (clephone recording (28_78%) ’ \
e Banff information cérrrre (20.0%)
e radio (13.7%) >
e alpine ski areas (9.0%).
Some differences were found with respect to knowledge of the information sources between
s

users of différent trail risk caxcgorres Over 75 percent of the users of sustained risk areas

were aware that the avalanche hazard forecast could be obtained from park wardens, as

opposed to less than 35 perccm of the users of no risk areas. A similar: relauonshrp exists

for users of the telephone recorded message, with figures of 42 and 14 percent respectively.
There was no significant difference between users of the different risk calc%pries with
respect to awareness of availability ar‘iﬁé information centre, but there werc sigm'ficarn
differences in the final 2 categories. A greater proportion of the users of the no risk arcas
(20 percent) mentioned availability of the ferecast on the radio than users ér sustatned risk
areas (7 pérccnt). This difference may reflect a guess on the,pan of the users of no risk
arcas who expectcd that such information should be available on. the radio. Actually, it is
not‘commonly available on the radio. Finzrl]_v, more users of the sustained risk areas (15
“
_.percent) were aware of-the availability of the forecast from the avalanche research stations
al the alpine ski ateas than those who were using areas where there was no avalanche risk

»

( 5 pcrcem)

8.3.2.2 Obuaining the Avalanche Hazard Forecast . -
When considering all of the respondents, only aboui 33 percent replizd that they
usually obcairred t‘he Parks Canada avalénche hazard' forecast prior to going. out on a trip.

~ As may be seen from Table 8. 2 there are srgmf icant differences between the drfferem risk

ca’lcgones in terms of. checkmg the forecast. Over half of the users of sustained. rrsk areas -

stated that they usually’ obtamed lhe forecast. Of interest is the Fow" pres}ntmg replres f rom
people who said lhey generally checked the forecast only if they considered the condmons

to be l)azardous.“These replies lead one to cnnsrder the relaﬁonship between checking the
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foreca¥ and the avalanche hazard rating for the day as provided by the respondent.
Table 8.2 Usually Check ‘Avalanche Forecast vs. Risk Zone Used
’ : No Risk Intermittent Sustained Total
Risk Risk
Do Not Check 75.7% 65.7% 34.1% 56.7%
Do Check 13.0 26.7 53.6 327
- Check Only If Hazardous 11.3 7.6 . 123 10.6
Total | 115 105 138 358
Chi-square=55.8 Degrees of Freedom=4 Significance Level < 0.05

£ .

A significant relationship exists (significance-level less than 0.05) between these 2
variables, with less than 40 percent of the péoplc who rated the avalanche hazard as low
obtaihing the forecast and nearly 60 percent of those who supplicd_a high or extreme rating

¥

geuing the forecast. This would seem te indicate a salicnce threshbld level below which
ava;;nches are not a risk worth the consideration or effort exécndilurc to reduce. As showg
. In a previous chaplcr,. just under 40 percent of the pca’ple using sustained avalanche risk !
A—;&;éas tend to underrate the avalanche hazard, and so are less likely 1o check th; Parks
Canada forecast whicgh would correct their erroneous avalanche risk pe;ccplion. :

The avalanche haLard ratmg given by respondents who said that they had checked
the Parks Canada avalanche hazard forecast on [hat day was compared agamst lhc actua]A
Parks Canada forecast. Just over 60-percent of the respondents gave the same _ralmg as
Parks (‘;a'nada:'with d_nly jl{Sl under 10 percent giving a highcr rati’ng than Parks Canadé.
A fuii 30 perccm of the respondentgsupplied a ‘l ¢¥ rating lhan Parks Canada. thn

cons1dcrmg level of risk by zone, there was only random variation in the respopges ab%ve '
and below the Parks Canada rating in the no and mtermluen‘tw risk LMI Sklch’ :
who usﬁuswmed nsk areas were ?;ore lxkely to nge a lower raung than Parks Canada as

opposed to a higher rating wuh a probabxmy of greater lhan 0. 999 (usmg the binomial test

suggcsted by angel ( 1956)) Thm) sn pcrcchthe u%lers of sustained r1sk_arcas who -
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obtained the Parks Canada forecast underestimated the risk, while only 4 percent
overestimated the risk. These discrcpanciés are of even greatcfr intccesl. since the pcrsons
stated that they had cbtained the Parks Canada forecast, and still understated the risk
level. -
For the pcoplc-who did oblgnr?cjnks Canada avalanché')hazard forecast, the
most common sources of the information were:

e park wardens (62.1%) |

e telephone recording (15.2%)

* Banifigformation centre (9.1%).

Over 97 pércent of the resf)ondcms thought that the Parl_(s Canada avalanchc

hazarq [vasx wns a useful service. Even if they did not personally use the service, they

may have thought that other people using riskier arcag or persons with less fkill at makingﬂ

decisions with respect to avalanches would benefit from it.
3

‘ ’ : . S
78.3.2.3 Improving the Avalanche Hazard Forecast Program
. The suggestigns madc by the respondents with respect 1o impro‘ving Parks
Canada’s avalanche information program may be div'i‘ded into 5 major categories. These
agg,a.s_{o\llows (with the proportion of the respondents making that category of suggestion
in parentheses):
* improve forecast dissemination (28.2%)
» fimproye highwax and trail éigns (17.9%)
. improve forecacl development (10.1%)
L 1mprovc skner educauon (4. %) B
. improve regxstrauon regulauon and protection (1.7%).
In the categdry of improving forecast. diéseminau’on, the 'most common;y
menuoned suggeslmns were to 1mprove publxcxty and make the program more well known l
- prov1de access to the f orecast at hotels make the information more accessxble and v151ble

- provide pgmphlets (like the -present bear pamphlets) at the park entrance. br_oadcast the .
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stations and provide more avalanche information in the newspapers.
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. ® ! R . )
avalanche hazard forecast with the alpine ski report, put the forecast on Calgary radio

v

!
The 2 suggesuons most commonly made with regard to signs wcere (0 provide a sign

~

similar to the presenl fire hazard sign (listing’ low oderate, high and extreme with an
appropriate mdication of thc current hazard ralmg) at the park entrance, exits from the

lownsues of Banff and l.ake Lourse and access points to the Banff Jasper Highway,/and

provide the avalanche hazard forecast at trail heads. .

< -

To improve the avalanche hazard forecast developmem skiers suggested making

the inform uon more sp°c1fic for locahzed areas domg more rcsearch on the avalanche

*

hazar'd i e areas and elimmatmg the lendency (at léast as it'is perceived by the blerS)'

lO exaggerare lhe risk -With respect o skier education, the most common suggestion was o

provrde prograrri's'lo allow skiers 10 i"ncrease Lheir knowledge base. Park's Canada ’prcscnlly
~

relies on the private sector to fulfil [hlS role (G frwin, personal commumcauon 1985)

In me last calegorye no suggesuon was made more. than once. Thc suggestions

. «

could be classrﬁed as those dealing with lhe safety rcgistranon system traii{%rolﬁnd

- Vo

~N

mandatory usage o{ avalanche beacons. - S, ' -
To summarize the discussion on the respondent 's suggestions 10 improve Parks -

Canada's backcountry- avalanché information program, it appears that skiers would
coL program, it app |

appreciate improved a«g}o more detailed information than is presently readily-available.

8.3.2.4 Backcountry Avalanche Hazard, Forecast Slrmmar_y '

‘The backcountry avalanche hazard forecast is onc of the -major scrvices with the -

goal of. increasing the safety of” backcountry skiers “providcd by Parks Canada. Overall,

L4

about 70 percent of the respondents were aware of the forecast and knew where to get.it. A

. o . REC . l

- greater proportion (over 86 percent) of the sustainedvrisk zone users knew where to get the

\ L2
forecast than users of the other rrsk zones Sources from which the forecast were most

commonly obtamed mclude in order, of popularity: warden offices the te]cphonc'

o -

recordmg and the the Banf f mf ormation centre. Of alf respondents aboul one- lhll‘d statcd '
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lh%’rt'lhey 4nsually obtained the forecast (54 percent .Of sustained risk zone users).
Respondents were.more inclined to get the forecast if they personail)' considered the
avalanche hazard to be high. Even after getting the Parks Canada forecast, about 30
percent of these people rated the avalanche hazard as lower than Rarks Canada . This figure
increased when considering only users of the sustained risk zones. Finally, over 97 percent -
of the respondents r?foughl that the avalanche hazard forecast was useful, but most felt

that there shauld be improved access to more detailed information than is presently

available.

-8.3.3 Possilrle Fnture Accident Likelihood Rcduct‘ion Programs

The respondents were asked several questions in an attempt to determine. how they
thought Parks Canada COuld further reduce the likelil;ood of accident to backcounrry skiers.‘
The first question dealt wirh suggested ways to reduce gener'al risks to bac}rcounrry skiers, other
+ than specifically the avalanche inforrnan‘on program.’ The other 2 questions dealt with

‘ broadcastmg the avalanche hazard forecast on the Parks Canada radro station at the Cahm ¢

' emrance to Banf f Mational Park and closure of trails when the avalanche hazard is hrgh

I d

8.3.3.1 Sﬁggesred Means to Reduce General Risks

Almost 85 percent of the respondents provided some suggesnon as to what, besides
e

+ the )avalanche information program Parks Canada could do or should do to reduce the |

, §isks to backcountry skrers The suggesuons were categonzed as hsted below (with

) : lhe pro;oruon of the respondenrs'nremromng an entry in each category in parentheses)
. nothmg (30. 2%)

| * give more information of 'rl.re general typenu(21 2%) '

.. rmprove,lrarl srgns parncularly Jl}pCllon and drstance markers (9 5%)

Ve mcrease the number and scope of regulations treating backcounrry use (7 8%)

o -

. -rmplement a number of safcr) precauuons (6 7%)

'0,,"‘“provrdeeducarronafcourses (6. 4%) S ,

Y . . X : . .
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e improve trail construction and mainte'nance (5.3%) 8 T | N

® use the media more often (5.3%) . ' _

e  hut comments (5.0%)" ) . T S »
As evidenced by Ihe_ large proportion of the reépondcnts who 'neld that Parks

Canada should do nothing clse to reduce the risk to backcountry skiers,-cither the people

feel that Parks Canada is doing enough already, the people fee} that the risk@are too low

lo be worth considering or the people are actively seeking risk.
As noted in the previous section, a substantial proportion of the skiers sec Parks
Canada as a major A‘ormauon source. Suggestions for 1mprovemcnt of the mformanon

program included provt%ng more information about trails, "ﬁr()vrdmg lists of equlpmcnl

requirements, provrdmg general education, increasing people's awareness of potential

dangers in the backcountry and encouraging backcountry users to be responsibie for

<

themselves. 4 b %

e
h

A number of suggestions were made with respect to regulation of backcountry

skiers. There was 'some mention of strrcter registration proc&res that emphasized

equrpment and knowledge re &nrcments along with trail closures durmg penods of high -~

avalanche Tisk. Hov}ever, those who held these Opinions were out numbered by.inearly a

\

factor of 4 by those w}\{elt that Parks Canada should do nothing.

The safety precautron most often mentroned was regular patrols of ski trails.

/

Others mcluded avalanche comrol nightly . check of parking lots and provision of

telephones at trarlheads (

All of the other categories arc generally self explanatog,,&itir the exception of hut

comments. A number of skiers prlgposed“ having primtttv‘e warrnup shelteré“alohg the more
| popular trarls whrle orhers aclvocated more huts, pamcularly in areas where ean- bc a hrgh
rxsk of bemg caught in a storm or a need to stay overnight f or some other réason (c. g
areas lrke the W\rma Icef reld) In contrast other people argued that present huts should be

removed smce they act asa magnet attractmg pcople wrth Iower skill leve]s than should be

v

-

s
-t

e

YL
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. respondems ngmg a reply whnch flts mto each c
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using Lhc\ arca. Access routes to the huts may be avalanche prone or significant problems

«could ‘arisc 1f the hut is not reached b» nightfall and appropriate camping equipment is not -

carried. ' ' . / \
8.3.3.2 Broadcasting the Avalanche.Hazard Forecast

The warden service in Banff National Park has proposeé+-broadcasting the

- . L SN
avalanche hazard {orecast on the Parks Canada radio at the Canmore ehtrance 4p the park

in the past, but so far permission has notﬁbeﬂn. grantedy oy PaM- Canada-. upper
»

| managemenL (C. Israclson, pcrsonal commumcauon 1984). Thxs rac%np station, which has

L J
a range of about 5 km Is used Lo broadcasl a conunuo&& repeating recoxdmg of pcmncm
mformauon about _the park 10 peoplc as they pass Lhrough the gate. .

c

. S
station, pcoplc must ﬂmcn to the station to TCCCIVC the mlormauon Only 28 pcrcem of the -,

Assuming U\fhe avalanche- hatard '(orecasx is 10 be broadcast on this radio

respondents stated lﬂal Lhe) occasnonall\ 115[%[0 lh|§ stauon wnh over 40 p%r'cem never

listening aqd over 31 percem who were not aware Lhat the station e\usted If Re forecast-
. M 2o -
was’ broad‘e‘asl bv the Station, a greater proporuon of the Skiers must madc aware of its
-
]
avallabnlm forfit 10 be cffecmc One melhbd as suggested bv severzl respondems would

-

be o place a sxgn bv the hlghway advcmsmg that the forecast is avaxhble on this s"taaon

LA ".'

s ’*f he responses in {. as%r of broadcasung the baokccpntvry avalanche haiard forecast -

O
f 0

on thls stauon nearl) neached 90 percenl of the total. The sklers also supplled 1f1f ormauon'
N 0"

o [

as IO why the forecast should or should ‘ot be broadcast acc,ordmg to their response

[N

The response< ngen b) those who f e]t 1hat the lurecast,,jlould be broadcast were

‘grouped mxo 5 catcgorxes 'r hese-" calegones are as folIows (wrth the ‘proportion of all

’F o . . L .
BOIY m paremheses) | /~

Y

_ . reach more/people than other methods of f orecast dszeman make more

.
v

: people,a\ggrc&(’) J}g rxsk (42.5%) .

ease of ‘access 't_of the inf or}rt'atﬁmn(26.0%) J

. . good service for Parks Q‘éhada to hgoVidc_(lS.G%) ' S
T ' ,"’{-;ﬂ‘,.‘;s' ) . e
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® suggestions of how best to implement placing the forccast on the station (3.0%)

1 N -

oo

e citing of benefits to Parks Canada (2.5%). T
The last 2 categories Tequire additienal cxpianalion. Implementation suggestions included
having a highway sign advertising the fact that the forecast is available on the station,
giving priority to the forecast with respect to other infnrmalion on the broadcasts during

‘ wcekcnd and holiday periods and emphasizing the forecast when avalanche conditions arc

&

particularly risky. Benefits to Parks Canada included a reduced nced to bother the

&
wardens, alow cost method of providing the information and case of {ncluding the forccast

in the repeating broadcast. )

Responses that fit into 4 categories were supplicd by those who felt that the
forecast should not be broadcast. These categorics arc arguments that (proborlion of total
number of respondents making hal argument in parentheses): |

e the broadcadt would not reach many people (5.2%) ‘
e  other sources are better (>4.4%)
e skiers should make their own decision (0.8%)

- may cos! tbo»\much (0.5%). &
‘ >

The category contents are 'obvious,' perhaps with the exception of other sources being .

bctter Other sources would include the wardcn offices, the Banff information ccri%e, the:

telephone recordmg a s:gn and eommercxal radio stauon, It is of mlcrest to notc that

sxgmﬁcanll) ]ess of the‘-persons using sus[amed risk areas than other arcas (in‘éluding only‘

1hose arguing against the broadcast) thought that the broadcasl ‘would not reach many
people, while s:gmﬁcamly more of lhe sustamcd rlsk areas users thought lhat olhcr sources

were be;_ter (chx-_square leyel of sxgmf icance less than 0,05).

-~ . . . S : )

8.3.3.3 Trail Closures. U

A

One obvnous method of reducmg the nsk of avalanche acmdcm 10 backcoumry

P T

A

skiers -is o close lhe traxls when the rlsk of avalanches is hlgh.q Over 60 °p\,rcenl of the -

: respondents felt that thns is a good method of protectmg skxers as shown in Table 8. 3

PR

o . ) ' ')_‘\
® B N S L
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,\
However, notice the significant difference between users of sustained risk areas as opposed

to the lower risk areas. Those most subject to the risk of 'gélanchc were léasl in favor of
trail closures. Also, those who had taken an avala_nche safety course or read avalanche
safcty material we;é generally against closing trails. chce, one may argue that only those
who lack the skills to make ‘lhcir own decisions desire to have Parks Canada decide whether
i 15 safe to use a trail. :

~

Table 8.3 Should Parks Canada Close Trails vs. Risk Zone Used

I's
No Risk Intermittent Sustained Total
Risk ! Risk .
Should Not Close | ) 22.6% 2.1% 67.9% ©39.9% -
Should Closé¢ 77.4 77.9 321 - 60.1
" Total . 115 104 137 356

Chi-squarc=72.8 Degrees of Freedom =2 Significance Level < 0.05

The respondems ﬁﬁmded reasons 1o support their answcr of whelher or not Parks
)7
Canada shou]d close trails i’ the risk of avalanche is high. Those who were against closmg '

trails gave reasons which were grouped into t following categories, y«ith the proportion

of_ the total nixmber of ‘respo‘ﬁdenis‘ giv‘ing ; asom in that category in pare}mescr i

e . the decision wnh respecl to using atr arca should be bascd on Ihe l\nowledgc of the
mdmdual who should make his|own choice (22.7%) .

e Parks Canada should help pegple’ make their, own decisions, not make lhe

. decxsxons for thcm (14. 5%)

. people resent imposil‘ions on their fréedom and it would be difficult 1o accurately

judgé Wthh traxls 10 closc when (8. 8%

.. Lo protecl people (50 4% )

- X . "
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e  benefits to Parks Caiiada such as a reduced requirement for avalanche reseucs
(8.2%).

Some of those in support of ClOSiné mn;(mg% of all respondents) also gave suggestions

for trail closure policies, such as closing lraiis only if the risk is extremely high, closing

only those specific trails where the risk is high and providing the closure reasons on the

‘sign at the trailhead.

§.334 P'5ssible Future Programs Summary

3

Three p0551ble future ‘means of reducmg the likelthood of avalanthe accidents were

menn(:&'ned in this section.

First, general risk reduction suggestions included- doing nothing (indicating that

people were satisified with the present level of service or did not want to have ziny

programs imposed upon them) and prcviding improved information services with regard 1o

awarefess and encouraging people 10 be responsible for their own actions.

-

S

trails, equipment required, education or knowledge levels required. increasing danger

S

Second, the commems with regard to broadcasting the avalanche hazard forecast

on the Parks Canada radio station at the Canmore park enirance may be summarized. Only
28 percent of the respondents listened to the station on an occasional basis. Over 90 perceny
of the ‘respondenis were in favor of the broadcast, citing reasons such as making more

people aware of the risk, ease of accets and being thc lype of servicc that Parks Canada

¢

should provxde Those against the broadcast felt that it would not reach rmany peoplc and
1

‘other sources would be better

T -

Thll’d several ' points were made about trail~ closures dunng penods of hlgh‘

ﬂ

LA

avalanche nsk Overall, over 60 pcrcem of the respondems f avorcd closing the trails when ‘

: requnred but. thlS proportion was found to be only about 32 percem of sustamed risk zoné

&

users. Gerierally on]y those who lacked the sknlls 10 make thexr own deuslons promoted-

v

closmg trails. Those supplymg reasons agamst trail closures wamed to make lhexr own“

dec1sxons resented 1mposed decxslons and saw Parks Canada's rolc as o* of hclpmg people

>

g -
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to make decisions. Most respondents in favor of closing trails felt that people should be

protected from their own decisions and that Parks Canada would have to do g’wer rescues) \

8.3.4 A Summary of Skier Opinion on Parks Canada's Programs

To summarize this section- on skier opinion of Parks Canada's programs, the

‘ respondents had an overall favorable opinion of Parks Canada's programs. Respondents were

gencrally aware that Parks Canada takes actions to reduce the likelihood of avalanche accidents
to backcountry skiers, bul'often were not cognizant of specific programs. Vt'ith respect to the
backcountry avalanche hazard forecast, about 70 percem of the respondents were aware of it
and knew “here it could be obtained. The park warden offices were the most commonly
menuoned places to get the forecast. Note thal over 87 percent of the skiers were l"rom Alberta‘

or British Columbia, and thus were tikely to be av\are of the wardens and their role. Only about

. L . ® '
. one third of the respondents said thal they usually get the forecast and there is a tendency 1o

obtain the forecast only if the respondent personally considers the avalanche risk to be. high.
.Over 97 perccm of the respond' nts ‘stated that the avalanche hazard forecast was a useful

service, and most suggested 1mprovements “dealt with- improving access 1o a more detailed
° N .
forecast. ‘ : c ‘ . »

A |
Several suggesuons ma) be made about potenual future initiatives. In terms of reducing

general rtsks to backcountry skiers, the respondems generally felt that no new steps should be
taken ‘with the exception of rmprovmg mformauon servnces There ‘was general support for

'hlgadcastmg the avalanche hazar(l forecast or the Parks Canada radro station, but some means _

. of makmg people aware of this service would haVe o be devxsed Over 60 percent of the

respon?dents favored trail closures because of high avalanche risk, but the maJontv of the

closurc supporters tended ‘10 be users of no or mtermment risk areas who had low knowledge '

levelsv‘;é S o | L _w.
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8.4 “Some Methods to Improve Parks Cadada's rograms
Based on the survey results with respect 10 the present Parks Canada programs,
material from the prewous chaplers and appropriate literature refcrcnces mcthods of
enhancing Parks Canada's programs may be suggested. This section will be arrangcd in S major
portions. First, the problem to be resolved is rcviewe'd bricﬁy along w_i_th some of the reasons
for ils existence. Second, consideration will be given to what can be done about the prohlcm.
Third, weaknesses of the present programs dealing with the problem wil]‘ be reviewed. Fourth, a ‘
solution'to the"problem using a structure suggestcd in the literature will .be prgsenled. Finally,
specific details w1ll be glven about 2 of lhe proposed means of reducmg avalanche accxdcnls =

-h. .

trail head signs and a ski information centre, - ’ ’ o Pag

8.4.1 The Problem Facing Parks Canada

Clearly the fundamental problem which Parks Canada faces (a\, least relative to lhe -

AN

issues of this thesis) in Banff National Park is avalanche accidents. There are a-number of

reasons why this problem exists, both physical and human. = . - ’ .

The 2 major physxcal reasons are chmate and physmgraphy_ The generally cold wxmcrs

wuh small amoums of snowfall (rclauve to other mountain ranges commonly uscd by:

v © N

-backcoumry skiers) result in a shallow snow pack Wthh can bc quite unstable for long penods
of nme (Daffern 1983). The rugged hlgh mountain landscape (whnch atlracts skiers in the first
place) provndes slopes of sufficient steepness for avalanches to occur in many of the locations
- commonly used by bac kcounm sklers o o S _ | . |

Thcre are 3 pnmarv human reasons for avalanche accxdems Wthh have been 1llustralcd -

m this’ thesis Fust 'ski lers f ee} t avalanches only inf requently af fect people and any people' '

R

. that are affected will ‘riot- be them ) lves Second thex:e is much room for lmprovemem in -

o ,tdlerance or even’ what ma) appear to be nslf seekmg m thls recreanonal actmty

L .
. N . . ‘ . N &N
/‘ . e R A S : I

y - Tl !
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8.4.2 What Can Be Done About the Avalanche Accident Problem

At first glance, it would seem that the avalanche accident problem may be resolved by
dealing with either or both of the reasons for its existence. Here it will be demonstrated that the
physical reasons for the problem cannot be resolved, while the human réasons for the problem

A

There arc several brief reasons why the physical reasons l"or the problem cannot be

’ resolved. First the ph’y'sio aphy cannot be changed to make it safe because of the ir“nmensify of
such a prOJect (1 .. level the mountains) is bcyond comprehension, and such a solution is
totally at odds'wr{h ‘the Parks Canada s mandate of preservation and would destroy the natural
ﬁbeauly soughl by the park users (Sax 1980). The technologv to change the clrmate does not

exist, and the desirability of changing the climate is most questionable in an) event. lt 15 not

practtcal t¢: control avalanches in the backcountry (e g. wrth explosrves) because of the large

areas involved, relauvcly light usage in any 1 specific area, cost, and the fact lhat artificial -
control could lead 10 a false sense of security..As an example) losses have“ ocurred because of.

artlf icial f 1 )od control leading to a false sense of security among residents and mdustrres along‘

nvers (Gardner 1982).
The human reasons for ‘the ‘avalanche accident problem may be addressed however.

Programs may be devrsed to make people aware that avalanches can affect people (i e

avaIanche “isk; and o make- people aware of therr levels of risk tolerance so that they can
explrcrtly qh,oose ‘the level of risk that thcy face: '&hose desrgmng solutrons to the hnman'
problems must be cogmzant of what people are- seekmg rh this form of wilderness rrsk
recreattom that is, comradeshrp, personal growth self relrance self knowledge and excrtemem

(Leonard 1974 Hendeget al, 1978 Mcr“r 1978; Mtles 1978 Schreyer el al. 1978 Welton 1978 AG:

Ongena 1982) From evrdence presented in this.and preceedmg chapter’s one may conclude that

i -

the best solutlon is to educate the sklers (wrth books and safety courses) provrde them wnh

easrly accessrble detarled mf ormatron and let them make their own deq,srons

4

P

e

themselves. .to 1mprove people's knowledge and decrsron makmg abtlrty wrth respect 1o '
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8.4.3 Problems with the Present Parks Canada Programs
There are some problems with the present Parks Canada pryams with respect to
distributing detailed information and educating the skiers. If onc knows where and who 1o ask .
Parks Canada staff can provide a wealth of excellent information such as the avalanche hazird

]

forecast, detailed data used to derive the forecast, detailed advice on almost any lopic,

" pamphlets and other publications, snow and ski conditions for specific arcas and the weather

r

forecast. From the résults-of the survey, it is evident that ‘many peoplc are awarc of these
information sources, but comparam ely few people make use of 5uch mformauon Recasons why
people oflen ‘do not get lhe Jnformatlon that they should have 10 improve their knowledge basc
and subseguem deciéions include:
] i«nconvenieni access 16 the information
\ " .
¢ - all detailed information is not available from 1 central source
. ljack of conf‘idcnéc in the knowled’g'c level of the staff at the Banﬁ"jnl'orrnalionggnlrc
e people whao are not familia-rr with._ the park often do ﬁm know where information is
available. | | |

®  some peoplé believe that Parks Can\ada staff exaggerate the risks.

Cne final problem.Witn the* Parks Canada "p‘rogréms'_ is that they do not directly address the

' haman, raaaons'which may lead to avalanche accidents, particularly the lack of knowledge and

"aoility 10 make safe decisions with respect to avalanches.

-
o

8 4.4 A Suggcsted bolutlon m the Problcm’"

. The pnmar» goal lcrc is 10 reauce Lhe number of avalanche acc1dcms It has Waecn

(%

- shown ﬂmt lhe bcsl way o do this is to- educale skxers Skners may be edqcaied by provndmg

FI S
-

”

hazards m gencral it may be tculored specn&xcally for avalanche h 7ard:

e

: 'them wnh mformatmn Rood (1982) prov:des an outlinc whxch may be followed to -

"commumcate this, mformanon }ven lhough Sood s work was mtended to apply to nalural”f"'v”:‘-"’ :
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Sood (1982) holds that there are sevefal reasops why public information programs are
. AY

; yd
justified. First, the public wants and is willing to accept additional information on natural

hazards (supported by data from this study as well). Second, with the rapid information change'

that presently exists, such programs can Kecp people ‘up to date. Third, these programs can

=~ u

correct faulty perceptioris and increasc public knowledge Fourth, they can be aecompllshed on
a low budget and finally, there are examples of such programs being successful in the past.
These public information programs should consist of 3 stages, according to Sood

(1982). The goal of the first stage is to catch people’s attention. In the second stage of the

. . & . . ; .
campalgg, thegoals should be to incrédse the saliency of avalanche hazard issues, enhance the -

audience’s involvement in these issues and induce. skiers to help in formulating feasible

avalanche hazard niitigation strategies. Behaviour chapge of the sklers (lO reduce the nymber of

avalanche accndenls) would be the goal of the third stage. - !

A morc detalled discussion of the 3 major slagcs follows Remember ihal even when
the second stage has begun lhe first stage is comtinued. This also applies to the first and second
stages once the thxrd sLage has begun In this way, additional people can be reached, while the

¢

repetition provides remforcemcnt and the confirmation sough[ by the earller adoplers

The 3 sta5es could be based on 4 mlerr%med ‘means of gemng mformauon to the -

>

publlc Thesc arc; | - ' . X

- i : . Q .
e usc’of the news media 10 make people aware of the avalanche problem and some of

- -~

P
i

the means to combat it

. ,involvemem of the/ skiing publ?e in devising’ mcjans ol”,rcduc‘ing the -number of .

. avalanchc acc1denls o e . ' N
o N 4 g O

. \ ~io ' .- L ,
. =establxshme.m of a ski mformauon c‘entre MCh ‘is well advertised an@as very -

'convemcm access T

] “ trail lead sngns at common]y used tralls to reach people who have not used the ski -

o

' ml" ormauon centre

Cye
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8.4.4.1 Stage One
Within the first stage itself, iher; are several distinct phases. First, one must set

_ A ‘ / ' e
the goals for the entire campaign. Next. information about the target groups must be

‘»

obtained. Finally, the messagq\,mum be prepared and delivered. ¢
Goal setting is simply the process of determining the aims of the campaign., This is

a simple description, but the process can involve a substantial amount of effort. The goal

@

of reducing the number of a‘valanchcxaccidems.by educating (c.g. books and courses) the
’ L 4

*public has already been memifmed.
s

When'designing the campaign, it must bc kaL'm mind that most people find most
© - v

~

information campaigns irrelevant (Dcrvm 1981), not surpassing their awareness lhrcshold
e
-This factor must be compensated for bv taxlormg the messages for the spcuﬁc larget

audience(s). Precampalgn_ audlencc anglyses such as sample survc_\'s are a must, as arc, pitot
tests of aliernative sou;'ccs, appeals and Syles with small samples of the intended audience
- (Atkin 1981 )‘. One cannot fefy on the o;gaﬁizalional leaders’ grasp of pﬁblic opinion, since -
it is seldom accurate (Milbrath 1980); All portions of - this cak"npaign must be directed

toward backcountry skicrs who. were found to be highly educated and often highly

dedicated to the sport.

Saarin®n (1966) and Mileti et al. (1975) state that the best time to start an
information campaign is immediately after the occurrence of a hazard event, such as an
e ) - . _

avalanche acéidenlf, Al this point in time, the hazard_ has likely surpassed the pc’ipulhtion 's.
awareness threshold This relates to the work df Saarmcng(1982b) who has found thal Lhc
greater th& perceived I'lSk ofa hazardous event in the near f ulure the greater the lnkchhood

of mmgauon ad0puon Sood (1982) relates another aspecl of ummg Campalgnsshould be .

)

arran\ged to coincide their peak with the begmmng of the danger season for 'hazards lhal ‘
o . . - @ . ’

are gyglical in time such as avalanches and- continue at a lower ‘lqvel throughout the risk R4
season. ,° . - . IR
¢ : [
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v Scod (1982) recommends the use of televison®and other visual media lrl the first

stage. They are capable of transmitling large quantities of data and televign has been

found to be the most credible news medium. The ski information centre could be advertised
on such media. One must select message sources perceived as credible by the audience (such
as the person fin charge of avalanche safety programs cr the head of lhe ski information

; 2
centre), parncularly dynamlc spokesmen who attract atiention 1o the message. The quality

*
' of the presentation (especially entertaining style) should be emphaslzed as well as the

bquanmy (Atkin 1981). Finallif. message repetition 's powerful since people tend to think

lhe problem is more serlous if they hear about it oftea (ngg 1982; Sood 1982). People can

¢

also be made aware of the aﬁalanche problem through the use of the ski mformanonl’cemre

A

0‘ -

and traxl head signs. SleI‘S n@y be enlxced into the ski mformauon centre with the thought

ol cnqulrmg about skl condmons or the weather forecast (if the cemre is in a location

1

¢

where little eflor[ is required to reach it, such as near the cast Banff National Park -

- 4 / i . ‘ .7 . . .
entrance) and become aware of avalanches from information obtained there. Also §o§;mg

p]

of the avalanche hazard at trail “heads (along with pos{ing sources of additional

.-
information—e.g. the ski information centre) would increase awareness.

8.4.4.2 Stage Two

T e - . N

Once peOpl - ware of the campalgn it is time to get. them mvolved in. the

second stage. It is “at thxs stage that an attempt is made to correct the def1c1enc1es in

1Y

knowlcdge and dec1sxon makmg %kllls noted carller The major faclors m ‘the Second stage -

<
are mterpersonal commumeauon'. -printed material and commu'nity involvemem‘

: Starung in the second stage Sood (1982) holds that complete rehance on the mass

’s

medla to dxssemmate mformauon is. hkely to be meffectxve The ‘use of mterpersonal

commumcauon especnally at thé sk1 mf ormatwn centre, m conjuncuon wnh mass medla

»

can substanually enhance the benefncxal rcbl“ts After some audlence mvolvement m the

issue has been generated prmted matenal is- paruchlarly effectxve (Sood 1982) Pi;mtedl

matenal such as pamphlets whxch are already avallable could be dlsmbuted at the ski

Ky
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infofiation centre.

Tapping mto éxisting orgamzauonal and interpersonal resources sucIT as dutdoor .
'9
clubs n communmes such as Calgary, Edmonton, Red I)eer and Banff and havmg them
-

form a volumeer grassroots organization to help disseminate the mam mcssages of ‘the

®

. “aware mpalgn forms a m{]OI portion of the.s¥cond parl of the campalgn (Sood

'11982);R::gul_ska (1982) (and a numbcr of survey tespondents) also recommends promoting - ”
awe}xLeness in schools -Rogers and Shoemakcr (1971) and Rossi er al. (1982) hold lhal at
least somq_effort should be concemrated on the elite secnon of’thc target group (c.g.

. outdoor store slaff outdoor club leaders) O‘er people may emulate the elite.”

| ) ‘%‘v The advanlages of volumger mvolvemem are that more people can-be reached al a
lov@r cost; the program is hkely to be more persuasive if the public itself helps to devclop
and lmplemem the campaign ogp a local Easrs and the program can be self - pc:rpeluaung~

.
since. the local pCOplL are workmg to protecl their own interests (Regulska 1982).

Volunteers c0u1d prowde mput to programs, build displays for the ski information centre,

» i

aid in erection of the trail-head sngr’ﬁ and patrol tralls-(perhaps in cooperation with lhe
4.

vCanadran Ski Patrol Systems ﬂOleC dmsnon) This participation could lend more credencc.

to the Pan&rs (‘anada programs in the minds of lhc\fccrcauonal skxcrs A furt‘her advamage'

i&of ths public mvolvemem svstem has been -identified b) Kunreuther (1978) People Who )

know: someone who has macfe an adjustmem ai‘e mpre llkely to make snmilar adjustments.

Jd
,.«r

The major dxsadvamage of the pubhc mvolvemem program is that it'is d:f ficult to sustam s '

emhusxasm in these pro;ects,related to relatlvel) inf rcquem phenomcna su& as avalanchc :

.

accrdems but peeple can-be. made lo recogmze thaL lhe threat of. avalanches is nevcr far"

r
© 3

away. - &

8443Stage’rhree ) :., L e } o \:

._\ﬁ\‘

(1982) argues that thxs persuasxon process mvolves not so much changmg one 's oplmon
ﬂ

but rather changmg one's percepuon of the issue or- obJect in quesuon Pcrcepuon changc R

" As Stated earher the maJor goal Of Stgge 3 is to change mdmdual behav:our Sood gn
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is accomplished through the use of scientific annpuncemeénts. Studies have found that

. announcements based on scientific conclusions are considered to be the most credible and

the most hkclv to be remembered (Nrgg 1982). These scientific announcements may also be

used to help people in the evaluanon process. In other words people should be given the
!
ssteps which may be used in reachmg_a conclusion edsily, along with the corrclusion they will

: . . e
reach. This wr‘ll offser the problems with evaluation noted edrlier."Much "of stage 3 would

be acomplished at the ski mformatron centre where mterpretrtrve shde -solind shows static

. displays and knowledgeable staff would make pepple aware of the benefits of.‘avalanche

~

_ . education, and where it could be obtained. -~ =~ = 1

»

“’ . . LIPS

8 4 5 Spccrflc Detarls on Trail Head Slgns ang the Skr Information Centre

Some . specific detarls about the 2 most srgnrfrcam aspects of the public information

L2

pro‘gram are presented here The ski information centre wrll be considered first, followed by the

, trar] head srgns. ;o

]
The proposed ski inf ormatron centre would be located near the east entrance of Banff

Nauonal Park. Mosr skiers enter Banff National Park through this entrance. Thrs locatron ‘was

suggested by the _0verwh_elm1ng response i’ favor of broadcasting the avalanche hazard forecast

on Lhe radio station that presently exists at the gaie. Many of the respondents--stated that they -

. N e

would use such mformatron sources if they were readrly avarlable From the results of the
L4

. &
. survey it would seem best 10 staf f: thrs centre wrth people who are 1numately f amrhar wrth the

backcountrv and potentral hazards The respondents defrmtely favored obtammg mformatron .

from members of the warden service, so perhaps this could be an e\tensron of the warden_n_ :

service safety programs Staf f and drspla)s should be of hxgh qUalrty, since the hrgh]y educated :

skrers would qurckly recognrze mformatron that was mcomplete or Qf msuf frcrent detarl

3

The followrng should be made avarlable at thrs centrc (all of them exrst already, but -

thrs would brmg them all together in 1 locatron)

U detarled avalanche hazard forecast and advrce (make empmcal data and evaluatrons o
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.
° -~ ' ~

available to the skiers so that théy may better cv‘aluatc"‘{ge risks’jlhal'they are:exposing

themselves to (Gardner 1982)) “ ' M
: S .
@ ski trail conditiorts and advice
S weather forecast .
%‘ pamphlets dealing with avalanches and oiher aspects of backcountry safety - - N

e  backcountry permits for overnight use, hut use and safety reglslralion

.

® interpretive slide-sound shows and static displays that illustrate the importance of
education to safe travel in the mountains

e listing of private firms that offer avalanche courses P . e

e collection of avalanche safety books and other relevant reading material dealing with

S . .
safety in the mountains offered for sa@ : - , .

N

: People would most hkel) be atlracted 10 the centre by the ﬁrsl 5 points, bul while at the cenlre

N
lhere is a hr,gh probabrln) of the mlerpretrve matenal ml’luencmg people to become aware of '

avalanche risk’ and the need to leam more abouL avalanches. Volumeers l‘rom local ouldoor

", L.

clubs could aid in the developmem of: this interpretive material to ensure that the - mformauon

would be- more relevam to the skiers. Thrs centre should be opcn dally for longcr periods. 0[ :

y

time than usual of fice hours parucularlv on weekends té meet the necds of skrcrs cmen

park late at. night planmng 0 begm sklmg early the next day To Lompensate for pcoplc

entermg the park other than at the east emrance srmrlar f acilities could be located at emranccs
. ..

44to adJacenl nauonal parks and ml”ormauon could “be shared among them usmg some

R
< -

commumcauon Imk such as Lelex or some other form of computer comrolled arrangcmcm

The trarl head srgns would be placcd at commonl) uscd lralls Couchc (1977)

/

recommends the use of such srgns as drd a number of the surve/y respondents. Thc slgns would
- t

and the locatron whcre addmonal mformauon may be obtamed — the skr mf ormatron cemrc
N N ' &

The avalanche hazard forecast could be usel‘ ul as a. warnm; arnsl trarl use durmg perxods o[
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Skiers would also appreciate a topographic map illustrating the usual route taken by skicrs using

tfie trail and other pertinent infor ation. Skiers certainly made use of such maps where they

> o

werc available at the Pipestone and Redearth Creek trails. Volunteer help could also be used to

aid-in design and insfallation of thesc signs. These signs would provide information to people

who do not use the ski infofmation centre.

a a

As a concluding note. the ski information centre and the trail head. signs could casily he

adapted for summer use as well, as information sources for hikers and climbers.

.

Cy



Id

3

9. Conclusion and Rccommgndation;

In concfuding this thesis, it is appropriate to return o [l;e 3 major objectives outlined
in the inlrodu.uion. The first objective was to determine the skiers' pcrccplions of the

’ . : ' o t
avalanche hazard, while the second was: to determine the levels of avalanche knowledge»
possessed by the skiers and identify characteristics of the skicrs‘ rclz‘nfd to avalanche knpwlcdge
or abiliiy‘ to make avalanche risk assessments. The last objéq_tlive was 10 evaluate the
ct'!‘ccliv-cncss of prcschl Parks Canada programs irca-xing avalanche hazard and provide '
suggestions to improve the programs. From lhc‘discuséions relatl:ng 10 lhcs;é 3 objectives. it is
cvidcnt‘lhél avalanches differ from other naturall hazards in some im_portam ways.
9.1 The First Objective e | : ‘ L

With respect to the f_irsl objective, scx"cral‘ major conclusions may pe made. First,
avalanthlcs arc a salient major cox;ccrn among skiers in the study area. cspecially among thos¢
using arcas wherc avalanches Wcrc most likely to occur. Second\.&kicrs tend to o.verrale the -
frequency of avalan»chcs relative to expert o_pi‘nion. Also, the s«kiers estimated the annual
number of avalanche¢ deaths to be slightly higher thﬁn the hi%ricallslalislical frequencies.
Finally. scveral aspects of skiers' perceptions of avalanches were discussed. Skicrs tend to
pércci;'c IEL avalanches arc a large phenomenon that only rately posc a threat. Experience with

the 1isk’ of avatanche can lead to a tendency t6 dismiss the risk. Qirect experience with an

mai;@i accident generally lcaves a skier with a ncgative feelinghof the event. but a
1811

sur; nisingly largc<wlroponion retain positive feelings.

The skiers in the stud\ area scem 1o be aware 1h'al avalan: hwn posc a recognizable
s Tisk, bul they belxeve that axalamhes are unhkely 10 pose a problcm 1o lhemse]ves pcrsonall)
Rcasons for .this seemmzl\ 1Hog1cal relauonshxp haw been prescm"d by a number of authors.
kunrcuthcr (1978) reports that pcople treat such everits as havmg a probabxlm of occurrcnce

suf ficiently low to permit them to 1gn0rc lhe comequenccs Saarinen (1982b) holds that people

gcncrally do nOV have an accurate pereeption of risks a'ssociat‘édwith hazards, with'a tendency

g
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g - , ./. . . .

to underestimate unci;é;%txc risks (judging from the avalanche descriptions supplied by the
LN &
DerifX

respondents, they con;%:&ﬁ?avalanchcs to be-undramatic snow slides). Festinger's (1957) theory
. . b g & ) ‘
& =y M . . . N . .
of cognitive dissona\g%g?fday éxplain why people-tend to deémphasize the risk. since this réduces
A " : \

stress levels. Slovic er al. (1982) make a similar argument. Finally, tge Council for Science and

“

-Sdciely (1977) and Sood (1982) prc>erft cvidence that ‘many people believe that accidents can

happen only toother people, never 10 themselves.

-~

9.2 The Second Objective )

”

To fulfil the second objcctive_ several different indicators of avalanche knowledge werc

.

identified. These dealt with-assessing avalanche hazard, the'decision, to cancel or modify a trip

and route selection. On an overall basis, the avalanche knowledge level of the respondents was

poor, but it did-improve as avalanche risk faced on the day of the interview increased” This
section concludes with a comparison of the knowlédge results from this study to those found in

the literature;-and a review of the skier chara'clcrislics which were found to be-most closely
related 10 avalanche knowledge.

. N . . ‘\ i -
Several cenclusions” may be stated with respect 1o avalanche harzard assessment

knowledge. It was found that there was somc conlusion about the Parks Camada avalanche
: ¢

hazard rating terminology. On riskier trails about onc-third of the respondénts rated the

. . / :
avalanche hazard lower than Parks Canada. Il}'wa§ shown that ability to assess avalanche

hazard generally tended to improve as the avalanche risk in the arca used increased (with the

exception of users. of no risk zones who often réalizeq that the léfréin was not ;leCp cfmugh”for
a%/alanches to occur and hence cons>idercd the snow to be always junliké]_x to slide — i.v: slablc).vf ‘
HoWeyef. over‘ half of the users of sustained risk areas (where it is 'mpst inﬁportam' to be able 10
' - ASSeSS avalanché"hazard) did not pOssess good.knc')wlcdgc of how to aSsés.; av_alanchc ha/ard.
- ll was: relati?ély cqmrﬂoh for"pc'oplc' to modify their plans when ‘they pereeived
. < . . _
avalﬁnche fisk. The 'pfopolrlion of the respondents who h'ad'cancellcd or mvoﬂiﬁcd a tripin the |
past after upcrceiviﬁé -avﬁagche««!ngrd incréased ‘subst’amially as .a.val;'inchc irisk m arcas used g

.. . : T ‘ o \

0



180

increased. Also, as arcal risk level incfeases, the level of confidence in one’s ability to avoid |
o . L s
avalanches increases. -
N ‘ N\ o ' ) :
Finally, only a small proportion of the respondents were found to have good knowledge
Y, \\ . . ° .
on which to base route sclection decisions and as avalanche risk increases, people become thore
r/——'- - ) V - . .

J overconfident in their knowledge .of where avalanches are most likely to occur. Also, a

-

—— . 4

e

significant minority of the respondents report making no adjustments in the face of a known

avalanche risk. v /' ' -

e — N

Gcncrally as risk level in the zone: used by the respondents increased‘ there was a
corresponding incrcase in avalanche knowledge. This is an encouraging trend. Th/e' skiers
 themselves scem lo select trails or areay which are best suited 1o their level of avalanche.
knowlcdgc.v For example, those with liu]e"or no-avalanche knowledge generally used areas where }
there was no risk- of avalanche and those with the highest levels . of ava‘lanchc knowled'ge
generally used the ‘snslained.avalanche risk area‘s.l This differs from -olher' hazards, such ;g
earthquakes, floods and hurricanes whcre knowledge levels are onl)" randomly associated with
risk cxposure perhaps because of the large areas affected by these other hazards as compared
10 avalanches (Burton ef al. 1978)
,.However, even when considering only the users of the soslaine‘d risk zones (those with
the highest knowledge levels), over half of these people were noi@raled as having generally good .
knowledgc on which to base therr risk assessmnnts Thrs is an area whrch definitely needs to be o
addressed by any programs which have rhe goa! of . reducrng the number of avalanche accrdents
- This dcl‘rcrenc,v i avalanche knowledge has be:n xdemrﬁcd by.a number of aurhors mcluding
(.ouchc (1977) chler (1981) Smmek (1981) More et al. (1984) and erlrams and Armstrong
(1984) )
Nearly &1l of lhe relauonshrps found betrvcen .avalanche knowledge and ‘the skier’
eharacterrsu,cs follow the trends that one would expect afler revrewmg the natural hazards

" literature. That is, as famrlrar.ty experience and adJustments taken towarc‘l avalanche hazard

mcrcase generally so does avalanche knowledge T.he tau-b values were somewhat low but the

_/P,’
.
e /
,'/ ay . . o7 >
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large number of,rela-tionships with most of (e avalanche knowledge indicators provides

- confidence that the re&'%oblaincd are not spurious. Similar findings havc been reported in the
\

natural hazards literature -by writers such as Saarincn (1966, 1982b), Jackson, and Mukcr;w

(1974) M11c11 et al. (1975) McPherson and Saarmen (1977) Burton ef a/. (1978). Kunreuther

7(1978) gnd Kiecolt and Nigg (1982).

. - )
However, there were some notable cxceptions to what one would expect to find after

rcading such literature, both for the respondents in aggregate and when considering only those
respondents who used sustained risk zonevs.'

First, when considerin Lhe respondents in aggrcgalc several cxccpuons to pasl fmdmp

in the nalural hazards literatjure were identified. Thcsc C\ccpuons mdude ovcrconﬁd;nu m; )

knowledgc of . most likely avatanche localions, not modifying one's toute when avalanghc

danger was perceived. crossing slopes where avalanche fisk was suspected witholit making any

q

.adjustmgnt and not crossing a suspeet slope after making some ad}uslmcnl. Contrary 10 what

s
{

one would expect from the natural hazards literature. (c.g., Burton efj al. (1978). Saarinen

(1982b)), as familiarity, experience and adjustments taken toward avalanche hazatd increasc,

the- knowledge of most likely avalanche locations docs not increase. Such overconfidence in

M

knowledge has“been reported in the risk lilcralure by Slovic et al. (1982). This oi'crcon_fidcnéc

mav also bec a reflection of risk tolerance bv the%e more knowlcdgcable peoplé who Lonsxdcr

avalanches to be an avoxdable famll-:ar wcll underslood not dreaded and a rcmotc cvent, as

reporied by Rcscher (1983). Slmllar statcmcnts may be madc about the other 3 anomalous

N ’ :
. - N

relationships.

Second, 4 exceptions to- what would be expected from the results found in the natural -

hazards literature were identified when considering only those who used sustaincd risk zones.

. . . ) . %
Those with previous trail experience were less likely. to modify their plans in the face of -
" perceived avalanche danger and were morg likely (o cross a slope where avalanche risk was

" suspected ‘without making any a’djixstme'm than those lacking previous cxpéricncc on the trail.

The most experienced people were least likely to cross a slope where avalanche risk was

. . : . . ye
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, . ” |
y\ ¢ . - . . ;
\\\ suspected after making an adjustrhient as were those who had taken avalanche safety courses. \
. \_‘.. ) - . ’ . “ o
- \ . .. P " . ' . .
A . Evidenuy there are some differences between peoples' characteristics relative to

avalanches and natufal hazards in general. As reported by Lev (1978) and Williamsgand
rms\rong (1984), it is not uncommon flor people who are considered experienced,

knowledgeable and cautious mountainers to.be caught in avalanches, and some people view riske
' v

.
T —

. : * S
as essehtt o/lhe enjoymént of the sport (Miles 1978; Schreyer et al. 1978; Ward 1980; Ongena 2
! - ' P . - ]
' 1982) ~ N
’_\-‘/ . # ‘
_ " After this brief review of avalanche knowledge levels and comparison of the results of

this study to the litgrature, the discussion may now ‘lu_rn to an eXa\minalion of some of the
\, R v.f”
eharactcrlsncs of the® skiers to show which characlerlsucs are mosk dosnl related 10 good

R

- avalanche knowledge. Five factors were identified which were strongly. relalcd to the indicalors~

. om

of avalanche knowledge. Thesewcre:

o realling of ma[crial dcaling with avalanches

] prewous avalan< he mvolyemem (either personal or acquamlance)

] lakmg of avalanche safcty courses
° - bcin.g'well equiy ped

e obtaining avalanche information. -

\
s

Those-,with the higher ratings in these characteristics would gcnerally have the best avalanche
knowledge and would gencrally be bett able to make dccisionsswhich would minimize the
number of avalanche accidents. e

‘,._.,Educalion, in ,t'—:rms of readin avalanche material and taking avalanche courses.
g

appears. to be the mo.t important prcdxctor of a\-alanehe knowlcdge I-rom educauonal :

malenal ‘one learns lhe need for bemg well equ1pped and thé need to. oblam as much

J .. b
A& . -

information asaposslbIC' aboul avalanche risk.qThere iS also a close relationship’ between

. ) . . - - . . 4 P ‘. . 2 " . : '
education and previous avalanche invoIVemem "Ihose who have a hjstary of previous avalanche

mvolvemem are more lxkeI) to have read avalanche matenal nd Laken avalan
T
than O 05). ThlS study prov1des

fi e,ty ’ cou_rSes
. than fhose wuhoul the cxpe_nence (51gnificance level les
> .‘r T C - . i
. & o~

s



-stoncrete evidence supporting lhe recent, trend toward supplying mformauon to and cdmamw
/

' backeountry skxers (e.g. Daffern 1981 1983, Gallaghcr 1981 Valla 1980, 1984; Morc et al.

1984). f : -

9.3 The Third Objective ;

In mceting the third objective, lhe’éhaptcf which assesses_the effectiveness of pretent
Parks Canada programs "treating avalanche hazard and makes suggestions for program

- improvemeny, particulafly th_e portion v..pre‘scn‘liung mclilé)ds to enhance Parks Canada's
programs, is actually a: summar) of all matenal prcsenlcd in this th515 The hlghhghls of this
chapter prcsemcd hcre mdude a summary of skxcr oplmon of the Parks Canada programs,
some of the primary Teasons for avalanchc acudcnls (which may be addressed by the pmgrama
sugcestcd here) \somc of the problems wnh the present Parks Canada programs and a summary

of lhc suggcsuons 10 improve the pr‘ograms and reduce the number, of avalanche accidents.,

o ' 4

The respondenls had a’n ovcrall favorable opmlon of Parks Qanada s programs They
werLe gcncral]y aware that Parks: Candda lakce actions 1o rcducc the. Sub]C‘(.UVC nsks to

LS
1 -

. backcountry sklers but often we e not cognizant of spccxhc programs. Wm{respccl <to the

& roe

backcoumry avalanchc hazard forecast, rabom 70 percent of lhc respondchits were awarb of it.

Y )
and knc“ whe: © it could be obtained. The park uardcn offices - w/erc the ‘most Lommonl)
mentioned places to-get the ferecasl Note [hal over 87 percem of the skn.rs were from Albcrla

or Brmsh Columbna and thus were ]xkeI\ to be awarc of the Wardens and 1hc1r role. Only about

Lr

one thxrd of ths: respor.rlvms said thal ‘they usualh gc1 lhc forccasl and there is a lcndcnc) to

obtain the fore "ast onl\ if the respondcm pcr<01mll\ consndcrs Lhc a\a]am.h" Tisk lo be hxgh -

Over 97 perccnl of the skiers slaled lhal lhe avalanche hazard (orecasl was a useful service, and

»- .

mosfsy g i provcmems dcalt with mmrovmg access to a more. detailed forecast.

_eral suggesuons may be’ madc about potemxal futuri}muauvcs In terms of rcduung

,&/

gcnera1 nsks to backcoumr) skxers the rcspondems gcncrally f elt thal no new’ stcps should be -

’,Laken;yvx_th the exccpu,on'of 1mp__}ryov-mg::mformauon ‘scrvnces. Thcrc was general su‘pp_ortfor

v
S
A
il

N

o
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| o ! . . - .', .
‘ <Abr03dcasﬁng the avalanche hazard forecast or the ParkS Canada radio station, bul some means

hd )

rof making pcople aware of . this scrvice would have 1o be devised. Over 60 percent of the

respondents favored trail closures because of high avalanche risk, buf@the majority ‘of” the
closure supporters. tefided 1o be users of no or intermittent risk areas who had low knowledge
levels.
" Pheré arg 3 primary human Yeasons for avalanche accidents which have been illustrated
o ' : . : .

-~ e

in this lhes,is..F,i?l, skiers Tecl that avalanches only infrequently affect people. and any people

L

é‘?al'arc ‘affeclcld will not be themselves. Second, 'there 4s much room for improvement in

“ people’s knowledge and ability to make decisions with respect 10 avalanches — even among
users of sustained avalanche risk zones. Third, there is some 'e_vidence of avalanche risk

tolerance or even what may ‘appear to be risk seeking in- this recreallonal activity.

Thcre are some problcms wnh the present Parks Canada programs with respect to
dlsmbuuon of dctarlcd mformauon and educating the sklers If one knows Wherc and who to
‘ask, Parks Canada staff can provide a wealth of excellent mformation such as the avalanche
hazard forecast. detailed data used to derive the forecast, detailed advice on almost"any topic.,
pgmp‘.r]ets and other pupliicalions, snow and ski‘condilions for specific areas and the weather
foreéast. From the results of the survey, it is evidem that many peopl’e src aware of these

mformauon sources, but comparatively few people make use of such mformauon Reasons whv, .

people of 1en do not get the mformauon that they should have to 1mprove their dCClSlOHS

r

include:

e .’inconvenient access to the information
- . . '

e  all detailed information is not available from 1 central source !
e -lack of confidence in the knowledge level of the staff at the B,'énf [ information centre

¢ - ‘people who :are-not familiar with" the park often do not kr;c)w_ where information is
Cavailable. - - e
‘. some people beheve that Parks Canada staff wrll exaggerate risks. -

oy

One final p?oblcm wnh Lhe Parks Canada programs is, that they do not drrcctly address the



185

K
. -

human reasons which may lead to avalanche accndems partxcularl» the ]éck of knowledgc and

abnluy to make safe decisions with respect to avalanches ) /\

Some specific details about the 2 most sigxﬂficanl aspecty éﬂt\hc public information
program suggested if} this study with the intent of addréssing the reasons for avalanche

accidents and some of the problems with -the present Parks Canada programs are presented
here. The ski information centre will be considered first, foliowed by the trailhcad éigns =
N ‘ )

The proposed ski information centre would bc located near lhc cast entrance of Banlf

i N

Nauonal Park. Most sklers enter Banff NationabPark through this entrance. Thls location was
.

suggested b)_'; the overwhelrnmg response in (avor‘of'broadcasung the avalanche hazard foregast
on.,t.heé”rad‘.io station ”thal'p'rcscntl_v exists at the gate. (l’.his ski information centre shonld be
advertised in the local media (e.g. television,” radio and newspapers), to make more ?20;)](‘
aware of its ex;stencc. Many of the respondents stated that they would use such an information
sources if ‘the¥ werc aware of it. From the results of the survey, it would sec;’n best l‘balaf‘f this
centre witn people who are intimately familiar ‘with lhé backcountr)"and potential hazards. The

respondents definitely favored oblaining information from members of the wardcn scrvicc 50

pcrhaps this could be an eucnsnon of the warden service safety programs. Staff and displavs

sbould be of hlgh qualu\ smce the hxghl) educatcd skicrs would qu1cklv recognize information

s

that was incomplcle or of insuff@cicnt detail.
o The followmg should be madc available at this centre (all of them’ exxst alrcad) but
ths would bring them. all logelher inl locauon) _ ) o ) Lo
»0 delaxlcd avalanche harzard forecast and adncc (make empmc.\aal"c_ﬁE:and evaluauons
avanlable 1o-thé skiers so that they may better cvaluate the risks that they are cxposing‘.‘,
. [he‘m'selvcs to (Gardn‘cr‘1982)) |

® ski trail conditions and advice

Y \'X/‘eather' f ore‘c‘:ast '

¢ . .i-
o . p&mphlets dealmg wnh avalanches and othcr aspccts of backcoumry saf ety

1

. backcountrry permns for ovcrmghl usc, hut use and saf ety regxstrauon ; g
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. imcrprclivé,slide-sound shows affth\static displays that illustrate the importance of
education to safe {ravel in the mountains

e listing of pri@al(’; firms that offer avalanche courses
. , _ )

. , . , o
e  collection of avalanche safety books and other relevant reading mat.crial)dcalmg with

safety in the mountains offered for sale. .

People would most likely be attracted to the centre by the first 5 points, but while at the centre
. ~ . :

. -
_thert is a high probability of the interpretive material influencing people 1o become aware of

avalanche risk and the need to learn more about avalanches. Volunteers from local outdoor

ciubs could aid in-'lhe dcvelbp‘mem of this inlcrpreli/ve material to ensure that information wii)
be more rctevant to the skiers, Thi; centre should be open daily for longer periods of time lha’fn
usual‘ 6ffice hours. par[icular_ly on weekends to meet the needs of s};icrs entering the park laté
at night planning 1o begin skiing c_arlyihc next day. To compensate for"chplc entering the park

other than at the east entrance, similar. facilities could be located at entrances to adjacent

" natignal parks and information couldébi’s)ared among them usin?some communication link

such as telex or some other form of compul‘er comrolk‘d arrangement.

The braxl head slgns would be placed at commonly used lraxls Couche ay7n -

rcéommcnds the use ,of SUCh signs, as did a number of the survey respond_ems. The signs would

a >

contain, at a minimum, the avalanche hazard forecast {which would have to be changed dally)

K .
s, -

and ‘the loLauon whcre addmonal information may be obtained — fﬁe skx information centre.

~ The avalanche hazard forecast c‘o‘uld' be usef ul as a warning ~against trail use du"ring periods_ of

high avalanche risk 1o peoplc who lack the requisitc knowledge to make their (;wrg dg'zision: :
~ Skiers would also appreciaté a topographic map ilustrating the usual route taken by skiers using

’thc trail' ahd other pertinent inf ormation. Skiers éertainly made use of such maps- where ‘they '

A

. wcrc amnlabln at the Pxpestonc and Redearth Creek traxls Volumeer help could also be used to"

and in dcsngn ancl mstallauon of these sxgns Thesc 31gns would provxde inf ormauon to people .

who do not use the ki mformauon centre. ST s

P
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9.4~Avalanchés Compared to Other Natural Hazards

Finally, it has been shown that there are some l_im-porLanl differences between
avalanches and other ‘nalural hazards, particularly fvh'én considering avalanche hazard
management. For natural hazards in general, most people are ignorant 'of" the character and
extent of the hazard(s) for thg area in \vhic#(_lhc_\' residc‘ and work on a pcrrﬁ.ancnl basis (Mileti
et al. 1975), while many think that the respbnsibilily'/for hazard mitigation lics 'with thC various
- levels of government, not 'lhe individual (McPhcrsdn and Saarinen 1977). In contrast, ;*xp‘ossurc
to avalancﬁes is on.\:i rlcmporar.y; recreatignal ba'./sis. It has:been shown hcré that people tend o
choose the level of a{/élanche risk to whjch ghcy' expose 1hcmsclvcs in- direct relation to their
avalanche ‘knowledgev. Generally as ava.lanchc risk faced increascs, skicrs make a greater effort
to learn more about protecting thcmscly’és. Peopie are éetf—motivgucd. since this is a voluntary,
recreational activity from which Lhe?l gain much pleasure. Management programs.must lake
into account this evidence that peoplc using avalanche prone arcas; particularly the riskier
arcas; want 1o lcarn mofe abbut'/the hazard a;ld will seek out information, Programs such as a

ski information centre and {railhecad signs afe likely 10 attract their attention and voluntary

-

A .
aricipation.
PATHCES

T S



References Cited - ',

Adams, .Edward E. and Robert L. Brown (1982). Further results on sludles of temperature
gradient melamorpngn Journal of Glaclology, Vol. 28, Ng. 98, pg, 205-210.

Allen, étcwarl D. (1994). Land managers perceptlon&f risk recreauon in the Northern
Rockies, American Alliance of Hbalth, Physical Education and Recreation Research
Consortlum Papers, AAHPER Publication Vol 2. No. 2, pp. 70-75.

Armslrong. Betsy R. (1981). Avalanche burials in the United Slates.- 1967-1980, Proceedings of
Avalanche Workshop, 3-5 November 1980, Vancouver, B.C., edited by. Canadian Avalanche
Commitiee, National Research Council of Canada, Assocxate Committee on Geolechmcal
Résearch, Techmcal Mcmorandum No 133, Ottawa, pp. 215-230.

Armstrong ‘Richard L. (1976). Wer snow avalanchés Avalanche Release and Snow
Characteristics, San Juan Mountains, Colorado, edited by’R. L. Armstrong and J. D. Ives,
Institute of Arctic and Alpine Research Occasxonal Paper No. 19 Umversny of Colorado
Boulder, pp. 67-82. 4

; . )
,Assessmcnt of!‘Rcsearch on Natural Hazards Staff (1975). Snow Ava’anche Hazard in the
United States: A" Rescarch Assessment; Insmute of Behavloural Science, University of

(,olorado

" Atkin, Charles K. (1981). Mass media information eampaign effectiveness, Chapter 13 in
Ronald E. Rice and William- J. Paisley (eds.), Public Communication Campaigns, Sage
- Publications, Bever'ly Hills.

Atwater, Monigomery M. 1952). The relationship of precipitation intensitv io avalanche
occurence, Proceedings of the 20th Annual Meeting of the Western Snow Cunference 21-22
April, Sacremento, pp 11-19. ' .

Atwater, Montgomery M. (1966). The relazlonshlp of precipitation intensity to avalanche .
" occurence, Proceedings of the 34th Annuql Meetmg of the Western Snow Conference 19-21
April, Scattle pp- 1I-19. _ : .

Bem Dar)l (1980) "The concept of risk in the study of human behawour Chapter 1 in Jack
Davie and ‘Paul Lefrere (eds.), Risk and Chance: Select Readmgs, The Open Umversxty
Press Milton Kcyncs England .

Blalock Hubcrt M, Jr ( 1972) Socxal Statlstlcs Second” edition, McGraw Hlll Book Company
Toronlo ' .

, Brmkmann Waltraud A R (1975). Hurrlcane Hazard in the Umted States: A Research
' Assessment Program on Technology Environment and Man  Monograph .

\/ #l\{SF RA-E- 75- 007 lnsmute of Behavxoural SC1etlce The Umversxty of Colorado, 98 :.

pp\

B'row ”} ‘B..R J Evans and'l-; R LaChapelle (1972) Slab avalanches and the .state 0 f stress .
Fallen sriow, Journal of Geophysncal Research Vol. 77 No 24 PpP- 4570 4580 '

o

Burton Ian Robc( w. Kates ,and Gilbert F. Whlte (1978) ‘The Env:ronment as Hazard o
\_/\ f ,.., ;138_ : |

‘y/



- ' 189
[ o ) ©
' '
Oxford Umversny Press, Inc. New York, 240 pp '

\
oy

Bulle] Fredenck H. (1979) Age and environmental concern: a mu[uvartate [analysls Youth .md
- Society, Vol. 10, No 3. pp. 237-256. // : v

Cheron, Emmanuel J and- J.R. Brent Ritchie (1982). Leisure activities and percezved ruA
Journal of Leisure Rcsearch Voli. 14, No. 2, pp. 139-154.

»

Chouinard, Yvon (‘1978) Chmbmg I¢e, Sierra Club, San Prancxsco ,
Clark ‘R. N, John C. Hendec and F.L. Campbell (1971) Values, behawour and conflict in
“ modern campmg Gulture, Journal of Leisure Research Vol: 3, pp. 143 159.

Couche S. (1977). An avalanche survey of- winter ba country users in Ihe Mounl Hood area,
Mazama, Vol. 59, No. 13, pp. 13-21.

’ Counc1l for Science and Society (1977). The Acceptability of Risks, Barry Rose (Publishcrsﬁ B
Lid., London, 104 pp. ' . .

-Crouch, Edmund A.C. and Richard Wilson (1982). Risk/Benefit An.:lysls Ballmgcr Pubhshmg
Company ‘Cambridge Massachusetts, 218 pp. _ 7 . ‘ .

Daffern, Tony (1981). Avalanche hazard evaluation in public education programsrProeecdings
of Avalanche Workshop, 3-5 November 1980, Vancouver, B.C., cdited by -Canadian
Avalanche Committec; ‘National Research Council-of Canada, Associate Commnucc on
Geotechnical Research, Techmcal Mcmorandum No. 133, Ouawa pp. 139- 143

Daffern, Tony (1983). Avalanche Safety for Sklers and Cllmbers~ .{ocky Mouglam Books,
Ca1gary Alberta, 172 pp. :
e , .
'Dervm Brenda ( 1981) Mass communicating: changmg concepuom of the audience, Chaplcr 3
in Rdnald E. Rice and William J. Paxs]ey (eds.), Pubhc Commumcauon Campaigns, Sage _
Publications, Beverl) Hills. . - _ _—

Earle, Txmothy C. and chhacl K. Lindell, (1984). Publzc perception pf mdusmal rzsks a free
response approach, in Ray A. Wallergand Vincent T: Covello: (eds, )g Low Prob'ubllny/}h;,h
Consequence Risk Analysns Issues, Methods and Case Studles Plcnum Press Ncw York,
pp. 531-550. " - -

Emor) C Wllham (1976) Business Résearch Mcthods Richard D. Irwm Inc., Gcorgcto‘wn, '

Omano . , , C L e

Fcrber Peggv (ed ). (1978) Mountameermg Thc l"recdom of thc Ihlls Thnrd cdmon Thc
Mountamcers Seattle, 4781§p

.. Fesler, Doqglas S, (1981). Dectszon -making as a ﬁmctlon of avalanche- acczdem prevenllon B

" Proceédings ; of “Avalanche Workshop, 3-5 Novemher 1980, Vancouver, B.C:. cdited by -

Canadian A‘q'a}anche ‘Commitiec, National Rescarch Council of ~Canada, Associate

Committee of Geotechmcal Research Techmcal Memorandum No 133.. Ouawa pp ,

128 138. 7 o S e B N

- .Pcsxmger 1eon (1957) A Theory of. Cogmtwe I)xssonance »Harper and Row Ncw York.

Fishhoff, Baruch, Sa_rah Lxchtc_gstcm, _Paul ~Slov1c,' ,S»tephcn L De_rby »-anid" Ralpth. ch_nc_\ .



; L - ) . - 190

. a
~

¢, : ! N
(1981). Aceptable Risk, Cambridge quvqsily Press, New York, 185 pp.

}‘rasgf, Colin (1966). The Avalanche Enigma, Murray, London, 301 pp.
v : . . N
[ . . .
: .!I-'rascr, Colin (1978). Avalanches and Snow Safety, John Murray Publishcrfl.td._ [.ondon, 269
- pp. ’ )
, .
Freer, Geoff L. and Peter A. Schacrer- (1980). Snow avalanche hazard zoning in Brmsh
Cofumbia, Canada, Journal of Glaciology, Vol 26. No. 94, pp. 345-354.

Frullgcr Hans (1~977) Avalanche damage and avalanche ‘protection in Switzerland,
Chcnolog,lcal Data — Avalanches, chort GD-1, World Data Centre A for Glaciology,
Instjtute of Arcuc and Alpine Rescarch, Umvcrsm of Colorado. Boulder, pp. 17-32.

Gallaghcr Dale G (cd) (1967). The Snow) Torrents: Avalanche Accidents in the United
States 1910-1966, USIDYA Forest Suncc Alta Avalanche Study Center, Wasatch National
Forest, 144 pp. ,

Gallagher, Dale G. (19819 . In formation and warmng programs for backcountry travellers,

: Procccdmgs of Avalanche Workshop, 3"5 ‘November 1980, Yancouver, B.C., cdited by
Canadian Avalanche Committee, National Rescarch Council of Canada., Associate -
Committce: on Gcotechmcal Rescaroh chhnual Mcmorandum No. 133, Otiawa, pp.
176-188. ° :

Gardner, James S. ?1962) THE role of nex technologies in risk from natural hazards PD.
153-172 ig N.C. Lind (ed.), Téchnological Risk: Proceedings of a Symposium on Risk in
New Technologies, First University Symposium, 15 Dccembcr 1981 University of Waterloo.
University of Waterloo Press, Waterloo, Ontario. e

Gardner, N.C. and Arthur “Judson (1970) Amllcn Comrol of Avalanches Along Mountain
Highways, US Forest Service Rocky Moumain Forest and Range Experiment Station
’ ~ Rescarch Paper R=61, Fort Collins, Colorado

-

f
Gravelines, Gail (1983). /f you go oul in the woods today.. Confron!mg the mylh — and tie
realuy — ofthe grizz I} bear attack, Edmonton, AuguSL pp. 44-46.

7 Gross, Steven Jay and C. Mlchael Nlman (1975) . Attitude — behaviour con (stericy. a review,
Public Opinion Quarterly, Vol. 39 No. "4 'pp. 359-368. L
‘ Gublcr Hans-(1977). Ariificial refease ofavalanches by explosives, Journal of Glaciology, Vc!
- 19, No. 81, np. 419 429, : o -

£

] e

$  Haas, J. Puxcpc Patricia B.- T'ramer M,amn J. Bowden and Robert Bolin (1977)-
Réeonstruction issues ih perspective. Chapter 2in J. Eugene Haas, Robert W. Kates ard
Martyn J. Bowden (eds.), Reconstruction Fol[omng l)lsaster The MIT Press, Cambridge,
Masqachusem 329 Pp. - s .

» N - -
]

Hackell Slevc W, and Henr) S. Sam,,.U)rd (%980) Avalanche zonzng in A/as\a USA Journal of
‘ Glacnologv Vol. 76 No. 94, pp. 317 39 - ‘

Hendee, John C. and Rober( W, H'ams (19 0). )Foresters' percepuons of wilderness user
: attitudes and preferences Joumal of F orestr) ol 68‘ pp 759- 762,

‘H"Lndec lohn (‘ g Gcorgcﬂ SlankC\ and Iioberl C. Lucas ( 1978) Wllderne§s Vlamgcment

2

[ . g .»9 . . . . ° he . 0

. . P o . -

— R T . ) R - ) LI ‘s o
1 SR oo . : . N :



191
. -

US Department of Agriculture Forest Service Miscellancous Publicalion No. 1363, 381 pp.

Hestines, E. and K. Lied (1980). Natural hazard maps for land use planning in Norway. lourn.xl
of Glaciology, Vol. 26, No. 94, pp. 331- 334

Hutcheon, R. and L. Lie (1978). Avalanche forecasting in Juneau. Alaska, Avalanche Control..
Forecasting and Safety, Proceedings of a Workshop held in Banff, Alberta, 1-4 November
1976, edited by Ronald 1. Perla, National Rescarch Council of Canada. Associale
Committet on Geotechnical Rescarch, Technical Memorandum No. 120, Ouawa. .
101415.

Israclson, Clair S. (1978). An approach to skt area avalanche control, Avalanche Control,
Forecasting and Safety, Proceedings of a Workshop held in Banff, Alberta, 1-4 November
1976, edited by Ronald I..Perla, National Rescarch Council of Canada.. Associate
Committee on Geotechnical Research, Technical Memorandum No 120, Ouawa, pp.
19:23.

L

Ives, Jack D. and Mmhacl J. Bovis (1978). Natural hazards maps for land use planning, San

Juan Mouniains-Colorado. US A, Arctic and Alpine Rcscarch Vol. 10, No. 2. pp. 185- ’]’

Ives, Jack ID. and Paula V. Krebs (1978).. Natural hazards research and Iand;&e planning
. responses in mountainous terrain: the town of Vail, Colorado. Rocky Mountains, USA. Arctic
and Alpine Research, Vol. 10, No. 2, pp. 213-222.

Ives, Jack D. and Misha Plam (1980). Avalanche hazard mapping and zoning pr oblems (n 1/z<
Rocky Mountains, with examples from Colorado.-USA, Joygnal of Glaciology, Vol. 26, !vo.
94, pp. 3063-376. . :

Jackson, Edgar L. (1981). Response to earthquake hazard: the west coast of North America,
Environment and Behaviour, Vol. 13, No. 4, pp. 387- 416

Jackson, fdoar L. and Tapan Mukerjcc (1974). Fluman ad ustment to the earthquake hazard of
San Francisco, California, Chapter 20 in Gilbert F. White (ed.), Natural Hazards: Focal,
National, Global, Oxford University Press, inc., New York, pp. 160-166.

Janz, B. and D. Storr (1977) The Climate of the Contlguous Mountain Parks: Banff, Jasper,
Yoho and Kootenay, Atmospheric Environment, Scrvice., Project Report No. 30,
Environment Canada, Toronto, 324 pp. 5 TJ'

Judson, Arthur (1964). Relative importance® of weather factors creating slab avalanches in
Colorado, Proceedings of the 32nd Annoal Mecting of the Western Snow Conference, 21-23
April, '\el50n B.C., pp. 60 67. p

Judson, Arthur (1967) Snow covér’ and avalanches in lhe high-alpine zone of the western
United States, thcs of Snow and Ice, Procecdings of the International Conference on Low

Tempcraturc Science, 14-19 August 1966 bapporo Japan, vol 1, part 2, pp. 1181-1160.

Judson, Arthur (1975) Malanche Warmn;,s (,ontem and Dissemination, USDA Forest Service
Research Note RM-291, Rocky Mountain quesl and Range Experimenial Station, Fort
Collins, Colorado 8 pp. , i '

~

\ s . . yd

‘Kasper Raphael G. (1980) Perce\;;rions'of ris\k and“heir effects on decision making. pp. 71-80
in Richard C. Schwing and Walter A. Albers Jr. (eds.), Soclctal Risk Assessment: How'
Safe is Safe Enough?. Plenum Press, New York.

< '
It ‘ )‘.‘
4
v

N 2



Kates, Robert W_ (1978). Risk Asscssment of Environmental Hazard, SCOPE 8, John Wiley

and Sons, Toronto, 112 pp. . - g

Kiccolt, K. Hlland Joanne Nigg (19§2). Mobl/uy and perceptions of a hazardous envtronmemp,
hmronmun and Beha\l/un Yol. 14, No. 2, pp. 131-154. S

Kunclius, Rick (1977). Ski Trails in the Canadlan Rockies, Summcrlhough[ Banff, Alberta,. "
138 pp.

Kunrcuther, Howard (1978). Disaster Insurance Protection: Public Policy Lessons, John Wilev
and.Sons, Toronto, 400 pp.

LaChapclle, Edward R. (1966). Avalanche forecasting — a modern synthesis, International
Symposium on the Scientific Aspects of Snow and Ice Avalanches, 5-10 April 1965, Davos,
witzerland, International Association of Suenuﬁc Hydrology Pubhcallon No. 69,
gxn\lbruggc Belgium, pp. 350-356.

LaChapelle, Edward R. (1969). Field Guide to Snow Crystals, J.J, Douglas \’ancéﬁvct, 101 Dp.

l,aChappclk:%dwa d R. (1970). Principles of avalanche forecasting, Ice Engineering and
Avalanche Forecasting and Control, Proceedings of a Conference - Held at University of
Calgary, 23-24 October 1969, compiled by L.W. Gold and G.P, Williams, National
Research Council 6f Canada. Associate Commiitee on Geotechnical Research, Technical
Memorandum No.'98, Ottawa, pp. 106-113.

1

-LaChapelle, Edward R. (1979). The ABC of Avalanche Safety, The Mountaineers, Scattle, 56

Pp.

LaChapelle, Edward, R. (1980). The Sfundamental processes i1 conventional avalanche
Jorecasting, Journal of Glaciology, Vol. 26, No. 94, pp. 75-84.

L.aChapelle, Edward R. and Richard L. Armstrong (1976). Nature and causes of avalanches in
the San Juan Mountains, pp. 23-40 in Richard L. Armstrong and Jack D. Ives (eds.),
Avalanche Relcase and Snow Characteristics San Juan Mountains, Colorado, Institute of
Arctic and Alpine Kesearch Occasional Paper No. 19, Umversxty of Colorado, Boulder, Pp.
23-40.

.~ Langer, Ellen (1980). The psychology of chance, Chapter 6 in Jack Davie and Paul Lefrere -

(cds.), Risk and Chance: Selected Readings, The Open Umvcr«uy Press. Milton Keynes,
England.

Lapin, Lawrencc- L. (1973). Statistics for Modern Business Decisions, Hafcourt Brace
Jovanovich, Inc., New York, 790 pp. ’ ‘ '

.- Leonard, Georéc (1974). Th’c Ultimate Athlete, Avon Books, New York, 273 pp. ‘

‘Lev, -Peter (1978). Avalanches in expedition mountameermg, Avalanche Control, l'orecastmg

and Safety, Proceedings of a Workshop IHeld in Banff, Alberta, 1-4 November-1976, Ronald
I. Perla (ed.), National Research Council of Canada, Associatc Committee c(n ¢
Geotechnical Research, Technical Memorandum No. 129, Ottawa, pp. 270-273, N

Longley, Richmond W. (1967). The frequency of winter chmooks in Alberta Atmosphere Vol.
5, No 4, pp. 4- ]6



193

et

Lucas, Robert C. (1964). Wilderness perception and use: the example of the Boundary Waters
Canoe Area, Natural Resources Journal, Vol. 3. No. 3, pp. 394-411.

Maclnnes, Hamish (1972). International Mountain Rescue llandbook. Constable & Co. 1.id..
l.ondon, 218 pp.

’ Martinelli, M. Jr. (1974). Snow Avalanche Sites — Their ldentification and Evaluation, US
Forest Service Rocky Mountain Forest and Range Fxpetiment Station Agricultural
Information Bulletin 360. Fort Collins, Colorado. 26 pp.

Maélow, Abraham H. (1954). ‘Moti\‘atio‘n and Personality, Harper and Brothers, New York, Jli
Pp. ' ' '

McAvoy, [co H. and Daniel L. Dustin (1981) The rlght to risk in wilderness. Journal of
Porestry Vol. 79, No. 3, pp. 150-152.

McClung, David M. (1978). Discussion of de formation measurements in relation to snow slab
release, Amlanc?c Control, Forecasting and Safety, Proceedings of a Workshop Held m
Banff, Alberta, I-4 November 1976, editor Ronald 1. Perla, National Rescarch Council of
Canada, Associate Commitiee on Geotechnical Research, Technical Memorandum No.
120, Ottawa, pp. 186-192.°

: . '

McClung. David M, (1980). Creep and Glide Processes in Mountain Snowpachs, National
H\drolog\ Rescarch Institute Paper No. 6, Otlaua 66 pp.

MeClung, Dawd M. (1981). Fraciure mechani:al models o/dr) slab avalanche release. Journal
of (;eophysmal Research, Vol. 86, No. B11, pp. 10783-10790.

McGaw, Dickinson and GTorge Watson (1970). Political and Sofiul Inquiry, John Wiley and
Sons,flnc Toronto, 496 pp.

McPhcrson Harold J. (1970). Landforms and glacial history of the Upper North Saskatchewan
Va[/e)/ A/berla Canada, Canadian Geographer, Vol. 14, pp. 10-26.

McPherson, Harold J. and Thomas F. Saarinen (1977)..~Huod plain dwellers' perception of the
flood hqzard in Tucson, Arizona, Annals of Regional Science, Vol. 11. No. 2, pp. 25-40.

S, Arthur 1. (1979). Colorado Snow Avalanche Area Studies and- Guidelines for Amlaﬁchc .
fazard Planning, Colorado Geological Survey, l)cpanmcm'of Natural Resources, Denver,
Colorado. .

Mcars_-Arlhur. I. (1980). Municipal avalanche zoning: contrasting: policies offour Western
United Slales communilies, J,ourna] of Glaciology, Vol. 26, No. 94, pp. 355-3()2.

o]

Meier, Joel F. (1978) Is the risk worth lakmg, Journal of I’hyslcal lduc‘mon and Rccrcauonk
(Leisure Today ins¢rt), Vol 49, No. 4, pp 7-9. :

Mellor, Malcolm (1973). Controlled release of avalanche by explosives, Advances in North
American Avalanche "lechnology 1972 Symposium, compiled by Ronald I. Perla, US Forest
Service Rocky Mountain Range and Experiment Station Gcnc'al Technical Report RM-3,
. Fort Collins, Colorado pp. 37- 50 :

Mllbrath, Lester, W, (1980). Using environmental beliefs and perceptions to predict. iradeoffs



' 194

N : v
and chotces among water quality plan alternatives, Socio-Economic Planning Sciences, Vol.
14, No. 3. pp. 129-136. .

Miles, John, C. (1978). The value of high adventure activities. Journal of Physical Education
and Recreation (Leisure Today insert), Vol. 49, No. 4, pp. 3-4. :

Mileti, Dennis S. {1975). Natural Hazard Warning Systems‘in the United States; A Research )
Assessment, Program on Environment and Behaviour Monograph No. 13, Institute of
Behavioural Science, University of Colorado, Boulder, 99 pp.

Mileti, Dennis S.. Thomas E. Drabek and J. Eugene Haas (1975). Human Systems in Extreme
Environments: A Sociological Perspective, Program on Technology, Environment and Man
Monggraph # 21, Institutc of Behavioural Science, The University of Colorado, Boulder,

in. Olaf Niemann and Glen Langford (1984). Avalanche information systems in
Kanakaskis Country, Alberta, Canada, International Snow Science Workshop Proceedings,
Octohtr 24-27, 1984, Aspen, Colorado, prepared by Mountain Reswe — Aspen Inc, Aspen,
Colorado. pp. 8-11.

National Academy of Sciences (1977). Severe Storms: Predection. Detection and Warning,
National Academy of Sciences. Washington, 1DC, 78 pp.

Nigg. Joannc (1982). Awarenress and "behaviour: public response -ta_ predzcuon awareness,
(,hdplcr 3 in Thomas ¥. Saarinen (ed.), Perspectives on Increasing Hazard Awareness,
rogram on kEnvironment and Behaviour Monograph #35, Institute of Behavioural
Science, The University of Colorado, Boulder. - K
Norem, H. (1978). Use of snow fences lo reduce avalanche hazards, Avalanche Control,
Forecasting and Safety, Procecdings of 2 Workshop Held in Banff, Alberta, 1-4 November
1976, cditor Ron Perla, National Rescarch Council of Cahada, Associate Committee on
Geotechnical Rescarch, Technical Membrandum No. 120, Ottawa, pp. 67-76. ~

Ongena, Jim (1982). Why climb mountains?, Explore, No: 7, October, pp. 19-22.

Oppliger, H. (1975). Avalanche protective measures, Avalanche Protection in Switzerland, US
Forest Scrvice Rocky Mountain Forest Range and Experiment Station Technical Report
RM-9, Fort Collins, Colorado, pp. 19-37. ‘ '

Owway, Harry and Phillip Pahner (1980). Risk assessment, Chapter 8§ in Jack Dowic and Pau‘l
Lefrere (eds.), Risk and Chance Selected Keadings, The Open-University Press, Mﬂlon
Kevnes, }-ngland - ‘

Parks Canada (1983). Cross- Countr) Skiing: Nordic Trails in Banff ‘\zmonal Park, Minister of

Supply and Serv1ces Canada, Ottawa, 31 pp
o

Parks Canada (1984). A "Planning Scemno for the Four \'lountam Parks Block (Draft)

e Weslern Reglon Parks Canada
Ronald 1. Perla- (1970). On contrzbutory faclors in avalanche hazard evaluauon Canadlan
Geotechmcal Jourpal Vol 7, No. 4, pp 414- 419 _' % '.,-".

Ronaldl Perla (197/) S[ab avalanche measuremenzs Camdlan Gco*techmcal Journal Vol 14
No. 2, pp. 206-213. o : / :

a

LT : -



195

'S

Perla, Ronald 1. (1978a). Artificial release of avalanches in’ North America, Arctic and Alpine
Research, Vol. 10, No. 2, pp. 235-240. ¢ .

" Perla, Ronald I. (1978b). Avalanche safety and evaluation in the baékcoun??y Avalanche
Conn‘ol Forecasting and. Safety, Proccedings of a Workshop Held in Banff, Alberta, 1-4
November 1976, editor Ronald 1. Perla, National Rescarch Council of Canada, Associate
‘Committee on Geotechnical Rescarch, Technical Memorandum No. 120, Ouawa, @{w

. 260-269. .

@. - . ‘ 0 ;;

‘Perla, Ronald 1. and M. Martinelli Jr.. (1978). Avalanche Handbook revised cdition, USDA

Forest Service, Agriculture Handbook 489, US Government Printing Offiec. Washington, -

DfC;,. 254 pp. g )
i i Pcterson G. L. (1974). Managers and canoeists in the Boundary Waters (anoe Area lourn.ll
' ‘Q' ¥ ofd.cisure Research, Vol 6, pp. 194-206.
. Pmc Larrv, W, (1981) Mountains and Man, University of (ahforma Prcxs Berkeley, 500
pp. X Lo
. S ‘ ’ R - '
~de Quervain, Marcel R. (1979). Wald und lawinen (absiract). International ‘Seminar on
Mountain Forests and Avalanches, 25-28 September 1978, Davos Switzerland, Fidg. Institut”
fur Schnec und 1. awmcnforsghung Davos, pp. 219-220.
[ .

Regulska, Joanna (1982). Public aware 1ess programs for nalural hazards, Chapter. 2 in- Thomas
F . Saarinen (ed.). Perspectives on Increasing Hazard Awareness, Program on Environment
and Behaviour Monograph # 35, Institute of Behavioural $cience, The Umvcrxm of
Colorado, Boulder. .

Rescher, Nicholas (1983). Risk: A Philosophical Introduction to thé Theory of Risk K \aluanon
and Management, University Press of America, Washington, 20% pp.

Rheumer. G.A. {1953). Climate and climatic regions of Western Canada, unpubhshcd Ph.D.
thesis, University of linois, Urbana.

Roch, Andre (1981). The starting mechamism of avalanches, _Procci-dings of Avalanche
Workshop, 3-5 November 1980, Vancouver, B.C.. edited by Canadian Avalanche
Committee, National Rescarch’ Council of Canada, Associate Committee on Geotechnical

‘ Rescarch Techmcal Memorandum No. 13? Ouawa, pp. 1-8.

Rogers, Evercu, M.-and F. Flovd f)hocmaxcr (1971). Communication of lnnouitions: A

Cross-cultural Approach, Second ecition, The Free Press, New York, 476 pp.
) . ) © )
\\ Rossi, Peter H., James D. Wright -ani Eleanor Weber-Burdin (1952). Natural Iazards and

Public Cl‘ce The State and Local Polmc? of llalard Mitigation, Acadcmxc Press.
Toronto, 337 pp _ :

-The Royal Society (1983) Rlsk Assessment Report of a Royal chnet) Study (rroup‘ The Royal
Society, London 198 pp.

-Rutter, N.W. (1972). Geomorphology and Mult;ple Glaciation in the Arca of Banff Albcrta
_ Geologlcal Survey of (,anada Bulleun 206 Ouawa o SR

Saarinen, Thomas F. (]966) Pcrccptlon of Drought Hazard on thc (‘reat Plains, I)Lpanmcnl_

'3

L e



196

of Geography Research Paper No. 106, The University df Chicag{), lllinois, 183 pp.

Saarinen, Thomas F. (ed.) (1982a). Perspectives on Increasing Hazard Awareness, Program on
}-nv1ronmcm and Behaviour Monograph #35. Insfitute of Bchavioural Science, The
Umvcrsxl) of Colorado, Boulder, 138,pp ‘

Saarinen, Thomas F. (1982b). The relatton of hazard awareness to adoption of approved
mitigation measures, Chapter 1 in Thomas'F. Saarinen ‘(ed.), Perspectives on Increasing
llamrd Awareness, Program on Environment and Behaviour Monograph # 35, Institute of
BehaVioural Science, The University of Colorado, Boulder.

Sabey, Barbara k. and Harold Taylor (1980). The known risks we run: the highway, pp. 43-65
in Richard C. Schwing and*Walter A. Albers, Jr. (eds.), Societal Risk Assessment, How
Safe is Safe Enough?, Plenum Press, New York.

Séx, Joseph L. (1980). Mountains Without Handrails: Reflection on the National Parks, The
University of Michigan Press. Ann Arbor. 152 pp.

Schacrer, Peter A. (1962). The Avalanche Hazard Evaluation and Prediction at Rogers Pass,
National Rescarch Council of Canada, Division of Building Rescarch Technical Paper No
142 (NRC 7051), 68 pp. .

Schacrer Peter A. (1967). The a/mou?zi of snow deposited at avalanche sites, Physics of Snow
.and Ice, Procecdings of the International Conference on Low’ Temperature Science, 14-19
~ August 1966, Sapparo, Japan, Vol. 1, Part 2, pp. 1255-1260.

Schreyer, Richard M., Rovert W. White and Stephen McCopl (1978). Common artributes
uncommonly exercised, Journal of Physical Education and Recreation (Leisure Today
insert), Vol. 49, No. 4, pn. 12-14, :

©

Seligman, Gerald R. (1936). Snow Structure and Ski Fields, MacMillan and Co. Limited.
London. '

Setnicka, Tim J. (1980). Wilaerness Search -and Rescuc Appalachlan Mountain Club, Boston,
640 pp. .

Sicgel, Sidney (1956). Nonparametric Statistics for the Behavoural Sc1ences McGraw-Hill
Book Compan) lm Toronto, 312 pp. o

Slovic, Paul, and Baruch Fischhoff (1980). How safe is safe erough?, Chapter 7 in Jack Dowie
and Paul Lefrere (eds.). Risk and Chance: Selected Rmdmgs The Open University Press,
Milton Keynes, I-ngland ,

Slovic, Paul, Baruch hshhoff and Sarah Lxchlcns\cm (1952). Rating the rtsks the structure of
expert and lay perception.:, Lhapter 10 in Christoph Hohenemser and Jeanne X. Kasperson
(cds.), Rlsk in.the Technological Soc:et) Weslvxew Press, Boulder, Colorado :

Smih, Damc] lohn (1985). 7urf banked sollﬂuctlon lob( geomorpholog In the Alberta Racky
. Mountains, Canada, unpublished Ph.D. thesis, Umvcrsn) of Alberta Edmonton 300 pp.

'Smulck Ray (1981). Experzence and - the perception ‘of avalanche hazard, Proceedings of
A‘alanche Workshop, 3-5 November 1980, Vancouver, B.C., edited by Canadian Avalanche
Committ¢ee, National Research Council of Canada, Associate Committée on Geotechmcal
Rescarch, Technical Memorandum No. 133, Ottawa pp. 145-152.

g



197

\\@‘ ' N -

---Sgod+~ Rahul (1982) Communicating for zmproved\guar\lsg awareness, Chapter 4 in Thomas }.
Saarinen (ed.), Perspectives on Increasing H -4 Awareness, Program on Environment
and Behaviour Monograph #35, Institute of Behavioural Science. The University of
Colorado, Bouldcr ’

Sorensen, John H. and Gilbert F. thle_(l980) Nalural hazards: a cross-cultural perspecllve
Chaptér 8 in Irwin Altman, Amos Rapoport and Joachim F. Wohlwill (cds.). Human
Behaviour and Fnvironment: Advances,in Behaviour and Research, Volume 4. Frnvironment
and Culture, Plenum Press, New York.

L 4

Spear, Peter B. (1981).. Canadian Ski Patrol Systems' piblic education programs in avalanche
awareness, Proceedings of Avalanche Workshop, 3-5 November 1980, Vancouver, B. C..
edited by Canadian Avalanche Committee, Natiofial Resecarch Council of Umada
Associate Committee on Geotechnical Research, Technical Memorandum No. 133, Oulawa,
pp. 153-157.

Starr, Chauncey (1972). Bene fit-cost studies in soctotechnical systems. pp. 17-42 in Perspectives
on Benefit-Risk Decision Making, National Academy of Enginecring, Washington.

Starr, Chaunce) and Chris Wlpplc (1980) Risks of risk decisions, Sciénce, Vol. 208, pp.
1114-1119. vw '

Statistics Canada (! %1) Sl‘mdnrd Occupational Classification, 198() Mmlslcr of Supply and
' Services Canada, Ouawa
£ .
Statistics Canada (1983). 1981 Census of Canada, 20 Percent Data Base, Highlight Information
of Nuptiality, l-ertility. Education, Housing, Labour Force Activity, Occupauon Industry,
March 1, 1983 Minister of Supply and Services, Otiawa. kS
Statistics Canada (19%4a). Postcensal Annual Estimates of Popu‘lation by Marital Status, Age,
Sex and Components of Growth for Canada and the Provinces, .Junc 1, 1982 and 1983,
Volume 1, Minister of Supply and Scrvices, Qttawa. ‘

‘Statistics Canada (1984b). Schooling in Canada, Minister of Supply and Services, Ottawa.
: Stethem Chris J. and Ronald 1. Perla (19,80) Snow slab studies on Whistler Mountain, b‘rmsh'
Columbza Canada, Journal of (:lacxologw Vol. 26, No. 94, pp. 85-92.
/ .
Stethem, Chris J. a1d Peter A. S;hﬁcrcr (1979). /\r\‘alanche Accndents.m Cnnada I. A Selection
of Case Histoies of Acci ats' 1955 to 1976. National Research Council of Canada,,
Divisibn of Bu:lding Rcscar9 DBR Papcr No. 834, NRCC 17292, Ottawa, 114 pp.
.’"X/‘l
Stethem, Chns J. J]d Peter A. SLhacrm (1980) Amlamhc Accidents in Canada 11. A Selection
« of Case Histories of Accidents, 1943 to 1978, National Research Council of Canada,
Division of Bu:lding Rescarch DBR Paper No. 926, NRCC 18525 Ouawa 75 pp.

3

Strong é/ L. and K.R. Leggat (1981) Lcoregions of Alberta Rcsourcc Evaluation’ andv
" Planning Division, Alberta Energy and Natural Rcsuurccs Edmonton, 64 pp.

Tejada -Flores, Lito (1981). Backcountry Skiing: The Saerra Club Guide to Sknn[, off thc
Beaten Track, Sierra Club Books, San I-ranusco 306 pp.-

‘ "‘TCJada FIores Luo and A}len Steck (1972). Wlldcrnecs Shmg,, Slcrra Club, San- Francnsco
9o : Ca R .

»



198

UNDRO (1979). Disaster Prevention and Mitigation:” A Compendium of Current Knowledge,
volume 10, Public Information Aspects, Office of: the United Nations Disaster Relief
Coordinator, United Nations, New York, 142 pp.  ~. .

UNDRO (1984). Disaster Prevention and Mitigation: A Compendium of Current Knowledge,
volume 11, Preparedness Aspects, Office of the United Nations Disaster Relief -
< . Coordinator, United Nations, New York, 718 pp.

. Valla, Francois (1980). Avalanche educauon Jor skiers, Journal of Glaciology, Vol. 26, No. 94,
pp. 105-107. ’

t ]

Valla, Francois (1984). The French experience in avalanche education for skiers, International
Snow Science Workshop Proceedings, October 24-27, 1984, Aspen, Colorado, prepared by
Mountain — Rescue Aspen, Inc., Aspen, pp. 70-77.

Van Liere, Kent D. and‘Riley E. Dunlap (1980}. The social btz‘ses of environmental concern: a
review of hypotheses, explapations and empirical evidence, Public Opinion Quarterly, Vol.
44, No. 2, pp. 181-197.

o, L)

Van l.icre, Kenl D. and Riley E. Dunlap (1981). Environmental concern, does it make a
difference how it is measured, Emironment and Behaviour, Vol. 13, No. 6, pp. 651-676:

Ward, R.G.W, (1980). Avalanche hazard in the Cairngorm Mountains, chl/and Journal of
Glaciology, Vol. 26, No. 94, pp. 31-41. ;

Welton, George E. (1978). Nalural freedom and wilderness survival, Journal of PhySical
Education and Recreation (Leisure Today insert), Vol. 49, No. 4. pp. 5-6.

White, Gilbert F. (ed.) (1974a). Natural Hazards: Local, National, Global, Oxford University\\‘

.

Press, Inc.. New York, 288 pp. T

‘ ’ . 5

White, Gilbert F. (1974b). Natural hazards research: concepts, methods and policy implications,

Crapter 1 in Gilbert F. White (ed.), Natural Hazards: Local, National, Global, Oxford
Uriversity Press, Inc., New York.

Whyte Annc V.T. (1977). Guldelmes for Field Studies in Environmental Perception, MAB
Te.hnical' Notes 5. United Nations Educational, Scientific and Cultural Organization
(UNESCO), Paris. :

Whive Annc V.T. and lan Burton (1980). Enuronmcntal Risk Assessment, John Wiley and
So1s, Toronto, 157 pp.. _ 4 &

-

wilkin ‘on Keith (ed.) (1983). Cross Country Canada Tour Leader Manual Cross Coumry
Canada, Canadlan Ski Assouanon Ottawa, 188. PP.

- Williars, Knox (cd ) (197*) The Snowy Torrents: Avalanche Accldents in the United: States
1967-1971, USDA Forest Service General Technical Report.RM- 9, Rocky Moumam Forest
and Range Expenmenl Stauon hort Collins, Colorado 190 pp. - : -

lehams Knox (1978a). The avalanche vtcum Avalanche Control Forecasting and - Safety, |
Proceedings of a Workshop Held in Banff, Alberta, 1-4 November 1976, editor Ron Perla,

s National Rescarch Council of Canada, Associate Committee on Geotechmcal Research
Technical Memorandum No 120 C)ttawa pp 232- 244 .



Will

Wil

199

iams, Knox (1978b). The Colorado avalanche warning program, Avalanche Control,
Forecasting and Safety, Proceedings of a Workshop Held in Banff, Alherta, 1-4 November
1976, editor Ron Perla, National Research Council of Canada. Associate Commitice on
Geotechnical Rescarch. Technica) Memorandum No. 120, Outawa, pp. 116-124.

iams, Knox and Betsy R. Armstrong (1984). The Snowy Torrents: Avalanche Accidents in
the United States 1972-79, Tcton Bookshop Publishing Company, Jackson, Wyoming, 221
PP .

Zingg, Theodor (1966). Relation between weather situation snow metamor phism and avalanche

\\x

activity, International Symposium on the Scientific Aspects of Snow and Ice Avalanches,
5-10 April 1965, Dgvos, Switzerland, Intcrnational Association of Scientific Hydrology
Publication No. 69, Gentbrugge, Belgium, pp. 61-64.

o



Appendix 1: Questionnaire Used in the Study

Skier Perception of Avalanche Hazard

—

l.ocation Interviewer

Date Time o8

-

X
Hi, 1 am from the University of Alberta. With tke approval of the local management agency,
Parks Canada, we arc conducting a survey/of winta recreation use in this national park. The
survey results will be used as a basis for ggested improvements to present winter recreation
management programs. 1 would be graxtful if. you wonld be kind enough 10 voluntatily answer
some questions. Your responses will yemain anonfvmo S.

:
LA

AL First, | would like to ask a few questions about your trip today.

“1. © Where are vou planmng to go durmg your <k| trip along this Lrall today? (Wherc did you
go)?

II. Have you cver been on this trail before?
1. ' No., .
-2, Yes. -
a) . How many times in winter?
_ b) How many times.in summer?
L. What type of skiing are you (were you) doing today? More than one l)pe may apply 10
you. Are (were) you: '
‘ Trail skiing..
Off -trail skiing.
"Cross country downhmmg or telemarking.
‘ Alpine touring. o A
IV, How many peoplc are in your parly" V - . .
Does your party have a recognized leader? ‘ :

R S

1. No. ‘ ‘
2. Yes, I : ‘ v
- a)  Are you the leader? I
" . i) - No. .
©ii) |, _Yes.

200
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VI. Do you live in Alberta or British Columbia”?

1. No. ' .
a) What province or state do you live in? (Record country if not Canada or
USA.)
2. Yes.
a) What is the name of your home city or town.

'

VII. At whatcity, town or other location did you stay last night?
VIII. At what city, town or other location are you staying tonight?

B. The next group of questions deals with some of the dszcu/uw skiers face tn mountainous
areas.

[

- \

1. D0 you have any major concerns when skiing at this time of ycar?
1. No.
2. Yes.

R a) What are they?

b) Which 1s the most imporlanf of your concerns? (Mark 1 beside it))
¢) - What would you say 15 vour second greatest worry? (plark 2 beside it.)

Avalanches have been (dentified as a possible risk in some areas of the mountains. I would like to
ask sorne questions to gel your ideas about them.

II.  Could you give me a short description of an avaianche? (1f person does not know,
describe it as a mass of snow falling or sliding down a mouniain and go to C).

. H(m often do vou think avalanches which could potentially chu pL()plL will occur here
‘in the Rockies over the course of this winter?

IV.  Would you be able to give an estimatc of, on average, how many people are killed by
avalanches in Banf! Nauonal Park cach year?
1. No.o- N
2. Yes. R
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-

a)  How many?

V. Have youror any of your acquaintances ever been involved in an avalanche accident?
1.  No. - . ’
2. Yes.
a) Personally. /
i) What year was that?
1) Can you tcll me what happened?
‘ L
i) How did you feel?
b) Acquaintance.
. 1) What year was that”?
VL.~ Have you ever fclt that you personally were.in danger from an avalanche?
1. No. ' -
2. Yes:
a) What year was that? -~
b) Where?
C) What did vou do?
A
VII. Havey er cancelled a trip or changed your plans because you thought the avalanche
hazard'was too high? '
1. No.
2, Yes. -
a) Was that before or after vou left home?

i) Before. _
What year was that?
" What changes did you make€ in your plans?

i) . After.
What year was that? .
What changes did you make in your plans? . :

£

VII1. Before taking or soon after the start of a ski trip, do you or a member of your party
obtain any information or make observations regarding the risk of avalanches in the

area? , :
1. No.
2. Yes.

a)  What type of information do you obtain?
. 3
e

b) - Where do jou get it?

T



IX. Do you know where avalanches are most likely to occur on this trail?

1. No.
2. Yes.
a) Where?
X. At what level would you rate the avalamhevhalard on this lranl todav? Would vou ratc it
.as: 5
1. -Low, = )
2. Mo&erate. .
3. High. v
4. Extreme. : . . .
X1, Why have vou rated the avalanche hazard at this level”? ‘ ]

C. Now, [ would like to ask you a few questions about the role of Parks Canada in winter

recreation management. o &
. . #

I. Arc you aware of any actions Lhu Parks Canada takes to reduce the nsks to backcountry -

skiers? : N

1. No. ‘

2. Yes.

ra) Which ones?
!
e £

II.  Parks Canada provides a backcountry avalaniche hazard forecast on a daily basxs

1. Have you heard of it?
a) No. (Go to question C:11.6)
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. - . ¢
b) Yest )
l)()oxou know where to get 1("
a) No. K _ . -
b)Y Yes. ¢ - :
» 1) - Parks Canada Warden.
© i) * Parks Canada information outlel. .o e
iii)  Downhill skiarca. - N .o .
iv)  Radio. h % -
v) . Fricnds. ’ ’ o
A vi) Wecather station
AL ..~ vii} Telephone recording.
PR 7 o~
“"H“ . vin)  Newspaper.
P i) Television, !
A ) - Other (specify). L -
¢ <
T
l& 4 -
s 3
K% Do you'or a member of )our parl\ usuall\ check lhr avalapche harzard forecast
. before geing out ona mp
a) No. (Go to qug:snon C.IL. 6.) ,
4 b) Yes. - : - )
o4 At what lewel does Park\ Canada Tate Lhc avalanche ba/ard as today”? (II
. respondent does not know . g0 torquestion C, H 6.).
. o < . _ . . '. —‘/ 4 A
s E ;
R N N ] re

(Y
54 Ho“ did you learn what 1oda\ s rating is”?
© a)  Parks Canada Warden.
b) _ Parks Canada information outlet.

¢) Downbhill ski area.

d)  Radio.
c) Friends., . - ) : : o0 -
f).  Weather station
‘ .o8) Telephone recording. : A
' %'H)  Newspaper. . , " oo
~ i) Tclevision. ﬂ
i) © Other (specify). : | S
* K}
* 3
-0. ‘Do you think that the Parks Canada rating is (would be) uscful?
\ a) - No. ,
' b) Yes. :
7. Do you think there are any wavs that Parks Canada could 1mprove their
Ty avalanche inf ormauon program” '
‘ a) No.
. ) - Yes.

i) How? ©



I11.
IV.
‘ entrance’?
q. No.
2. No. never hear
, 3. Yes.
V. Should the avalanche
1. No. ’
a) Why?
5 2. Yes.
a)  Why?

V1.
high?
1. No.
a)
2 Yes
a)

&

Why? -

Why?

Jof it.

!

9

L%

W

Y

O
PN
1.

1

Harard forecast be broadeast on this radio station .

v

D. Now, I would like to just ask a few questions about your recreational-background.

I, How rhany years

areas?
II.

How many davs have you been in the backcountr

‘What other things; besides the avalarche information program, could Parks Canada do
1o reduce the general risks 1o backcountry skiers”?

Do you ever listen to the short range radio station located at the Canmore park .

Should Parks Canada close trails whe: the avalanche risk to backcountry travellers is

have you been involved in winter recreation activities in meuntainous

y within the mountains this winter? In
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this survey, I define backcountry as arcas at least 500 m from devcloped areas, such as
Banlf townsite and the downhill <ki arcas, or from plowed roads.

1. What is the average length of any such outing or trip in days?

11, About how dayvs were vou in the backcountry in mountainous areas last winter?

1. What was the average length, in days, of these trips?

IV.  Have you taken courses or attended lectures that relate to avalanche safcty.
1. No.
2. Yes. Would you happen to remember the sponsoring agency. the length of the
course and the vear that you took the course?
Sponsoring agencey g L.ength of course When (year)
L
} 1ave you read any bocks or pamphlets on avalanche safety?
I No.
2. . Yes. Would you happen 10 remember the title. the author and the vear that vou
read the book or pamphlet?
A
Title Author . When (vear)
*
-
. %;p
Given a situation such as the one on the diagram, could you please irdicate the.route you
would take to the cabin il the avalanche hazard rating was moderate. (Indicate skier and
- cabin on diagram.) (Interviewer draw rotite on diagram:)
1. Why did you choose this route?
/

1 \ou were a member of a group of 4 sklers and ! of the other group members was
caughl in an avalanche and totally buTied, what would you do?
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VIII. What safety cquipment do yvou or vour party usually carry in the backcountry. {Use
observation 10 answer as many of these as possible, especiady those marked with an *.)
1 Nonc. :
2 *Shovel.

3 Collapsible probe. .

4 *Ski poles that mayv be joined 10 form a probe.

5. Avalanche cord.

6. Avalanche rescue beacon.

7 Crystal plate and magnificr.

¥ Clinometer to measure slope angle.

9. *Amount and tvpe of clothing (suitable for long stops?)

10.  Repair kit.

11.  First aid kit.

12, Other equipment. (Specify)

4

~

I What is your occupation?
. Could you please indicate the age group to whxch you belong? (Show respondent piobe

., card.)
II1.  Which group best represents the highest level of educauun which you obtained? (Show
respondent probe card.)
IV Sex. (Observation) 4
1. Male. \
2. Femalc. { :

Thank vou for vour time and cooperation. You have oeen very helpful.

Time taken for interview

. Interviewer Impression of User ( To be completed a fier interview )

“ 1 Was respondent
1. very cooperative? .
2, somewhat cooperative? -
3. not cooperative?

1. Was respondent
1, % well informed?
2. somewhat informed?



iI1.

Iv.

3. - notinformed?

Was respondent .

1. very interested”? id

2. somewhat interested?

3. not intefested?

Was respondent

1. well prepared to deal with avalanche hazard?

2. somewhat prepared to deal with avalanche hazard?
3. not prepared to deal with avalanche haszard?
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The probe cards contained the following:

Age

A. " 1S vears or less
B. 16 — 20 years'
C. 21 — 25 years
D. 26 — 30 years |
k. 3] — 35 years
F. 36 — 40 years
(. 4] — 45 years
H. 46 — 50 years

I. 51 — 55 years ) N
J.° 56 — 60 vears
K. 6] — 65 years
1 Over 65 years

c
ey

I.ducation
A. Primary Schoel (Grades 1 — 8) ]
B. High Sthool (Grades 9 — 12 (13))

C. - Technical Schoo! or Community College
D. Bachelor's Degrec \ '
. Master's Degree
k. Doctorate Degree " ‘
? ‘ @
} a -



