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ABSTRACT 

Snow drift endangers human life and infrastructure in alpine and arctic 
environments by contributing to snow avalanche formation in steep terrain and impacting 
transportation through reduced visibilities and drift deposition on roadways. 
Understanding the local and synoptic scale meteorological conditions just prior to and 
during hazardous snow drift conditions is a crucial element in forecasting for – and 
mitigating the hazards associated with – snow drift processes. This is especially true in 
Svalbard, a High Arctic Norwegian archipelago, where snow drift processes have been 
linked to avalanche activity and hazardous travel conditions in the region’s unique, 
direct-action maritime snow climate. This study uses a record of road closures due to 
drifting snow on a mountain road to further investigate Svalbard’s snow climate and 
avalanche regime by characterizing meteorological conditions leading to regional snow 
drift events and exploring the relationship between these periods of snow drift and 
regional avalanche activity. A nine-year record of road closures is coupled with local 
meteorological observations and NCEP/NCAR synoptic composite maps to characterize 
the local and synoptic weather conditions leading to and occurring during periods of 
snow drift near Longyearbyen, Svalbard’s primary settlement. This record of snow drift 
events is then compared with regional avalanche observations using a case study 
approach to illustrate the relationship between snow drift and avalanche activity in 
Svalbard. Results show snow drift events result from five distinct synoptic circulation 
types and are characterized by increased wind speeds, higher precipitation totals, and 
elevated air temperatures relative to average winter conditions. Four case studies 
qualitatively illustrate the interactions between local and synoptic weather patterns, snow 
drift processes, and regional avalanche activity. In addition to the suggested mitigation 
strategies provided, these results will help advance avalanche forecasting efforts 
throughout the region.    
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1. INTRODUCTION 

1.1 Background Information 

 The redistribution of snow by wind is a key factor influencing the spatial 

distribution of snow in arctic and alpine environments. Interactions between 

meteorological and topographical variables control snow redistribution in regions where 

wind transported snow plays a dominant role in the development of the snow cover [e.g. 

Pomeroy et al., 1997].  As wind transports precipitated snow, topographic controls on 

localized wind speed and direction govern the depositional patterns of blowing and 

drifting snow [Lehning et al., 2008].  Deposition of drifting snow on leeward slopes 

contributes to snow avalanche formation on steep terrain, and blowing snow can severely 

impact transportation and infrastructure in alpine and arctic areas [Hestnes, 2000; 

Jónsson, 2014; Schneiderbauer and Prokop, 2011]. Accordingly, understanding the 

interactions between a region’s topography, snowpack properties, local and synoptic 

scale meteorological conditions, and human infrastructure are essential to recognizing the 

hazards posed by blowing and drifting snow in physiographically diverse locations. 

An important consideration related to wind redistributed snow in alpine areas is 

the manner in which it influences a region’s snow avalanche activity [Lehning et al., 

2008]. Snow avalanches (hereafter referred to as avalanches) are natural, mountain-slope 

hazards involving a mass of snow rapidly moving downhill. Avalanches are commonly 

distinguished based on their release type [Schweizer et al., 2003]. The main types of 

avalanche are slab [e.g. Schweizer et al., 2003], loose snow [e.g. Schweizer et al., 2003], 

cornice-fall [e.g. Montagne et al., 1968; Vogel et al., 2012], slushflow [e.g. Hestnes, 

HoltH
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1998; McClung and Schaerer, 2006], and glide avalanches [e.g. Peitzsch et al., 2012]. 

While the mechanisms resulting in avalanche release differ between these avalanche 

types, all are controlled to a degree by the development of a seasonal snow cover through 

the re-deposition of previously transported snow by wind [McClung and Schaerer, 2006; 

Schweizer et al., 2003] and the preferential deposition of falling snow [Lehning et al., 

2008]. Furthermore, wind deposition of snow is often considered to be second only to 

new snow as an active contributing factor to avalanche formation [Schweizer et al., 

2003].  

In areas of high topographic relief, wind transported snow is deposited on lee 

slopes where the topography induces localized wind speed deceleration. When this 

deposition, also known as wind loading, occurs in terrain favorable for avalanche 

formation, the wind deposited snow exerts stress on the existing snowpack and 

contributes to slab avalanche release [McClung and Schaerer, 2006; Schweizer et al., 

2003]. Slab avalanches – those in which a propagating crack is triggered within a layer of 

relatively weak snow underlying a more cohesive snow slab – are the avalanche type 

most frequently associated with avalanche accidents [McCammon and Hägeli, 2007; 

McClung and Schaerer, 2006]. Much previous work has shown slab avalanche activity is 

often closely related to the wind transport of snow during winter storms [Atwater, 1954; 

LaChapelle, 1966; Lehning et al., 2008; Seligman, 1936]. In addition to slab formation on 

leeward slopes, wind deposition on ridgetops often results in cornice formation 

[Montagne et al., 1968; Vogel et al., 2012]. In some locations – such as High Arctic 
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Svalbard – cornice-falls and resulting slab avalanche release dominate observed 

avalanche activity [Eckerstorfer and Christiansen, 2011c]. 

Avalanche activity in maritime snow climates dominated by direct-action 

avalanches – avalanches that occur during or just after a winter storm – is primarily 

controlled by local and synoptic scale meteorological conditions just prior to and during 

winter storm events [Mock and Birkeland, 2000]. Knowledge of the weather patterns and 

conditions that have led to avalanche release in the past can be used to recognize similar 

conditions in the future to improve avalanche forecasts [Hendrikx et al., 2005; 

LaChapelle, 1966; McClung and Schaerer, 2006]. This is especially true in data sparse 

regions where weather forecasts and snow cover models forced by numerical weather 

prediction models are often relied upon in lieu of direct manual weather and snowpack 

observations to forecast avalanche hazard [Bellaire et al., 2011]. Thus, understanding the 

meteorological conditions resulting in snow drift and associated avalanche activity is of 

particular importance to effective avalanche forecasting in data sparse, arctic 

environments such as Svalbard where blowing and drifting snow processes have a strong 

influence on seasonal snow cover development and regional avalanche regimes 

[Eckerstorfer and Christiansen, 2011b; Jaedicke and Sandvik, 2002]. 

Svalbard, a High Arctic Norwegian archipelago, is located in the northwestern 

Barents Sea, approximately 600 kilometers east of northern Greenland and approximately 

700 kilometers north of mainland Norway. Previous work on Spitsbergen, Svalbard’s 

largest island and location of the archipelago’s principal human settlements, has 

characterized the region’s unique, direct-action snow climate as “High Arctic maritime” 
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and demonstrated an association between periods of snow drift and regional avalanche 

activity [Eckerstorfer and Christiansen, 2011a; Eckerstorfer and Christiansen, 2011b]. In 

Longyearbyen, the primary settlement on Spitsbergen, snow drift processes have a 

documented history of endangering infrastructure by contributing to cornice-fall and slab 

avalanche release above buildings and by forming drifts and reducing visibilities along 

key transportation corridors surrounding the town [Eckerstorfer, 2013; Hestnes, 2000]. 

More recently, on December 19, 2015, a large slab avalanche released on a slope above 

Longyearbyen after a sustained period of heavy precipitation and intense wind loading 

(Figure 1). This event resulted in two deaths and the destruction of eleven homes, 

highlighting the need for improved snow drift and avalanche process understanding in 

Svalbard to better forecast for, and mitigate the risks associated with, these hazards. 

 

 

Figure 1. The fatal Longyearbyen avalanche of December 19, 2015 (Svalbardposten 
photo). This avalanche occurred after a sustained period of snow drift.  
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1.2 Research Questions 

This work explores the relationships between meteorological conditions, snow 

drift, and avalanche activity in High Arctic Svalbard. I characterize the meteorological 

conditions leading to hazardous blowing and drifting snow situations using a record of 

road closures due to drifting snow on a mountain road outside of Longyearbyen as a 

proxy for regional snow drift events. I then investigate the relationship between these 

snow drift events and avalanche activity. This is done to address the following research 

questions:   

1) How can the local and synoptic scale meteorological conditions leading to 

regional snow drift events best be characterized? 

2) To what extent, if any, is avalanche activity in Svalbard related to these periods of 

snow drift? 
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2. LITERATURE REVIEW 

2.1 A Note on Terminology 

Some inconsistency exists in the literature as the terms snowdrift, drift-snow, and 

snow drift are all used to refer to wind transported snow [e.g. Davis et al., 1999; 

Eckerstorfer and Christiansen, 2011c; Hendrikx et al., 2005; Takeuchi, 1980]. 

Furthermore, the terms blowing snow and drifting snow are occasionally used 

interchangeably or synonymously and without further definition to describe the processes 

associated with the transport of snow by wind [Li and Pomeroy, 1997; Pomeroy et al., 

1993; Tabler, 2003]. Here, I follow the conventions established by the World 

Meteorological Organization for standard observations described in Gauer [2001] where 

drifting snow is used to describe near-surface wind transport and blowing snow refers to 

situations where snow particles are transported at heights greater than 1.8 m.  Prokop and 

Procter [accepted] define snow drift as “the re-distribution of previously deposited snow 

by wind over short and long range distances”, and state that, by definition, snow drift as a 

term refers to both blowing and drifting snow processes. I use the term snow drift 

according to this definition. Using this terminology, snow drift is not to be confused with 

preferential deposition, defined by Lehning et al. [2008] as the spatial re-distribution of 

actively precipitating snow, although snow drift and preferential deposition can, and 

often do, occur simultaneously. 

HoltH
Underline



7 
 

2.2 Snow Drift Processes 

 The foundation for the contemporary understanding of snow transport by wind 

was laid by work undertaken in the first half of the twentieth century on the physics of 

aeolian sand transport [Bagnold, 1941]. Subsequent research more specifically studied 

snow drift through extensive field investigations [e.g. Bintanja et al., 2001; Budd et al., 

1966; Föhn, 1980; Schmidt, 1986; Tabler et al., 1990] and laboratory experiments 

[Kikuchi, 1981; Kobayashi, 1972]. These works focused on describing the processes 

associated with snow drift and quantifying the amount of snow transported by the wind, 

with methodology ranging from small teams collecting snow drift in mechanical snow 

traps [Mellor, 1960; Schmidt, 1986; Takeuchi, 1980], to field and laboratory photography 

of snow transport processes [Kikuchi, 1981; Kobayashi, 1972], to season-long studies 

incorporating extensive meteorological and snow drift observation [Budd et al., 1966]. 

An explicit goal of much of this research was to determine snow transport rates based on 

experimentally derived relationships between observed wind speeds and wind transported 

snow captured in mechanical traps over a fixed time period [e.g. Budd et al., 1966; 

Schmidt, 1986; Takeuchi, 1980]. However, with some notable exceptions [Föhn, 1980; 

Schmidt et al., 1984], these investigations took place over extended horizontal surfaces 

where snow drift processes could reach steady-state, equilibrium conditions [e.g. 

Pomeroy, 1991; Takeuchi, 1980].  

In an early summary of snow drift research, Mellor [1965] distinguished three 

modes of snow transport that are, with some modification to the terminology, still 

accepted today: creep, saltation, and turbulent diffusion (Figure 2). More recent work 

HoltH
Underline
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identifies these transport modes as creep, saltation, and suspension [Lehning et al., 2008; 

Schmidt, 1986], and I use this latter terminology in this work. 

 
Figure 2. The three modes of snow transport by wind [modified from McClung and 
Schaerer, 2006]. 

Creep or rolling describes the wind-induced movement of dry snow particles 

within 1 mm of the snow surface [McClung and Schaerer, 2006; Mellor, 1965]. This 

process, which should be differentiated from the term creep as it is used to describe the 

viscoelastic deformation of a settled snowpack on a slope, involves the rolling movement 

of dry snow particles too large to be lifted from the snow surface under existing wind 

conditions. This can be conceptualized as the downwind movement of snow waves or 

dunes at the surface [Kosugi et al., 1992; Tabler, 1994]. Generally, creep is thought to be 

of negligible importance to total snow transport rates, typically accounting for less than 

10% of the total mass transport [Kosugi et al., 1992; McClung and Schaerer, 2006]. As a 

result, creep is typically not considered in flux calculations and snow drift models 
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[Jaedicke, 2001; Lehning et al., 2008; Liston and Sturm, 1998; Pomeroy et al., 1993; 

Schmidt, 1986; Schneiderbauer and Prokop, 2011]. 

Saltation involves the horizontal movement of particles along curved trajectories 

that periodically impact and bounce from an underlying surface. This process was first 

described in detail for desert sand by Bagnold [1941], and photographic evidence later 

demonstrated similar motion within the near-surface layer of drifting snow [Kobayashi, 

1972]. During saltation, snow particles are initially dislodged from the snow surface 

when wind speeds exceed a certain threshold value such that the friction exerted on a 

snow crystal by the wind is sufficient to overcome the gravitational and cohesive forces 

holding the particle in place [Li and Pomeroy, 1997; Schmidt, 1980]. Once dislodged, 

snow particles in saltation follow a ballistic, semi-parabolic trajectory before re-

impacting the snow surface. Subsequent particle impact at the snow surface results in 

either continued snow particle bouncing or ejection of previously stationary snow 

particles from the snow surface [Pomeroy and Gray, 1990]. The height above the snow 

surface to which the majority of saltating particles reach defines the saltation layer, with 

experiments and field observations indicating typical saltation layer heights of less than 

10 cm [Kobayashi, 1972; McClung and Schaerer, 2006; Mellor, 1965; Takeuchi, 1980]. 

Previous work has established the amount of snow transported by saltation increases 

linearly with wind speed, and a relatively high percentage (>50%) of the snow mass 

transport occurs via saltation when wind speeds are lower than 10 m/s [Pomeroy, 1989; 

Pomeroy and Gray, 1990; Pomeroy et al., 1997]. Accordingly, many modeling efforts 

have focused extensively on resolving and parameterizing the saltation process to best 
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model snow transport [e.g. Doorschot and Lehning, 2002; Gauer, 2001; Liston et al., 

2007; Pomeroy and Gray, 1990; Pomeroy et al., 1993]. 

As wind speeds increase further, turbulent eddies in the atmosphere can transport 

snow particles without further snow particle contact with the snow surface in a process 

known as suspension [Budd et al., 1966; McClung and Schaerer, 2006; Pomeroy et al., 

1993]. It is generally accepted that snow particles must be first entrained by saltation 

prior to becoming suspended by atmospheric turbulence, with snow grains at the top of 

saltation layer serving as a primary source for particles to be incorporated into suspension 

[Pomeroy and Male, 1992; Schmidt, 1980]. The bulk of the suspended snow mass 

transport occurs below a height of about 5 meters due to decreasing suspended snow 

mass concentrations with increasing height above the surface  [Budd et al., 1966; Mellor, 

1965; Pomeroy, 1989; Schmidt, 1986] and considerable sublimation mass losses of 

particles carried to greater heights [Pomeroy et al., 1993]. Snow transport by suspension 

is rather negligible for wind speeds well under 10 m/s, but as wind speeds increase to 

over 15 m/s, suspension can comprise up to 90% of the total mass flux [Pomeroy, 1989]. 

However, because snow mass losses due to sublimation occur rapidly in suspension, a 

relatively high percentage of suspended snow mass is lost to the atmosphere rather than 

re-distributed across the landscape [Pomeroy, 1991; Pomeroy et al., 1993]. 

While the uniform topography of the early field investigations limits the 

applicability of many of these results to the physiographically diverse, alpine areas 

associated with avalanches, field investigations and subsequent modeling efforts 

summarized in Table 1 have been successful in establishing a conceptual model for snow 
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drift processes where snow drift occurs through three modes of transport (Figure 2), and 

transport rates are dependent primarily on wind speed, fetch (the upwind distance of 

uniform terrain over which snow can be entrained by the wind), and snow surface 

characteristics. Although considerable variation exists in the empirical equations relating 

snow transport to wind speed [Tabler et al., 1990], research has shown snow transport 

increases: 

 proportional to the cube or fourth power of the wind speed; 

 with increasing fetch up to approximately 1000 m; and  

 with less cohesive or consolidated snow surface characteristics.  

Furthermore, Table 1 shows the general progression from snow drift field research to 

numerical modeling over the last half-century, with the quantitative empirical and 

process-based formulations included in contemporary numerical models based on the 

results from earlier field studies.  
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Table 1. Characteristics and key findings of selected snow drift studies presented in chronological order 

Reference Study 
Type Location 

 Snow 
Climate from 
Sturm et al. 

(1995) (Mock 
and 

Birkeland, 
2000) 

Topography Surface Key Findings 

Mellor, 1960 Field 
Mawson 
Station, 
Antarctica 

~Maritime 
~Arctic/ 
Antarctic 

Uniform Glacier/Ice 
Cap 

1) Developed a mechanical drift trap, 2) Early observation and 
description of snow drift processes 

Budd et al., 1966 Field 
Byrd 
Station, 
Antarctica 

~Tundra 
~Arctic/ 
Antarctic 

Uniform Glacier/Ice 
Cap 

Confirmed the theoretically expected exponential relation 
between drift density and reciprocal wind velocity holds to a 
reasonable degree of accuracy 

Kobayashi, 1972 Field Hokkaido, 
Japan 

Maritime 
(Maritime) 

Uniform/ 
Alpine 

Flat 
Plain/Alpin
e Slope 

1) Photographs confirmed that snow moves by saltation, 2) 
Saltation is the primary mode of transport for wind speeds 
under 10 m/s, 3) Snow drift rates are related to wind speed by 
the equation 𝑞 = 0.03 𝑉3 (5<V<12 m/s)1 

Föhn, 1980 Field Davos, 
Switzerland 

Alpine 
(Transitional) Alpine Alpine 

ridge crest 

1) At ridge crests, wind speeds in the vertical wind profile 
reach a maximum between 1 and 4 m in height, 2) 
Measurements and theoretical approximations presented can 
serve as a foundation for future snow drift work in complex, 
alpine terrain 

Takeuchi, 1980 Field Hokkaido, 
Japan Maritime Uniform 

Snow-
covered 
lowland 
swap 

1) Snow drift transport rates cannot be defined uniquely unless 
the processes have achieved steady-state equilibrium, usually 
requiring fetches of at least 350 m, 2) Saltation is the dominant 
form of transport below heights of 9 cm 

                                                 
1 Where q is the drift rate in g/ms and V is the wind speed in m/s. 
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Table 1. Characteristics and key findings of selected snow drift studies presented in chronological order 

Reference Study 
Type Location 

 Snow 
Climate from 
Sturm et al. 

(1995) (Mock 
and 

Birkeland, 
2000) 

Topography Surface Key Findings 

Kikuchi, 1981 
Lab 
(Wind 
Tunnel) 

Hokkaido 
University, 
Japan 

NA NA 

Artificial 
snow cover 
in a wind 
tunnel 

1) Characteristics of wind profiles observed with drifting snow 
in a wind tunnel are similar to those observed in the field, 2) 
Developed equations to describe the relationship among the 
various characteristics of saltating snow particles based on 
measurements from laboratory photographs 

Schmidt, 1984 Field Davos, 
Switzerland 

Alpine 
(Transitional) Alpine Alpine 

ridge crest 

At ridge crests drift mass flux near the surface and at 1 m is 
increased relative to uniform terrain and maximum mass flux 
develops in the few meters upwind of the crest - with the exact 
distance dependent on wind speed, slope angle, and snowfall 
intensity 

Schmidt, 1986 Field Wyoming, 
USA Prairie Uniform Frozen 

Lake 
The fully developed transport rate of snow drifting at a given 
speed depends on surface roughness and hardness 

Pomeroy and 
Gray, 1990 Model Saskatoon, 

Canada Prairie Uniform Treeless 
Plain Developed a numerical model to calculate saltation mass fluxes 
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Table 1. Characteristics and key findings of selected snow drift studies presented in chronological order 

Reference Study 
Type Location 

 Snow 
Climate from 
Sturm et al. 

(1995) (Mock 
and 

Birkeland, 
2000) 

Topography Surface Key Findings 

Tabler et al., 
1990 Field 

Prudhoe 
Bay, Alaska, 
USA 

Tundra Uniform 
Tundra and 
shrub-
tundra 

1) Summarized previous studies' empirical expressions for the 
mass flux of blowing snow as a function of wind-speed, noting 
a general consensus that transport rate is approximately 
proportional to the cube of the wind speed, 2) Validated the 
relationship: 𝑞0−5  ≅  𝑢10

4.04/458800 as an approximation for 
season-long transport in the lowest 5 m if snow supply is 
unlimited2 

Pomeroy et al., 
1993 Model Saskatoon, 

Canada Prairie Uniform Treeless 
Plain 

1) The annual proportion of snow transported above any 
significant height increases notably with mean seasonal wind 
speed, 2) Snow transport increases with an increase in fetch 
length to 300 m, then remains relatively constant, 3) 
Sublimation losses dominate over snow transport for fetches 
greater than 1000 m 

Li and Pomeroy, 
1997 Field 

South-
central 
Canada 

Prairie Uniform Not 
specified 

Threshold wind speeds range from 7 to 14 m/s (mean = 9.9 
m/s) for wet snow transport and from 4 to 11 m/s (mean = 7.7 
m/s) for dry snow transport 

                                                 
2 Where q0-5 is snow mass flux in kg/ms below 5 meters and u10

 is the wind speed at 10m height 
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Table 1. Characteristics and key findings of selected snow drift studies presented in chronological order 

Reference Study 
Type Location 

 Snow 
Climate from 
Sturm et al. 

(1995) (Mock 
and 

Birkeland, 
2000) 

Topography Surface Key Findings 

Pomeroy et al., 
1997 Model 

Northwest 
Territories, 
Canada 

Tundra 

Uniform w/ 
small 
topographic 
variation 

Tundra and 
shrub-
tundra 

1) Snow drift fluxes in the Arctic can exceed snowfall fluxes 
on many surfaces, 2) Sublimation mass losses are notable and 
must be considered in future modeling efforts, 3) Snow 
relocation results in highly variable end of winter snow 
distributions 

Liston and 
Sturm, 1998 Model 

Brooks 
Range, 
Alaska, 
USA 

Alpine tundra 
(Continental) Alpine Tundra 

foothills 

A numerical snow drift model can be used to reasonably 
simulate 3-D snow depth evolution over topographically 
variable terrain using vegetation, topography, air temperature, 
humidity, wind speed and direction, and precipitation as inputs 

Gauer, 2001 Model Davos, 
Switzerland 

Alpine 
(Transitional) Alpine Alpine 

ridge crest 

Comparisons between simulation results and field 
measurements indicate that numerical modeling can adequately 
recreate snow distributions in alpine terrain, but requires 
adequate topographical grid resolution 

Bintanja et al., 
2001 Field 

Svea 
Station, 
Antarctica 

~Tundra Uniform 
Glacial and 
blue-ice 
surface 

Drift densities and transport rates are lower over blue-ice than 
over snow surfaces due to the limited availability of snow 
particles at the blue-ice surface 

Jaedicke and 
Sandvik, 2002 Model 

Central 
Spitsbergen, 
Svalbard, 
Norway 

Alpine/tundra 
(Maritime) Alpine 

Glacial/Pro
glacial 
alpine areas 

Field data compared well with modelled snow distribution, but 
would need improved wind field data to improve the results 



 

 

16 

Table 1. Characteristics and key findings of selected snow drift studies presented in chronological order 

Reference Study 
Type Location 

 Snow 
Climate from 
Sturm et al. 

(1995) (Mock 
and 

Birkeland, 
2000) 

Topography Surface Key Findings 

Lehning et al., 
2008 Model Davos, 

Switzerland 
Alpine 
(Transitional) Alpine Alpine 

ridge crest 
During snow storm periods, snow deposition on the ridge scale 
is primarily controlled by preferential deposition processes 

Mott et al., 2010 Model Davos, 
Switzerland 

Alpine 
(Transitional) Alpine Alpine 

slope 

1) Snow drift and preferential deposition processes result in 
differing patterns of snow distribution, 2) Changing 
topography due to increasing snow depths throughout the 
winter have a considerable effect on local winds and the final 
snow distribution 

Schneiderbauer 
and Prokop, 
2011 

Model 
Lech am 
Alberg, 
Austria 

Alpine 
(Transitional) Alpine Alpine 

slope 

1) Numerical modeling confirmed the exponential relationship 
between wind speed and snow transport, 2) Model deficiencies 
were related to the exclusion of the structural properties of the 
snowpack (i.e. surface metamorphism) 

 

 

 

 



17 
 

 

Snow transport via saltation and suspension strongly depends on the availability 

of surface snow for erosion by wind [Li and Pomeroy, 1997; Pomeroy et al., 1997; 

Schmidt, 1980]. In numerical modeling efforts this relationship is often considered 

through the threshold wind speed, defined by Li and Pomeroy [1997] as the minimum 

wind speed required to initiate and sustain saltation. Snow differs from other earth 

materials subject to aeolian transport, such as sand, in that the threshold wind speed is 

much more dependent on inter-particle bonding and cohesive forces at the snow surface 

than the gravitational forces associated with particle mass [Schmidt, 1980]. Snow crystal 

structure – both within the snowpack and at the snow surface – changes over time 

through snow metamorphism, the process by which snow crystals change form due to 

heat and vapor fluxes within the snowpack. Metamorphism typically results in the 

densification of newly fallen snow and the formation of inter-particle bonds between 

recently precipitated snow crystals at the snow surface [McClung and Schaerer, 2006]. 

Similarly, under warm (>-5°C) snow surface conditions, liquid water lenses on snow 

crystals increases cohesion through viscous forces [Li and Pomeroy, 1997], and snow 

crystals previously deposited by the wind are characteristically round and densely packed 

[Schmidt, 1980]. As denser, better bonded, and more cohesive surface snow will require 

higher threshold wind speeds to mobilize snow for transport, Schmidt [1980] concluded 

threshold wind speeds for a given snow surface will increase with time since initial 

deposition and will be higher for elevated temperatures, higher humidity, and if the snow 

had previously been subjected to wind transport. The temperature dependency of the 

threshold wind speed was demonstrated by Li and Pomeroy [1997], who found threshold 
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wind speed values ranging from 7 to 14 m/s with a mean of 9.9 m/s for wet snow 

transport and values from 4 to 11 m/s with a mean of 7.7 m/s for dry snow transport on 

the Canadian prairies. The highest threshold wind speeds, typically in excess of 25 – 30 

m/s, are required to re-mobilize melt-freeze or rain crust snow surfaces [Budd et al., 

1966; Mellor, 1965]. 

As the driving force behind snow drift processes, the wind’s behavior in the 

atmospheric boundary layer – the lower few hundred meters of the atmosphere where the 

wind pattern is directly influenced by the topography and other physical characteristics of 

the planetary surface – has considerable influence on the resulting snow distribution. 

Wind speed is zero at the earth’s surface and generally increases with height throughout 

the lower portion of the boundary layer [Kind, 1981]. The increase in wind speed with 

height is often approximated with a logarithmic wind profile in which the mean wind 

speed at a given height is proportional to the logarithm of the given height [Budd et al., 

1966; Kind, 1981]. While the logarithmic wind profile can occasionally be used to 

approximate the velocity profile near the snow surface over very smooth, homogenous 

terrain such as a frozen lake [Schmidt, 1986], in more topographically complex terrain the 

wind patterns are much more difficult to resolve [e.g. Föhn, 1980; Jaedicke and Sandvik, 

2002; Schmidt et al., 1984]. Here, the topography has considerable influence on local 

wind speeds, with accelerating winds on the windward side of ridges and other terrain 

features and decelerating winds in lee areas [Kind, 1981; McClung and Schaerer, 2006]. 

In areas of acceleration, locally higher wind speeds promote erosion of the snow cover 

through enhanced snow transport, while decreased snow transport due to diminished 
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wind speeds results in snow deposition in areas of decelerating winds (Figure 3). The 

resulting snow distribution is of critical importance to understanding avalanche activity in 

alpine terrain, as snow deposition in wind deceleration areas serves as a key ingredient to 

avalanche formation [Schweizer et al., 2003]. Accordingly, recent modeling work 

reviewed and refined by Mott et al. [2010] and Schneiderbauer and Prokop [2011] has 

focused, in part, on improving the wind data driving 3-D snow drift models to better 

represent snow drift processes and resulting snow distributions in alpine terrain to aid in 

avalanche forecasting efforts. 

 

 

Figure 3. Generalized schematic of wind loading in alpine areas. In (a) and (b), snow is 
eroded in areas of accelerating winds and deposited in deceleration areas, producing the 
lee zone and gully wind deposits shown in (c) and (d). [modified from McClung and 

Schaerer, 2006] 
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2.3 Avalanche Forecasting and Synoptic Understanding of Avalanche Processes 

Avalanche forecasting entails an analysis of instability within the snow cover to 

evaluate current avalanche conditions and predict future avalanche conditions 

[LaChapelle, 1966; McClung, 2002b; McClung and Schaerer, 2006]. Traditionally, 

avalanche forecasting has relied on the recognition of instabilities within the snowpack 

based on direct snow stability observations (i.e. avalanche occurrences and stability test 

results) and snowpack structure (i.e. snowpack stratigraphy, snow temperatures, snow 

density, snow crystal type and size) combined with indirect evidence from meteorological 

data [LaChapelle, 1980; McClung, 2002b]. These data relating to instability in the 

snowpack can be separated into three classes after LaChapelle [1980]: Class III) Weather 

data measured near the snow surface, Class II) Snowpack structure data indicative of 

instability, and Class I) Observations of loads applied to the snowpack to reveal 

instability (Figure 4). 
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Figure 4. The three classes of data used to recognize instability in the snowpack and 
forecast avalanche activity [modified from McClung, 2002b]. 

 Forecasting avalanche conditions necessitates integrating these observations and 

evidence of instability from a variety of spatial and temporal scales, with McClung 

[2002b] outlining three principal spatial scales of relevance to avalanche forecasters: the 

synoptic, meso-, and micro-scales. These spatial scales can be conceptualized as referring 

to entire mountain ranges or regions (~10,000 km2), massifs or single mountains (100 

km2), and individual slopes (<1 km2), respectively [McClung, 2000; 2002b]. Similarly, 

although avalanche initiation and release happens very rapidly, the development of the 

snowpack conditions conducive to avalanche release can depend on antecedent weather 

conditions over much longer temporal scales (daily to seasonal) [Fitzharris, 1987]. Thus, 

an accurate assessment of avalanche hazard relies on understanding weather and 
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snowpack data from a wide range of spatial and temporal scales [McClung, 2000]. This 

can be conceptualized via the diagram presented in Figure 5, where regional forecasts at 

the synoptic scale rely more on numerical weather data (Class III data) and forecasts at 

the mountain or slope scale will rely more on direct observations of instability (Class I 

data). 

 

 

Figure 5. Spatial scales of avalanche forecasting, with principal data flow according to 
classes of instability data [modified from LaChapelle, 1980; McClung, 2002b]. 

2.3.1 Snow Climate Classifications 

At the regional or synoptic scale, understanding avalanche activity patterns to 

better forecast future avalanche conditions has been addressed through the development 

of snow climate classification schemes and analyses of synoptic atmospheric conditions 
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leading to periods of increased avalanche activity. A snow climate classification is a 

synthesis of the meteorological and snow factors that generally control the nature and 

frequency of a region’s avalanche activity [Haegeli and McClung, 2007; Mock and 

Birkeland, 2000]. In western North America, early work by Roch [1949] and later refined 

by LaChapelle [1966], Mock and Birkeland [2000], McClung and Schaerer [2006], and 

Haegeli and McClung [2007] established three snow climates – coastal or maritime, 

intermountain or transitional, and continental – based on the climatic and meteorological 

conditions influencing the seasonal snow cover development and resulting avalanche 

character. In this snow climate classification scheme, coastal snow climates are 

characterized by abundant snowfall, more frequent rain on snow events, denser snow, 

higher air and snowpack temperatures, and direct-action avalanche activity. Continental 

snow climates, by contrast, experience less snowfall, lower snow densities, colder 

temperatures, and more persistent snowpack instability. Transitional snow climates are 

intermediate between the continental and coastal climate classifications. The defining 

snow climate classification criteria used by Mock and Birkeland [2000] to differentiate 

snow avalanche climates in the western United States are shown in Table 2.  More 

recently, using similar systematic snow climate classification schemes, Ikeda et al. [2009] 

and Eckerstorfer and Christiansen [2011a] identified novel snow climates in the Japanese 

Alps and Svalbard, respectively. I discuss the latter, the High Arctic maritime snow 

climate, in detail in Section 3.3.  
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Table 2. Snow climate classification criteria used by Mock and Birkeland [2000] to 
classify the three primary snow avalanche climates in the western United States. 

Criteria for Snow Climate Classification Climate Classification 

Seasonal winter rain > 8 cm Coastal 

Seasonal mean temperature > -3.5°C Coastal 

December snowpack temperature gradient > 10°C/m Continental 

Seasonal snow water equivalent (SWE) > 100 cm Coastal 

Seasonal snowfall > 560 cm Transitional 

Seasonal mean temperature < -7°C Continental 

Temperature > -7°C Transitional 

  

Separately, Sturm et al. [1995] developed a snow climate classification scheme 

with six classes defined by unique textural and stratigraphical snowpack characteristics: 

tundra, taiga, alpine, maritime, prairie, and ephemeral. This classification can be derived 

using a binary system of three climatic variables – wind, precipitation, and temperature – 

and, while useful for predicting snow cover characteristics from climate data, does not 

explicitly consider the relationship between snow cover and resulting avalanche activity. 

2.3.2 Synoptic Avalanche Forecasting 

As avalanche activity depends, in part, on a region’s mountain weather patterns, 

the investigation of synoptic scale atmospheric circulation characteristics leading to 

periods of increased avalanche activity plays an important role in developing a better 

understanding of regional snow climate characteristics. Synoptic weather patterns have 

been used to characterize periods of heavy snow in southwestern Montana’s Bridger 

Range [Birkeland and Mock, 1996], the Andorran Pyrenees [Esteban et al., 2005], 

selected European cities [Bednorz, 2013], and Sapporo, Japan [Farukh and Yamada, 
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2014]. Avalanche activity has also been examined with respect to synoptic weather 

patterns in Iceland [Björnsson, 1980], mainland Norway [Fitzharris and Bakkehøi, 1986], 

interior British Columbia [Fitzharris, 1987], the western United States [Birkeland and 

Mock, 2001; Birkeland et al., 2001], the Spanish Pyrenees [García et al., 2009], and Mt. 

Shasta in California [Hansen and Underwood, 2012]. The majority of these studies 

employed a case study approach in which days selected for synoptic analyses were 

chosen based on historical avalanche observations [Fitzharris, 1987; Hansen and 

Underwood, 2012] or historical proxies for avalanche activity [Fitzharris and Bakkehøi, 

1986]. This case study approach is often necessitated due to limited or non-existent 

continuous avalanche occurrence records, but Birkeland et al. [2001] were able to 

quantitatively define days of increased avalanche activity using ski area daily avalanche 

occurrence records spanning the 1960s to the 1990s. The atmospheric circulation patterns 

identified by these studies have been incorporated into knowledge of a region’s snow 

climate to better forecast avalanche activity, addressing LaChapelle [1966]’s concern that 

insufficient knowledge of winter storm characteristics and their relation to snow climate 

classifications results in avalanche forecasting difficulties.  

2.3.3 Statistical Avalanche Forecasting 

In addition to synoptic meteorological analyses and the development of snow 

climate classifications, quantitative and statistical methods have been employed to 

improve avalanche forecasting efforts. Statistical techniques including univariate analysis 

[e.g. Eckerstorfer and Christiansen, 2011b; Perla, 1970], the multivariate methods of 

discriminant function analysis [e.g. Bois et al., 1975; McClung and Tweedy, 1993] and 
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canonical discriminant analysis [e.g. Floyer and McClung, 2003], and classification and 

regression trees [e.g. Davis et al., 1999; Eckerstorfer and Christiansen, 2011b; Hendrikx 

et al., 2014; Hendrikx et al., 2005; Marienthal et al., 2015; Peitzsch et al., 2012] have 

been used to distinguish between avalanche and non-avalanche occurrence based on 

observed meteorological and snowpack variables.  Following the ten contributory factors 

to avalanche hazard identified by Atwater [1954], the most commonly identified 

meteorological variables contributing to avalanche activity in maritime snow climates are 

precipitation, wind speed, temperature, and, in studies where it was included, a snow drift 

parameter derived from combined wind speed and precipitation records [Davis et al., 

1999; Eckerstorfer and Christiansen, 2011b; Hendrikx et al., 2014; Hendrikx et al., 

2005]. These analyses have taken place in a wide range of snow and avalanche climates 

including the extreme maritime climate of New Zealand’s Southern Alps [Hendrikx et al., 

2005], the maritime snow climates of western Canada and Alaska [Floyer and McClung, 

2003; Hendrikx et al., 2014], the transitional snow climates of northwestern and south-

central Montana [Marienthal et al., 2015; Peitzsch et al., 2012], and the High Arctic 

maritime snow climate of Svalbard [Eckerstorfer and Christiansen, 2011b]. Some recent 

statistical models have approached or exceeded the 80% correct avalanche or non-

avalanche day classification threshold considered to be useful for avalanche forecasting 

in regions where long time series exist [e.g. Davis et al., 1999; Hendrikx et al., 2005]. 

Such reliable statistical avalanche forecasting is reliant on long time series data, with 

coupled, dependable, and regularly obtained meteorological and avalanche observations 

necessary to conduct robust statistical analyses. In Svalbard, Eckerstorfer and 



27 
 

 

Christiansen [2011b] found their short time series combined with infrequent avalanche 

observations during the polar night and the well-documented uncertainty associated with 

precipitation measurements in arctic environments [e.g. Goodison et al., 1998] limited 

the applicability of their results for hazard forecasting. This demonstrates the difficulties 

associated with avalanche forecasting – using statistical methods or otherwise – in 

remote, data-sparse alpine areas. 

2.4 Snow and Avalanche Research in Svalbard 

 Hazards related to snow drift and avalanche processes have a long and 

documented history of endangering people and infrastructure in Svalbard [Hestnes, 

2000], but snow and avalanche research to date is rather limited when compared to other 

alpine regions with similar problems. Much of the previous snow research in Svalbard 

summarized by Winther et al. [2003] has focused on investigating local and regional 

snow distribution patterns through manual snow surveys [Tveit and Killingtveit, 1994], 

ground penetrating radar (GPR) surveys [Sand et al., 2003], and modeling efforts 

[Bruland, 2004; Jaedicke and Sandvik, 2002]. Avalanche research documented in the 

English scientific literature in the 20th century is primarily concerned with the 

geomorphological impacts of avalanche activity [André, 1990] and characterizing the 

nature of the slushflow activity [Hestnes, 1998; Scherer et al., 1998]. At the turn of the 

century, Hestnes [2000] summarized his findings from previous contract work through 

the Norwegian Geotechnical Institute (NGI) in Longyearbyen and identified hazards in 

the Longyearbyen area related to snow drift and avalanche processes. Of particular 

concern were the hazards to transportation and infrastructure related to the accumulation 
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of wind transported snow and the location of many buildings in Longyearbyen in 

potential avalanche runout zones. While including some suggestions for snow fence 

locations on roads near Longyearbyen, Hestnes [2000] suggests a better understanding of 

the local wind patterns is necessary to adequately manage snow drift related problems 

near Longyearbyen. Finally, the report concluded by suggesting future research snow and 

avalanche research in Svalbard focus on the analysis and remediation of snow drift 

hazards, the dynamics of slush flows, and slope instability related to hydrological 

processes [Hestnes, 2000].  

 Subsequent research has partially addressed these suggestions by focusing more 

specifically on avalanches as natural hazards. This has included establishing a multi-year 

snow and avalanche monitoring program [Eckerstorfer and Christiansen, 2011a], 

studying the dynamics of the cornice system that threatens a portion of the town [Vogel et 

al., 2012], characterizing extreme regional avalanche events [Eckerstorfer and 

Christiansen, 2012], and investigating the spatial variability of the High Arctic snow 

cover [Farnsworth, 2013; Kristiansen, 2014]. While much of this work characterized and 

investigated local meteorological conditions with respect to snow avalanche processes 

[e.g. Eckerstorfer and Christiansen, 2011b; Eckerstorfer and Christiansen, 2011c; 

Farnsworth, 2013; Vogel et al., 2012], to date synoptic scale meteorological analyses in 

Svalbard have focused almost exclusively on variations in air temperatures, with no 

direct synoptic snow or avalanche climatology analyses existing in the published English-

language literature [e.g. Bednorz and Fortuniak, 2011; Bednorz and Kolendowicz, 2013; 

Łupikasza and Niedźwiedź, 2013; Rogers et al., 2005]. Still, research over the last decade 



29 
 

 

has laid a solid foundation for future work by establishing the High Arctic maritime snow 

climate classification (discussed in detail in Section 3.3), beginning to systematically 

observe and document snow and avalanche processes in this novel snow climate, and 

explicitly articulating the need for further snow and avalanche research in Svalbard. 
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3. STUDY AREA 

3.1 Physical Setting 

Svalbard is a High Arctic Norwegian archipelago located approximately 700 km 

north of mainland Norway and approximately 600 kilometers east of northern Greenland 

on the northwestern margins of the Barents Sea (Figure 6).  

 

Figure 6. Map of Svalbard’s regional location north of mainland Norway and east of 
Greenland on the margins of the Barents Sea and the Arctic Ocean. 

In this thesis I focus on the area immediately surrounding Longyearbyen, the 

principal settlement in Svalbard. Longyearbyen is located at 78° 13’N, 15° 47’E in the 
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north-central portion of the Nordenskiöldland region of Svalbard’s largest island, 

Spitsbergen (Figure 7). Within this approximately 17 km2 area, specific locations of 

interest for this work include the Kongsberg Satellite Services Svalbard Satellite 

(SvalSat) Station on Platåberget accessed via the SvalSat Road, the Gruvefjellet plateau, 

and the Little Round snowmobile route used by Eckerstorfer [2013] for regional 

avalanche activity observation (Figure 7). 

 

Figure 7. Map of the northern Nordenskiöldland region of Spitsbergen. Topography of 
the area surrounding Longyearbyen and key locations for this study such as the SvalSat 
Road and the automatic weather stations discussed in this text are included.  
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The topography of northern Nordenskiöldland, and more specifically the area 

surrounding Longyearbyen, is characterized by plateau mountains with steep marginal 

slopes rising to broad, flat or gently sloping summits (Figure 7). Plateau summit 

elevations around Longyearbyen are generally 450 m (Platåberget’s summit is 466 m), 

but several prominent peaks rise to elevations over 1000 m (Nordenskiöldfjellet’s summit 

is 1051 m). Glacial processes have eroded the horizontally bedded sedimentary rocks that 

form the region’s plateaus to form wide U-shaped valleys like Longyeardalen and 

Bjørndalen that border Platåberget to the east and west, respectively [Major, 2001]. 

Following glacial recession after the last glacial maximum and subsequent Holocene re-

advancement during the Little Ice Age [Mangerud et al., 1998; Svendsen and Mangerud, 

1997], the region is currently one of the least glaciated areas of Svalbard, although 

numerous smaller cirque glaciers exist in the higher elevations. Today, the landscape is 

primarily categorized as periglacial, with steep, concave mountain slopes leading to 

fluvially and glacially eroded valleys [Christiansen et al., 2013; Humlum, 2002]. The 

entire region is underlain by continuous permafrost, with thicknesses exceeding 500 m in 

alpine areas [Humlum et al., 2003]. Periglacial geomorphological processes such as 

rockslides, debris flows, and avalanches continue to shape the landscape [André, 1990; 

Eckerstorfer et al., 2012; Humlum et al., 2007; Larsson, 1982]. 

Svalbard’s harsh climate and short growing season limits vegetation growth 

throughout the archipelago. No high, woody vegetation exists in Svalbard, and vegetation 

in Nordenskiöldland is characterized by dense marsh and swamp vegetation in the river 

valleys, with tundra communities on better drained hillslopes and at higher elevations 
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[Johansen and Tømmervik, 2014]. The lack of tall vegetation throughout 

Nordenskiöldland means topography exerts the primary localized control on wind speed 

and direction across the landscape.  

3.2 Climatic and Meteorological Setting 

Svalbard’s unique climatic setting can be attributed to its high-latitude location 

near the confluence of various air masses and ocean currents with differing thermal 

characteristics [e.g. Hanssen-Bauer et al., 1990; Humlum et al., 2003]. Temperatures in 

Svalbard are considerably milder than at other High Arctic locations due to the warming 

influence of the Norwegian Current – the most northerly extent of the Gulf Stream/North 

Atlantic Drift Current – that flows northward off the west coast of Svalbard and results in 

the northernmost area of ice-free water in the Arctic [Førland et al., 1997]. The warm 

open ocean along Svalbard’s western coast exerts a considerable maritime influence on 

the region’s climate during all months, and inter-annual fluctuations in sea ice extent and 

concentration have a substantial effect on local climatic conditions [Førland et al., 1997]. 

Weather patterns over Svalbard are controlled by interactions between dominant low 

pressure cyclonic activity near Iceland (the Icelandic Low) and high pressure 

anticyclones over the Arctic Ocean, Greenland, and Siberia [Christiansen et al., 2013; 

Hanssen-Bauer et al., 1990]. This pattern strengthens in the winter when weather patterns 

in Svalbard alternate between long periods of cold, stable, high pressure interspersed with 

warm, wet, low pressure systems transported meridionally from the south-southwest 

along the North Atlantic cyclone track [Christiansen et al., 2013; Dickson et al., 2000]. 
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Prevailing winds blow generally from the southeast across Nordenskiöldland, but can be 

locally redirected by the area’s topography [Christiansen et al., 2013].  

Svalbard’s climate is characterized by cold winter temperatures the majority of 

the year, with temperatures above freezing only during the brief 2-3 month summer 

period [Førland et al., 1997]. During the late-20th century period, mean annual air 

temperature at the Svalbard Airport was around -6 °C, with July (6.2 °C) and February (-

15.2 °C) being the warmest and coldest months, respectively [Humlum, 2002]. At sea 

level, precipitation amounts near Longyearbyen are meager – generally under 200 mm 

annual precipitation at the Svalbard Airport – and are among the lowest values in 

Svalbard. Nevertheless, large inter-annual fluctuations in precipitation amounts can 

occur, related in part due to the frequency of cyclonic activity on the North Atlantic storm 

track during winter months [Dickson et al., 2000; Humlum, 2002]. Snow is the dominant 

form of precipitation, and snow cover generally persists near sea level from early October 

to early June [Eckerstorfer and Christiansen, 2011a].  

As a result of these prevailing climatic conditions, Svalbard’s – and more 

specifically northern Nordenskiöldland’s – climate has been characterized as a polar 

desert [Christiansen et al., 2013], a High Arctic climate [French, 2013], and a polar 

tundra climate according to the Koeppen-Geiger climate classification [Kottek et al., 

2006]. 

3.3 Snow Climate of Svalbard 

Recent work in central Spitsbergen has distinguished central Svalbard’s snow and 

avalanche climate as “High Arctic maritime” based on the unique meteorological 
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conditions and resulting snowpack stratigraphy observed on Spitsbergen [Eckerstorfer 

and Christiansen, 2011a]. The High Arctic maritime snow climate described by 

Eckerstorfer and Christiansen [2011a] is typified by a thin and cold snowpack that 

persists for 8-10 months of the year in most locations and in which structural weaknesses 

– typically depth hoar near the ground – develop in the early winter and persist 

throughout the snow season. Warm winter storms and the maritime influence of the open 

ocean near Longyearbyen result in considerable ice layering within the snowpack. 

Eckerstorfer and Christiansen [2011a] used the snow climate classification scheme from 

Sturm et al. [1995] to define the High Arctic maritime snow climate based on snow cover 

characteristics (Figure 8). 

 

Figure 8. The High Arctic maritime snow climate from Eckerstorfer and Christiansen 
[2011a], modified after Sturm et al. [1995]. The black boxes indicate the relative amount 
of selected snowpack characteristics in the High Arctic maritime snow climate with 
respect to other snow climates identified by Sturm et al. [1995]. 

The novel combination of topographical, meteorological, and snowpack factors 

present in northern Nordenskiöldland results in unique patterns and characteristics of 
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avalanche activity throughout the region [Eckerstorfer and Christiansen, 2011c]. The 

prevailing southeast regional wind direction results in cornice development and large 

snow drift accumulations on the west-northwest facing plateau margins, where snow 

entrained over the long fetches of the plateau summits is deposited due to 

topographically-induced wind speed deceleration. Thus, the regional avalanche regime is 

characterized by a dominance of cornice-fall avalanches at the plateau borders, with 

nearly half of all observed avalanches in Eckerstorfer and Christiansen [2011c] 

consisting of this type. Slab avalanches, the second most observed avalanche type, 

typically occur as direct action avalanches during or immediately following winter 

precipitation events [Eckerstorfer and Christiansen, 2011b]. Wet slab and slushflow 

avalanche activity is frequently observed during warm, mid-winter rain events and during 

the melt season [Eckerstorfer and Christiansen, 2012; Hestnes, 2000]. Slushflows – a 

peculiar phenomenon in which a snowpack partially or total saturated with water loses 

cohesion due to hydrostatic pressure – are particularly common in Svalbard and have 

resulted in infrastructure damage and human fatalities on several occasions throughout 

Svalbard’s history [Hestnes, 2000].  

As the snow distribution throughout Svalbard’s landscape is controlled to a large 

degree by the wind [Jaedicke and Sandvik, 2002], avalanche activity also depends on 

snow drift processes relocating the existing, relatively thin snow cover to areas more 

susceptible to avalanche release. In areas where snow drift accumulations result in deeper 

snow depths, the dominance of snow drift processes in the seasonal snow cover 

development is represented by the occurrence of dense, hard wind slab layers throughout 
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a typical High Arctic maritime snowpack [Eckerstorfer and Christiansen, 2011a]. These 

wind slabs are often located stratigraphically between ice lens and weak layer sequences 

which, when loaded by subsequent winter storms, can result in major regional avalanche 

activity [Eckerstorfer and Christiansen, 2011a].  
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4. METHODS 

4.1 Data Sources 

 In this thesis I investigate case studies of snow drift events that resulted in road 

closures on the SvalSat Road near Longyearbyen between 2007 and 2015 to:  

1) characterize the local and synoptic scale meteorological conditions leading to 

regional snow drift events, and  

2) explore the relationship between these periods of snow drift and regional 

avalanche activity.  

Since the road passes through an avalanche release area frequently wind loaded by 

blowing and drifting snow entrained across Platåberget’s broad summit fetch, closures on 

the road corridor due to snow drift and associated avalanche activity serve as good 

proxies for regional snow drift events. Here, I use road closures on the SvalSat Road as 

the basis for reconstructing a regional drift event record (as described in Section 4.1.2 

below) that is then used for further meteorological and avalanche activity analyses to 

better understand the region’s snow avalanche climate (Figure 9). 

HoltH
Underline



39 
 

 

 

Figure 9. Model illustrating this study’s conceptual framework as it relates to refining the 
understanding of snow and avalanche processes in Svalbard. 

I used meteorological data from three local automated weather stations (AWS) 

and road closure records obtained from SvalSat to develop and describe a record of snow 

drift events in central Spitsbergen (Figure 9).  To describe the synoptic meteorological 

conditions leading to drift events, I used the NCEP/NCAR Reanalysis 1 dataset [Kalnay 

et al., 1996] and the plots produced by the NOAA/ESRL Physical Sciences Division’s 

(Boulder, Colorado) website at http://www.esrl.noaa.gov/psd/. Finally, I combined the 

records of regional snow drift events with avalanche activity observations from 

Eckerstorfer [2013] for the periods during which avalanche observations were 

contemporaneous with records of road closures (generally 2007 – 2010, see Section 

4.1.3) to study the relationship between snow drift events and regional avalanche activity 

in the Longyearbyen region. Additionally, I obtained a limited dataset of snow drift flux 

measurements discussed in more detail in Section 4.1.3 that was used as a proof of 

concept. 

http://www.esrl.noaa.gov/psd/
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More detailed descriptions of the local meteorological, drift event, and avalanche 

observation datasets follow in the subsections below and specific characteristics relevant 

to this work of all datasets are displayed in Table 3 and Figure 10.  

Table 3. Characteristics of the main datasets used in the analyses for this work 

Dataset Source Variables Analyzed Temporal 
Resolution Temporal Coverage 

Manual Drift 
Observations Holt Hancock 

Temperature, Relative 
Humidity, Wind Speed, 
Snow Transport 

10 minute 
observations 

April 9 and 10, 2014; 
May 16, 2015 

SvalSat weather SvalSat 
Air temperature, Relative 
humidity, wind speed and 
direction 

10 minute (2009-
2010); 
1 minute (2010 – 
2015) 

2009-present 

Gruvefjellet 
weather UNIS 

Air temperature, relative 
humidity, wind speed and 
direction 

Hourly December 1, 2006-
present 

Svalbard Airport 
weather 

Norwegian 
Meteorological 
Institute 

Precipitation Daily 1975-present 

NCEP/NCAR 
Reanalysis 1 

NOAA/ESRL 
Physical Science 
Division 

Sea level pressure, 500 mb 
heights Daily 1948-present 

SvalSat helicopter 
transport/road 
closure record 

SvalSat Dates of road closure Daily 2007-present 

Avalanche 
Observations 

Dr. Markus 
Eckerstorfer Avalanche Occurrence Variable, multiday; 

infrequent 
2006-2010;  
2010-2012 

 

For all datasets used in this work, I only consider data from October 1 through 

May 31.  Previous studies in Svalbard have used this timeframe as the standard “winter 

season” for snow and avalanche studies [Eckerstorfer and Christiansen, 2011a]. The lack 

of previously precipitated snow available for transport prior to October 1, inhibited snow 

drift processes due to consistently positive temperatures after May 31, and the lack of any 
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SvalSat Road closures due to snow drift outside of these dates all support this timeframe 

as a reasonable winter season definition for purposes of this thesis. The temporal 

coverage of the present study includes the 2006/2007 through 2014/2015 winter seasons, 

but I distinguish two overlapping but distinct winter season periods based on reliable 

meteorological and avalanche activity data availability (Figure 10). I use the first period, 

winter seasons 2009/2010 through 2014/2015, to characterize local meteorological 

conditions and calculate snow drift transport on Platåberget and near the SvalSat Road 

due to the availability of meteorological data from the SvalSat AWS. I use the second 

period, winter seasons 2006/2007 through 2014/2015, to analyze synoptic weather 

conditions associated with drift events with an increased number of drift events and to 

compare periods of avalanche activity to documented drift events due to more frequent 

and reliable avalanche observations during the 2006/2007 through 2009/2010 winter 

seasons. 
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Figure 10. The temporal and elevational coverage of the primary datasets used in this 
analysis. Note that avalanche observations covered a range of elevations, and the 
NCEP/NCAR Reanalysis data can cover a variety of timeframes and elevations 
depending on the parameter of interest, and this study’s elevational coverage is restricted 
by the included datasets. 

4.1.1 Local Meteorological Observations 

I used data from three automated weather stations (AWS) in my analyses (Figure 

7, Figure 10). As the primary weather station, I used an AWS owned and operated by the 

Kongsberg Satellite Services Svalbard Satellite Station (SvalSat) located on Platåberget 

at an elevation of 460 m. Hereafter referred to as the SvalSat AWS, this weather station 

has been recording continuously since January 1, 2009 except for the period from 

February 13, 2015 to March 3, 2015 when a faulty data logger resulted in missing data. 

This station currently records the following meteorological parameters used in these 

analyses with a one-minute resolution:  
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 maximum and average wind speed at 41.1 m height with an unheated RNRG #40 

anemometer3;  

 average wind direction at 41.1 m height with a RNRG #200P wind vane; and 

 average temperature and relative humidity at 2.7 m height with a Vaisala 

HMP155A dual temperature and relative humidity sensor.  

The current data recording structure has been in place since September 15, 2010. Prior to 

this date, the station had been recording the same meteorological variables with a ten-

minute resolution since January 1, 2009 with the exception of atmospheric pressure, 

which was not observed until November 10, 2009.  

I also obtained data from the Gruvefjellet AWS, located on the central part of the 

Gruvefjellet mountain plateau at 464 m a.s.l. (Figure 7). Established in August 2001 by 

the University Centre in Svalbard (UNIS), this AWS records hourly, standardized 

meteorological data in addition to permafrost data to a depth of 5 m. Data is available for 

download from the UNIS website from December 1, 2006 onward. Due to its location in 

the middle of the plateau in generally uniform terrain with minimal interference from 

local topography, the Gruvefjellet AWS is usually considered to be representative of 

Nordenskiöldland’s regional air flow patterns [Christiansen et al., 2013]. Meteorological 

variables recorded at the Gruvefjellet AWS employed in these analyses included:  

 average and maximum hourly wind speed measured at the standardized height of 

10 m; 

                                                 
3 The SvalSat weather station measures wind vectors with both heated and unheated sensors. For purposes 
of this thesis, I used data from the unheated sensor due more reliable data capture and fewer missing data. 
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 average hourly wind direction measured at the standardized height of 10 m; and  

 average temperature and relative humidity measured at a height of 3 meters. 

As the Gruvefjellet record extends back to December 2006 and had no major 

interruptions in data logging, these data were used to gap-fill and extend the record from 

the SvalSat weather station as discussed in Section 4.3.2. 

The final weather station from which I retrieved data was the Svalbard Airport 

AWS, located west of Longyearbyen at the Svalbard Airport (Figure 7). Situated at 28 m 

elevation on a raised marine beach 200 m from the southern shore of Isfjorden, this 

station serves as the official weather station of Longyearbyen and has been recording 

standard meteorological observations since at least 1975 [Førland et al., 2011]. I 

accessed this data through the Norwegian Meteorological Institute’s free online e-climate 

data clearinghouse (met.no; Norwegian Meteorological Institute, 2010). I only use 

precipitation data – the only available, reliable precipitation data for the region – from the 

Svalbard Airport AWS, as the surrounding topography has been shown to channelize 

winds [Christiansen et al., 2013] and its low elevation is less representative of 

meteorological conditions at the higher elevation sites of primary concern for this work. 

However, accurately measuring solid precipitation in arctic environments is fraught with 

uncertainty because precipitation gauges in windy environments systematically 

underestimate solid precipitation amounts and unshielded precipitation gauges measure 

less than 20% of the actual precipitation when winds speeds are greater than 6 m/s 

[Goodison et al., 1998]. As a result, recent precipitation modeling work has suggested 

correcting precipitation amounts measured at weather stations in Svalbard by as much as 
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100% upwards [Humlum, 2002]. Furthermore, vertical precipitation gradients of 15-20% 

per 100 m likely exist throughout the study area, such that considerably more 

precipitation falls at higher elevations than does at sea level [Humlum, 2002]. The 

combined effects of systematic precipitation underestimation and vertical precipitation 

gradients suggest that precipitation measured at the Svalbard Airport is likely 

representative of the absolute minimum value for the higher elevation areas of 

Nordenskiöldland, and actual precipitation values are likely much higher. Previous 

studies have characterized precipitation across northern Nordenskiöldland either through 

correcting precipitation measurements from the Svalbard Airport AWS and modeling 

vertical precipitation gradients [Humlum, 2002] or by using uncorrected Svalbard Airport 

AWS precipitation values [Eckerstorfer and Christiansen, 2011b; Eckerstorfer and 

Christiansen, 2011c; Førland et al., 2011]. Here, I follow the convention of using 

uncorrected precipitation values for the majority of the analyses, but consider a variety of 

precipitation catch rates and vertical precipitation gradients to illustrate the effects of 

varying precipitation values on the severity of the snow drift problem on Platåberget in 

Section 5.5.1. 

4.1.2 Road Closures on the  
SvalSat Road and Selection of Drift Events 

The principal dataset unique to this work is the record of dates where helicopter 

transport was used to access the SvalSat Station due to closures on the SvalSat Road. The 

SvalSat Road accesses the SvalSat Station on Platåberget by ascending the steep north-

northwesterly aspect of the plateau (Figure 7). Due to the location of the road on the 

plateau’s leeward aspect to the southeasterly prevailing regional wind direction, blowing 
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and drifting snow entrained across the plateau summit’s broad fetch is deposited on the 

lee slope above the roadway and on the roadway itself. During winter storms, snow drift 

along the roadway and avalanche activity on the slope directly above the road impedes 

safe vehicle travel along the SvalSat Road corridor. When this occurs, SvalSat employees 

must either stay onsite or be transported to and from the station via helicopter until the 

road can be safely cleared of snow drifts and avalanche debris. 

I obtained a list of dates when helicopter transport was used to access the SvalSat 

Station for use as a proxy for days when significant regional snow drift events occurred. 

This helicopter transport record only includes days where helicopter transport to and from 

the SvalSat Station occurred due to a closed road, and when providing these dates, 

SvalSat employees cautioned that, “there are other days the road is closed, but we’ve not 

been able to use the helicopter as transport.” It is very likely, then, that the helicopter 

transport record is not representative of a comprehensive list of road closures due to snow 

drift on the SvalSat Road. Furthermore, helicopter access to the plateau due to road 

closure can occur after the snow drift event has ended and the road crew is working to 

clear the road. In this case, meteorological conditions on the date of the helicopter 

transport may not necessarily be representative of the meteorological conditions during 

the drift event.  

The helicopter transport record includes 84 days when the helicopter was used to 

access the SvalSat Station between 2007 and 2015 (Appendix A). I augmented this list by 

analyzing meteorological conditions on days preceding confirmed SvalSat Road closure, 
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such that drift events were defined, using the helicopter transport record, as days where 

either: 

 SvalSat records show helicopter transport was used to access the SvalSat Station 

due to a snow drift related road closure; or  

 Average hourly wind speed at the SvalSat weather station consistently exceeded 

10 m/s on a day or multiple days (with each day consistently exceeding this 

threshold wind speed) directly preceding a day on which the helicopter was used 

to access the SvalSat Station due to a SvalSat Road closure. 

I used days during which wind speeds were consistently in excess of 10 m/s directly 

preceding the 84 confirmed road closure dates to augment the list of drift events because: 

 Strong winds and reduced visibilities due to blowing and drifting snow can 

preclude helicopter access to the SvalSat Station during the snow drift event’s 

peak intensity, and days on which this occurred would not be represented in the 

helicopter transport record; and  

 10 m/s is a commonly used threshold wind speed for considerable dry and wet 

snow transport [Li and Pomeroy, 1997].  

Thus, days where average hourly wind speeds consistently exceeded this threshold are 

likely to be drift events – especially when they are followed by a confirmed road closure. 

I classified days that did not meet both of the requirements for drift events as “non-

events”. 
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 A noteworth issue with regards to the 10 m/s threshold wind speed used to 

charaterize drift events for purposes of this study is the 41.1 m height at which wind 

speed is measured at the SvalSat AWS. Due to the logarithmic wind speed profile, wind 

speeds observed at 41.1 m height will be increased relative to wind speeds observed at 

the standard 10 m observation height at the same location. Thus, wind speeds measured at 

the SvalSat AWS are not directly comparable to the values established by Li and 

Pomeroy [1997] and will be higher than if they were measured at 10 m height. As such, 

this drift event classification scheme conservatively estimates periods of snow drift using 

uncorrected data that will be most applicable to users of the SvalSat AWS. 

4.1.3 Avalanche Observations 

 I use avalanche observations kindly provided by Dr. Markus Eckerstorfer that 

were taken as part of the Cryoslope Svalbard project (2007-2009). Data from the 

Cryoslope Svalbard project can still be accessed online at http://www.skred-svalbard.no. 

While I summarize important aspects of this dataset as they relate to this thesis below, I 

refer the interested reader to Dr. Eckerstorfer’s PhD dissertation and the numerous papers 

that resulted from this avalanche monitoring program for more detailed information 

[Eckerstorfer, 2013; Eckerstorfer and Christiansen, 2011a; Eckerstorfer and 

Christiansen, 2011b; Eckerstorfer and Christiansen, 2011c; Eckerstorfer and 

Christiansen, 2012; Vogel et al., 2012].  

 Dr. Eckerstorfer and other scientists regularly monitored avalanche activity on the 

“Little Round” snowmobile route as well as on Larsbreen (Figure 7), a glacier in 

Longyeardalen open only to foot traffic, during the 2006/2007 through 2009/2010 winter 

http://www.skred-svalbard.no/
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seasons. They made additional observations during the 2010/2011 and 2011/2012 winter 

seasons during periods of noteworthy avalanche activity, mainly on the slopes near 

Longyearbyen. They observed 423 avalanches with estimated deposits larger than 10 m3 

as part of a regular field monitoring campaign during the 2006/2007 through 2009/2010 

winter seasons, and I use these avalanches as well as avalanches observed during less 

frequent avalanche monitoring campaigns (i.e. during the extreme avalanche events in 

January 2010 and March 2011) for qualitative, case-study comparison with recorded drift 

events.  

 As discussed in Eckerstorfer and Christiansen [2011c], this record of avalanche 

activity is restricted by limited observations during the polar night, reduced visibility or 

lack of access during adverse weather conditions, and the multiday temporal resolution of 

the observations. As such, it is likely that some unobserved avalanches occurred, but 

were not recorded and are absent from this dataset. Nevertheless, this dataset is, by far, 

the best record of avalanche activity in Svalbard and is used accordingly in this work.  

4.2 Manual Drift Observations 

To obtain baseline snow transport measurements, I conducted manual snow drift 

observations on Gruvefjellet over several days (April 9th and 10th, 2014 and May 16th, 

2015) during periods of visible snow transport. My goal in conducting manual drift 

observations was to define an empirical relationship between observed wind speed and 

snow transport rates for the regional snow climate near Longyearbyen, providing 

quantitative evidence that snow drift processes in Svalbard function similar to numerical 

representations established by previous field work (see Table 1). I relied on the methods 
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outlined in Takeuchi [1980] to help develop the rudimentary methodology outlined 

below.  

 I designed mechanical drift traps that could be easily inserted into even an 

extremely hard snow surface to capture drifting snow for mass flux measurements. 

Constructed in a joint effort by Ty Mack and Julie Hancock, these drift traps consist of a 

thin steel frame 30 cm high by 15 cm wide and an attached mesh netting bag. When 

inserted into the snow, the bottom of the trap opening rests on the snow surface so that 

creeping, saltating, and low-level suspended snow particles are captured in the mesh bag 

(Figure 11). 

 Manual snow drift observations involved accessing the Gruvefjellet study site by 

skis, setting up the drift observation equipment as described below and pictured in Figure 

11, taking manual drift observations, taking down the drift observation equipment, and 

skiing back to Longyearbyen. I defined a set of drift observations as six ten-minute 

measurements of snow mass flux. Typically, I was only able to take one to two sets of 

drift observations per trip up to Gruvefjellet due to time and/or weather constraints. 

 Once at the study site on Gruvefjellet, I took general snow surface and upper 

snowpack observations following the guidelines of Greene et al. [2010]. This included a 

qualitative description of the snow surface (i.e. rough/smooth/sastrugi/loose, fresh snow, 

etc.), ski and foot penetration measurements, and surface and snowpack temperatures in 

addition to densities, grain forms, and a hand hardness profile for the top 30 centimeters 

of the snowpack.  
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Figure 11. The manual drift observation equipment, with the drift trap to the left and the 
WindLog and HOBO sensors and data loggers to the right. Gruvefjellet, Svalbard, April 
10, 2014. 

I then inserted a portable WindLog anemometer with an attached HOBO Pro v2 

data logger connected to a temperature and relative humidity sensor into the snow surface 

such that the anemometer was one meter from the snow. Both the WindLog and HOBO 

loggers were set to log data at ten-minute intervals. After five to ten minutes of visually 

observing the current wind direction as represented by the WindLog wind vane, I inserted 

the mechanical drift trap into the snow surface so that the opening was facing into what I 

had determined to be the current average wind direction (Figure 11). I started timing the 

mass flux measurement as soon as the trap had been inserted into the snow4. After ten 

                                                 
4 It was important to ensure that the trap was inserted and the timer was started at an even ten-minute time 
(i.e. 1400, 1410, 1420, etc.) so that the ten-minute mass flux measurement could be easily linked to the ten-
minute averaged temperature, relative humidity, and wind vector recorded in the automatic data loggers. 
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minutes had elapsed, I emptied the mass of snow captured in the trap into a stuff sack 

which was then massed on digital laboratory scale. This process was repeated six times 

for an hour to obtain a full set of snow drift observations. 

I calculated snow drift transport rate in kg/ms, q, using the following equation: 

𝑞 = (
𝑚

0.15
∗

1

600
) (1) 

where m is the mass of snow collected in the trap over a ten-minute interval, 0.15 is the 

width of the trap in meters, and 600 is the number of seconds in ten minutes.  

For this snow transport data, I report snow drift transport rate in kg/ms as opposed 

to snow drift mass flux in kg/m2s. As mass flux changes with height above the snow 

surface, mass flux values are dependent on the height to which snow drift is observed and 

measured [e.g. Takeuchi, 1980]. Snow transport rates, by contrast, are representative of 

the total snow transport in the atmosphere across a given unit of length.  At the relatively 

low wind speeds characterizing the snow drift observation periods, the vast majority of 

the blowing and drifting snow is transported in the saltation layer and I accordingly report 

snow movement values as snow transport rate in kg/ms for ease of comparison with 

previous work [e.g. Tabler et al., 1990; Takeuchi, 1980]. 

4.3 Meteorological Data Analyses 

As discussed in Section 4.1.1, I analyzed data from three automatic weather stations 

for this research. Due to the differing temporal coverage of the datasets derived from the 

three automatic weather stations (Figure 10) and the temporal constraints imposed on 

some of the analyses due to limited data availability (e.g. frequent avalanche observations 
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only exist for the 2006/2007 – 2009/2010 winter seasons), I use data from different 

weather stations to best characterize local meteorological conditions as follows: 

 I analyzed data from the SvalSat AWS to characterize the local meteorological 

conditions on Platåberget and near the SvalSat Road during drift events for the 

2009/2010 – 2014/2015 winter seasons due to the station’s proximity to the 

SvalSat Road. As this station is owned and operated by SvalSat, presenting 

analysis results with respect to conditions observed at this AWS will be of the 

greatest use to SvalSat in the future. 

 I analyzed data from the Gruvefjellet AWS to characterize local meteorological 

conditions for the synoptic analyses for the winter seasons during the period 

December 1, 2006 to May 31, 2015. Data for this weather station is not available 

prior to December 1, 2006. However, no drift events were identified prior to this 

date in the 2006/2007 winter season, so this data availability constraint does not 

affect the characterization of drift events based on synoptic type. I also used data 

from the Gruvefjellet AWS to extend and gap-fill missing data from the SvalSat 

AWS as discussed below in Section 4.3.2.   

4.3.1 Standardization/Aggregation 
 of Meteorological Data 

I used hourly meteorological data for the majority of my analyses. Data from the 

Gruvefjellet AWS is accessed and download in hourly format, but the 10-minute and 1-

minute data from the SvalSat AWS needed to be aggregated to hourly format for better 

inter-comparison between the stations. I also aggregated the original hourly data from the 
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Gruvefjellet AWS and the 10-minute or 1-minute data from the SvalSat AWS to daily 

data for purposes of data summary and display.  I used the timeAverage function as part 

of the openair package version 1.6 [Carslaw and Ropkins, 2012] in R statistical software 

version 3.2.2 [R Core Team, 2015] to complete all data aggregations. This function 

flexibly aggregates data to a user-defined interval, and correctly calculates vector 

averaged wind speed and direction where appropriate. 

 Throughout all analyses, I calculated both scalar and vector averaged wind speeds 

when calculating summary statistics, and all wind directions presented in this work have 

been appropriately vector averaged using the process described in Stull [2015]. Scalar 

averaged wind speeds represent the arithmetic mean wind speed, while vector averaging 

involves separating a wind vector (the wind speed and direction as reported, for example, 

by an AWS) into a u and v vector representing the east-west and north-south components, 

respectively. Vector averaging is critical for adequately representing mean wind 

direction, while either scalar or vector averages can be used to represent mean wind 

speed [Stull, 2015]. As such, all mean wind directions reported in this thesis are vector 

averages, and mean wind speeds are specified as either vector or scalar means.  

4.3.2 Extension/Gap-Filling of the 
SvalSat Temperature and Wind Speed Records 

To classify days as either drift events or non-events and to characterize local 

meteorological conditions for periods of missing SvalSat AWS data, I used a simple 

linear regression to develop relationships between the observed parameters at the 

Gruvefjellet AWS and the SvalSat AWS. I then used these relationships, displayed in 

Equations (2) and (3) below, to fill the gap in the SvalSat AWS record between February 
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13, 2015 and March 3, 2015 for local meteorological condition characterization and to 

extend the SvalSat AWS wind speed record back to December 1, 2006 to classify days as 

either drift events or non-events based on the 10 m/s wind speed threshold. I chose to use 

a simple linear regression due to the relatively linear structure of the bivariate plots and 

the acceptably high R2 values produced by the simple linear regressions (Figure 12).  

 

Figure 12. Bivariate plots of a) wind speed and b) air temperature at the Gruvefjellet and 
SvalSat AWSs. The simple linear regression lines are shown in red and the equation and 
R-squared value are displayed on the graphs. 

I determined the wind speed relationship (observed at 10 m and 40 m height at the 

Gruvefjellet and SvalSat AWSs, respectively) to be: 

𝑤𝑠𝑠 = 1.2286 𝑤𝑠𝑔 + 0.8456 (2) 

where wss is the wind speed at the SvalSat AWS and wsg is the wind speed at the 

Gruvefjellet AWS, both in meters per second. Wind speeds are likely systematically 

higher at the SvalSat AWS due to the increased height of the wind sensor, a well-

documented issue with wind observation [e.g. Tabler, 1994].  I determined the air 

temperature relationship (observed at approximately 3 m height at both stations) to be:  

𝑇𝑎𝑠 = 0.9844 𝑇𝑎𝑔 − 0.4925 (3) 
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where Tas is the air temperature at the SvalSat AWS and Tag is the air temperature at the 

Gruvefjellet AWS, both in degrees Celsius. 

4.3.3 Statistical Differentiation 
Between Drift Events and Non-Events 

To determine if local meteorological conditions at the SvalSat AWS were 

statistically different for drift event days and non-event days, I used Kolmogorov-

Smirnov two-sample tests. The Kolmogorov-Smirnov (K-S) test is a non-parametric 

statistical test used to compare the distributions of two samples. The two-sample K-S test 

quantifies the distance between the empirical distribution functions of two continuous 

variables and tests if the distributions are statistically different [Wang et al., 2003]. A 

statistically significant result (p-value < 0.05) indicates the samples come from different 

populations. This test has been used in previous snow and avalanche research to 

differentiate between meteorological parameters on, for example, avalanche or non-

avalanche days [e.g. Hendrikx et al., 2014], and as such is used in this study to 

differentiate between drift event and non-event days based on observed meteorological 

conditions. 

4.3.4 Synoptic Analyses 

I generated 500 mb geopotential height maps for each day classified as a drift 

event to discriminate between different types of synoptic atmospheric conditions over the 

North Atlantic region resulting in drift events in central Spitsbergen. I used the plotting 

tool available online at the NOAA/ESRL Physical Science Division’s website 

(http://www.esrl.noaa.gov/psd/data/compites/day) to produce the daily 500 mb 

http://www.esrl.noaa.gov/psd/
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geopotential heights maps. This resource allows users to produce historical plots for a 

variety of atmospheric layers and meteorological parameters based on data from the 

NCEP/NCAR Reanalysis 1 dataset [Kalnay et al., 1996]. With data coverage spanning 

the globe, this dataset allows for synoptic analyses even for areas, such as Svalbard, 

where direct upper-air and historical observations are limited. 

Once I had generated the daily 500 mb geopotential height maps for each drift 

event, I manually grouped the events into categories of similar synoptic types based on 

the general patterns of 500 mb geopotential heights on the individual daily plots. In 

particular, I focused on patterns of high and low elevation geopotential heights over 

Scandinavia and the North Atlantic region to categorize the synoptic conditions 

associated with drift events. After grouping each event based on the 500 mb height plots, 

I produced composite plots of the 500 mb geopotential heights, 500 mb height anomalies, 

and sea level pressure (SLP) for each synoptic type. Such synoptic circulation 

classification methods based on subjective a priori definition of synoptic types are known 

as subjective or manual classifications [Huth et al., 2008].  

Subjective classifications have been successfully employed, for example, over 

Europe for decades through the use of Grosswetterlagen series of synoptic types [e.g. 

Hess and Brezowsky, 1969], and Grosswetterlagen synoptic types have been applied 

more specifically in snow and avalanche research to describe major avalanche winters in 

Norway [Fitzharris and Bakkehøi, 1986]. More recently, objective, statistical methods 

have been used to define and group synoptic types associated with major avalanche 

activity in the Pyrenees [García et al., 2009] and mid-winter warm spells in Svalbard 
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[Bednorz and Fortuniak, 2011]. However, such synoptic classification techniques require 

statistical methods beyond the scope of this thesis. 

Once I had grouped the drift events into synoptic types, I characterized the local 

meteorological conditions (air temperature, wind speed and direction, and precipitation) 

for each synoptic type based on observed weather at the Gruvefjellet AWS. To 

statistically differentiate between the synoptic types based on the observed 

meteorological conditions, I employed the Kruskal-Wallis (K-W) test [Kruskal and 

Wallis, 1952]. The K-W test is a nonparametric test used to compare the distributions of 

multiple samples. A statistically significant result (p-value < 0.05) indicates at least one 

of the samples comes from a different population. If the K-W test results indicated at 

least one of the synoptic types differed from the others, I applied Dunn’s test with a 

Bonferroni adjustment [Dunn, 1964] as a post-hoc multiple comparison test to determine 

which of the synoptic types were statistically different based on the analyzed 

meteorological parameter. 

4.4 Drift Events and Regional Avalanche Observations 

Previous studies using the avalanche observations from Eckerstorfer [2013] have 

identified the challenges associated with direct avalanche observation during the polar 

night in addition to the lack of an established framework and network of observers to 

conduct high temporal and spatial resolution avalanche observations as notable 

limitations for studies attempting to quantitatively investigate the relationship between 

various meteorological variables and avalanche activity [Eckerstorfer and Christiansen, 

2011b]. Furthermore, the short nature of the avalanche observation time series and the 
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low number of “avalanche days” compared to “non-avalanche days” as defined by 

Eckerstorfer and Christiansen [2011b] limits the effectiveness of a quantitative statistical 

approach to analyzing these data. 

These issues, combined with the already infrequent nature of the regional 

avalanche activity and the limited reliability and temporal resolution of SvalSat’s record 

from which I defined drift events, restrict the usefulness of quantitative statistical 

techniques for assessing the relationship between periods of snow drift and regional 

avalanche activity for these data. Accordingly, I chose a case study approach to describe 

drift event periods and associated avalanche activity. Although case study approaches are 

inherently limited to descriptive results, for this work such results are useful to illustrate 

the progression of local and synoptic meteorological conditions during multi-day drift 

events and the relationship between these weather conditions and observed regional 

avalanche activity. 

I identified four multi-day drift event periods coinciding with cycles of regional 

avalanche activity as identified by Eckerstorfer [2013] to investigate as case studies. 

These periods occurred during: 

 March 2007 (drift event period: March 22 – 26, 2007); 

 May 2009 (drift event period: May 3 – 9, 2009); 

 January 2010 (drift event period: January 14 – February 1, 2010), and; 

 March 2011 (drift event period: March 15 – 25, 2011).  
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For each case study, I described the local and synoptic atmospheric conditions 

characterizing the event period as well as avalanche activity observations taken during, or 

less than two days after, the drift event period.  

4.5 Snow Drift Severity Calculations 

In addition to investigating snow drift and avalanche activity in Svalbard’s unique 

snow climate, I also considered mitigation options to reduce snow related hazards near 

Longyearbyen. Due to the nature of the snow drift and avalanche problem on the SvalSat 

Road, I considered snow fences as a potential cost-effective passive mitigation strategy. 

To best design snow fence strategies for this area, I employed the methods presented in 

Tabler [1994] to calculate potential seasonal snow transport on Platåberget and to 

characterize the snow drift severity problem on the SvalSat Road. I summarize these 

methods below, but refer to Tabler’s [1994] work for further reading. 

4.5.1 Potential Annual Snow Transport 
and Snow Transport Severity Classification 

I used the methods presented in Tabler [1994] to calculate the potential snow 

transport on Platåberget near the SvalSat Road.  Tabler [1994] defines snow transport as 

“the mass of blowing snow in the first 5 meters above the ground, per meter of width 

across the wind, over a specified time.” For snow climates like Svalbard’s where snow 

transport is limited by the supply of snow (i.e. there are frequent periods in the winter 

where no snow is available for wind transport), the mean annual snow transport is 

calculated by: 
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𝑄𝑡,𝑎𝑣𝑒 = 0.5 𝑇 𝑆𝑟𝑤𝑒  (1 − 0.14
𝐹
𝑇) (4) 

where 𝑄𝑡,𝑎𝑣𝑒 is mean annual snow transport in kg/m, T is equivalent to an experimentally 

derived maximum snow transport distance of 3000 m, 𝑆𝑟𝑤𝑒 is the amount of snow water 

equivalence relocated over a specified time interval in millimeters, and F is the fetch – 

the length of the area that is a source of blowing snow to a downwind location in meters 

[Tabler, 1994]. For the specific case of calculating snow transport on Platåberget, I used 

the following values in the potential snow transport calculation: 

 The annual snow accumulation season on the plateau is October 1st through May 

31st. As discussed in Section 4.1, previous studies in Svalbard used this timeframe 

as the standard “winter season” for the region [Eckerstorfer and Christiansen, 

2011a], and I use this delineation here for purposes of consistency. 

 The relocated snow water equivalent, 𝑆𝑟𝑤𝑒, is assumed to be 70% of the winter 

season precipitation at the Svalbard Airport. Tabler [1994] suggests that even in 

the windiest areas (such as Platåberget), only 70% of winter precipitation is 

relocated by the wind. Since 70% of the winter precipitation is the generally 

accepted maximum percentage of relocated winter precipitation, I used this 

proportion to conservatively estimate transported snow. In other words, 𝑆𝑟𝑤𝑒 

represents the maximum amount of snow that would be expected to be transported 

given that all winter precipitation measured at the Svalbard Airport falls as snow. 

 Because the fetch, F, for the prevailing wind directions on Platåberget is so 

extensive (up to 5000 m for a south-southeasterly wind direction) and has widely 
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varying values depending on just slight modifications in wind direction, I 

assumed this value to be infinite based on recommendations for situations with 

extensive fetches without single, well-defined boundaries [Tabler, 1994]. This 

results in the quantity 0.14
𝐹

𝑇 in Equation (4) becoming zero. 

 

Accordingly, for the calculations of mean annual snow transport on Platåberget for 

purposes of this analysis, the mean annual snow transport, in kg/m, is calculated by: 

𝑄𝑡,𝑎𝑣𝑒 = 0.5 ∗ 3000 ∗  (𝑆𝑟𝑤𝑒) (5) 

where Srwe is 70% of the mean annual winter precipitation at the Svalbard Airport for the 

six winter seasons analyzed here (2009/2010 – 2014/2015). 

Tabler [1994] created a classification scheme categorizing the severity of an 

area’s snow drift problem based on the average annual snow transport (Table 4).  

Table 4. Severity classification for average annual snow transport, modified from Tabler 
[1994] 

Class Snow Transport (kg/m) Classification 

1 <10,000 Very light 

2 10,000 – 20,000 Light 

3 20,000 – 40,000 Light-to-moderate 

4 40,000 – 80,000 Moderate 

5 80,000 – 160,000 Moderately severe 

6 160,000 – 320,000 Severe 

7 >320,000 Extreme 
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4.6 Devising Appropriate Snow Fence Strategies for the SvalSat Road 

 Snow fences have been extensively studied, and successfully implemented, on 

transportation corridors for decades to mitigate hazards associated with blowing and 

drifting snow [Jónsson, 2014; McClung and Schaerer, 2006; Tabler, 1980; 1994]. Work 

conducted on transportation corridors throughout the western United States has found the 

following fence design parameters to be the most effective [Tabler, 1994]: 

 Snow storage capacity, and thus the effectiveness, of snow fences increases with 

the height of the fence. 

 Fences with a porosity ratio (the ratio of openings to the frontal area) of 0.5 are 

the most efficient and have the highest storage capacity for a given height. 

 Snow storage capacity should be equal to at least the design transport, Qdes. 

 Standard Wyoming-style fences are constructed with horizontal boards spaced 

such that the porosity is 0.5 or 50% (spacing between boards is equal to the width 

of the boards, typically 15 cm) 

4.6.1 Design Transport 

Design transport, Qdes, is defined by Tabler [1994] as “the snow transport for 

which a snow control measure is designed.” Calculating the design transport involves 

multiplying the average annual snow transport (Qt,ave) by a “design modulus”, or the ratio 

of “design year” transport to average annual transport.   Mathematically, design transport 

is represented by the following equation: 

𝑄𝑑𝑒𝑠 = 𝐾 𝑄𝑡,𝑎𝑣𝑒 (6) 
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where the design transport, Qdes is in kg/m, K is the unitless design modulus ratio, and 

Qt,ave is the average annual snow transport in kg/m. Thus, if K = 1, the design transport – 

and resulting storage capacity of the snow fence – is equal to the average annual 

transport. For a value of K = 2, the design transport and storage capacity of the system 

would be equal to double the average annual transport.  

 Tabler [1994] states that setting K = 1 in Equation (6) such that the design 

transport equals the average annual transport can reduce snow removal costs by 80%, 

while doubling the design transport and resulting storage capacity will only reduce costs 

by another 12%. Thus, the general recommendation for snow control projects is to set K 

= 1 in the absence of other criteria.  

4.6.2 Calculating Required Snow Fence Height 

For snow fences designed to store the average annual snow transport (i.e. K = 1 

and Qdes = Qt,ave), the required fence height, Hreq, is given in meters by the equation: 

𝐻𝑟𝑒𝑞 = (
𝑄𝑑𝑒𝑠

8.5
)

0.455

(7) 

A generalized scheme for required snow fence heights based on the severity of 

snow transport problem has been developed by Tabler [1994] (Table 5).  
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Table 5. Fence heights generally required based on snow transport severity (after Tabler [ 
1994]). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Classification Snow Transport (kg/m) Fence height (m) 

Very light <10,000 1.1 

Light 10,000 – 20,000 1.5 

Light-to-moderate 20,000 – 40,000 2.0 

Moderate 40,000 – 80,000 2.8 

Moderately severe 80,000 – 160,000 3.8 

Severe 160,000 – 320,000 5.2 

Extreme >320,000 >5.2 
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5. RESULTS 

 I investigated a total of 138 days classified as drift events in north-central 

Nordenskiöldland during nine winter seasons from 2006/2007 to 2014/2015 (see 

Appendix A), although the number of winter seasons and associated drift events analyzed 

in each of the subsequent sections varies according to data availability as discussed in 

Section 4. Meteorological data, synoptic charts and analyses, and avalanche activity 

observations pertaining to these regional drift events are analyzed with respect to the drift 

events using the methods discussed in the previous chapter, with important results 

presented and discussed in the following chapters. I also briefly present the results from 

the manual snow drift observations as a proof of concept exercise. Finally, I present the 

implications of snow drift with regards to potential snow fence strategies to mitigate the 

hazards posed by blowing and drifting snow to the SvalSat Road. 

 These results span a variety of temporal and spatial scales (Figure 13). At the 

broadest spatial scale included in this research, synoptic scale atmospheric circulation 

patterns span thousands of kilometers and operate on daily to weekly temporal scales. 

Drift events and avalanche activity occur primarily at the regional scale, but can be 

influenced by more localized meteorological and snowpack characteristics at finer spatial 

scales (slope scale). Temporally, avalanche release occurs in a matter of seconds, but 

antecedent meteorological conditions influencing avalanche release and drift event 

duration can span multiple weeks. Snow fences primarily exert their spatial influence at 

the slope scale, and their effects on snow accumulation span temporal scales ranging 

from hourly (during individual drift events) to full winter seasons. Finally, manual drift 
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observations characterize snow transport at the point spatial scale over sub-hourly 

temporal scales. 

 

Figure 13. Conceptual diagram displaying the spatial and temporal scales characterizing 
the primary results and associated physical processes included in this work. The grey 
ovals represent the principal spatial and temporal coverage of each result category. The 
black bars indicate broader temporal coverage for the physical processes and results.    

5.1 Manual Drift Observations 

 I conducted six hours of manual drift observations resulting in 36 ten-minute 

intervals of coupled wind speed and snow drift transport rate measurements (Appendix 

B). Observation times, associated relevant meteorological measurements, snow surface 

characteristics, and hourly-averaged transport rates are summarized in Table 6. 

Unfortunately, the Hobo temperature and relative humidity sensor failed during 

observations on May 16, 2015. Due to the limited nature of this dataset, I chose to 

HoltH
Underline



68 
 

 

analyze the only weather metric (wind speed) for which I had available data for all 

manual drift observation time periods.  

Table 6. Hourly summaries of the six hours of manual snow drift observations. 

Date 
Time 

Mean 
hourly 

air temp. 
(°C) 

Snow 
surface 
temp. 
(°C) 

Surface 
Density 
(kg/m3) 

Foot 
Penetration 

(cm) 

Mean hourly 
wind speed 
(m/s) Scalar 

average 

Mean hourly 
transport 

rate (kg/ms) 

Theoretical 
values after 
Takeuchi 

[1980] 

4/9/2014 
1520 – 1610 

-4.2 -3.8 130 10 4.3 0.00038 0.00125 

4/9/2014 
1620 – 1710 -4.1 -3.8 130 10 4.9 0.00080 0.00216 

4/10/2014 
1320 – 1410 

-6.0 -7 250 15 7.2 0.00310 0.01069 

4/10/2014 
1840 – 1930 

-6.97 -8.6 250 10 5.3 0.00069 0.00299 

4/10/2014 
2020 – 2110 

-7.5 -8.6 200 10 5.4 0.00100 0.00323 

5/16/2015 
1720 - 1810 NA -1.8 310 5 7.0 0.00560 0.00951 

 Snow drift transport rates generally increased with increasing wind speed (Figure 

14). For the observed time periods, snow transport began once wind speeds began to 

exceed approximately 4.5 m/s and increased proportional to between the fourth and fifth 

power of the measured wind speed. A power function represented by the equation: 

𝑞 = (4 ∗ 10−7)𝑢1
4.6336 (8) 

where q is the calculated snow transport rate in the bottom 30 centimeters of the 

atmosphere (the height of the traps), and u1 is the wind speed at 1 m, adequately (R2 = 

0.77) represents the observed relationship between wind speed and snow drift transport 

rates for these data. Figure 14 includes an equation from Takeuchi [1980] relating snow 

transport to wind speed for comparison purposes.   
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Figure 14. Measured snow drift transport rate and wind speed. The black dots represent 
the ten-minute coupled wind speed and snow drift transport rate observations taken for 
this study, the solid line represents the best-fit power function equation, and the dashed 
line represents a transport rate equation from Takeuchi [1980]. 

 Due to the extremely limited observational coverage and the rudimentary methods 

employed to gather these data, it is important to emphasize caution when viewing these 

results. I was unable to adequately account for differing snow surface characteristics 

during different observation times, and the range of wind speeds observed for these drift 

observations is not representative of the higher wind speeds that likely characterize many 

of the drift events analyzed below. Additionally, precipitating snow was likely captured 

in the traps during observations on April 10th, 2014 and May 16th, 2015, such that the 

accumulated mass of snow measured in the trap was a result of the combined processes 

of preferential deposition and snow drift (see Section 2.1) and not representative of only 
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snow drift transport. As such, these results are meant as only as a proof-of-concept 

exercise, and are discussed as such in subsequent chapters. 

5.2 Local Meteorological Conditions at SvalSat During Drift Events 

Using the process described in Section 4.1.2, I characterized 108 days as drift 

events during the 2009/2010 through 2014/2015 winter seasons (the six winters for which 

reliable meteorological data could be obtained from the SvalSat AWS): 61 directly from 

the SvalSat helicopter transport record and 47 based on the 10 m/s threshold wind speed 

at the SvalSat weather station. Unfortunately, the SvalSat AWS failed from the February 

13, 2015 to March 3, 2015 – a time frame which included drift events on the 16th, 17th, 

18th, and 19th of February. I used the linear regression methods discussed in Section 4.3.2 

to gap-fill these data using the Gruvefjellet AWS data, but since I was unable to obtain 

adequate wind direction values at the SvalSat AWS, these dates were omitted from all 

results in this section that include wind direction analyses. I also use scalar-averages to 

characterize wind speeds in this section, as specified where appropriate. 

Drift events can be characterized by wind speed, precipitation, air temperature, 

and synoptic signals when compared to non-drift event periods throughout the six winter 

seasons analyzed in this section (Figure 15). Drift event days tend to occur consecutively, 

with only one drift event (November 13, 2013) occurring as a single day. The longest 

consecutive string of drift event days occurred over 18 days in early 2010 (January 14 – 

February 1, 2010) during a period of sustained high wind speeds and heavy precipitation. 

Other notably extensive episodes of consecutive drift events occurred coincident with 

periods of elevated wind speed and heavy precipitation in February and March, 2011 
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(February 20 – 27, 2011 and March 15 – 25, 2011) and late January/early February, 2012 

(January 25 – February 10, 2012). Other, shorter drift event periods are also coincident 

with increased wind speeds and generally higher daily precipitation values. While many 

of the longer drift event episodes appear to be characterized by mostly elevated, near-

freezing temperatures (i.e. January 14 – February 1, 2010, and January 25 – February 10, 

2012), others have a more variable temperature signal (i.e. February 21 – 27, 2011 and 

March 15 – 25, 2011). Shorter drift event episodes can have both elevated (i.e. December 

30, 2011 – January 2, 2012 and November 23 – 25, 2014) or decreased (March 27 – 29, 

2014) temperature signals. Of note is a pattern of an initial spike in air temperature at the 

initiation of a drift event period, followed by a marked decrease in temperature as the 

drift period progresses. 

 The means of the key meteorological variables associated with the event types (all 

winter days, drift event days, and non-event days) discussed in this section show distinct 

differences between the three event types (Table 7). All winter day events include all 

days in the October 1 – May 31 winter season for the six seasons analyzed in this section 

(including both drift event and non-event days), drift event days are days classified as 

drift events, and non-event days are days not classified as drift events. Similar to the 

qualitative results discussed with respect to the seasonal weather summaries displayed in 

Figure 15,  mean hourly temperatures, scalar averaged wind speeds, and daily 

precipitation totals are higher for drift events than for all winter days and non-event days. 

These results suggest that, at least qualitatively, drift events may be characterized by 
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warmer, windier conditions coincident with precipitation events. This is assessed more 

quantitatively in the subsequent subsections. 

Table 7. Means of the key meteorological variables for all winters, drift events, and non-
events, respectively. 

Type # of Days Mean Hourly 
Temperature (°C) 

Mean Hourly 
Wind Speed (m/s 
– scalar average) 

Mean Daily 
Precipitation 

(mm) 
All Winter Days 1459 -10.0 6.2 0.8 

Non-event Day 1351 -10.1 5.9 0.6 

Drift Event Day 108 -8.2 9.7 2.9 
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Figure 15. Seasonal summaries of the key weather metrics associated with snow drift events at the SvalSat Station using daily 
meteorological values. Drift event synoptic types are denoted with their numeric synoptic identifies based on Table 11.  
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Figure 15. cont’d 
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Figure 15. cont’d
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5.2.1 Wind Speed and Direction 

 

Figure 16. Wind rose diagrams of hourly wind speed and direction frequencies measured 
at the SvalSat AWS for: a) all six winter seasons (2009/2010 – 2014/2015), and b) the 
days classified as drift events in this time period for which wind direction data exists. 

Wind rose diagrams displaying hourly wind speed and direction at the SvalSat 

AWS wind roses show a bimodal distribution of wind directions from the southeast and 

the southwest (Figure 16). When considering observed wind directions at the SvalSat 

AWS over the entirety of the six winter season period of record (all winter days), the 

prevailing wind direction is from the east-southeast, with strong secondary components 

from the south-southwest and southwest (Figure 16a). During drift events, winds are most 

commonly from the south-southwest and southwest, with considerable secondary 

contributions from the east-southeast (Figure 16b). A notable deviation from this general 

pattern includes strong winds (>15 m/s) from the east and east-northeast during some 

drift events, but these winds comprise a small percentage of wind vectors. Over all winter 
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days, vector averaged wind speeds are typically less than 10 m/s, with the majority of 

observed wind speeds falling into the 5 – 10 m/s category. During drift events, vector 

wind speeds are more commonly between 10 and 15 m/s, with a considerable proportion 

exceeding 15 m/s. The prevailing wind direction at the SvalSat AWS for all winter 

seasons in the present analysis is from the southeast (average wind direction = 137°), 

while during the drift events for which wind direction data exists the prevailing wind 

direction is from the south-southwest (average wind direction = 195°).  

Table 8. Summary statistics for hourly wind speed at the SvalSat AWS for all winter 
days, non-events, and drift events. All values are in m/s. 

Summary Statistic All Winter Days Non-Event Drift Event 

Mean (Scalar) 6.2 5.9 9.7 

Maximum 29.7 27.6 29.7 

Median 5.3 5.0 9.2 

Minimum 0 0 0 

Scalar mean, maximum, and median hourly wind speeds are higher for drift 

events than for non-events (Table 8, Figure 17). Note that for all boxplots displayed in 

these results (Figure 17, Figure 18, Figure 19, Figure 22, Figure 23, and Figure 24) he 

bold horizontal line represents the median, the box represents the interquartile range, the 

whiskers indicate 1.5 times the interquartile range, and dots outside the whiskers 

represent outliers. Wind speeds for drift events and non-drift events are significantly 

different between the two event types (K-S two-sample test, p-value < 0.001), with drift 

events characterized by higher median wind speeds. The maximum hourly wind speed of 

29.7 m/s occurred during the January 27, 2010 from the east-northeast (64°). 
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Nevertheless, the relatively high number of outlier wind speeds well above the whiskers 

on the non-event boxplot (Figure 17) – with a non-event maximum wind speed of 27.6 

m/s – suggests very high wind speeds occur with some regularity on Platåberget outside 

the drift event periods as they have been defined for purposes of this study. This 

emphasizes the role of snow surface characteristics as a control on snow drift and 

corresponds with previous observations that high wind speeds may not result in snow 

transport if the existing snow surface is hard [e.g. Budd et al., 1966; Li and Pomeroy, 

1997]. 

Drift event wind speeds well under the established threshold values (5 m/s; Li and 

Pomeroy, [1997]) for even new, dry snow transport highlight the limitations associated 

with the differing temporal resolutions of the drift events (daily resolution) and the wind 

speed observations (hourly resolution; Figure 16, Figure 17, and Table 8). While very 

light and calm winds will not transport snow, hours within a day defined as a drift event 

(Section 4.1.2) with very light winds will still be classified as drift event wind speeds. 

5.2.2 Air Temperature 

Mean, median, and minimum air temperatures are higher for drift events than for 

non-events at the SvalSat AWS (Table 9, Figure 18), but the maximum air temperature 

observed at the SvalSat AWS during periods classified as drift events (1.4 °C on 

February 8, 2012) is considerably lower than the non-event maximum of 11 °C observed 

on May 8, 2012 (see Figure 15).  
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Figure 17. Boxplot comparisons for non-event and drift event hourly vector averaged 
wind speeds at the SvalSat AWS. Note the higher interquartile range for drift event wind 
speeds. 

Table 9. Summary statistics for hourly air temperature at the SvalSat AWS for all winter 
days, non-events, and drift events.  All values are in °C. 

Summary Statistic All Winter Days Non-Event Drift Event 

Mean -10.0 -10.1 -8.18 

Maximum 11 11 1.4 

Median -9.3 -9.5 -6.8 

Minimum -30.5 -30.5 -27.6 

 

Differentiating drift events from non-events on the basis of air temperature at the 

SvalSat AWS yields statistically significant differences between the two event types (K-S 
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two-sample test, p-value < 0.001), with drift event periods characterized by higher 

median air temperatures than non-event days.  

 

 

Figure 18. Boxplot comparisons for non-event and drift event hourly air temperatures at 
the SvalSat AWS. Note the higher hourly air temperature interquartile range for drift 
event air temperatures. 

5.2.3 Precipitation 

Drift event periods are frequently associated with heavy precipitation (Figure 15). 

Over the six winter seasons analyzed, the seasonal maximum daily precipitation value 

always occurred on a day classified as a drift event (Figure 15), with the maximum 

precipitation value for the entire six season record of 25.9 mm occurring during the drift 

event on January 30, 2012. Mean, maximum, and median daily precipitation values are 
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considerably higher for drift events than non-events, with mean and median drift event 

precipitation values an order of magnitude higher for drift events than non-events (Table 

10). Drift event days can be differentiated from non-event days on the basis of daily 

precipitation values with statistical significance (K-S two-sample test, p-value < 0.001), 

with drift event days characterized by higher median precipitation totals than non-event 

days. 

Table 10. Summary statistics for daily precipitation totals at the Svalbard Airport for all 
winter days, non-events, and drift events. All values are in millimeters water equivalent 
(mm w.e.). 

Summary Statistic All Winter Days Non-Event Drift Event 

Mean 0.8 0.6 2.9 

Maximum 25.9 13.7 25.9 

Median 0.1 0.1 1.0 

Minimum 0 0 0 

 

These results show that a highly variable precipitation regime characterizes 

Nordenskiöldland (Figure 19, Table 10). Daily precipitations values are typically meager 

for all event types – albeit significantly elevated for drift events – with a large proportion 

of the seasonal precipitation occurring during infrequent periods of heavy precipitation 

(represented as outliers in Figure 19).  
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Figure 19. Boxplot comparisons for non-event and drift event daily precipitation totals at 
the Svalbard Airport AWS. Note the higher interquartile range for drift event daily 
precipitation totals as well as the presence of multiple outliers in both boxplots. 

5.3 Synoptic Patterns During Drift Events 

I identified five synoptic types associated with drift events on Platåberget and the 

SvalSat Road during the 2006/2007 through 2014/2015 winter seasons: High to the South 

(Synoptic Type 1), High to the Southwest (Synoptic Type 2), High to the Southeast/Low 

to the Southwest (Synoptic Type 3), Zonal (Synoptic Type 4), and Low to the South 

(Synoptic Type 5; Table 11, Figure 25). Of the 138 drift events analyzed in this time 

period, I classified 47 as High to the South, 31 as High to the Southwest, 21 as High to 

the Southeast/Low to the Southwest, 31 as Zonal, and 8 as Low to the South (Table 11, 

Figure 20). 
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Table 11. Mean meteorological conditions observed at the Gruvefjellet AWS (hourly 
wind speed, wind direction, and air temperature) and the Svalbard Airport (daily 
precipitation) over the entire nine season period of record and for the five synoptic types 
identified in this work. 

Synoptic Type 
(Abbreviated) 

Synoptic 
Type 

(numeric 
identifier) 

Number of 
days 

Mean Wind 
speed – 

scalar (m/s) 

Mean 
Wind 

direction 
(°) 

Mean Air 
temperature 

(°C) 

Mean Daily 
Precipitation 
(mm w.e.) 

All Winter Days NA 2128 4.3 147 -10 0.1 

High to the South 1 47 6.4 189 -6.1 4.3 

High to the Southwest 
(High to SW) 2 31 6.1 213 -8.6 0.7 

High to the 
Southeast/Low to the 

Southwest 
(High to SE/Low to SW) 

3 21  6.1 126 -5.9 0.9 

Zonal 4 31 5.7 190 -9.9 2.9 

Low to the South 5 8 6.9 121 -9.2 0.6 

 

 

 

Figure 20. Pie chart displaying the proportion of drift events characterized by each 
synoptic type. Synoptic types are denoted by their numeric identifiers. 
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Local meteorological conditions for these synoptic types are based on data from the 

Gruvefjellet AWS5 (for wind speed and direction as well as air temperature) and the 

Svalbard Airport AWS (for daily precipitation). Similar to those for the SvalSat AWS, 

the wind rose diagrams for the Gruvefjellet AWS are bimodal – although the Gruvefjellet 

AWS data is characterized by lower wind speeds and more common southerly and 

northwesterly winds (Figure 21). 

 

Figure 21. Wind rose diagrams of hourly wind speed and direction frequencies measured 
at the Gruvefjellet AWS for: a) all nine winter seasons (2006/2007 – 2014/2015), and b) 
the days classified as drift events in this time period for which wind direction data exists. 

Results from the Kruskal-Wallis tests show statistically significant differences 

between hourly wind speed (p-value < 0.001), hourly air temperature (p-value < 0.001), 

and daily precipitation values (p-value < 0.001) for the synoptic types. These results 

indicate the population distributions for the meteorological parameter of interest differs 

for at least one of the synoptic types from at least one of the other synoptic types. The 

                                                 
5 Note that local meteorological observations used for the analyses in this section are from the Gruvefjellet 
AWS and, as such, are not directly comparable to the meteorological summaries in the previous section due 
to a different period of analysis and differing weather station locations. 
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results from the Dunn’s post hoc test with a Bonferroni adjustment provide p-values for 

each of the pairwise multiple comparisons to better distinguish which synoptic types 

differ for each meteorological parameter of interest (Table 12, Table 13, Table 14).  

Hourly wind speeds are relatively similar between the five synoptic drift event 

types (Figure 22). Wind speeds significantly differ only for Zonal (Synoptic Type 4) 

conditions (Table 12), which are lower than for the other four synoptic types (Figure 22). 

 

Figure 22. Boxplot comparisons of hourly wind speed at the Gruvefjellet AWS for the 
five synoptic types, denoted by their numeric identifiers from Table 11. Note the relative 
similarity between the boxplots for all five synoptic types, with only the box for Zonal 
(Synoptic Type 4) conditions extending below the other four. 
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Table 12. Multiple comparison table of p-values resulting from the Dunn’s test 
comparing the different synoptic types on the basis of hourly wind speed. P-values 
representing statistically significant differences at the 0.05 level are in bold.  

Synoptic Type 1 2 3 4 
2 1.0    
3 1.0 1.0   
4 <0.001 <0.001 0.016  
5 1.0 1.0 0.60 <0.001 

Hourly air temperatures have more complex synoptic signals than wind speeds 

(Figure 23), with considerably more variability between the five synoptic types (Table 

Reference). High to the South (Synoptic Type 1) and High to the Southeast/Low to the 

Southwest (Synoptic Type 3) have significantly higher temperatures than the other three 

types, but do not differ from each other (Table 13). High to the Southwest (Synoptic 

Type 2) air temperatures differ from all other synoptic types except for Low to South 

(Synoptic Type 5), with temperatures colder than High to the South and High to the 

Southeast/Low to the Southwest events, but warmer than Zonal (Synoptic Type 4) 

conditions (Table 13). Zonal conditions are colder than all but Low to the South 

conditions, from which they do not significantly differ (Table 13). 

Table 13. Multiple comparison table of p-values resulting from the Dunn’s test 
comparing the different synoptic types on the basis of hourly air temperature. P-values 
representing statistically significant differences at the 0.05 level are in bold. 

Synoptic Type 1 2 3 4 
2 <0.001    
3 1.0 <0.001   
4 <0.001 <0.001 <0.001  
5 <0.001 0.4 <0.001 1.0 
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Figure 23. Boxplot comparisons of hourly air temperatures at the Gruvefjellet AWS for 
the five synoptic types, denoted by their numeric identifiers from Table 11.  
 

Daily precipitation values for all five synoptic types display the characteristics of 

Svalbard’s climatic patterns, with generally low precipitation amounts on average and 

more intense events represented as outliers (Figure 24). Only Low to the South (Synoptic 

Type 5) conditions do not include the presence of outlier precipitation events (Figure 24). 

The majority of the synoptic types cannot be statistically differentiated on the basis of 

daily precipitation values, but High to the South (Synoptic Type 1) conditions result in 

considerably more precipitation than High to the Southwest (Synoptic Type 2) and High 

to the Southeast/Low to the Southwest (Synoptic Type 3) events (Table 14). Similarly, 
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Zonal (Synoptic Type 4) events are characterized by more precipitation than High to the 

Southwest (Synoptic Type 2) events (Table 14). 

 

Figure 24. Boxplot comparisons of the daily precipitation values at the Svalbard Airport 
AWS for the five synoptic types, denoted by their numeric identifiers from Table 11. 
Note the strong influence of outlier precipitation events on the shape of the boxplots. 

 

Table 14. Multiple comparison table of p-values resulting from the Dunn’s test 
comparing the different synoptic types on the basis of daily precipitation.P-values 
representing statistically significant differences at the 0.05 level are in bold.  

Synoptic Type 1 2 3 4 
2 <0.001    
3 0.0045 1.0   
4 1.0 0.015 0.17  
5 0.30 1.0 1.0 1.0 
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Further results associated with these synoptic classifications are the composite 500 

mb geopotential height and sea level pressure (SLP) maps (Figure 25), the composite – 

both mean and anomaly – 1000 mb air temperature maps (Figure 26), and the composite 

500 mb height anomaly maps (Figure 27) in addition to the summaries of the local 

meteorological conditions at the Gruvefjellet AWS associated with each synoptic type 

(Table 11), and the statistical differentiations between the five synoptic types presented 

above. I discuss each event type with respect to these results below. 
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Figure 25. Composite mean geopotential height and SLP maps for the five synoptic types 
with (a) maps showing mean composite 500 mb geopotential heights (m) and (b) maps 
showing mean composite sea level pressure (SLP; mb). 
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Figure 26. Composite air temperature maps for the five synoptic types with (a) maps 
showing mean 1000 mb air temperature (K) and (b) maps showing the 1000 mb 
temperature anomalies (K) based on 1981-2010 climatology. 
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The synoptic type most commonly associated with drift events in northern 

Nordenskiöldland is High to the South (Synoptic Type 1). The 47 drift events 

characterized by High to the South synoptic conditions are typified by high 500 mb 

geopotential heights centered over southern Sweden and Norway, with strong 500 mb 

composite anomalies focused over northern Norway, Sweden, and Finland. At the 

surface, the composite mean SLP map shows a low pressure center positioned southwest 

of Iceland and a large area of high pressure centered over western Russia, the Baltic 

states, and eastern Scandinavia. Near Longyearbyen at the Gruvefjellet AWS, these 

synoptic conditions result in relatively strong winds consistently in excess of 15 m/s 

(scalar mean = 6.4 m/s) primarily from the south-southwest (Figure 28). Local air 

temperatures under High to the South synoptic conditions result in a mean air 

temperature over two degrees Celsius higher than the overall winter season average. The 

composite temperature anomaly map shows anomalously high temperatures over the 

entire archipelago and anomalously low temperatures under the high pressure on 

mainland Scandinavia (Figure 26). High to the South conditions result in relatively heavy 

precipitation at the Svalbard Airport AWS, reflected by a mean daily precipitation value 

considerably higher than for both High to the Southwest and High to the Southeast/Low 

to the Southwest events (Table 14, p-values <0.01). The highest winter season daily 

precipitation total occurred on January 30, 2012 (25.9 mm) and other notable 

precipitation events on December 12, 2012 (19.5 mm), January 18, 2010 (16.9 mm), and 

February 9, 2015 (15.1 mm) all occur under High to the South synoptic conditions 

(Figure 15).  
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High to the Southwest (Synoptic Type 2) and Zonal (Synoptic Type 4) are the 

next most common synoptic types associated with drift events, with each synoptic type 

characterizing 31 drift events. High to the Southwest synoptic conditions are typified by 

high geopotential heights over the United Kingdom, with 500 mb composite anomalies 

centered over the North Atlantic west of southern Norway (Figure 25, Figure 27). A 

surface low pressure is situated off the southeastern coast of Greenland in the SLP 

composite map, and the northernmost extension of a strong surface high pressure region 

over western continental Europe lies over southern Norway (Figure 27). Similar to the 

patterns observed for High to the South conditions, High to the Southwest synoptic 

conditions result in strong winds from a prevailing south-southwesterly direction, with 

less frequent, generally weaker winds from the northwest and southeast (Figure 28). 

Scalar wind speeds (mean = 6.1 m/s) are similar to those observed during High to the 

South conditions (Table 12, p-value > 0.05), but temperatures (mean = -8.6 °C) are cooler 

(Table 13, p-value < 0.001). The strongest positive air temperature anomalies are located  

just east of the archipelago on the composite temperature anomaly map (Figure 26). 

Mean precipitation values for High to the Southwest events are considerably less than 

those observed during High to the South conditions (Table 14, p-value < 0.001). 
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Figure 27. 500 mb geopotential height (m) composite anomalies based on 1981 – 2010 
climatology for the five synoptic types (1-5) identified in this work. 

Zonal (Synoptic Type 4) conditions are characterized by mostly zonal 500 mb 

heights extending across the North Atlantic region (Figure 25). Composite 500 mb height 

anomalies show anomalous low geopotential heights over northeastern Greenland and 

higher than average heights over northwestern Russia (Figure 27). The entire North 

Atlantic region, including Svalbard, is situated under a large area of relatively low 

pressure (Figure 25) at the surface, with surface high pressure just beginning to extend 

into western Russia.  Compared to the local wind conditions resulting from the other four 
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synoptic types, wind directions at the Gruvefjellet AWS during Zonal synoptic conditions 

are considerably more variable (Figure 28). As opposed to winds from either generally 

south-southwesterly (Synoptic Types 1 and 2) or east-southeasterly (Synoptic Types 3 

and 5) directions, winds during Zonal (Synoptic Type 4) conditions blow from the south-

southwest and east-southeast with almost equal frequency and a notable proportion also 

come from the west-northwest. The south-southwesterly winds during Zonal events are 

generally stronger with greater frequency than winds from the east-southeast, but strong 

winds over 15 m/s can come from the east-southeast as well. Scalar wind speeds (mean = 

5.7 m/s) are the lowest for all synoptic types (Table 12, p-value < 0.05 for all 

comparisons) and air temperatures (mean = -9.9 °C) are lower for all synoptic types 

except for Low to the South (Table 13, p-value < 0.05 for all comparisons). Air 

temperatures across the archipelago are still higher than average conditions, but the 

strongest positive temperature anomalies are situated east of Svalbard (Figure 26). Daily 

precipitation values (mean = 2.9 mm) are statistically higher only than High to the 

Southwest conditions (Table 14, p-value 0.015), and notable winter precipitation events 

on March 18, 2011 (24 mm) and January 17, 2010 (9.5 mm) occurred under Zonal 

synoptic conditions (Figure 15). 

High to the Southeast/Low to the Southwest (Synoptic Type 3) conditions 

characterize 21 drift events.  Composite 500 mb geopotential height anomalies for these 

conditions show an area of anomalously low heights near Iceland and higher than average 

heights over northwestern Russia (Figure 27). The primary feature in the SLP composite 

map is the large area of low pressure centered northwest of Iceland, reflecting the 
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expansion of the Icelandic Low (Figure 26). Prevailing wind direction at the Gruvefjellet 

AWS under these conditions is from the southeast (Figure 28), with scalar averaged event 

wind speeds of 6.1 m/s. Locally, High to the Southeast/Low to the Southwest conditions 

result in the higher temperatures (mean = -5.9 °C) than all synoptic types except for High 

to the South (Table 13, p-value < 0.05 for all comparisons), and 1000 mb composite 

temperature anomalies show much higher than average temperatures across Svalbard 

(Figure 26). Daily mean precipitation totals (0.9 mm), while modest, are statistically 

lower than only High to the South conditions (Table 14, p-value = 0.0045).   

The synoptic type least commonly associated with snow drift events in northern 

Nordenskiöldland is Low to the South (Synoptic Type 5). Low to the South synoptic 

conditions are characterized by relatively low 500 mb heights over northern Scandinavia, 

with strong positive 500 mb height anomalies over southeastern Greenland and northern 

Russia and negative height anomalies over southern Scandinavia (Figure 25, Figure 27). 

Prevailing wind directions at the Gruvefjellet AWS under Low to the South synoptic 

conditions are primarily from the east-southeast, although the strongest winds observed 

during Low to the South conditions were from the east-northeast on January 27, 2010. 

Daily precipitation totals at the Svalbard Airport AWS during Low to the South 

conditions are relatively meager (maximum = 1.9 mm on January 27, 2010), and hourly 

air temperatures (mean = -9.2 °C) are lower than for High to the South and High to the 

Southeast/Low to the Southwest conditions (Table 13 ,p-values < 0.001). Nevertheless, 

1000 mb air temperature anomalies show elevated temperatures across Svalbard relative 

to average, with anomalously low temperatures across mainland Scandinavia (Figure 26). 
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Figure 28. Wind rose diagrams of hourly wind speed and direction measured at the Gruvefjellet AWS during drift events for each 
synoptic type. The synoptic type associated with each wind rose is denoted by the number to the upper left of each wind rose diagram. 
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5.4 Case Studies 

In this section, I present case studies of four multi-day drift event periods that 

coincided with cycles of regional avalanche activity as identified by Eckerstorfer [2013]. 

Drift event periods spanning March 22 – 26, 2007, May 3 – 9, 2009, January 14 – 

February 1, 2010, and March 15 – 25, 2011 hereafter referred to as the March 2007, May 

2009, January 2010, and March 2011 case studies are described below in terms of local 

meteorological conditions, synoptic meteorological conditions, and regional avalanche 

activity. All local meteorological data used in this section is from the Gruvefjellet AWS. 

5.4.1 March 2007 

The March 2007 drift event period began under High to the Southwest (Synoptic 

Type 2) synoptic atmospheric conditions on March 22, 2007, with temperatures warming 

between -10 and 0°C throughout the day and winds of approximately 10 m/s from a 

generally southeasterly direction at the Gruvefjellet AWS (Figure 29). On March 23, 

synoptic conditions switched to High to the South (Synoptic Type 1) where they would 

remain for the duration of the period, temperatures fell slightly, and winds shifted to the 

southwest. Precipitation began to fall at the Svalbard Airport AWS on March 24 (3 mm) 

and continued through March 25 (4 mm) and March 26 (1 mm), coincident with 

sustained southwesterly winds and gradually decreasing temperatures. Wind speeds and 

air temperatures increased briefly late on March 23, with hourly wind speeds nearing 20 

m/s from the southwest, and temperatures approaching +1°C near midnight on March 24. 
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On March 26, winds decreased below 5 m/s and began to blow from the southeast, 

temperatures stabilized near -10°C, and the drift event period concluded. 

Avalanche observers on March 25, 26, and 28, 2007 noted multiple cornice-fall, 

slab, and loose snow avalanches throughout the region on most aspects. A single 

slushflow avalanche also occurred on an easterly aspect near Longyearbyen on March 28. 

Cornice-fall and slab avalanches on March 25 and 26 primarily occurred on northeasterly 

through easterly aspects, while some smaller loose snow avalanches were observed on 

northwesterly aspects. Avalanches occurred on similar aspects on March 28 – two days 

after the cessation of the drift event period – with loose snow avalanches and a lone 

slushflow observed on easterly aspects and multiple slab avalanches witnessed on west-

southwesterly through northwesterly aspects.  
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Figure 29. Meteorological and avalanche activity summary for the March 2007 drift event period case study. The wind rose diagram in 
the left panel displays the hourly wind speed and direction frequencies at the Gruvefjellet AWS. The upper right panel displays hourly 
wind speed and air temperature at the Gruvefjellet AWS, daily precipitation at the Svalbard Airport AWS, and the number of observed 
avalanches reported by Eckerstorfer and Christiansen [2011c]. The lower left panel displays hourly wind direction at the Gruvefjellet 
AWS. Synoptic conditions are denoted by their numeric identifier between the upper and lower right panels.  
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5.4.2 May 2009 

A drift event period spanning May 3 – 10, 2009 occurred entirely under High to 

the Southeast / Low to the Southwest (Synoptic Type 3) atmospheric conditions. Local 

meteorological conditions observed at the Gruvefjellet AWS were fairly consistent 

throughout this drift event period: winds blew from the southeast between 5 and 10 m/s, 

temperatures varied between approximately -10 and 0 °C, and light precipitation fell at 

sub-freezing temperatures on May 3 (1.6 mm), May 4 (0.1 mm), and May 5 (1 mm; 

Figure 30). Wind speeds at the end of the drift event period increased to just above 15 

m/s for several hours late on May 9 from the southeast. 

Avalanche observations on the Little Round taken on May 5, 2009 indicated 

noteworthy avalanche activity had occurred since the last observations on May 3. 

Multiple cornice-fall and loose snow avalanches were observed on generally westerly 

aspects, although two cornice falls were also observed on east-northeasterly aspects. 

Additionally, a slab avalanche released on a northerly aspect on May 5 near the SvalSat 

Road. Further avalanche observations on May 6, 7, and 8 included cornice falls and slab 

avalanches on northerly, easterly, southwesterly, and northwesterly aspects throughout 

the region.
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Figure 30. Meteorological and avalanche activity summary for the May 2009 drift event period case study. The wind rose diagram in 
the left panel displays the hourly wind speed and direction frequencies at the Gruvefjellet AWS. The upper right panel displays hourly 
wind speed and air temperature at the Gruvefjellet AWS, daily precipitation at the Svalbard Airport AWS, and the number of observed 
avalanches reported by Eckerstorfer and Christiansen [2011c]. The lower left panel displays hourly wind direction at the Gruvefjellet 
AWS. Synoptic conditions are denoted by their numeric identifier between the upper and lower right panels.  



103 
 

 

5.4.3 January 2010 

A complex, progressive weather pattern existed over Svalbard during the last two 

weeks of January 2010 (drift event period: January 14 – February 1, 2010), resulting in 

anomalously high precipitation values at the Svalbard Airport AWS and avalanche 

activity characterized as extreme in both magnitude and frequency by Eckerstorfer and 

Christiansen [2012] (Figure 31). The period began on January 14 under High to the 

South (Synoptic Type 1) synoptic atmospheric conditions with south-southwesterly 

winds averaging between 5 and 10 m/s at the Gruvefjellet AWS. Air temperatures rose to 

near 0°C throughout the day on January 14, and remained near or above freezing through 

January 18. Under continued High to the South conditions, precipitation began to fall in 

earnest on January 15 (5.9 mm) and continued through January 24. Maximum daily 

precipitation occurred on January 18 (16.9 mm) as rain, and the total precipitation for the 

ten-day period from January 14 – 24 totaled over 50 mm. On January 19, synoptic 

conditions changed to Zonal (Synoptic Type 4), with air temperatures dropping 

throughout the day. Air temperatures continued to drop on January 20, coincident with a 

switch back to High to the South (Synoptic Type 1) conditions. Air temperatures 

subsequently rose again on January 21 and remained, once again, near or above freezing 

through January 26. This interval was characterized by High to the South synoptic 

conditions transitioning to High to the Southwest (Synoptic Type 2) on January 24 and 

variable winds from southerly through westerly directions. On January 26, winds 

abruptly shifted from the southwest to the east-southeast and increased in speed to nearly 

20 m/s. Air temperatures fell dramatically during the day, and 4.6 mm of precipitation 
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fell at the Svalbard Airport AWS, first as rain and then as snow [Eckerstorfer and 

Christiansen, 2012]. Low to the South conditions dominated the rest of the drift event 

period, with continued winds from the southeast and gradually increasing temperatures. 

The avalanche activity that occurred during this drift event period is documented 

in Eckerstorfer and Christiansen [2012]. Wet slab and slushflow avalanches occurring 

during this timeframe were extreme in both destructive size and runout distance, and 

were triggered naturally during two distinct release episodes. On January 15, many 

slushflow avalanches occurred on hillslopes throughout the region, releasing primarily on 

generally easterly aspects. The region subsequently experienced an extreme slab 

avalanche cycle on January 28, with large slab avalanches releasing at elevations between 

450 and 1000 m on easterly aspects and smaller slab avalanches releasing at all aspects in 

a similar elevation range. Despite three days of air temperatures around -15°C prior to the 

avalanche cycle, Eckerstorfer and Christiansen [2012] characterize all slab avalanche 

activity on January 28 as wet slab in nature.
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Figure 31. Meteorological and avalanche activity summary for the January 2010 drift event period case study. The wind rose diagram 
in the left panel displays the hourly wind speed and direction frequencies at the Gruvefjellet AWS. The upper right panel displays 
hourly wind speed and air temperature at the Gruvefjellet AWS, daily precipitation at the Svalbard Airport AWS, and the number of 
observed avalanches reported by Eckerstorfer and Christiansen [2012]. The lower left panel displays hourly wind direction at the 
Gruvefjellet AWS. Synoptic conditions are denoted by their numeric identifier between the upper and lower right panels.  
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5.4.4 March 2011 

Anomalous precipitation values akin to those observed during late January 2010 

occurred during a drift event period spanning March 15 – 25, 2011 under local 

meteorological conditions similar to January 2010, but characterized by a different suite 

of synoptic circulation patterns (Figure 31). The period began with rising temperatures 

and variable wind speeds from the southeast abruptly switching to southwesterly under 

High to the South (Synoptic Type 1) synoptic conditions on March 15. Precipitation 

began to fall on March 16 (3.7 mm) with a transition to Zonal (Synoptic Type 4) 

conditions, and steady winds in excess of 10 m/s continued from the south-southwest. 

Temperatures remained below 0°C at the Gruvefjellet AWS on March 16, rose to slightly 

above freezing on March 17, and fell abruptly to below -10°C on March 18. Precipitation 

continued to fall on March 17 (2.7 mm) and March 18 (24 mm) under Zonal conditions, 

with Eckerstorfer and Christiansen [2012] reporting rain at sea level during this period. 

Light precipitation continued on March 19, 20, and 21, while wind speeds decreased from 

their maximum hourly average values approaching 20 m/s early on March 18 to values 

between 5 and 10 m/s on March 19 where they would remain for the remainder of the 

event. Late on March 18, wind direction switched from the southwest to the southeast for 

just over 24 hours before switching back to a variable, generally westerly direction on 

March 20. Temperatures declined to a minimum just below -20°C on March 22 and 

remained substantially below zero for the rest of the period. A change from Zonal to High 

to the Southwest (Synoptic Type 2) synoptic conditions occurred on March 23, with 

minimal influence on the local meteorological conditions.   
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As with the January 2010 drift event period, avalanche activity during the 

anomalous local weather conditions in March 2011 is documented in Eckerstorfer and 

Christiansen [2012]. Observed avalanche activity during this period was confined to 

March 18, occurring concurrently with the daily period characterized by the highest wind 

speeds and heaviest precipitation. The majority of the avalanches released on easterly 

through southerly aspects, although several avalanches were observed on northwesterly 

and northerly aspects. Dry slab, wet slab, and slushflows all occurred on this day, with 

extreme wet slab and slushflow avalanche behavior observed throughout the region as 

with the January 2010 event period [Eckerstorfer and Christiansen, 2012]. Dry slab 

avalanches occurred primarily above 500 m, and with the exception of one wet slab 

avalanche with an altitude of 550 m, all wet slab and slushflow avalanches released 

below 500 m. This is consistent with the observed generally subfreezing temperatures 

(indicating a higher likelihood of solid precipitation at higher elevations) at the 

Gruvefjellet AWS and with reports of rain and considerably higher temperatures at sea 

level as measured at the Svalbard Airport AWS [Eckerstorfer and Christiansen, 2012].
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Figure 32. Meteorological and avalanche activity summary for the March 2011 drift event period case study. The wind rose diagram in 
the left panel displays the hourly wind speed and direction frequencies at the Gruvefjellet AWS. The upper right panel displays hourly 
wind speed and air temperature at the Gruvefjellet AWS, daily precipitation at the Svalbard Airport AWS, and the number of observed 
avalanches reported by Eckerstorfer and Christiansen [2012]. The lower left panel displays hourly wind direction at the Gruvefjellet 
AWS. Synoptic conditions are denoted by their numeric identifier between the upper and lower right panels.
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5.5 Snow Transport Severity Calculations 

 Presented below are the relevant results from a separate but related study focusing 

on devising appropriate snow fence strategies to mitigate the hazards posed by snow drift 

processes and associated avalanche activity to SvalSat Road. These results are directly 

derived from the calculation methods presented in Tabler [1994] and summarized in 

Sections 4.5 and 4.6 of this thesis. Again, I reference Tabler’s [1994] work for more 

detailed discussion and equation derivations. 

5.5.1 Snow Supply and  
Snow Transport Severity Calculations 

As discussed in Section 5.2.1, the wind rose diagram for all winter days shows a 

bimodal distribution of wind directions (Figure 16). As blowing and drifting snow 

transport is dependent on the frequency and direction of wind speeds greater than the 

minimum threshold speed for dry snow transport of 5 m/s [Li and Pomeroy, 1997; 

Tabler, 1994], the distribution of snow transport directions is bimodal in the same 

manner as the wind directions. However, the prevailing transport direction – the direction 

from which winds are most frequently in excess of the 5 m/s snow transport threshold – 

may differ considerably from the prevailing wind direction because wind speeds below 5 

m/s are not factored into the frequency calculations. For Platåberget and the SvalSat Road 

the prevailing snow transport direction across all six winter seasons is from the east-

southeast, but a secondary transport direction results from strong south-southwesterly 

winds during drift events.  
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Calculations described in Tabler [1994] to determine the principal directions of 

potential snow transport based on a tabulation of wind speed and wind direction 

frequencies show the two primary prevailing snow transport directions are from 105° 

(~east-southeast) and 214° (~south-southwest), respectively. Of these directions, snow 

transport from the east-southeast comprises the majority of annual blowing snow 

transport, with snow transport from the south-southwest and southwest occurring 

primarily during snow drift events. 

Based on Equation 5 (Section 4.5.1), I estimate the snow transport severity for the 

six winter seasons analyzed for local meteorological conditions on Platåberget as shown 

in Table 15. 

Table 15. Annual winter precipitation, annual snow transport (Qt), and the resulting snow 
transport severity classification for the six winter seasons analyzed for this report and for 
which SvalSat weather station data exists. 

 

As a six-year period may be insufficient to adequately characterize the 

considerable inter-annual climatic variability typical of Svalbard [e.g. Førland et al., 

1997]  – especially when considering structure design for infrastructure protection 

Season 
Winter Season 
Precipitation 

(mm) 
Qt (kg/m) Snow Transport Severity 

Classification 

2009/2010 163 171150 Severe 

2010/2011 153.4 161070 Severe 

2011/2012 168.1 176505 Severe 

2012/2013 134.8 141540 Moderately severe 

2013/2014 81.6 85680 Moderately severe 

2014/2015 129 135450 Moderately severe 

6 season Average 138.3 145232 Moderately severe 

40 season Average 119 125360 Moderately severe 
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purposes – I also chose to analyze a longer (40-year) period of record to better 

characterize snow transport severity. The 40-year record of precipitation data (1975-

2015) from the Svalbard Airport weather station yields an average winter season 

precipitation value of 119 mm with an associated mean annual snow transport value 

(Qt,ave) of 125,360 kg/m and a “Moderately severe” snow transport severity classification 

(Table 15). 

This 40-year precipitation record and associated annual snow transport values 

were fit to a Gumbel Extreme Value Type 1 (EV1) distribution [Gumbel, 1941] to 

estimate 10, 30, and 50 year mean annual snow transport events (i.e. mean annual snow 

transport that is likely to occur with an annual probability of 0.1 , 0.03, or 0.02). The 

results from the EV1 analysis show that 10, 30, and 50 year events would be classified as 

“Severe”, with a value for a 50 year event exceeding 200,000 kg/m (Table 16). 

Table 16. Mean annual snow transport (Qt,ave) and snow transport severity classifications 
based on Gumbel’s EV1 distribution. 

Event Return Interval Qt (kg/m) Snow Transport Severity 
Classification 

1 year (Average year) 125360 Moderately Severe 

10 year 167407 Severe 

30 year 195811 Severe 

50 year 208881 Severe 

 

It is important to note the calculations and results presented above in this section 

are accurate only if the following assumptions are valid: 1) All precipitation that falls at 

the Svalbard Airport is accurately measured and recorded by the precipitation gauge at 
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the weather station, and 2) Precipitation amounts at the Svalbard Airport are 

representative of precipitation amounts on Platåberget. 

Due to the systematic underestimation of solid precipitation discussed in 

Goodison et al. [1998] and Section 4.1.1 of this work and the likelihood of enhanced 

precipitation amounts at higher elevations on Spitsbergen discussed and modeled by 

Humlum [2002], neither of the above assumptions are likely valid and precipitation 

amounts are likely underestimated. To assess the impact of these assumptions on mean 

annual transport values and associated snow transport severity classifications, I estimated 

winter precipitation for a range of precipitation catch rates and vertical precipitation 

gradients. The results of this calculation, based on the 40-year average winter 

precipitation value of 119 mm and modeling efforts presented in Humlum [2002], show 

that the 40-year average value should be considered a minimum (Table 17). “Catch rate” 

refers to the amount of actual precipitation measured and recorded by a precipitation 

gauge. In Table 17, a 50% catch indicates that the Svalbard Airport precipitation gauge is 

recording only half of the actual precipitation, and measured values should be adjusted 

upward by 100% (or doubled). Similarly, the percentage of measured precipitation at the 

airport that falls on the plateau due to increased elevation is 100% if the same amount of 

precipitation falls on Platåberget as at the Svalbard Airport (i.e. no vertical precipitation 

gradient exists). Thus, a 50% catch rate at the airport (approximately at 0 m, sea level) 

and a vertical precipitation gradient of 40% per 400 m (the approximate average 

elevation of Platåberget) means that the actual winter precipitation is 140% of double the 
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measured value at the Svalbard Airport or 119 mm * 2 (for the 50% catch rate) * 1.4 (for 

the 40% elevation enhancement) = 334 mm.  

Table 17. Estimated winter season precipitation, mean annual snow transport (Qt,ave), and 
snow transport severity classifications for a variety of catch rates and vertical 
precipitation gradients. 

% catch of 
precipitation 

at the 
Svalbard 
Airport 

% of precipitation 
measured at airport that 
falls on the plateau due 
to increased elevation 

Estimated 
winter 
season 

precipitation 
on 

Platåberget 
(mm) 

Qt,ave  
(kg/m) 

Severity 
Classification 

50 100 239 251000 Severe 

50 140 334 351000 Extreme 

50 160 382 401000 Extreme 

50 180 430 451000 Extreme 

75 100 159 167000 Severe 

75 140 223 234000 Severe 

75 160 255 267000 Severe 

75 180 287 301000 Severe 

100 100 119 125000 Moderately Severe 

100 140 167 176000 Severe 

100 160 191 201000 Severe 

100 180 215 226000 Severe 

 

Based on the results of the EV1 analysis (Table 16) and the precipitation 

estimation results classifications (Table 17), estimating snow supply and mean annual 

snow transport values based on uncorrected precipitation values at the Svalbard Airport 

clearly results in absolute minimum values for winter season precipitation, mean annual 

snow transport, and associated snow transport severity. Therefore, to design snow fences 

that will adequately protect the SvalSat Road from blowing and drifting snow, I 

recommend considering the snow transport problem on Platåberget and the SvalSat Road 
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to be “Severe” because this value represents the 10, 30, and 50 year snow transport 

events using uncorrected precipitation values from the Svalbard Airport and adequately 

represents the majority of mean annual snow transport values for a variety of catch rates 

and vertical precipitation gradients (Table 17). 

Several combinations of catch rates and vertical precipitation gradients result in 

“Extreme” snow transport severity classifications, and 10, 30, and 50 year snow transport 

events for most of the corrected precipitation values in Table 5 also can be classified as 

“Extreme”. However, doubling the storage capacity of a snow fence to accommodate 

snow transport values well beyond the mean annual snow transport results in rather 

minimal decreases in snow removal costs [Tabler, 1994]. Furthermore, should mean 

annual snow transport exceed the storage capacity of a snow fence, the main 

consequences of this exceedance will be incremental increases in snow removal costs on 

the roadway and/or more frequent removal of snow drifts from between fences, opposed 

to the collapse of the structure. Therefore, I classify the snow transport problem on the 

SvalSat Road as “Severe” and develop snow fence strategies accordingly. 

5.5.2 Snow Fence Design 

As discussed in Section 4.6.1, for purposes of this work, K, the design modulus 

ratio, is set equal to one in Equation (6) such that the design transport (Qdes) for which the 

fence is intended to store is equal to the mean annual transport (Qt,ave). For reasons 

discussed above, I have classified the snow transport problem on the SvalSat Road as 

“Severe” based on an analysis of possible mean annual transport values (Qt,ave). Thus, 

according to the recommended fence heights associated with the different snow transport 
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severity classifications presented in Table 5 and Tabler [1994], snow fences installed on 

Platåberget should be at least 5.2 m in height to adequately store the “Severe” mean 

annual transport values.  

Thus, considering the design principles outlined in Section 4.6, primary snow 

fences installed on Platåberget to reduce the snow drift and avalanche hazard on the 

SvalSat Road should be at least 5.2 m in height, with a porosity of 0.5, and of horizontal, 

“Wyoming-style” construction. Suggestions for potential snow fence locations and 

orientations on Platåberget involve fairly extensive fence installations to adequately 

control snow drift near the SvalSat Road (Figure 33). 

 

Figure 33. Generalized plan for the orientation and location of snow fences on 
Platåberget. 
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These locations and orientations are based on the recommendations from Tabler 

[1994] and are modified to the specific case of the SvalSat Road as follows: 

 For prevailing wind and snow transport directions that intercept the area of 

concern at an angle, such as the case with the SvalSat Road, three 5.2 m tall 

(primary) fences should be oriented perpendicular to the prevailing transport 

direction from 105° (Fences A1, A2, and A3). These fences should be spaced 25 

times the height of the fences, such that there is 130 m between them (Figure 9). 

Fences A1, A2, and A3 should all be approximately 200 m in length. 

 To alleviate the effects of blowing and drifting snow from the southwest (214°) 

during storm events, one 5.2 m tall (primary) fence (Fence B1) should be oriented 

perpendicular to this secondary prevailing transport direction and located at least 

180 m from the SvalSat Road. Fence B1 should be approximately 250 m in 

length. 

 Adding a shorter (2 m), secondary snow fence parallel to the road (Fence C1) 

between Fences A1, A2, A3, and the area of greatest concern along the SvalSat 

Road will offer the most complete protection. This fence should be located at least 

70 m from the SvalSat Road, and ideally further back (as discussed below). Fence 

C1 should be approximately 550 m in length to best protect the westernmost 

corner of the “area of concern” (Figure 9). 

 According to Tabler [1994] fences oriented at an angle to the area of primary 

concern (Fences A1, A2, and A3) should be setback from the road a distance 

equivalent to: 
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𝐷 = (sin 𝛼)(12 + 49𝑃 + 7𝑃2 −  37𝑃3)𝐻 (9) 

Where D is the setback distance from the road in meters, α is the angle at which 

the prevailing wind and transport direction intercepts the road, P is the porosity of 

the snow fence, and H is the height of the snow fence in meters. For Fences A1, 

A2, and A3, this setback should be at least 45 m from the primary area of concern 

on the SvalSat Road according to Equation 5 with fence heights of 5.2 m, α = 15°, 

and a porosity of 0.5. Conservatively, I recommend increasing this setback 

distance to at least 70 m to account for variations in transport directions and to be 

located on the flatter portion of the plateau.  
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6. DISCUSSION 

While snow research has taken place in Svalbard for decades [Winther et al., 

2003], research specifically focusing on snow avalanches as natural hazards beginning in 

the 1990s [e.g. Hestnes, 2000] has only recently resumed [Eckerstorfer, 2013]. 

Contemporary work has established Svalbard’s snow and avalanche climatology as a 

unique “High Arctic maritime” setting and proposed a conceptual model for regional 

avalanche activity in Nordenskiöldland in which snow drift processes play a critical role 

[Eckerstorfer and Christiansen, 2011a; Eckerstorfer and Christiansen, 2011b; 

Eckerstorfer and Christiansen, 2011c]. In this model, snow is transported by the wind 

across the broad, horizontal expanses of the region’s plateau mountains and deposited as 

cornices and wind slabs on the leeward plateau margins [Eckerstorfer and Christiansen, 

2011c]. The southeasterly prevailing wind direction controls the location of the largest 

cornices on the west-northwestern plateau margins, and cornice-fall and slab avalanches 

occur most commonly on these aspects [Eckerstorfer and Christiansen, 2011c]. 

This thesis seeks to refine this conceptual framework and build upon the history 

of applied snow and avalanche research for purposes of hazard mitigation in Svalbard 

[e.g. Hestnes, 2000] by more specifically investigating snow drift processes in Svalbard’s 

unique High Arctic maritime snow climate. Specific research tasks within this thesis 

included: 1) performing manual drift observations using mechanical traps during periods 

of visible snow transport, 2) developing a record of regional drift events, 3) 

characterizing the local and synoptic meteorological conditions leading to these regional 

snow drift events, 4) exploring the relationship between drift events and observed 
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avalanche activity through four case-studies, and 5) employing proven and reliable 

analytical methods to develop snow fence strategies to reduce the accumulation of wind 

transported snow on key transportation corridors.  

To best mitigate the well-documented hazards associated with snow drift 

processes in Svalbard through either direct measures (e.g. using snow fence strategies to 

promote snow accumulation in favorably benign areas and to prevent hazardous snow 

accumulations near infrastructure or in avalanche starting zones) or indirect measures 

(e.g. identifying and characterizing meteorological conditions and patterns conducive to 

the development of hazardous snow drift conditions and integrating this knowledge into a 

regional avalanche forecast), conditions leading to snow drift events in the past must first 

be investigated. This work augments a record of road closures on the SvalSat Road using 

observed local meteorological conditions to create a nine-year record of regional drift 

events. I then use this record to describe key meteorological metrics that characterize 

snow drift events and investigate case studies for periods when drift events and observed 

avalanche activity coincided. This knowledge can then be applied to better forecast for 

and manage hazards associated with snow drift processes in this specific snow climate.  

6.1 Study Limitations 

This study is limited by the reliability of the included datasets employed in the 

analyses, the temporal and spatial resolution and coverage, and by uncertainties 

associated with meteorological measurements. A brief discussion of these major 

limitations and associated uncertainties can help clarify the scope of the analyses and the 

findings presented in this work.  
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  The reliability of the SvalSat Road closure record as a proxy for regional drift 

events is limited by helicopter transport availability and by the statistical methods used to 

gap-fill and extend the SvalSat AWS (see Section 4.1.2). As helicopter transport cannot 

occur during the most severe winter storms due to dangerous flying conditions, days with 

very strong winds and heavy precipitation are likely not included in the road closure 

record. I have attempted to address this limitation by employing the 10 m/s wind speed 

threshold to also define days preceding confirmed road closures as drift events, but this 

classification scheme will still classify periods of snow drift activity totally absent from 

the SvalSat record as non-events. Additionally, helicopter transport can be employed to 

access the SvalSat Station following the cessation of snow drift activity as avalanche 

debris and wind deposits are cleared from the road. This results in meteorological 

conditions during a period classified as a drift event (based on the helicopter transport 

record) that are not representative of those occurring during snow drift (e.g. wind speeds 

of approximately 0 m/s). Finally, the 10 m/s threshold wind speed is based on statistical 

relationships between wind speeds at the Gruvefjellet AWS and SvalSat AWS for periods 

outside the range of the SvalSat AWS’s coverage and is less reliable than if direct 

observations existed for all time periods included in this study. This is especially true 

considering the issues related to the non-standard 41.1 m height at which the SvalSat 

AWS records wind speeds, as discussed in Section 4.1.2. 

Temporal and spatial constraints limit this study, especially with respect to the 

regional drift event record and avalanche activity observations. The regional drift event 

record is based on road closures on a very short section of road, which spatially limits 
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this record’s applicability to a relatively small portion of Svalbard. Similarly, the 

avalanche observations are spatially limited at their maximum to the Little Round and 

frequently occurred with even more reduced spatial coverage. This limits the 

meteorological condition characterizations and case study descriptions to the northern 

Nordenskiöldland region. While this is the region of greatest concern for avalanche 

forecasting in Svalbard, these results are of reduced practical application elsewhere on 

the archipelago where topographical, meteorological, and snowpack characteristics may 

influence snow drift and avalanche activity in different ways. These spatial constraints 

are further compounded by the limited temporal coverage and resolution of the drift event 

and avalanche activity records. With less than a decade of data coverage, these datasets 

are insufficient to adequately characterize Svalbard’s climatic variability and may even 

be representative of a rather unique warm period in the region’s climate history [Førland 

et al., 2011; Humlum et al., 2003]. As such, these datasets and analyses are insufficient to 

characterize snow drift and avalanche activity on the longer time scales that are required 

to adequately plan for more extreme events. 

The siting of the meteorological measurements and the considerable uncertainties 

associated with measuring solid precipitation in Svalbard (see Section 6.3.1, below) 

introduces further uncertainty into these analyses. Siting of the weather stations in 

northern Nordenskiöldland used in this study are limited in their elevational coverage, 

with sites confined to low (Svalbard Airport AWS) and plateau summit (Gruvefjellet 

AWS and SvalSat AWS) elevations. No direct observations take place at the highest 

(>500 m) elevations of the study area, and precipitation measurements are confined to 
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sea-level. Thus, the weather observations included in these analyses are most 

representative of the specific locations at which they are taken, and care should be taken 

when extrapolating these point measurements over wider, more topographically diverse 

areas. 

6.2 Manual Drift Observations 

My primary goal in conducting manual drift observations was to define an 

empirical relationship between observed wind speed and snow transport rates for the 

regional snow climate near Longyearbyen. While I collected a sufficient number of ten-

minute observations of coupled wind speeds and snow transport rates during periods of 

visible snow transport to define a power-law relationship (Figure 14), the robustness of 

this relationship is questionable due to considerable measurement inaccuracies involved 

in the methods described in Section 4.2, a fairly narrow range of observed temperatures 

and wind speeds during the drift events, and an inability to differentiate between 

precipitating snow blowing into the traps (preferential deposition) and snow drift 

processes transporting snow into the traps.  

The rapid increase in drift transport rate with increasing wind speed represented 

by Equation (8) is consistent with numerical models relating snow transport to wind 

speed developed in other snow climates [e.g. Budd et al., 1966; Kobayashi, 1972; 

Takeuchi, 1980]. Tabler et al. [1990] noted a general consensus in previously published 

studies that transport rate is approximately proportional to the cube of the wind speed 

(measured at 1 m) in power-law relationships, with slight variations in the relationship 

due to differing snow surface characteristics and meteorological conditions between the 
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studies. The relationship presented in Equation (8)  of this work is most similar to that 

estimated by Takeuchi [1980], where drift transport is related to wind speed over settled, 

dry snow by the equation: 

𝑞 = 0.0000029𝑢1
4.16 (10) 

where q is the calculated snow transport rate in the bottom 2 meters of the atmosphere, 

and u1 is the wind speed at 1 m. However, the constant in Equation (8) based on my 

observations is an order of magnitude less than that in the equation from Takeuchi [1980] 

(see Figure 14), likely due to considerable snow mass lost from the traps during my 

manual drift observations. Additionally, I was unable to distinguish between lightly 

precipitating snow deposited in the traps and blowing and drifting snow deposited in the 

traps during some of the ten-minute observation periods where snow drift processes and 

preferential deposition occurred simultaneously. This likely resulted in measured 

transport rates higher than would be expected due to snow drift processes only, further 

degrading the robustness of the observed relationship. The co-occurrence of preferential 

deposition and snow drift processes as defined in Section 2.1, however, seems to be a 

distinct feature of drift events in Svalbard, and disentangling the relative contributions to 

total snow transport was well beyond the scope of this study.  

Considering the previously mentioned inaccuracies in this field data and previous 

findings that mechanical snow traps consistently underestimate drift transport rates by up 

to 10% [e.g. Schmidt, 1986], the similarity between established numerical snow transport 

models and the observed relationship between wind speed and measured transport rate is 

sufficient to serve as a proof-of-concept exercise for Svalbard’s snow climate. As such, 
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the observed pattern between wind speed and measured transport rate is sufficiently 

similar to relationships observed in other snow climates summarized by Tabler et al. 

[1990] to justify the application of generic wind speed/snow transport numerical 

relationships developed in other snow climates for purposes of calculating snow transport 

in Svalbard. 

6.3 Local and Synoptic Meteorological Conditions during Drift Events 

In this section I discuss the results pertaining to the characterization of the local 

and synoptic weather conditions associated with the regional snow drift events in 

northern Nordenskiöldland. I separated these analyses based on data availability. I 

discuss these results in independent subsections below for clarity and to differentiate 

between the timeframes and data sources employed for each analysis.   

6.3.1 Local Meteorological Conditions 

I described the local meteorological conditions during drift events and statistically 

discriminated between key weather metrics during drift events and non-events using 

weather data from the SvalSat AWS and the Svalbard Airport AWS for the six winter 

seasons from 2009/2010 to 2014/2015. Based on the results from the K-S two-sample 

tests for each key weather metric considered in this study, drift events are characterized 

by higher wind speeds, elevated air temperatures, and more precipitation than non-event 

periods.  

Higher wind speeds (K-S two-sample test, p-value < 0.001) during drift events 

(scalar average = 9.7 m/s) compared to non-events (scalar average = 5.9 m/s) is an 
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unsurprising result considering the vast body of literature demonstrating increased snow 

transport with increasing wind speeds. Median and scalar averaged wind speeds (9.7 m/s 

and 9.2 m/s) for the drift events are similar to the 10 m/s threshold for considerable snow 

transport found by Li and Pomeroy [1997], indicating this threshold value is also 

applicable in Svalbard’s snow climate. As this 10 m/s wind speed has also been shown to 

be a threshold value above which suspension processes begin to dominate snow transport 

[Pomeroy, 1989], the median and scalar averaged wind speeds for drift events indicate 

that these events are likely characterized by considerable snow transport via suspension. 

When viewed in the well-documented context of increased snow transport due to higher 

wind speeds during periods of active snow drift, these results support using the record of 

closures on the SvalSat Road as the basis for constructing a historical drift event record in 

the absence of other criteria; had wind speeds during drift events been similar to speeds 

during non-events, the reliability of road closures as a proxy for drift events may have 

been questionable.   

 Wind directions during drift events are typically from the south-southwest and the 

east-southeast. Whereas a similarly bimodal distribution exists for wind directions across 

the entirety of the six season analysis period, winds during drift events are more 

commonly from a generally southwesterly direction, while the prevailing winter wind 

direction is from the southeast (Figure 16). The wind rose diagram for drift events 

(Figure 16a) indicates drift events characterized by southwesterly winds have more 

frequent strong winds greater than 15 m/s than those characterized primarily by 

southeasterly winds. Infrequently, drift events can occur with strong east-northeasterly or 
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northwesterly winds under High to the Southwest or Low to the South synoptic patterns 

(discussed in more detail in the subsequent section). Wind direction results are similar to 

those presented by Christiansen et al. [2013] and Eckerstorfer and Christiansen [2011a] 

for the Gruvefjellet AWS, where prevailing winter winds were found to blow from the 

southeast, with southwest winds dominating during winter storm events. It is important to 

stress these results characterize wind data from automatic weather stations representative 

of regional airflow across relatively horizontal expanses. While previous research has 

demonstrated winds representative of regional airflow govern snow accumulation and 

avalanche activity on a relatively coarse scale [Eckerstorfer and Christiansen, 2011c], the 

topographical channeling effects and resulting locally redirected winds noted by 

Christiansen et al. [2013] likely affect snow drift processes to a considerable degree 

when considering sites located in the region’s valleys at finer spatial scales. 

 Air temperatures during drift events were also found to be significantly higher 

than during non-events (K-S two-sample test, p-value < 0.001). Although previous field 

observations and numerical modeling efforts have indicated warmer temperatures can 

inhibit the remobilization of snow by wind [Li and Pomeroy, 1997; Pomeroy et al., 

1993], the generally sub-zero air temperatures on Platåberget indicate elevated air 

temperatures during drift events are unlikely to limit snow transport, given sufficient 

snow availability and wind speeds above threshold values for the given conditions. 

Instead, warm air advection associated with meridional heat transfer during winter storms 

as discussed by Førland et al. [1997] and Bednorz and Fortuniak [2011] provides a 

mechanism to elevate temperatures during drift events, while colder, stable air masses 
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depress temperatures during non-event days. These results indicate the strong winds 

accompanying warm winter storms are sufficient to overcome the increase in threshold 

wind speed associated with elevated air temperatures. Accumulating precipitation during 

these storms also suggests increased snow availability for transport, and the combined 

effects of stronger winds and more snow available for transport during winter storms 

likely counteract any change in threshold conditions accompanying increased air 

temperatures. 

 Drift events are characterized by significantly higher daily precipitation values 

than non-event days (K-S two-sample test, p-value < 0.001). This result also suggests 

Svalbard’s snow climate is supply-limited. With winds persistently (winter season hourly 

scalar mean = 6.2 m/s) blowing across the region’s plateau summits virtually 

unobstructed by tall vegetation or variable topography, transportable snow is readily 

scoured from the snow surface. This leaves a wind-hardened snow surface requiring 

much stronger wind speeds to further re-mobilize surficial snow particles. However, 

during winter storms accompanied by strong winds, recently precipitated and actively 

precipitating snow is readily transported across the region’s fetches through snow drift 

and preferential deposition processes resulting in regional drift events.  

 However, the lack of any precipitation measurements with adequate temporal 

resolution at higher elevations in Svalbard and the substantial issues with accurately 

measuring precipitation in arctic environments under the specific weather conditions 

characterizing drift events (e.g. high wind speeds and co-occurring blowing and 

precipitating snow) adds considerable uncertainty to these precipitation values. 
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Additionally, although the majority of the winter season precipitation at the Svalbard 

Airport falls as snow, liquid or mixed precipitation frequently falls at sea level during 

warm winter storms [Eckerstorfer and Christiansen, 2012; Førland et al., 1997]. In the 

absence of reliable precipitation type data for the elevations relevant to these analyses    

(> 400 m), I use the 1.5 °C temperature threshold suggested by Førland and Hanssen‐

Bauer [2003] to discriminate between liquid and solid precipitation types on 

Spitsbergen6. With temperatures during drift events on the plateau summit of Platåberget 

reaching a maximum of 1.4 °C, it is likely most of the precipitation that falls during drift 

events at this elevation is snow – even when liquid precipitation is falling at the Svalbard 

Airport AWS. Nevertheless, rain-on-snow events at higher elevations during drift events 

would considerably limit snow transport, and future studies would benefit from a better 

system for discriminating between precipitation types at elevation.   

 The higher wind speeds, generally southwesterly or southeasterly winds, elevated 

air temperatures, and increased precipitation values characterizing regional drift events 

are consistent with winter storm condition descriptions from previous studies of 

Svalbard’s meteorology [e.g. Førland et al., 1997; Hanssen-Bauer et al., 1990; Humlum, 

2002]. Winter storms in Svalbard provide the “ingredients” for regional drift events 

(strong winds combined with a sufficient supply of snow available for transport) that may 

be lacking at other times. For example, the seasonal summaries in Figure 15 show distinct 

periods of strong winds without precipitation (e.g. December 25, 2012 and October 28, 

                                                 
6 In a statistical analysis of meteorological variables at various Spitsbergen weather stations, Førland and 

Hanssen-Bauer [2003] found 1.5 °C to be the threshold temperature at which the probability for liquid and 
solid precipitation is equal. 
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2014)) and precipitation without strong winds (e.g. October 6, 2014) classified as non-

events. While the drift event classification scheme used for this study is certainly not 

without its flaws – high winds coincident with fairly heavy precipitation on December 20 

– 23, 2009 result in non-event classifications – it seems plausible to qualitatively relate 

regional snow drift activity to winter storm passage based on this study’s results. 

6.3.2 Synoptic Conditions 

I analyzed nine winter seasons spanning 2006/2007 to 2014/15 to investigate 

synoptic atmospheric patterns influencing drift events and used meteorological data from 

the Gruvefjellet AWS and the Svalbard Airport AWS to characterize the local weather 

conditions for these analyses.  

The five synoptic types identified in this study show differing patterns in 

atmospheric circulation over the northern North Atlantic basin during regional snow drift 

events in central Spitsbergen. As these drift events primarily occur during winter storms 

as discussed above, these synoptic patterns also represent atmospheric conditions 

conducive to cyclonic activity near Svalbard. It is well established that winter weather 

patterns in Svalbard are strongly influenced by the passage of low pressure cyclones 

moving meridionally up the North Atlantic storm track and bringing warm air, 

precipitation, and strong winds to central Spitsbergen [Christiansen et al., 2013; 

Eckerstorfer and Christiansen, 2011a; Førland et al., 1997; Rogers et al., 2005]. The 

location of this storm track depends primarily on the relative locations of the Icelandic 

Low in the North Atlantic Basin and the Siberian High over continental Eurasia [Dickson 

et al., 2000; Hanssen-Bauer et al., 1990; Rogers et al., 2005; Serreze et al., 1993]. The 
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results from this study help contribute to our understanding of winter storms in Svalbard 

and, by specifically relating synoptic atmospheric conditions to snow and avalanche 

processes, can potentially improve forecasts of hazardous snow and avalanche conditions 

for central Spitsbergen.  

Regional snow drift events in central Spitsbergen are most commonly 

characterized by High to the South synoptic conditions in which a distinct region of high 

pressure exists over Scandinavia and western Russia, and, at sea level, low pressure is 

centered southwest of Iceland (Figure 25). A similar synoptic pattern is reflected by High 

to the Southwest conditions, although in this case high pressure is centered southwest of 

Scandinavia and surface low pressure is displaced further southwest of Iceland (Figure 

25). The synoptic set-ups represented by these two synoptic types allow for warm, moist 

upper and surface level southwesterly flow over Svalbard in a pattern similar to those 

described by Serreze et al. [1993] for common winter cyclone paths into the Arctic Basin 

and by Rogers et al. [2005] for mild winters in Svalbard.  Both High to the South and 

High to the Southwest synoptic conditions – together comprising the synoptic conditions 

for well over half the analyzed drift events – result in south-southwesterly winds and 

elevated temperatures in central Spitsbergen. Interestingly, drift events under High to the 

South conditions are characterized by considerably more precipitation than High to the 

Southwest events (p-value < 0.001). Upper level patterns during High to the South events 

may result in increased precipitation over central Spitsbergen by focusing the cyclone 

track more directly on Svalbard than during High to the Southwest events when its 

location is more southerly. 
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In contrast to local meteorological conditions observed during drift events under 

High to the South and High to the Southwest synoptic patterns, drift events under High to 

the Southeast/Low to the Southwest and Low to the South conditions are characterized by 

east-southeasterly winds. In both these synoptic types, low pressure centered in the 

Norwegian Sea (during Low to the South events) or north of Iceland (during High to the 

Southeast/Low to the Southwest events) promotes easterly airflow over Svalbard more 

similar to average winter conditions. However, the 500 mb height anomalies for these 

synoptic types suggest anomalously strong low pressures near Iceland and over 

Scandinavia, resulting in stronger pressure gradients and increased winds relative to 

average conditions under these synoptic patterns (Figure 27). Precipitation amounts are 

decreased relative to High to the South conditions during High to the Southeast/Low to 

the Southwest events (p-value = 0.0045). The 500 mb pattern for the High to the 

Southeast/Low to the Southwest type again reflects findings by Serreze et al. [1993] and 

Rogers et al. [2005] and their identification of a cyclonic path from the Barents Sea into 

the Arctic Basin passing east of Svalbard. Cyclones traveling north on this track bring 

southeast winds and precipitation to Svalbard. Relatively rare Low to the South 

conditions may also represent similar cyclonic activity, but occasional very strong winds 

from the east-northeast and considerably local colder temperatures during Low to the 

South events suggest slightly different airflow patterns.  

Zonal synoptic conditions can result in winds from the southwest, southeast, or 

northwest and heavy precipitation over Nordenskiöldland. The lack of readily discernible 

high and low pressure centers and resulting zonal air patterns over Svalbard typifying this 
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synoptic type are a distinct departure from the more meridional airflow characterizing the 

other four types. While zonal airflow has a documented history of causing strong winds 

and heavy precipitation in mountainous mid-latitude regions [Birkeland and Mock, 2001; 

Hansen and Underwood, 2012], such airflow patterns are not typically expected over 

Svalbard. Perhaps the spatial resolution used to classify the synoptic types for this study 

was too coarse to differentiate between the atmospheric patterns resulting in either 

southeasterly and southwesterly winds under Zonal conditions. Airflow patterns grouped 

into the Zonal synoptic type were more variable than for the other synoptic types, and the 

resulting composite maps are less representative of a distinct synoptic pattern and 

associated local meteorological conditions. In any case, wind directions under Zonal 

conditions are more variable than for the other synoptic types, limiting the applicability 

of the Zonal synoptic type as defined by this study to improve snow and avalanche 

forecasts in central Spitsbergen. 

All synoptic types identified in this study are characterized by elevated regional 

temperatures relative to the 1981-2010 climatology (Figure 26). This is again consistent 

with previous research showing warm air advection associated with meridional airflow 

during winter cyclones over Svalbard [e.g. Dickson et al., 2000; Hanssen-Bauer et al., 

1990; Rogers et al., 2005] and coincides with the airflow patterns discussed above. 

However, discriminating between the five synoptic types on the basis of air temperature – 

at least at the synoptic scale – is impeded by the strong influence of the Gulf Stream over 

the air temperatures in the North Atlantic. All five synoptic types show relatively similar 

air temperature signals on 1000 mb composite air temperature maps (Figure 26), with 
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higher temperatures associated with the general path of the warm ocean currents. 

Similarly, although minor differences regarding the exact location and magnitude of the 

regional temperature anomalies exist, the overall regional temperature anomaly signal for 

all synoptic types is one of warmth. Thus, while local temperatures measured by weather 

stations may differ between the synoptic types (Table 11, Figure 26, K-W test p-value < 

0.001), drift events are generally associated with regional warmth at the synoptic scale. 

The synoptic conditions leading to drift events as identified by this work further 

demonstrate the considerable atmospheric and climatological variability characterizing 

Svalbard. Drift events may result from several synoptic air patterns, and a single 

circulation type cannot explain all – or even a majority of – the drift events analyzed in 

this study. Furthermore, the frequency of low pressure cyclones in the North Atlantic 

region has been suggested as a dominant control on avalanche activity in central 

Spitsbergen [Eckerstorfer and Christiansen, 2011c], and, based on the results of this 

study, likely controls the frequency of regional snow drift events as well. With some 

downscaled climate models indicating future decreases in North Atlantic cyclonic activity 

[Zahn and von Storch, 2010] and dramatically changing local meteorological conditions 

already being observed throughout the archipelago [Førland et al., 2011], continued 

synoptic climatological research in Svalbard is critical to understanding what is likely a 

rapidly changing snow and avalanche climate. 

6.4 Snow Drift and Avalanche Activity in Svalbard 

The case studies presented in Section 5.4 provide an opportunity to synthesize the 

local and synoptic meteorological conditions during drift events with observed avalanche 
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activity in an attempt to refine the conceptual model of avalanche activity for the 

Nordenskiöldland region developed by Eckerstorfer [2013]. However, the case study 

approach necessitated by the available data limits the applicability of any conclusions 

stemming from these analyses. Still, this descriptive approach is useful for refining a 

conceptual model and identifying improvements to make future work more conducive to 

quantitative analysis.  

In this section, I discuss notable meteorological and avalanche activity 

observations occurring during the four drift event periods studied (March 2007, May 

2009, January 2010, and March 2011) to show how patterns in synoptic and local 

meteorological conditions during drift events can influence regional avalanche activity in 

Nordenskiöldland.  Two of these case studies – the March 2007 and May 2009 periods – 

likely represent lower-magnitude, higher-frequency avalanche events, while the January 

2010 and March 2011 periods both represent more extreme high-magnitude, low-

frequency events [Eckerstorfer and Christiansen, 2012].  

The March 2007 period occurred entirely under High to the Southwest and High 

to the South synoptic conditions, with southeasterly or southwesterly winds and modest 

precipitation totals. Under High to the Southwest conditions on March 22, winds were 

southeasterly – a deviation from the generally southwesterly winds characterizing this 

synoptic type – but abruptly switched to from south-southwest as synoptic conditions 

changed to High to the South. The main frontal passage occurred late on March 23, as 

both temperatures and wind speeds rose abruptly and precipitation intensified and 

continued through March 26. Avalanches observed on primarily easterly aspects on 
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March 25 and 26 likely reflect the predominantly southwesterly wind direction during 

which the majority of the precipitation fell (March 24 and 25), as wind transported snow 

accumulating on leeward, easterly aspects would prime these slopes for avalanche 

release. Similarly, a switch to southeasterly winds on March 26 was followed by 

observed avalanches on generally westerly aspects on March 28, although some 

avalanches were also observed on easterly aspects. 

The May 2009 period occurred entirely under High to the Southeast/Low to the 

Southwest synoptic conditions with southeasterly winds, relative mild temperatures 

approaching 0°C for the majority of the period, and relatively anemic precipitation totals. 

Avalanche activity during this event was predominantly cornice-fall, although multiple 

loose snow and several slab avalanches were also observed. Interestingly, Eckerstorfer

and Christiansen [2011c] attribute this avalanche cycle to warming temperatures and 

resulting increased cornice creep and failure, suggestive of unrelated, co-occurring 

avalanche activity and snow drift processes during this period. This is in agreement with 

findings from Vogel et al. [2012], who established that while cornice accretion in 

Svalbard occurs during periods of active snow transport during winter storms, cornice-

fall avalanche days can only be discriminated from non-avalanche days by generally 

higher temperatures. While it is possible that minor cornice accretion occurred during this 

period due to snow drift such that cornice mass increased beyond a threshold and resulted 

in cornice collapse, no data exists to further investigate cornice failures during this 

avalanche cycle. 
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The January 2010 period spanning the nineteen days from January 14 – February 

1, 2010 is the longest drift event period documented in the nine winter seasons analyzed 

for this study and coincided with a period of extreme avalanche activity in 

Nordenskiöldland. Monthly precipitation at the Svalbard AWS during January 2010 

approached 400 percent of the 1912-2010 average, with the majority falling as rain 

between January 14 and 18 (Figure 14, Figure 31; [Eckerstorfer and Christiansen, 

2012]), and hourly wind speeds consistently exceeded 10 m/s at the Gruvefjellet AWS 

(Figure 31).  

Persistent High to the South conditions dominated the period from January 14 – 

23 (with the exception of a single day of Zonal conditions on January 19) resulting in 

high air temperatures, heavy rain at the Svalbard Airport AWS, and southwesterly winds 

generally between 5 and 10 m/s. A more progressive synoptic pattern began on January 

23, as High to the South conditions transitioned to High to the Southwest on January 24 

and 25, and to Zonal on January 26. A dramatic shift in local weather accompanied a 

transition from Zonal to Low to the South synoptic conditions on January 26 and 27 as air 

temperatures dropped rapidly, hourly wind speeds approached 20 m/s, winds abruptly 

shifted from the southwest to the southeast, and precipitation resumed.  

Avalanche activity documented during this drift event period coincides with two 

periods of noteworthy synoptic and local meteorological conditions. Slushflow 

avalanches observed on January 15 released under persistent High to the South conditions 

that allowed cyclonic activity in the North Atlantic to bring warm air and sustained heavy 

liquid precipitation to the region. Although hourly air temperatures never exceeded the 
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1.5°C threshold established by Førland and Hanssen‐Bauer [2003] for precipitation type 

differentiation at the Gruvefjellet AWS, observed slushflow avalanche activity was likely 

a result of heavy rain at lower elevations and not snowfall and wind loading at higher 

elevations.  A wet slab avalanche cycle on January 28 followed the progression from 

High to the Southwest to Low to the South synoptic conditions. This synoptic progression 

is suggestive of change in warm air advection from a generally southerly direction to cold 

air influx from the northeast. This pattern change is similar to, but out of phase with, 

synoptic progressions on mainland Norway where an abrupt change from cold, northerly 

flow to warm southwesterly flow is associated with major avalanche events [Fitzharris

and Bakkehøi, 1986]. During this time, precipitation falling as snow under decreasing air 

temperatures would have been rapidly transported by strong easterly winds and loaded a 

snowpack already destabilized by the previous weeks’ rain. Slab avalanches of 

unprecedented extent were observed primarily on easterly aspects, however, suggesting 

the easterly wind and snow transport direction prior to this cycle did not exert a strong 

control on the largest avalanche releases. Similarly, smaller slabs were observed on all 

aspects and do not appear to follow a spatial pattern based on regional wind direction 

prior to the avalanche cycle.  

The March 2011 drift event period coincided with a similarly extreme avalanche 

cycle as the January 2010 period, but synoptic controls on snow drift and avalanche 

activity are less clear. Zonal synoptic conditions dominated the majority of the period, 

with local weather conditions characterized by strong winds, warm temperatures, and 

heavy precipitation prior to observed avalanche activity on March 18. Rain recorded at 
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sea level on March 18 fell with sub-zero temperatures at the Gruvefjellet AWS, 

suggesting snowfall at higher elevations. Avalanche activity on March 18 displayed a 

similarly strong elevational control, with dry slab avalanches releasing above 500 m, and 

wet slab and slushflow avalanches releasing generally below 500 m. Dry and wet slab 

avalanches were observed mostly on easterly aspects. As wind speeds were well in excess 

of the 9.9 m/s average threshold wind speed for wet snow transport prior to the avalanche 

cycle, wind loading under southwest winds likely controlled the spatial pattern of 

observed slab avalanche activity to a degree. 

These case studies show that while snow drift processes and avalanche activity 

often occur simultaneously during winter storms induced by passing low pressure 

cyclonic activity, other factors such as heavy rainfall and warm air temperatures may 

exert as much control as snow drift on avalanche activity, especially during low-

frequency, high magnitude avalanche cycles. The March 2007 case study perhaps best 

illustrates snow drift control on observed avalanche activity, where snow drift and 

preferential deposition processes likely concentrated modest precipitation totals on 

leeward aspects resulting in avalanche release. Snow drift and avalanche activity 

occurring simultaneously during the May 2009 case study may have been mostly 

decoupled, with warm air temperatures primarily controlling cornice-fall avalanche 

release [Eckerstorfer and Christiansen, 2011c]. The extreme avalanche cycles 

investigated in the January 2010 and March 2011 case studies demonstrate a more 

complex relationship between snow drift and avalanche activity, where synoptic patterns 

conducive to warm air advection and moisture transport from lower latitudes to Svalbard 
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result in strong winds and heavy precipitation of varying types. It is difficult to 

adequately characterize precipitation types at elevation for these periods given the 

available data, but established precipitation type discrimination thresholds for 

Spitsbergen suggest snow drift activity prior to observed slab avalanche release for these 

case studies.  

Avalanche activity on Spitsbergen shows a clear seasonal control where 

avalanche release is primarily confined to later in the snow season (March, April, and 

May), while snow drift events may occur throughout the winter. Eckerstorfer and

Christiansen [2011c] attribute the seasonality of the observed avalanche activity to the 

slow onset of snow cover early in the snow season and the lack of direct insolation during 

the polar night. Given sufficient snow available for transport, these factors would not 

limit snow drift activity; indeed, active snow drift processes early in the snow season 

control the seasonal snow cover’s development and influence subsequent avalanche 

activity through the lee aspect snow deposition and cornice accretion [Eckerstorfer and

Christiansen, 2011c; Jaedicke and Sandvik, 2002; Vogel et al., 2012]. Later in the season 

when snow drift and avalanche activity coincide during winter storms, wind loading 

likely influences the observed avalanche activity patterns, but very localized topographic 

controls on snow deposition not represented by the regional airflow measured at the 

Gruvefjellet AWS may govern the specific areas of avalanche release.  

6.5 Implications for Snow Fences in Svalbard 

Snow fence strategies in Svalbard can be developed with a refined understanding 

of snow drift processes in the region stemming from the results of this study, but further 
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work is needed to ensure snow fence effectiveness. In Svalbard’s supply-limited snow 

climate, annual snow transport calculations are best based on snow available for transport 

as based on precipitation records as shown by Equation (4). I have attempted to address 

considerable uncertainty in precipitation measurements by correcting for gauge 

undercatchment and elevation gradients as described in Section 5.5.1, but considerable 

uncertainty still exists with regards to the “Severe” annual snow transport severity on 

which fence height is based. Furthermore, the considerable logistical and financial costs 

associated with any construction in permafrost environments [e.g. Humlum et al., 2003] 

necessitates field validation of this study’s results prior to proceeding with extensive 

snow fence construction in Svalbard.   

Considering these uncertainties, I recommend installing a single row of trial snow 

fences in simple topography prior to proceeding with larger, more labor and material 

intensive snow fence installations on Platåberget or elsewhere in Svalbard. Testing a 

single row of semi-permanent trial snow fences based on this study’s results (Wyoming-

style fences 5.2 m in height with a porosity of 0.5) will provide reliable field observations 

of drift development, snow fence storage capacity, and snow fence effectiveness in 

Svalbard’s unique snow climate. If these fences perform as anticipated confirming the 

Tabler [1994] approach to developing snow fence strategies for uniform terrain, more 

extensive snow fences can be installed on Platåberget (as per Figure 33) to protect the 

SvalSat Road from future snow drift and associated avalanche activity. Additional snow 

fences developed using this methodology could also be installed on the western margins 
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of the Gruvefjellet plateau as suggested by Eckerstorfer [2013] to limit cornice and wind 

slab development above infrastructure in Longyearbyen. 

A more refined approach to snow fence design based on high resolution snow 

distribution data from terrestrial laser scanners and high resolution wind field modeling 

has been recently developed to limit wind transported snow accumulation in avalanche 

start zones in the European Alps [Prokop and Procter, accepted]. Given sufficient data 

availability, such methodology could be employed in Svalbard to modify and improve the 

Tabler approach for uniform terrain to address the specific problems on the SvalSat Road 

and Gruvefjellet. Additionally, this approach should be used to develop snow fence 

strategies for complex terrain in which the Tabler approach is not suitable. Hestnes 

[2000] has suggested constructing snow fences to protect another mountain road east of 

Longyearbyen, and the fatal December 2015 avalanche in Longyearbyen demonstrates 

the need for some kind of permanent snow hazard prevention measure in the more 

complex topography north of Gruvefjellet. While snow fences and other passive snow 

control strategies can never totally eliminate snow drift and avalanche hazards, snow 

fences could provide relatively cheap permanent protection measures for Longyearbyen, 

helping reduce the town’s continued exposure to avalanches.  
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7. CONCLUSION

7.1 Key Findings 

Using a record of road closure due to blowing and drifting snow as a proxy for 

regional snow drift events, I documented and described 138 days as drift events over the 

course of nine winter seasons for the Nordenskiöldland region in central Spitsbergen in 

Svalbard, Norway. For each drift event, I described the local and synoptic meteorological 

conditions resulting in regional snow drift activity. I differentiated drift event days from 

non-event days based on the local meteorological conditions characterizing each event 

type. I described the influence of synoptic atmospheric circulation patterns over the local 

weather during drift events and illustrated the manner in which snow drift and avalanche 

activity can coincide during select periods using a case study approach. 

Drift events can be characterized by higher wind speeds, increased temperatures, 

and heavier precipitation than non-event days. In Svalbard, these conditions occur 

primarily during winter storm events. Synoptic types resulting in regional drift events on 

Spitsbergen identified in this study correspond with findings from previous work 

recognizing common synoptic conditions conducive to more frequent cyclonic activity in 

the seas around Svalbard [Rogers et al., 2005; Serreze et al., 1993], demonstrating 

moisture transport to the Arctic from lower latitudes via low pressure cyclonic activity is 

critical to developing hazardous snow drift conditions in Svalbard’s supply limited snow 

climate.  

Case studies of periods during which snow drift and avalanche activity coincided 

illustrate how synoptic weather patterns influence Svalbard’s High Arctic maritime snow 
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and avalanche climate. Data coverage – both in terms of spatial and temporal resolution – 

for the snow drift event and avalanche observation datasets limits the applicability of 

these case studies to descriptive results, but these analyses further underline the 

importance of winter storms to the development of hazardous snow and avalanche 

conditions in Svalbard. 

As snow drift events characterized by this study and avalanche cycles described 

by Eckerstorfer [2013] are both controlled primarily by the passage of low pressure 

cyclones over Svalbard, regional snow and avalanche forecasts can be improved with a 

knowledge of the local weather conditions expected from the different synoptic types 

conducive to winter storm events on the archipelago. This knowledge can be used to 

refine avalanche forecasts by assisting in the prediction of the spatial patterns of 

avalanche activity resulting from a particular synoptic pattern. When combined with the 

implementation of effective snow fence strategies to control blowing and drifting snow 

accumulations in particularly high-risk areas, improved avalanche forecasts have the 

potential to considerably reduce hazards to infrastructure and human life in Svalbard. 

7.2 Research Challenges and Future Work 

This study provides an adequate basis for future work investigating the role of 

snow drift processes in Svalbard’s High Arctic maritime snow and avalanche climate, but 

was limited by factors often encountered in high latitude snow research. The considerable 

financial costs and logistics associated with conducting fieldwork in Svalbard 

necessitated confining fieldwork to a single timeframe during the spring of 2015. As 

virtually no regional avalanche activity occurred during this time, I was unable to develop 
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my own record of coupled snow drift events and observed avalanche activity. I used the 

best extant record of regional avalanche activity in Svalbard provided by Eckerstorfer 

[2013] as an alternative solution, but was limited by the temporal and spatial constraints 

of these observations. This was exacerbated by the described uncertainties in the SvalSat 

road closure record, such that quantitative statistical analyses attempting to correlate 

snow drift and avalanche activity will require a time series of more frequent and robust 

coupled snow drift and avalanche activity observations. 

As with most snow studies in arctic environments, unreliable precipitation 

measurements severely limited quantification of the snow drift problem on Platåberget 

and the characterization of meteorological conditions during drift events. The 

unreliability of the precipitation data stems both from issues accurately measuring solid 

precipitation in windy areas and from the inadequate siting of the Svalbard Airport AWS 

to characterize precipitation at the higher elevations relevant for snow and avalanche 

research. In addition to realized benefits for snow and avalanche research, installing a 

suitable precipitation gauge at an elevation more representative of the region’s avalanche 

release areas is a critical next step for reliable avalanche forecasting on Spitsbergen. 

Finally, this study’s relatively restricted temporal coverage limits the applicability 

of these results in a rapidly changing High Arctic environment. Meteorological, snow, 

and avalanche observations spanning less than a decade are insufficient to adequately 

characterize the processes influencing a region’s snow and avalanche climate, and future 

work should continue to document and investigate snow avalanche processes in Svalbard 

to further the understanding of a unique snow climate and its associated hazards. 
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Table A 1. Drift event summaries of the daily averages of the key meteorological metrics and other noteworthy characteristics of the 
drift events analyzed in this work. Note the binary classification scheme for the SvalSat road closure record where 1 indicates the 
drift event was included on the SvalSat Record and 0 indicates the drift event was defined using the 10 m/s threshold. Greyed drift 
events indicate the Gruvefjellet AWS was used to gap-fill or extend the SvalSat AWS record. 

Event 

Date 

SvalSat AWS Gruvefjellet AWS 

Svalbard 

Airport 

AWS 

SvalSat 

Record 
Synoptic Type 

Wind 

Speed 

(m/s) 

Wind 

Direction 

(°) 

Max 

Wind 

Speed 

(m/s) 

Air 

Temp 

(°C) 

Wind 

Speed 

(m/s) 

Wind 

Direction 

(°) 

Max 

Wind 

Speed 

(m/s) 

Air 

Temp 

(°C) 

RH 

(%) 

ATM 

(mb) 

Precip 

(mm) 

0=No 

1=YES 
Description # 

3/22/2007 9.9 -3.9 6.9 131.8 11.4 -3.5 87.4 940 . 0 High to SW 2 
3/23/2007 10.8 -4.6 7.5 195.3 13.4 -4.2 84.5 942 0 0 High to South 1 
3/24/2007 15.9 -2.4 12.0 214.6 20.4 -1.9 93.5 938 3 0 High to South 1 
3/25/2007 6.8 -9.4 3.9 236.2 10.8 -9.0 86.7 946 4 1 High to South 1 
3/26/2007 4.8 -11.5 3.1 134.2 4.8 -11.2 92.8 948 1 1 High to South 1 
4/13/2007 9.2 -3.0 6.4 123.5 10.0 -2.6 92.3 933 0 0 High to South 1 
4/14/2007 5.6 -9.8 2.7 186.1 10.0 -9.5 85.7 941 0 1 High to South 1 
4/24/2008 2.7 -11.9 0.9 221.3 2.3 -11.6 69.4 960 0 1 High to SW 2 

12/13/2008 5.6 -2.3 2.8 215.1 7.7 -1.9 89.4 952 0 1 High to SE/Low to SW 3 
12/14/2008 7.6 -9.7 5.1 263.5 11.0 -9.3 88.1 957 0 1 High to SE/Low to SW 3 
12/15/2008 4.9 -10.9 3.0 138.6 5.4 -10.5 83.7 953 0.1 1 High to SE/Low to SW 3 
12/16/2008 9.3 -2.5 6.6 119.7 10.1 -2.1 91.0 933 0 1 High to SE/Low to SW 3 
12/17/2008 6.6 -3.3 3.6 151.3 7.7 -2.8 82.6 930 0 1 High to SE/Low to SW 3 
12/18/2008 6.2 -5.0 2.7 101.1 6.4 -4.6 93.6 922 0 1 High to SE/Low to SW 3 
12/19/2008 2.9 -9.4 1.4 102.3 3.3 -9.1 93.4 924 4.2 1 Zonal 4 
12/20/2008 7.3 -13.4 5.3 121.6 7.2 -13.1 87.9 930 0 1 Zonal 4 
12/21/2008 7.8 -16.0 5.7 131.6 7.8 -15.7 85.0 937 0 1 Zonal 4 
12/24/2008 10.5 -8.3 7.4 142.2 11.9 -7.9 85.1 949 0.2 0 High to SW 2 
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Table A 1. Drift event summaries of the daily averages of the key meteorological metrics and other noteworthy characteristics of the 
drift events analyzed in this work. Note the binary classification scheme for the SvalSat road closure record where 1 indicates the 
drift event was included on the SvalSat Record and 0 indicates the drift event was defined using the 10 m/s threshold. Greyed drift 
events indicate the Gruvefjellet AWS was used to gap-fill or extend the SvalSat AWS record. 

Event 

Date 

SvalSat AWS Gruvefjellet AWS 

Svalbard 

Airport 

AWS 

SvalSat 

Record 
Synoptic Type 

Wind 

Speed 

(m/s) 

Wind 

Direction 

(°) 

Max 

Wind 

Speed 

(m/s) 

Air 

Temp 

(°C) 

Wind 

Speed 

(m/s) 

Wind 

Direction 

(°) 

Max 

Wind 

Speed 

(m/s) 

Air 

Temp 

(°C) 

RH 

(%) 

ATM 

(mb) 

Precip 

(mm) 

0=No 

1=YES 
Description # 

12/25/2008 14.4 -3.7 10.3 214.5 19.1 -3.2 90.6 923 0.3 0 High to SW 2 
12/26/2008 10.7 -10.9 7.4 268.3 14.8 -10.6 88.9 926 4.2 0 High to SW 2 
12/27/2008 7.6 -13.3 4.6 284.0 10.6 -13.0 78.1 946 1.5 1 High to SW 2 
12/28/2008 8.0 -9.1 3.5 250.4 11.1 -8.8 83.0 938 0 1 High to SW 2 
12/29/2008 5.1 -20.1 3.2 297.7 6.9 -20.0 73.2 942 . 1 High to South 1 

5/3/2009 7.7 129.9 9.8 -3.3 7.4 121.8 10.1 -3.5 97.5 952 1.6 1 High to SE/Low to SW 3 
5/4/2009 5.6 128.8 7.6 -1.7 5.2 122.9 7.7 -2.2 96.2 954 0.1 1 High to SE/Low to SW 3 
5/5/2009 6.9 118.7 8.7 -4.8 4.7 116.5 7.0 -4.2 84.1 955 1 1 High to SE/Low to SW 3 
5/6/2009 7.9 124.5 9.8 -7.7 5.8 119.1 8.2 -7.2 88.3 956 . 1 High to SE/Low to SW 3 
5/7/2009 6.0 126.4 8.1 -10.9 5.9 130.2 8.2 -10.9 74.6 958 . 1 High to SE/Low to SW 3 
5/8/2009 3.4 126.6 5.6 -10.1 4.3 136.9 6.3 -11.0 71.6 957 . 1 High to SE/Low to SW 3 
5/9/2009 11.1 117.3 14.7 -6.9 8.3 116.3 11.6 -6.8 87.7 952 . 1 High to SE/Low to SW 3 

1/14/2010 6.5 217.5 17.2 -5.5 3.5 221.7 19.3 -4.6 87.5 950 0.3 0 High to South 1 
1/15/2010 10.6 222.3 60.0 -1.6 5.7 230.0 17.1 -0.4 88.7 950 5.9 1 High to South 1 
1/16/2010 11.7 212.1 119.7 -1.7 7.8 213.8 17.0 -0.8 89.9 941 2.1 0 High to South 1 
1/17/2010 9.7 208.4 12.6 -1.0 5.3 204.0 14.9 -0.4 93.4 939 9.3 0 High to South 1 
1/18/2010 10.3 198.1 14.9 0.0 7.1 201.0 14.9 0.2 97.1 932 16.9 0 High to South 1 
1/19/2010 8.5 225.4 11.1 -4.5 4.7 226.5 15.5 -3.6 93.3 934 4.9 1 Zonal 4 
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Table A 1. Drift event summaries of the daily averages of the key meteorological metrics and other noteworthy characteristics of the 
drift events analyzed in this work. Note the binary classification scheme for the SvalSat road closure record where 1 indicates the 
drift event was included on the SvalSat Record and 0 indicates the drift event was defined using the 10 m/s threshold. Greyed drift 
events indicate the Gruvefjellet AWS was used to gap-fill or extend the SvalSat AWS record. 

Event 

Date 

SvalSat AWS Gruvefjellet AWS 

Svalbard 

Airport 

AWS 

SvalSat 

Record 
Synoptic Type 

Wind 

Speed 

(m/s) 

Wind 

Direction 

(°) 

Max 

Wind 

Speed 

(m/s) 

Air 

Temp 

(°C) 

Wind 

Speed 

(m/s) 

Wind 

Direction 

(°) 

Max 

Wind 

Speed 

(m/s) 

Air 

Temp 

(°C) 

RH 

(%) 

ATM 

(mb) 

Precip 

(mm) 

0=No 

1=YES 
Description # 

1/20/2010 12.9 248.3 1.9 -13.9 7.6 260.9 21.3 -13.0 87.2 949 4.1 1 High to South 1 
1/21/2010 3.4 194.4 424.2 -13.5 2.9 192.2 15.2 -13.4 87.3 966 1.2 1 High to South 1 
1/22/2010 12.5 225.9 1.1 -2.1 7.3 241.1 20.0 -1.0 90.3 961 5.4 0 High to South 1 
1/23/2010 5.7 202.7 1.1 -3.6 3.6 222.6 11.1 -2.2 75.7 965 4.2 1 High to South 1 
1/24/2010 9.2 211.3 8.0 -3.2 5.5 194.7 15.1 -2.8 87.7 959 0 0 High to SW 2 
1/25/2010 15.0 215.4 17.9 -1.8 9.4 222.1 20.0 -0.8 84.9 949 0 0 High to SW 2 
1/26/2010 12.5 114.4 6.5 -8.4 8.9 111.7 22.7 -8.4 92.4 933 4.6 0 Zonal 4 
1/27/2010 20.2 60.2 23.3 -16.5 13.0 80.1 28.5 -16.2 78.8 940 1.9 0 Low to South 5 
1/28/2010 11.4 85.6 15.7 -16.7 8.8 108.8 16.0 -17.3 69.6 950 1 1 Low to South 5 
1/29/2010 7.5 126.9 17.9 -11.9 6.4 127.9 15.4 -12.7 78.5 947 . 1 Low to South 5 
1/30/2010 5.0 120.6 10.3 -9.3 3.8 132.8 8.6 -9.0 84.8 951 0 1 Low to South 5 
1/31/2010 9.2 112.6 14.9 -7.8 5.6 120.8 10.5 -7.7 91.6 956 . 1 Low to South 5 
2/1/2010 9.6 106.1 15.7 -6.8 6.0 107.8 11.2 -6.5 90.6 959 0 1 Low to South 5 

4/10/2010 9.0 217.5 14.1 -6.4 5.1 212.7 13.4 -6.0 86.5 961 0 0 High to SW 2 
4/11/2010 7.4 125.5 15.7 -8.6 5.5 127.7 18.8 -8.6 88.8 950 0 0 Zonal 4 
4/12/2010 6.5 11.8 8.8 -9.9 0.2 269.8 8.4 -9.3 89.3 944 2.6 1 Zonal 4 
2/20/2011 9.1 228.6 20.2 -10.6 6.0 233.3 18.8 -9.8 82.8 946 0.2 0 High to South 1 
2/21/2011 8.8 223.6 24.1 -6.9 7.3 227.2 21.8 -4.8 90.5 933 3.3 1 High to South 1 
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Table A 1. Drift event summaries of the daily averages of the key meteorological metrics and other noteworthy characteristics of the 
drift events analyzed in this work. Note the binary classification scheme for the SvalSat road closure record where 1 indicates the 
drift event was included on the SvalSat Record and 0 indicates the drift event was defined using the 10 m/s threshold. Greyed drift 
events indicate the Gruvefjellet AWS was used to gap-fill or extend the SvalSat AWS record. 

Event 

Date 

SvalSat AWS Gruvefjellet AWS 

Svalbard 

Airport 

AWS 

SvalSat 

Record 
Synoptic Type 

Wind 

Speed 

(m/s) 

Wind 

Direction 

(°) 

Max 

Wind 

Speed 

(m/s) 

Air 

Temp 

(°C) 

Wind 

Speed 

(m/s) 

Wind 

Direction 

(°) 

Max 

Wind 

Speed 

(m/s) 

Air 

Temp 

(°C) 

RH 

(%) 

ATM 

(mb) 

Precip 

(mm) 

0=No 

1=YES 
Description # 

2/22/2011 2.8 266.4 21.8 -24.7 4.0 288.9 15.9 -23.5 61.4 951 4 1 High to South 1 
2/23/2011 7.6 119.9 0.0 -17.4 5.4 127.5 10.8 -17.6 79.8 951 . 1 High to South 1 
2/24/2011 11.2 126.2 22.5 -16.2 8.8 117.9 17.9 -16.5 85.1 948 0.4 1 High to South 1 
2/25/2011 15.3 121.2 25.6 -5.0 10.7 119.7 19.5 -5.7 92.9 926 5 1 High to South 1 
2/26/2011 9.6 183.4 21.0 -1.3 6.2 182.7 18.7 -0.7 92.2 915 0.2 1 Zonal 4 
2/27/2011 11.1 231.1 24.1 -9.5 4.9 231.9 19.0 -8.5 86.7 927 2.6 0 Zonal 4 
3/15/2011 7.8 158.3 31.7 -5.7 7.1 155.5 24.2 -5.9 87.9 939 . 0 High to South 1 
3/16/2011 15.8 198.0 512.9 -3.4 11.1 203.8 22.7 -2.6 86.0 931 3.7 0 Zonal 4 
3/17/2011 12.6 187.7 64.6 -2.6 8.1 198.6 28.5 -2.0 97.0 921 2.7 0 Zonal 4 
3/18/2011 14.0 220.0 44.0 -11.6 8.6 216.3 32.1 -11.5 91.1 937 24 0 Zonal 4 
3/19/2011 5.7 145.5 22.5 -7.5 4.1 126.9 12.3 -7.5 92.6 935 1.1 1 Zonal 4 
3/20/2011 3.8 253.6 18.7 -12.6 2.5 263.8 14.8 -12.2 89.2 924 1.9 1 Zonal 4 
3/21/2011 3.1 273.6 16.4 -18.8 2.7 276.5 10.3 -18.0 80.3 929 0.2 1 Zonal 4 
3/22/2011 0.8 188.8 10.3 -21.2 1.4 211.9 7.3 -20.2 75.6 936 . 1 Zonal 4 
3/23/2011 1.2 236.2 8.8 -19.3 2.1 216.0 7.2 -18.9 79.9 931 0 1 High to SW 2 
3/24/2011 7.6 344.3 17.9 -22.5 3.3 322.6 16.5 -22.3 79.2 939 0.4 0 High to SW 2 
3/25/2011 3.7 304.4 11.1 -21.5 3.9 291.5 12.0 -20.7 75.2 944 0 1 High to SW 2 
4/15/2011 13.1 112.6 24.1 -8.7 10.6 116.1 19.4 -9.3 90.1 929 . 0 Zonal 4 
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Table A 1. Drift event summaries of the daily averages of the key meteorological metrics and other noteworthy characteristics of the 
drift events analyzed in this work. Note the binary classification scheme for the SvalSat road closure record where 1 indicates the 
drift event was included on the SvalSat Record and 0 indicates the drift event was defined using the 10 m/s threshold. Greyed drift 
events indicate the Gruvefjellet AWS was used to gap-fill or extend the SvalSat AWS record. 

Event 

Date 

SvalSat AWS Gruvefjellet AWS 

Svalbard 

Airport 

AWS 

SvalSat 

Record 
Synoptic Type 

Wind 

Speed 

(m/s) 

Wind 

Direction 

(°) 

Max 

Wind 

Speed 

(m/s) 

Air 

Temp 

(°C) 

Wind 

Speed 

(m/s) 

Wind 

Direction 

(°) 

Max 

Wind 

Speed 

(m/s) 

Air 

Temp 

(°C) 

RH 

(%) 

ATM 

(mb) 

Precip 

(mm) 

0=No 

1=YES 
Description # 

4/16/2011 2.5 102.1 8.8 -6.0 1.6 147.0 7.6 -5.4 92.0 924 0.2 1 High to SW 2 
1/14/2012 8.7 156.2 28.7 -5.5 5.7 160.2 17.3 -5.5 85.1 942 0.7 0 High to SW 2 
1/15/2012 8.4 191.2 36.3 -3.3 5.7 185.0 25.5 -2.5 93.6 924 0.2 0 Zonal 4 
1/16/2012 8.6 216.3 17.2 -8.2 4.6 211.4 15.2 -8.1 86.4 938 3 1 Zonal 4 
1/25/2012 3.3 130.7 17.2 -11.5 2.3 158.7 13.0 -10.4 76.9 957 . 0 High to SE/Low to SW 3 
1/26/2012 11.3 132.4 21.0 -4.0 7.4 125.1 14.1 -4.4 87.7 959 0.1 0 High to SE/Low to SW 3 
1/27/2012 8.6 170.0 20.2 0.0 5.6 170.4 14.5 0.6 85.9 956 0.1 0 High to SE/Low to SW 3 
1/28/2012 14.7 223.4 24.1 -5.8 8.8 226.3 27.5 -4.9 83.1 963 3.5 0 Zonal 4 
1/29/2012 17.9 201.6 31.0 -1.0 12.9 205.1 22.9 -0.9 92.7 963 2.1 0 High to South 1 
1/30/2012 18.3 212.0 29.4 -0.3 11.9 214.6 22.5 0.3 90.7 962 25.9 0 High to South 1 
1/31/2012 11.8 205.4 28.7 -2.8 8.3 209.2 24.3 -1.9 89.6 960 10.5 0 High to South 1 
2/1/2012 12.2 215.0 25.6 -4.2 8.6 221.5 22.7 -3.1 94.3 952 6.7 0 High to SW 2 
2/2/2012 7.7 153.8 19.5 -5.8 5.8 144.5 19.0 -6.4 94.8 956 7 1 High to SE/Low to SW 3 
2/3/2012 11.2 220.9 24.1 -7.6 7.8 229.6 23.1 -6.6 92.4 951 0.7 1 High to SW 2 
2/4/2012 12.2 211.4 21.8 -4.6 7.8 206.1 22.7 -3.9 82.5 955 2 1 High to South 1 
2/5/2012 6.4 194.5 16.4 -1.5 5.0 191.2 15.0 -0.8 85.7 959 0.7 1 Low to South 5 
2/6/2012 6.9 210.6 14.1 -4.6 5.3 215.3 13.9 -3.6 75.8 959 0.2 1 Low to South 5 
2/7/2012 11.4 207.1 24.1 -3.0 8.2 197.0 20.1 -2.7 84.3 954 0.1 1 High to SW 2 
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Table A 1. Drift event summaries of the daily averages of the key meteorological metrics and other noteworthy characteristics of the 
drift events analyzed in this work. Note the binary classification scheme for the SvalSat road closure record where 1 indicates the 
drift event was included on the SvalSat Record and 0 indicates the drift event was defined using the 10 m/s threshold. Greyed drift 
events indicate the Gruvefjellet AWS was used to gap-fill or extend the SvalSat AWS record. 

Event 

Date 

SvalSat AWS Gruvefjellet AWS 

Svalbard 

Airport 

AWS 

SvalSat 

Record 
Synoptic Type 

Wind 

Speed 

(m/s) 

Wind 

Direction 

(°) 

Max 

Wind 

Speed 

(m/s) 

Air 

Temp 

(°C) 

Wind 

Speed 

(m/s) 

Wind 

Direction 

(°) 

Max 

Wind 

Speed 

(m/s) 

Air 

Temp 

(°C) 

RH 

(%) 

ATM 

(mb) 

Precip 

(mm) 

0=No 

1=YES 
Description # 

2/8/2012 16.3 207.1 27.1 -0.3 13.3 209.3 24.1 0.1 88.8 945 1.2 1 High to SW 2 
2/9/2012 10.8 226.5 27.1 -6.0 7.8 231.3 19.4 -4.8 89.9 944 9.5 0 Zonal 4 

2/10/2012 0.6 25.4 0.0 -12.0 0.7 195.6 3.2 -11.6 89.7 941 4.3 1 Zonal 4 
12/20/2012 6.6 201.3 24.1 -7.5 4.8 190.7 18.5 -7.3 89.1 967 0 0 High to SW 2 
12/21/2012 13.8 237.4 127.3 -11.6 8.9 241.5 24.1 -10.2 88.3 959 3.9 0 High to South 1 
12/22/2012 3.2 280.7 16.4 -14.2 3.8 259.2 18.3 -13.5 77.3 940 19.5 1 High to South 1 
12/30/2012 10.7 102.8 22.5 -6.7 7.8 105.8 17.7 -6.5 92.2 973 0.3 0 High to SE/Low to SW 3 
12/31/2012 18.5 91.4 28.7 -4.5 15.8 90.7 25.7 -4.0 97.5 981 3 0 High to SE/Low to SW 3 

1/1/2013 14.9 98.6 24.8 -3.6 10.0 98.8 19.9 -3.5 97.9 979 0.2 1 High to SE/Low to SW 3 
1/2/2013 9.7 110.1 15.7 -3.8 6.1 112.3 10.2 -3.6 97.9 976 0 1 High to SW 2 

11/4/2013 11.9 101.8 26.4 -9.0 6.2 107.8 18.9 -8.7 89.5 935 . 0 Zonal 4 
11/5/2013 7.3 164.4 27.1 -6.4 5.5 164.5 17.7 -5.7 94.4 922 1 0 Zonal 4 
11/6/2013 12.8 217.6 22.5 -12.1 5.6 212.4 13.3 -11.0 80.0 924 0.2 0 High to SE/Low to SW 3 
11/7/2013 6.1 214.6 17.2 -12.0 4.9 210.0 13.9 -11.2 79.0 925 1.2 0 Zonal 4 
11/8/2013 3.9 300.5 12.6 -13.3 3.1 292.9 11.4 -12.6 78.0 936 0 1 Zonal 4 

11/13/2013 3.3 353.8 8.0 -13.0 1.6 300.3 8.6 -12.6 82.2 940 . 1 Zonal 4 
1/9/2014 9.6 204.9 23.3 -9.7 7.2 199.7 18.1 -9.1 84.6 958 0 1 High to SW 2 

1/10/2014 8.7 218.4 17.9 -5.3 4.7 213.1 14.0 -4.6 86.4 949 0 1 High to SW 2 
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Table A 1. Drift event summaries of the daily averages of the key meteorological metrics and other noteworthy characteristics of the 
drift events analyzed in this work. Note the binary classification scheme for the SvalSat road closure record where 1 indicates the 
drift event was included on the SvalSat Record and 0 indicates the drift event was defined using the 10 m/s threshold. Greyed drift 
events indicate the Gruvefjellet AWS was used to gap-fill or extend the SvalSat AWS record. 

Event 

Date 

SvalSat AWS Gruvefjellet AWS 

Svalbard 

Airport 

AWS 

SvalSat 

Record 
Synoptic Type 

Wind 

Speed 

(m/s) 

Wind 

Direction 

(°) 

Max 

Wind 

Speed 

(m/s) 

Air 

Temp 

(°C) 

Wind 

Speed 

(m/s) 

Wind 

Direction 

(°) 

Max 

Wind 

Speed 

(m/s) 

Air 

Temp 

(°C) 

RH 

(%) 

ATM 

(mb) 

Precip 

(mm) 

0=No 

1=YES 
Description # 

1/20/2014 8.2 213.7 21.8 -3.9 4.1 210.8 17.5 -3.8 88.7 959 0 0 High to South 1 
1/21/2014 8.5 232.9 20.2 -7.0 4.3 261.6 18.1 -5.4 80.8 958 2.4 0 High to South 1 
1/22/2014 7.0 206.4 17.2 -2.5 5.0 200.1 13.8 -2.0 88.3 954 . 1 High to South 1 
1/23/2014 7.0 226.8 14.1 -1.9 3.4 252.7 18.4 -0.8 89.1 954 0.9 0 High to South 1 
1/24/2014 2.4 182.0 0.0 -2.2 1.8 191.3 6.2 -1.4 86.3 959 1.6 0 High to South 1 
3/27/2014 5.8 201.0 21.8 -7.6 4.5 188.1 18.0 -7.6 75.5 958 . 0 High to South 1 
3/28/2014 11.1 254.2 21.0 -9.7 7.9 274.0 20.2 -9.0 87.4 948 0.9 1 High to South 1 
3/29/2014 8.4 313.8 14.9 -15.9 6.5 313.5 14.5 -15.2 78.0 953 0 1 High to SW 2 

11/23/2014 16.6 232.0 5.7 -1.9 10.5 233.8 26.0 -0.4 90.6 949 0.5 0 High to South 1 
11/24/2014 3.8 242.4 0.0 -8.5 2.9 262.3 19.1 -7.8 90.2 918 0.8 1 High to South 1 
11/25/2014 4.6 213.9 0.0 -3.0 2.5 238.1 15.0 -2.1 90.7 939 0.6 1 High to South 1 
11/28/2014 4.9 254.9 12.6 -6.9 3.3 279.5 14.6 -5.9 86.9 945 3.5 1 High to South 1 
11/29/2014 4.2 227.4 8.8 -9.5 1.6 249.8 10.7 -9.5 82.5 967 1.2 1 High to South 1 
1/18/2015 8.7 236.1 27.1 -13.0 6.1 253.2 23.2 -11.4 82.0 954 0 0 High to SW 2 
1/19/2015 13.4 232.1 24.1 -8.2 6.4 224.1 25.2 -7.6 87.5 947 0.2 0 High to South 1 
1/20/2015 9.0 237.3 12.6 -8.0 5.3 237.7 16.8 -6.9 88.3 951 1.7 1 High to South 1 
1/21/2015 6.7 183.0 23.3 -6.5 3.9 195.4 16.9 -6.2 80.1 957 0.7 1 High to South 1 
1/22/2015 15.6 215.7 127.3 -1.8 9.3 211.9 18.1 -0.6 93.6 947 8.6 1 High to South 1 
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Table A 1. Drift event summaries of the daily averages of the key meteorological metrics and other noteworthy characteristics of the 
drift events analyzed in this work. Note the binary classification scheme for the SvalSat road closure record where 1 indicates the 
drift event was included on the SvalSat Record and 0 indicates the drift event was defined using the 10 m/s threshold. Greyed drift 
events indicate the Gruvefjellet AWS was used to gap-fill or extend the SvalSat AWS record. 

Event 

Date 

SvalSat AWS Gruvefjellet AWS 

Svalbard 

Airport 

AWS 

SvalSat 

Record 
Synoptic Type 

Wind 

Speed 

(m/s) 

Wind 

Direction 

(°) 

Max 

Wind 

Speed 

(m/s) 

Air 

Temp 

(°C) 

Wind 

Speed 

(m/s) 

Wind 

Direction 

(°) 

Max 

Wind 

Speed 

(m/s) 

Air 

Temp 

(°C) 

RH 

(%) 

ATM 

(mb) 

Precip 

(mm) 

0=No 

1=YES 
Description # 

1/23/2015 9.3 193.7 22.5 -2.7 7.0 200.5 17.7 -1.8 86.1 946 6.3 1 High to South 1 
1/24/2015 5.2 133.7 11.1 -4.9 4.2 135.5 8.3 -4.4 88.6 945 0.1 1 High to SW 2 
2/3/2015 11.6 185.9 154.1 -11.5 7.8 188.2 23.7 -12.1 85.5 957 . 0 High to SW 2 
2/4/2015 17.9 165.8 31.0 -5.6 10.1 174.2 22.4 -5.3 90.1 941 1.9 1 High to SW 2 
2/5/2015 11.3 189.2 25.6 -8.7 8.5 189.4 21.3 -7.5 88.1 915 0.9 1 High to SW 2 
2/6/2015 7.6 316.2 15.7 -21.5 5.3 307.2 13.5 -20.4 72.9 929 2.9 1 Zonal 4 
2/7/2015 9.5 315.3 18.7 -21.4 6.9 314.3 17.6 -20.8 73.4 928 0 1 Zonal 4 
2/8/2015 4.8 341.6 11.8 -22.5 3.0 313.8 11.0 -21.3 74.4 933 0.1 1 High to SW 2 

2/16/2015 12.0 -0.1 9.0 201.6 25.0 0.3 96.5 926 15.1 1 High to South 1 
2/17/2015 7.1 -4.7 4.4 196.1 14.8 -4.3 87.4 926 1.2 1 Zonal 4 
2/18/2015 3.1 -10.9 1.2 160.6 5.4 -10.6 87.9 929 0.6 1 High to SW 2 
2/19/2015 3.2 -17.4 1.2 152.9 4.2 -17.2 85.6 932 0.1 1 Zonal 4 
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APPENDIX B 

MANUAL DRIFT OBSERVATION FIELD DATA 

HoltH
Underline
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Table B 1. Manual drift observation field data summary. 

Date and Time 

Air 

Temperature 

(°C) 

RH (%) 

Wind 

Average 

(m/s) 

Wind 

Direction 

(°) 

Mass 

Drift (g) 

Calculated 

transport rate 

(kg/ms) 

4/9/2014 15:20 -4.287 84.254 4.1 180 0 0 
4/9/2014 15:30 -4.287 84.153 3.7 180 0 0 
4/9/2014 15:40 -4.167 83.605 3.7 180 0 0 
4/9/2014 15:50 -4.287 84.028 4.4 180 20 0.000222222 
4/9/2014 16:00 -4.137 84.441 4.7 180 105 0.001166667 
4/9/2014 16:10 -4.106 83.745 5.2 180 80 0.000888889 
4/9/2014 16:20 -3.926 83.889 4.6 180 35 0.000388889 
4/9/2014 16:30 -3.986 84.327 4.5 180 60 0.000666667 
4/9/2014 16:40 -3.956 84.033 4.7 180 80 0.000888889 
4/9/2014 16:50 -4.106 85.298 5.1 180 65 0.000722222 
4/9/2014 17:00 -4.106 85.448 5.2 180 120 0.001333333 
4/9/2014 17:10 -4.378 85.43 5.1 180 70 0.000777778 

4/10/2014 13:20 -6.01 94.959 6.7 115 210 0.002333333 
4/10/2014 13:30 -6.073 94.941 7.5 114 335 0.003722222 
4/10/2014 13:40 -6.042 94.997 7.2 116 450 0.005 
4/10/2014 13:50 -6.01 95.029 7.2 116 195 0.002166667 
4/10/2014 14:00 -6.01 95.006 7.4 116 180 0.002 
4/10/2014 14:10 -5.979 95.062 7.2 119 280 0.003111111 
4/10/2014 18:40 -6.706 94.671 5.3 115 40 0.000444444 
4/10/2014 18:50 -6.802 94.597 5.5 114 50 0.000555556 
4/10/2014 19:00 -6.93 94.678 5.7 113 75 0.000833333 
4/10/2014 19:10 -7.09 94.61 5.5 121 50 0.000555556 
4/10/2014 19:20 -7.219 94.527 5.1 115 110 0.001222222 
4/10/2014 19:30 -7.09 94.563 4.7 122 45 0.0005 
4/10/2014 20:20 -7.316 94.5 5.3 95 90 0.001 

4/10/2014 20:30 -7.316 94.453 5.5 103 140 0.001555556 

4/10/2014 20:40 -7.445 94.417 5.5 102 110 0.001222222 

4/10/2014 20:50 -7.575 94.334 5.4 103 70 0.000777778 

4/10/2014 21:00 -7.706 94.321 5.4 105 105 0.001166667 

4/10/2014 21:10 -7.902 94.22 5.2 110 50 0.000555556 

5/16/2015 17:20 NA NA 7.1 262 500 0.005555556 
5/16/2015 17:30 NA NA 7.7 267 635 0.007055556 
5/16/2015 17:40 NA NA 7.9 272 840 0.009333333 
5/16/2015 17:50 NA NA 6.8 269 450 0.005 
5/16/2015 18:00 NA NA 6.2 268 210 0.002333333 
5/16/2015 18:10 NA NA 6.4 261 385 0.004277778 




