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Crossy snow avalanche theme
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Knowledge of the spatio-temporal occurrence of avalanche activity is crucial for avalanche prediction. We present a near-real-time automatic avalanche monitoring system that detects avalanche polygons outputs within about 10 minutes of Sentinel-1 SAR data being downloaded. Our avalanche detection algorithm has an average detection rate (POD) of 67.2% with a false alarm rate (FAR) averaging 45.9,
with a maximum POD of more than 85% and a minimum FAR of 24.9% compared to manual avalanche detection. The high variability in performance stems from the dynamic nature of snow in the Sentinel-1 data. After matching parameters of the detection algorithm, we processed five years of sentinel-1 images acquired over a 150 × 100 km area in northern Norway, with the best setup. Compared to a
dataset of avalanches observed in the field, 77.3% were manually detectable. Using these manual detections as a benchmark, the avalanche detection algorithm achieved an accuracy of 79% with a high POD in cases of medium to large wet snow avalanches. For the first time, we present a dataset of spatio-temporal avalanche activity over several winters from a large region. Currently, the Norwegian
Avalanche Warning Service uses our pre-operational processing system in three regions in Norway. View keywords for full text: SAR; Sentinel-1; snow avalanche; automatic detection SAR; Sentinel-1; snow avalanche; automatic detection ►√ Show figures div data-cycle-log=false&gt; This is an open access article distributed under the Creative Commons Attribution License that allows unlimited use,
distribution and reproduction in each medium, provided that the original work is well cited Share and Cite MDPI and ACS Style Eckerstorfer, M.; Vickers, H.; Malnes, E.; Grahn, J. Near-Real Time Automatic Snow Avalanche Activity Monitoring System Using Sentinel-1 SAR Data in Norway. Remote Sens. 2019, 11, 2863. AMA Style Eckerstorfer M, Vickers H, Malnes E, Grahn J. Near-Real Time Automatic
Snow Avalanche Activity Monitoring System Using Sentinel-1 SAR Data in Norway. Remote sensing. 2019; 11(23):2863. Chicago/Turabian Style Eckerstorfer, Markus; Vickers, Hannah; Malnes, Eirik; Grahn, Jakob. 2019. Near-Real Time Automatic Snow Avalanche Activity Monitoring System Using Sentinel-1 SAR Data in Norway Remote Sens. 11, No. 23: 2863. Article Metrics Sven Fuchs, ... Sergey
Sokratov, in Extreme Hydroclimatic Events and Multivariate Hazards in a Environment, 2019Snow avalanches are a known hazard type and are defined as a sudden release of snow masses and ice on slopes, sometimes sometimes part of rocks, soil and vegetation; and by definition, the downhill stretch exceeds 50 m (Wilhelm, 1975). Avalanche observations are reliable indicators of snow instability and
there is a link between high avalanche risk and high avalanche activity (Schweizer et al., 2003). Depending on the speed of moving snow, avalanches can be distinguished from creeping and sliding movements of snow. A number of classifications of snow avalanches exist (Kuroda, 1967; The Quervain et al., 1981; Dzyuba and Laptev, 1984). An international classification used by the majority of scientists
and professionals in the region has been approved worldwide and classifies avalanches according to their version type, the shape of the pathway, and the type of movement (The Quervain et al., 1981), see Table 15.1. Different conditions result in a release of avalanches, ranging from heavy snowfall to sudden temperature rise, but the prediction of individual avalanche formation is very challenging due to
the high spatial variability and transient nature of the snowpack (Schweizer et al., 2003). Table 15.1. International snow avalanche rating. ZoneCriterionCharacteristic en denominatieOriginManner van het startenVan een puntVan een puntDe sneeuwlawineSlab lawineSlab van mislukkingslaagIn de snowpackOp de grondSurface-laaglawineVolledige-diepte lawineHet water van de diepte in
sneeuwAbsentPresentDry-sneeuw-sneeuw-sneeuwlawineTransformatie van pathOpen hellingGully of kanaalOntgevoerd lawineGevoerder lawineVorm van bewegingSneeuwwolkEnd langs de grondPoeder sneeuwlawineAanvoer van afzettingGeen schijn van verontreinigingOntdeksel, bodem, grond, takken, bomenSchonde afzettingEndeponatie : Na De Quervain, M.R., De Crécy, L., Lachapelle, E.R.,
Lossev, K. , Shoda, M., Nakamura, T., 1981. Avalanche Atlas. Illustrated international avalanche classification. UNESCO, Paris; Fuchs, S., Keiler, M., Sokratov, S. 2015a. Snow and avalanches. In: Huggel, C., Carey, M., Clague, J.J., Kääb, A. (Eds.), The High-Mountain Cryosphere: Environmental Changes and Human Risks. Cambridge University Press, Cambridge.General, snow avalanches start from
terrain steeper than about 30°-45° and favors snow accumulation (Wilhelm, 1975). On the terrain of less than about 15°, the snow avalanches begin to weaken and eventually stop. The avalanche formation of the snow differs according to different volumes, repeatability and dynamic characteristics (McClung and Scissors, 2006). While loose snow avalanches are released from a more or less definable
point into a relatively cohesive surface layer of wet or dry snow, plate avalanches involve the release of a cohesive plate over an extended plane of weakness. Slab avalanche activity is top soon after snow storms because of the additional load on the existing (Schweizer et al., 2003). The existence of a weak layer under a cohesive plate layer is a prerequisite for the development of dry plate avalanches.
This weak layer is either a result of the metamorphosis in the snow pack or a buried surface hoar. Crystals formed by kinetic grain growth such as surface hoar or depth hoar (Fruehauf et al., 2009) together with changes in temperature and water vapor gradient variability may also be accompanied by the formation of a fixed and icy layer on top of the snowpack, limiting the connection of newly fallen snow
with the older snow under the fixed layer and often forming the horizon on which the snow masses begin to go downhill. Other than the causes of snow avalanche release, the mechanism of avalanche movement and the associated distances and forces are pretty well described (Fuchs et al., 2015a). The speed of the flood of snow avalanches varies between 50 and 200 km/h for large dry snow
avalanches, while wet avalanches are considerably denser and slower (20-100 km/h, McClung and Schaerer, 2006). If the avalanche path is steep, dry snow avalanches can cause a powder cloud. Depending on the type of avalanche, the amount of snow moved is variable, and in combination with the high speeds, the damage caused can vary considerably (Fuchs et al., 2013). In addition to natural
triggering due to overload or internal weakening of the snowpack, snow avalanches can also be artificially activated - unlike most other rapid mass movements - by localized, rapid, near-surface load by, for example, humans (usually unintentionally) or intentionally by explosives used as part of avalanche control programs or industrial activities (Mokrov et al., 2000). Occasionally, snow avalanches are also
caused by large earthquakes (Stethem et al., 2003). While naturally released avalanches mainly threaten buildings and infrastructure, man-made avalanches are the main threat to recreationists in mountain areas. Jürg Schweizer, ... Alec van Herwijnen, in Snow and Ice-related hazards, risks and disasters, 2015 Snow avalanches are a kind of fast-moving mass movement. They can additionally contain
rocks, soil, vegetation, or ice. The avalanche size is classified according to its destructive power (Table 12.1). A medium plate avalanche can already contain 10,000 m3 of snow, equivalent to a mass of about 2000 tonnes (snow density 200 kg/m3). Avalanche rates range between 50 and 200 km/h for large dry snow slides, while avalanches with wet snow are denser and slower (20-100 km/h). If the
avalanche path is steep, avalanches with dry snow generate a powder cloud. TABLE 12.1. Avalanche Size ClassificationSizeDescriptionDestructionDestructive Potential (Definition)Typical Mass (Tons)Typical Path Length (m)Typical Impact Pressure harmless to people&amp;lt;1010–3012MediumCould bury, injure, or kill a person10050-250103Sinstruct a car, destroy a small building (e.g. a wooden frame
house), or break a few few largeCould destroying a train carriage, large truck, several buildings, or a forest with an area up to 4 ha10,0001,000-2.00050005ExtremeLargest snow avalanches known; could destroy a village or forest of 40 ha100,000&amp;gt;2,0001,000Adapted of McClung and Scissors (2006). Snow avalanches come in many different types (e.g. wet or dry) and sizes. The morphological
classification published by the former International Commission on Snow and Ice (UNESCO, 1981) takes into account the three main zones of an avalanche: origin (or start zone), transition (or track) and spout (Table 12.2). It helps one to classify the type of avalanche based on observable characteristics, such as the way of starting or the form of movement. TABLE 12.2. International Morphological
Avalanche Classification (UNESCO, 1981)ZoneCriterionCharacteristicsDeminationOrigin (start zone)Way of starting From a pointless snow avalancheOf a line SlablawineIntheze of failure layerIn the snowpackSurface layer avalanche On the groundFul depth avalanche Waterwater in snowAbsentDry-snowPreparation-snowInsnow transition (track) Open slopeUnconfined avalancheGully or
channelChanneled avalancheFormo the movementSnow minor snow cloud Powder snow avalanche Current along the groundDeposition snow avalancheDepositionSrecover roughness of depositsSo precipitateFineFineMple depositLiquid water in snowAbsentDry avalanche depositPresentLaw avalanche depositsDiscoverection of depositsGee apparent pollutionReanRock avalanche debris, soil ,
branches, treesHidden avalancheA snow avalanche path consists of a start zone, a track and a walk-out zone where the avalanche slows down and the snow is deposited (Figure 12.4). The starting zone, or analogous to hydrology, the catchment area, is where the first snow mass is released and generally consists of terrain steeper than 30°. Only a low percentage of dry snow avalanches begin on the
terrain below 30°. Wet snow slides, on the other hand, can occur on slopes below 25°. Slope is the main terrain factor that affects avalanche delivery. A snow avalanche then flows downstream from the start zone along the track, which often consists of creek beds and gullies. If the track is steep and a powder cloud develops, the powder snow avalanche can run straight down, regardless of the topography,
that is, do not follow, for example, any bends in the creek bed. Although small avalanches can stop in the track (usually 15-30° steep), large move at about constant speed to the runout zone where they slow down and stop. On large avalanche paths, the incline in the walk-out zone is generally &lt;15° (Jamieson, 2001). Walk-out zones for large avalanche paths are common among alluvial fans, a preferred
area for infrastructure, including businesses and homes, in mountain areas. FIGURE 12.4. Large avalanche path with the start zone where the avalanche initiates, track and the exit zone where the avalanche slows down the snow is being dropped off. (Breitzug, Davos; photo: J. Schweizer.) Michael Bründl, Stefan Margreth, in Snow and Ice-related hazards, risks and disasters, 2015 Snow avalanches can
pose a risk to people, buildings and infrastructure in mountainous areas. As long as people settled in the Alps, they faced an avalanche risk. Structural mitigation measures, forest protection, and spatial planning have reduced the risk and risk in recent decades and have thus contributed to the development of mountain areas. In many countries, decisions on how to deal with the effects of avalanches are
increasingly based on the assessment of the risks and not just on the reduction of the risk. In the first part of this chapter we present various elements of an integrative risk management of avalanches with a focus on Switzerland. In the second part we give an example of how this concept can be applied to the avalanche risk in the city of Juneau, Alaska.In International Geophysics, 1977Snow avalanches
so dramatically transport snow from the first lighting place on high slopes that their water-budget aspects can be overlooked; yet many glaciers in mountain valleys are fed by avalanching snow, which extends the storage period of the mountain water. At lower elevations, valley-floor ecosystems show evidence of avalanche impact, as well as the huge imports of water into their annual budget. From heat-
budget considerations during the summer ablation, Arai and Sekine (1973) estimate the input of snow necessary to keep snow spots throughout the warm season at various heights in Honshu. At 2 km altitude, an input of 8 tons of snow m−2, mostly from avalanching, will maintain a snow patch; at 1 km the entrance is 14 tons m−2. In the high mountains of Central Asia this vertical redistribution of mass
amounts to an off-site movement of about 0.1 of the snow stored at high altitudes (1−1.5 tons m−2), and a larger part of that in the low-altitude reception zone (Abal'yan et al., 1971). Unlike the transport of snow by drifting, which is driven by the kinetic energy of the wind, the transport by avalanching is driven by the potential energy of precipitation that is delivered from the atmosphere to slopes at high
altitudes. Since gravity is always in force, predicting avalanche drops requires data on the strength of the snow mantle and observations are made to locate layers that are weak in shear strength or poorly grounded. Although avalanches can occur at any time, they are especially likely to come near the end of blizzards that have charged to the failure of the weak layers that put the snow cover on a slope. A
classification of avalanches (Int. Assoc. Hydrol. Sci., 1973) highlights the off-site transportation of the masses that is our theme in this In the zone of origin, for example, an avalanche can occur from a point (loose snow avalanche) or from a line (sticky avalanche). The surface on which glide takes place can be grounded in the snow cloak. The path can follow an open slope (unconfined avalanche) or a
trench (channeled avalanche); snow can move along this path like a cloud of snow dust (powder avalanche), or along the fault plane, or along the ground surface. Finally, the snow in the deposit zone may be clean or contaminated with rock debris or tree branches. Parallels between the debris-carrying capacity of avalanches and those of the off-site movement of liquid water in plates or channels are clear,
and we can see other parallels between aspects of this movement of snow, violent however it is, and the less dramatic off-site flow of liquid water, both representing conversions of potential energy donated by the ascent of condensing water vapor in the middle tropoosphere. M Stoffel. , ... M. Bollschweiler, in Treatise on Geomorphology, 2013The occurrence of snow avalanches has been analyzed quite
often with tree rings over the past four decades, starting with Potter's (1969) study and Scissors (1972) publication on vegetation in avalanche grounds at Rogers Pass in British Columbia( Canada). For a long time, tree-based analysis of snow avalanche activity was used almost exclusively in North America, especially in the Rocky Mountains of Colorado (Ives et al., 1976; Carrara, 1979) and in Glacier
National Park, where Butler (1979, 1985) published a series of papers on tree-ring-based records of snow avalanches and in the Canadian Rockies (Frazer, 1986; McCarthy, 1985; Luckman and Frazer, 2001). More recently, and in the light of the risk assessment, attention has focused on the identification of more 'extreme events' and the dating of large snow avalanches on the Gaspé Peninsula, Quebec
(Boucher et al., 2003; Dubé et al., 2004; Germain et al., 2009) and in Glacier National Park (Butler and Sawyer, 2008). Only a few studies have been published on the activity of snow avalanche in the European Alps. Stoffel et al. (2006a) studied a cone that was affected by snow avalanches descending from three different couloirs and was able to distinguish the damage caused by the wind jet from that
caused by snow and transported material. At the same time, in the Spanish Pyrenees (Muntán et al., 2004, 2009), the French Alps (Corona et al., 2010) and patagonia (Mundo et al., 2009), a touching analysis of snow avalanches was launched; Casteller et al., 2008). Larocque et al. (2001) uses collision scars, TRds and reaction wood to analyze frequency-magnitude relations of 'slushflows' (i.e. liquid
snow) on the Gaspé peninsula.M. Schneebeli, P. Bebi, in encyclopedia of Forest Sciences, 2004A necessary condition for snow avalanche formation is a gradient of more than 20°. In the Swiss Alps, avalanche formation on wooded slopes has only been observed on slopes of more than 30°. This value is likely to be valid worldwide, as the underlying mechanical will be comparable. Slope aspect is
especially relevant to the type of avalanche that occurs. Occurs. avalanches usually occur on sun-drenched slopes, while dry plate avalanches have only been observed in shady areas. The frequency of avalanche deletions is also higher on convex slopes (which tend to get steeper when one goes downslope) than on hollow slopes where slopes generally decrease downwards. The roughness of the
terrain under the snowpack determines the origin of snow slides and subsequent wet snow avalanches. Grassy, deserted pastures are especially prone to snow gliding. Fallen tree trunks, remnants of felled or broken trees, root plates of inverted trees and large rocks can all prevent the formation of small avalanches, but not extreme ones. Such surface features also promote regrowth by preventing further
mechanical damage by preventing new avalanches to the young trees, and by providing favorable microsites for tree seedling enterprise. Richard H. Waring, Steven W. Running, in Forest Ecosystems (Third Edition), 2007Mass movement of soil and snow avalanches create conditions that favor regeneration of some species. In the Cascade Range of the Pacific Northwest, two nitrogen-binding species are
well adapted to colonize cleared areas after soil erosion (Alnus rubra) or snow avalanches (Alnus incana). Similarly, in the Andes mountains of Chile and Argentina, where earthquakes and volcanic eruptions occur fairly frequently, single-aged stands of Northofagus species are maintained for up to 300 years and then replaced after another stand-destroying event that exposes bare soil (Kitzbergen et al.,
1995; Veblen and Alaback, 1996). Trees growing on unstable soils can often be recognized because they tend to shift their centers of gravity over time, leading to an irregular mainstay and non-comical alignment. Part of the residue from massive slope failures creates banks with deep soil deposits in the midslope. When the soil displaced by mass movement reaches currents it is deposited as alluvium on
floodplains. Silt from a single flood can accumulate in deposits more than 50 cm deep around the base of coastal sequoia trees (Sequoia sempervirens) without preventing a new root system from recovering quickly (Stone and Vasey, 1968). In some areas, the order has been repeated for more than 1,000 years, so that the surface on which trees were originally located is now nearly 10 m below the
surface. In addition, the fresh sludge provides a seedbed free of fungi, allowing sequoia seedlings to successfully germinate and colonize new areas on the floodplains (Stone and Vase, 1968). Native forests are well adapted to mechanical forces characteristic of the environments in which they are found. Silvicultural manuals provide a general ranking of species with respect to their tolerances for
environmental stress, including reactions to mechanical forces (Fowells, 1965; Burns and Honkala, 1990). Often, widespread species are still planted in areas where they are poorly adapted because they initially show rapid growth. If If intensity or accumulation of snowpack would change significantly, the boundaries of the current forest species could abruptly shift.B.H. Luckman, in Encyclopedia of
Quaternary Science (Second Edition), 2013In Arctic or alpine areas, snow avalanches running over the rock face can train material and deposit on the talus below (Rapp, 1960). However, if these snow avalanches move over the talus, they can also erode or absorb loose surface material, often exposing fines to the surface. This material is transported downslope, where it is deposited on coarser material as
a scattered cover of precariously placed smaller boulders or rock fragments, abandoned from an ablating snow cover. These phenomena are known as avalanche or perched boulders (Jomelli, 1999; Luckman, 1988; Rapp, 1960). The upper, eroded slopes show little size sorting and can be stripped of loose materials, but there is a rapid increase in average grain size to the base, where avalanche material
is mixed with coarse blocky rock fall debris. Prolonged or intense avalanche activity can carry debris far beyond the boundaries of the talus, resulting in a loose spread of coarse debris or the development of an avalanche boulder tongue (Jomelli and Francou, 2000; Luckman, 1978; Rapp, 1959). These 'roadbank tongues' can be recognized by an elevated piece of debris that extends beyond the original
talus, often with an asymmetric cross-section and a smoothed oblique top, flanked by steep side slopes and a lobaat front. Talus slopes modified by avalanches exhibit a pronounced basal concavity, a strong sized sorting of surface debris at their bottom and often a considerable distance beyond the toe of adjacent, normal rock trap talus over slopes of as little as 8-10° (Figure 3). Figure 3. Talus slopes
altered by extensive snow avalanche activity resulting in avalanche boulder tongues, Pallenvagge, Abisko Mountains, Sweden. The dark talus is more stable and heavily lichen-covered, and lighter areas show surface reworking by snow avalanches. The basic profiles of the well-developed avalanche tones (center and left) have strong basal concavities. Taylor Rowley, ... John D. Vitek, in Developments in
Earth Surface Processes, 2015Two processes that occur in very mountainous areas are snow avalanches and slush flows (Figs 13.22 and 13.23). The first refers to a rapid flow of snow down steep slopes, but can be referred to as a dirty avalanche where it includes a combination of soil, boulders and vegetation (Bartsch et al., 2009; Rapp, 1960; White, 1981). Factors that determine the occurrence of
avalanches are temperature changes, internal structure of snowpack and underlying lithology (McClung and Schweizer, 1999). Figure 13.22. Snow Avalanches, Colorado.Photo by J. Giardino (2014). Figure 13.23. flow (also called fluvial talus) in the San Juan Mountains, Colorado.Photograph by J. Giardino (2009). Slush flows occur along first order main water main water where the snow bag is saturated
by snow and mud; in general after rainfall or thawing (Larocque et al., 2001; Rapp, 1960; Washburn and Goldthwait, 1958). 1958).
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