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Yearly official alpine accident statistics:
~70 fatalities of ~400 severe avalanche 
accidents
~25 fatalities of ~1000 severe ski tour 
accidents (non-avalanche)



Knowledge of a ǘƻǳǊΨǎdifficulties is important for
Better tour preparation, reduction of accidents and fatalities

Yearly official alpine accident statistics:
~70 fatalities of ~400 severe avalanche 
accidents
~25 fatalities of ~1000 severe ski tour 
accidents (non-avalanche)



Published in Swiss ski touring literature:

N=1307 Swiss Ski Tours, 
DependentVariable: Difficulty

According to the SAC methodology, the difficulty level should only reflect the ski section of a tour up to the ski depot



Main criteria for the SAC difficulty scale
steepness, exposure to fall down, space conditions 

space conditions: corridor widthsteepness: slope angle exposure to fall:  speed max



target variable / dependent variable
ski tour difficulty from SAC literature



Data preparation: from properties to prediction features
N=1307 Swiss tours, ~9.3 mill. track meters

LocalpropertiesalongeachTrack:

Digital Landscape Model 10m*10m

Properties:
-SlopeAngle(x,yύ  αsteepnessά
-SpeedMax(x,yύ αexposuretoŦŀƭƭά
-Width (x,yύ   αspaceconditionsά
-Forestation(x,y)
-Curvature(x,y)
-Fold(x,y)

-Risk(x,y):=SlopeAngle(x,y)*SpeedMax(x,y)

X
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How to find good segmentation parameters: Top, Bin1, Bin2
α¢Ǌƛŀƭ ŀƴŘ 9ǊǊƻǊά ƳƛƴƛƳƛȊƛƴƎ aŜŀƴ !ōǎƻƭǳǘŜ tǊŜŘƛŎǘƛƻƴ 9ǊǊƻǊ a!9 



from 7 properties toмлт αbestά features
Counting your 
steps like the 
fitness app of 
your smart 
phone
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Whatpredictivemodelingapproachdid we take?
MachineLearning vs. Statistical Model

Using 99 features Using 4 features



WhatResultsdid we get?
Transparency, Interpretability, DeployabilityoutweightedAccuracy

99 features
Accuracy: 1.05 (MAE)

-Transparency
-Interpretability,
-Deployability
-with only4 features
Accuracy: 1.11 (MAE)



Variable selectionwith quantile regression
Formedian of difficulty

Risk:=SlopeAngle*SpeedMax



Four out of 12 selected  author dummy variables



Significantauthor dummyvariables
SystematicOverrating vsUnderratingbiasdetectedfor difficulty



Selected four out of ~20 000 ski tour features derived from local track properties



Model deploymentto expandservicesof skitourenguru.ch
to 4 neighboringcountries with ~10 000 additional unratedski tours

P_Difficulty=0.859+(    418*RISK_H_Meter_Ski 
+  415*Slope_M_Meter_Ski 
+  488*Slope_H_Meter_Ski
+1041*Slope_H_Meter_Foot)/100000





Off course, skitourengurudoes not exempt you from
applying the recommended avalanche and risk assessment strategies


