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ESTIMATING AVALANCHE RUNOUT ON THE MILFORD ROAD, NEW ZEALAND
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ABSTRACT: For operational purposes it is of interest to determine when and whether an
avalanche will affect the road. The size and runout of an avalanche depends on the initial depth
of failure and subsequent entrainment/deposition of snow as it travels down the path. Here we
investigate a mass balance approach in which avalanches gain mass above the snowline and
lose mass below it; the size by the time it reaches the road depends on conditions along the path
as well as the depth of the initial fracture. We do not capture all details of the flow, but results are
encouraging and indicate the importance of entrainment/deposition processes when predicting
avalanche runout distances. We caution that the model is not perfect; even a small under
prediction of runout could have major consequences for a traveler on the road.
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1. INTRODUCTION
The Milford Road (SH-94) links TeAnau to
Milford Sound on the southwest coast of New
Zealand. The road, which follows the valley
floor, is in the runout zone of avalanches that
start more than 1000m higher (Fig. 1). Most
potentially hazardous avalanches are "direct
action" avalanches· that release as slabs
during or soon after storms that deposit up to
3m of snow in the start zones. The avalanches
gain speed and often become airborne (Fig. 2)
as they travel over the cliff bands in mid-path
(Fig. 1). The avalanches of the Milford region
are well known for their magnitude, speed and
impact pressures (Smith, 1947; Fitzharris and
Owens, 1984).

Previously we have applied a simple force
balance model that has proven useful for
forecasting the timing of direct-action
avalanches (Conway et aI., 2000). However
for operational purposes it is also of interest to
determine whether an avalanche that has
released will reach the road.

Snow in motion is complex; approaches to
modeling flow-characteristics range from
statistical (e.g. McClung and Lied, 1987), to
simple dynamic models (e.g. Perla et aI.,
1980; Savage and Hutter, 1991; Bartelt et aI.,
2000), to fully-physical three-dimensional
models (eg. Hutter, 1996). Statistical models
are easily applied and have been used
successfully in many regions to estimate
runout. However their success is limited, partly
because the dynamic behavior of avalanches
is not governed by topography alone. On the
other hand, physical models are more realistic
but application requires knowledge of the
mass, friction and drag of the flow and how
these properties vary spatially and with time.
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Figure 1: Aerial view of the East Homer slide path.
The road traverses up the Hollyford valley, passes
through the Homer tunnel (bottom center) into the
Cleddau valley, which it follows to Milford Sound.
Avalanches start about 1100m above the road and
often become airborne as they travel over the cliff
band.
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Figure 3: Profiles of the Raspberry, East Homer
and Moir avalanche paths (adapted from Fitzharris
and Owens, 1980). The Raspberry path is steeper
than East Homer but the highway is farther from the
end of the track (250m compared to 90m at East
Homer). The elevation of the highway beneath Moir
on the west side (700m) is about 200m lower than
that on the east side.

Figure 2: Airborne avalanche crossing the Milford
road .

2. CONCEPTUAL MODEL
Relatively few authors have attempted to
model entrainment/deposition processes in
avalanches (e.g. Issler, 1998), but we suspect
that these processes have a crucial role in
determining runout distances. Here we
assume that a "direct-action" avalanche will
entrain snow above the snowline and deposit
snow when it runs below the snowline. We
track the mass of snow moving down a one
dimensional flow line of a particular path; the
run-out position is defined to be where the
mass of the flow becomes zero. Implicit in
these assumptions is that avalanches will
always reach the road when the snowline is at
road level.

A major limitation of using such a simplified
approach is that we cannot examine the
impact of air blasts that are often associated
with larger avalanches in the region.

Here we make use of data that are (6.SoCkm-1
). We assume that precipitation falls

generally available to a forecaster as snow when the air temperature is <2°C and
(precipitation, temperature, topography and rain otherwise; this assumption implies that
avalanche runout) and develop a statistical the snowline (at the elevation where Tz =
model that is based on mass continuity. Our +2°C) is -300m below the freezing level. We
plan is to evaluate the limitations of such an have found that a gauge at road level (at
approach; our overarching goal is to develop 900m) yields a reliable estimate of
tools that are useful for operational forecasting precipitation in the start zones.
along the Milford road. Observations of avalanche occurrence

down specific paths include the time, runout
position relative to the centerline, and depth of
deposit on the road.

3. APPLICATION TO MILFORD ROAD
3.1 Weather and avalanche database
Hourly weather data, including measurements
of precipitation and air temperature are
telemetered from a network of five remote
weather stations to a base station in TeAnau.
The air temperature Tz at an elevation during
times of precipitation is estimated from T1600

measured at the Mt Belle weather station (at
1600m) and the moist adiabatic lapse rate

68

•



3.2 Terrain
More than 50 avalanche paths threaten the
Milford road (Fitzharris and Owens, 1980).
Most paths are steep (35-45°) and long (more
than 1km); Fig. 3 shows profiles of three of the
most hazardous paths that threaten the road.

3.3 Model development
As a first approximation we assume that an
avalanche will entrain all of the new snow
above the snowline, and the mass loss per
unit area below the snowline is an adjustable
model parameter. In reality not all of the new
snow will be entrained, and the mass loss
below the snowline will depend on the path
roughness as well as the dynamics of the flow.

We sub-divide each path into discrete
lengths LlXi of constant slope ei and calculate
the mass balance iteratively down progressive
segments along the flow line. For segments
above the snowline, the mass gain per unit
width (LlM; in kg/m) above the snowline is:

(1 )

where I.P is the storm accumulation in

kg/m2
. That is, all of the storm-snow is

entrained by the avalanche.
For segments below the snowline, the

mass loss by deposition is:
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where values of 0 (kg/m2
) are adjusted to

minimize the mismatch between the modeled
and observed stopping point. We use the
model to examine case histories and
determine the range of possible values for D.

4. MODEL RESULTS
We have developed and tested the model
using measurements from seven storms that
produced avalanche activity. For each cycle
we compare observations of runout position
for three paths (Raspberry, East Homer and
Moir) with model results obtained for varying
values of 0 (mass loss per unit area). Fig. 4
shows results for all paths for the case 0 =
O.5kg/m2

, which is the value that yields the
best overall fit to the observations.

Results are encouraging, although not
perfect, as illustrated by the scatter about the
dashed line (the perfect fit) in figA. Model
results indicate that avalanches down East
Homer have the highest potential for reaching
the road, which is also well known by local
avalanche forecasters. The model
successfully predicted five of the six
avalanches that crossed the road. It also
successfully predicted 10 of the 14 avalanches
that did not cross the road, with false alarms
(over-predicting) for the other four avalanches
that did not reach the road (Fig. 4).
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Figure 4: Modeled and
measured runout distances
(relative to the centerline of
the road) for the Raspberry
(squares), East Homer
(circles) and Moir
(triangles) avalanche
paths. In a/l cases shown
here, 0 = O.5kg/m2

. The
dashed line represents a
perfect model fit to the
observations.
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5. DISCUSSION AND CONCLUSIONS
We have examined in more detail the
potentially more serious case (under
prediction of the avalanche that crossed the
road), which occurred on the Raspberry path
on October 6,2000. Storm total was estimated
to be 150mm (water equivalent) and the
average snowline during the storm was 964m.
Calculations indicate that the model would fit
the observations exactly if either: the storm
total was double (300mm); the average
freezing level was 100m lower (864m); or the
mass loss was half (D = 0.25 kg/m\ However
during the same storm, the model over
predicted East Homer (360m compared with
20 m observed) and was nearly correct for
Moir (20m compared with -50m observed),
which suggests that the storm characteristics
were not anomalous. It is possible however,
that D was relatively low in the Raspberry
path. In fact in four of the six cases studied,
the model under-predicted runout on the
Raspberry path, which might imply that D is
generally lower there.

It is also instructive to examine the case on
October 7, 1996 where the modeled runout on
Moir (340m) was much larger than the
observed runout (-200m). Storm total was
estimated to be 627mm (water equivalent) and
the average freezing level was 1308m. The
model would fit the observations exactly if
either: the storm total was half (315mm); the
average snowline was 150m higher; or D = 1
kg/m2

. During this cycle the model over
predicted runout distances on all paths
(although not as much as that on Moir), which
suggests that the estimate of the snowline is
too low. The snowline on the west side of the
divide (which include Moir) is often higher than
that at Mt 8elle (where temperatures are
measured) on the east side of the divide.

We are encouraged that such a simple
mass continuity model does so well at
predicting runout of direct-action avalanches.
The model does not capture all details of the
dynamics, for example it does not simulate the
air blast, which is often severe in the Milford
region (McLauchlan, 1995). Nevertheless, the
results emphasize the importance of including
entrainment/deposition processes when
modeling avalanche flow. We caution that the
model is not perfect; even a small under
prediction of runout can have major
consequences for a traveler on the road.
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