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ABSTRACT: A key step in preparing an avalanche forecast is estimating the location and sensitivity 
of critical snowpack layers. Traditionally this is based on manual field observations. We have de-
veloped a tool that models the formation and burial of surface hoar layers across western Canada. 
The tool uses output from the Canadian high resolution weather model on a 2.5 km grid. These out -
puts include precipitation, temperature, humidity, and longwave radiation. They are used to model sur-
face hoar layers on virtual slopes with north and south aspects at three elevation bands. Google Earth 
map layers are created to display the size of surface hoar crystals on each slope and the accumulated 
load on buried layers. The maps are designed to display critical information with simple graphics. The 
maps are updated daily and can be viewed by avalanche forecasters on the Canadian Avalanche As-
sociation's Information Exchange (InfoEx). A case study from the 2013-2014 winter is presented.
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1. INTRODUCTION

Computer  modelling  has  vastly  improved  the 
quality of weather forecasts over the past dec-
ades. Numerical weather prediction models have 
become  an  essential  weather  forecasting  tool 
with  improved  spatial  resolution  and  accuracy. 
Avalanche  forecasters  primarily  use  manually 
observed  data,  but  computer  modelling  of  the 
snow  cover  is  used  by  some avalanche  fore-
casters  (primarily  in  Europe).  Using  a  modern 
weather forecast model we have developed an 
online tool that allows Canadian avalanche fore-
casters to monitor potential surface hoar layers.

2. MODEL DESCRIPTION 

Fig. 1 shows a conceptual diagram of how the 
model works.  Inputs are taken from the Cana-
dian  high  resolution  deterministic  weather  pre-
diction system on  a 2.5  km grid  over  western 
Canada (Erfani et al., 2005). The system outputs 
many forecast variables, from which we use air 
temperature,  relative  humidity,  wind  speed,  in-
coming longwave and shortwave radiation, and 
precipitation.  We  extract  relevant  values  from 
25 000 model grid points that cover regions in 
the Coast, Columbia, and Rocky Mountains. We 
produce hourly time series of forecast variables 
at each grid point as done by Bellaire and Jam-
ieson (2013).
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Fig. 1: Conceptual diagram of model.

The  weather  data  are  used  to  model  surface 
hoar formation at two spatial scales with different 
modelling approaches. Formation is mapped at 
high resolution using a simplified surface energy 
balance model (25 000 points) and at low resolu-
tion  using  the  Swiss  snow  cover  model 
SNOWPACK (34 sub-regions). The two models 
have similar methods of modelling surface hoar 
formation (see Horton et al., 2014 and Lehning 
et  al.,  2002).  SNOWPACK  needs  more  com-
puter resources, so the simplified model is used 
for high resolution mapping. However, the sim-
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plified model does not use wind speed or short-
wave radiation in its calculations.

The size of surface hoar crystals on the snow 
surface is modelled at each grid point throughout 
the winter using the simplified model. Also, the 
amount of precipitation is accumulated over the 
season at each grid point to calculate the load 
over buried layers. These values are saved in a 
database.

The  SNOWPACK model  is  run  in  34  different 
sub-regions that were manually drawn with help 

Fig. 2: Blue shading shows the size of surface 
hoar  crystals  buried on  10 February 2014 in 
the south Rockies. The green contours and la-
bels show the load that  had accumulated on 
the layer between 10 February and 10 March 
(in millimetres of precipitation).

Fig. 3: Icon using blue shading to show aspect 
and  elevation  bands  where  the  10  February 
2014  surface  hoar  layer  likely  formed  in  the 
south Rockies. 

from the Canada Avalanche Centre. We use a 
similar  approach  to  the  French  model  chain 
SAFRAN-Crocus-MERPA (Durand et al.,  1999) 
to  model  the  snow  cover  on  representative 
slopes  in  these  sub-regions.  Grid  points  were 
chosen to represent alpine, treeline, and below 
treeline  vegetation  bands  in  each  sub-region 
based on their elevations. Weather data is aver-
aged  between  grid  points  in  each  vegetation 
band.  The  averages  are  used  to  run 
SNOWPACK and produce virtual snow profiles 
on 38° north and south facing slopes. Thus in 
each sub-region we simulate surface hoar form-
ation on north and south slopes at three eleva-
tions. These sizes are also saved in a database.

Layers  of  interest  are  found  by  querying  the 
database of  surface hoar sizes.  An automated 
routine  searches for days  when  newly  formed 
surface hoar has been buried at a large number 
of  grid  points.  Canadian  practitioners  use  the 
date of burial to identify critical avalanche layers. 
Confusion can occur when a widespread layer is 
buried over successive days (such as when a 
storm moves eastward). In the model such lay-
ers are assigned a single date by grouping burial 
events over 5 day periods and finding the days 
when the largest extent has been buried.

Maps are  updated  daily  and  hosted  online  as 
Google Earth kmz files. They can be viewed by 
Canadian avalanche practitioners using the Ca-
nadian Avalanche Association's online Informa-
tion Exchange (InfoEx).

For each surface hoar layer three maps are pro-
duced:

Map 1: Blue shading shows the size of sur-
face hoar crystals at the time of burial at 
each grid point, based on the simple sur-
face energy balance model (Fig. 2)

Map  2:  Green  contours  show the  load  (in 
millimetres of precipitation) above each 
buried  layer  (Fig.  2).  Regions  where 
large crystals are buried underneath crit-
ical loads can be highlighted by overlay-
ing Maps 1 and 2.

Map 3: Aspect-elevation roses show which 
vegetation bands and aspects are likely 
to have surface hoar in each sub-region. 
This  is  modelled  with  the  snow  cover 
model SNOWPACK (Fig. 3).
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3. CASE STUDY

Fig. 2 and 3 show maps for a layer that was bur-
ied on 10 February 2014 in the south Rockies. 
The  modelled  crystal  size  ranged from 0  to  8 
mm throughout the region (Fig 2). The predicted 
load contours show that by 10 March 2014 the 
layer had been buried by 120 to 280 mm of pre-
cipitation,  with  the  greatest  amounts  in  the 
Fernie area. Assuming an average slab density 
of 200 kg m-3 this corresponds to a depth of 60 to 
140 cm.

Avalanche observers in this region noted the de-
velopment  of  surface  hoar  and  facets  on  the 
days leading up to 10 February. Observed crys-
tal sizes were generally smaller than those pre-
dicted by the model. This layer developed into a 
persistent  avalanche  problem  in  the  following 
month, with several large avalanches releasing 
between  7  and  10  March.  These  avalanches 
were  mostly  destructive  size  2.5  releasing  on 
surface hoar and facets 100 to 150 cm deep.

The avalanches were mostly reported on north 
and east aspects at treeline elevations (1800 to 
2100 m). Fig. 3 shows that surface hoar forma-
tion was modelled on north and south aspects at 
treeline and below treeline elevations,  with the 
largest  surface  hoar  on  north  treeline  slopes. 
Note  the  current  model  does  not  account  for 
east  and  west  facing  slopes.  In  this  case  the 
model had some value in indicating where ava-
lanche activity was likely on the 10 February sur-
face hoar layer.

4. CONCLUSIONS

Coupled weather and snow cover models were 
used to  produce maps of  surface hoar layers. 
The maps show the size of surface hoar at time 
of burial, the load accumulated on the layer over 
time, and the aspect and elevation bands where 
the layer is likely to be found. The maps will be 
provided  daily  to  Canadian  avalanche  profes-
sionals in the 2014-2015 winter. While the mod-
els  have been tested and validated at  several 
study plots (Horton et al., 2013), ongoing valida-

tion is planned to improve accuracy over the ex-
tensive mountains of western Canada.
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