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The encounter probability for mountain slope
hazards

D.M. McClung

Abstract: In typical risk calculations for the mountain slope hazards one wishes to calculate the encounter probability:
the probability of facilities or vehicles being hit at least once when exposed for a finite time demoth events

having a return period at a location. In this note, it is assumed that the events are rare, independent, and discrete,
with arrival according to a binomial (or Bernoulli) distribution or a Poisson process. The constraints on the
formulations for the processes are provided and it is shown that for typical applications either assumption (binomial or
Poisson process) may be used in practice almost interchangeably.
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Résumé: Dans les calculs de risque typiques concernant les dangers associés aux pentes montagneuses, on souhaite
calculer la probabilité de rencontre, c’est-a-dire la probabilité que des installations ou des véhicules soient heurtés au
moins une fois lorsqu’ils sont exposés sur une période de tempsLfinieles événements dont la période de retour

estT pour un endroit donné. Dans la présente note, on fait 'hypothése que les événements sont rares, indépendants
et suivent une loi de distribution d’arrivée binomiale (de Bernoulli) ou un processus de Poisson. On indique les
restrictions sur les formulations des processus et on montre que pour des applications typiques, les deux hypothéses
(loi binomiale ou processus de Poisson) peuvent étre utilisées dans la pratique de maniere presque interchangeable.

Mots clés: probabilité de rencontre, période de retour, avalanches, chutes de roches, torrents de débris.

[Traduit par la Rédaction]

Introduction Binomial distribution

Mountain slope hazards include, in part, rock fall, debris Assume that the probability of an event (rock fall, debris
torrents, and snow avalanches. In many cases (e.g., Smitbrrent, snow avalanche) during any time intervat, is
and McClung 1997), it is a reasonable assumption that thegmall (the probability of two or more events duridy is
can be modelled as discrete, rare, independent events suokgligible), then the total number of events during the finite
that the probability of occurrence during any time inte¥al  time intervallL = nAt is described by the binomial probability
is a small number and the probability of two or more eventsmass function (Benjamin and Cornell 1970, p. 224):
in any time interval is negligible. ni

Applications such as risk calculations may contain-esti[1] B(K=—"—pk1-p"k k=0,1, 2,...,n
mates of the encounter probability: the probability an event ki(n-R!
occurs at least once during a finite time inter\aif the re-
turn period at the location i3. In British Columbia, land-
use zoning restrictions are often applied by estimates of th
encounter probability, for example, 10% chance of at leas
one occurrence in 50 years (implying a return period of 47
years). In this note, | consider the encounter probability from
the dual perspective that events arrive according to a Poisson 0< At <1
distribution or that arrival follows a binomial distribution. In
particular, the focus is on the constraints on the equations . ) )
derived, the physical interpretation, and return-period limits2nd the expected number of events durmgme periods is
of the derivations. The results show that computationaly ei (nA)/T.

ther formulation may be used in most cases but the physical From €q. [1], the encounter probabiliti,, is the proba
interpretations of the formulations differ. bility of occurrence at least once mtrials. It is the sum of

all terms excepk = 0 to yield

2 g =-1-B-2f

wheren andk are finite integers. In eq. [1Rx(K) represents
the probability that events occurtimes k is a random num

er) in n independent time intervals (triald} in the finite

ime interval L. The probability,p, of an event occurring
uring any independent time interval is
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with 2.2 rock falls on average per yeaf € 0.4545 years pression given by eq. [4] for the Poisson process because it
per event), then foAt = 0.5 h (1 : 17 520 years) and= 1 may be applied directly for any return period<0T < oo,

(0.5 h period),E, = 1 : 7964 for the rock-fall zone. If cars whereas eq. [2] requires application of limits witth de-
occupy 78% of the linear distance along the highway as decreasing asT decreases in the limit a§ — 0 (infinitely
scribed by Bunce et al., then each year thera il : 10 210 many events). Computationally, the encounter probability

chance of a vehicle being hit by a rock fall. for the Poisson process or the binomial distribution could be
applied for finite At and finite n but physicallyE, for the
Poisson process Poisson process contains the assumption « asAt - 0

with L finite, so such computations lack a physical basis for
Consider a Poisson process over a finite time periodhe Poisson process.
L = n/t with a return periodr. In this case, the process may
be thought of as many very small time intervals, such
that asn — o, At - 0, but the product (total time intervall)
= nAt is finite as assumed for the binomial distribution. ForSummary
such assumptions, the Poisson probability mass function

may be written (with the Poisson paramefer L/T) as The encounter probability may be derived from the Pois
Lk exp(il) son distribution or the binomial distribution for a finite inter
[3] Pe(K) ==~ k=0,1,2, .., val of time L = nAt for which facilities or vehicles are
k! exposed, and very similar results are obtained in most cases.

wherek is a random number of events, auds the expected For the Poisson distribution,. is physically divided into
Poisson arrival rate during. many time intervalsAt) of very small duration, whereas for

From eq. [3], the sum of all terms excelpt 0 gives the the binomial distributior. may consist of a finite number of
encounter probability time increments of duratiodt, each of which constitutes
one Bernoulli “trial.”
[4] E,=1- expB—LH For either the binomial or Poisson encounter probability,
OTO the constraint & At < T must be followed. For both distribu-
) _tionsE;, » 0asT - wandE, - 1 asT - 0. However, a§
Properly, eq. [4] may be applied for any return period _, o the binomial encounter probability converges to the

0<T<e. If T > 0, thenE, - 1, and ifT - o, E; - 0. For  poisson encounter probability first and then the limit is ap-
the example above, application to the rock-fall problem conqpjied.

sidered by Bunce et al. (1997, 1998) and Hungr and Beckie

(1998), using the binomial distribution, calculation Bf

with the Poisson expression (4) is identical to that for the bi-

nomial distribution withL = 1 : 17 520 andTl = 0.4545 to

give E, = 1 : 7964. LaChapelle (1966) considered numericalAckIkaedgements
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As with the Poisson process, the binomial encounterrob
ability may be applied within the limits & T < c. From

For the other limit asl - 0, with L = nAt finite,
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