Data Science in Search for Best Predictiori&ofour Difficulties

SDS2021 Glinter Schmudlach, Skitourengurt
Ulrich Reincke, SAS Institute

SWISS CONFERENCE
ON DATA SCIENCE



Difficulty of a skitour
Why isit important?

\.J, SKITOURENGURU



Difficulty of a skitour
Why isit important?

The Dilemma of Goal Setting with Incomplete Information

Difficulty Challenge

Skill

@, SKITOURENGURU



Difficulty of a skitour
Why is it important?

The Dilemma of Goal Setting with Incomplete Information

Difficulty Challenge

Skill

\.J, SKITOURENGURU




Difficulty of a skitour
Whyisit important?

The Dilemma of Goal Setting with Incomplete Information

Difficulty Challenge

Skill

\w.J, SKITOURENGURU



Difficulty of a skitour
Why isit important?

The Dilemma of Goal Setting with Incomplete Information

Difficulty Challenge

Skill

\w.J, SKITOURENGURU



Difficulty of a skitour
Whyisit important?

The Dilemma of Goal Setting with Incomplete Information

Difficulty Challenge

Skill

\w.J, SKITOURENGURU



Difficulty of a skitour
Why isit important?

Yearly official alpine accident statistics:
~70 fatalities of ~400 severe avalanche

accidents
~25 fatalities of ~1000 severe ski tour

accidents (noravalanche)

The Dilemma of Goal Setting with Incomplete Information
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Knowledgeof all 2 ddifi¢lities isimportant 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 (nofavalanche)

Difficulty Challenge

The Dilemma of Goal Setting with Incomplete Information

Skill

DIFFICULTY = f(SlopeAngle, SpeedMax, Curvature, Forestation, ....)
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DependentVariable:Difficulty
N=1307 Swiss Ski Tours,

Published in Swiss_ski touring literature;

= DIFFICULTY DIFFICULTY LABEL
9 1 Easy
2 Easy (+)

Zentralschweizer
Voralpen und Alpen

3 Less Difficult(-)
4 Less Difficult
5 Less Difficult (+)

6 Quite Difficult (-)
7 Quite Difficult
8 Quite Difficult (+)

9 Difficult (-)
10 Difficult
11 Difficult (+)

Hohgant bis Aletschhorn |
Ralph Schnegg /Daniel Anker

12 Very Difficult (-)
13 Very Difficult
14 Very Difficult (+)

15 Extremely Difficult (-)
16 Extremely Difficult
17 Extremely Difficult (+)

18 Extremely Difficult

According to the SAC methodology, the difficulty level should only reflect the ski section of a tour up to the ski def
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Main criteria for the SAC difficulty scale
steepness, exposure to fall down, space conditions
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exposure to fall: speed max
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steepness: slope angle
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target variable / dependent variable
ski tour difficulty from SAC literature
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Datapreparation from propertiesto prediction features

N=1307 Swis®urs, ~9.3 mill. trackneters

LocalpropertiesalongeachTrack  Properties:

? -SlopeAnglé W steepnesd
-SpeedMaxx,y0 exposurdo ¥ | £ £ &
-Width (k,y0 spaceconditionsx
-Forestation(x,})

-Curvature(x,))

-Fold(x.,))

Predicted Probabilities for Accident=1
With 85% Confidence Limits. G000
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Datapreparation
from local track properties to unique tour features
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Data preparation
from local track properties to unique tour features

lllustrative example of a local property along tours in ascent

N R eT  T | I B e P e e Y i ID_Long

10_Oberwakd_Blashom
11_Oberalppass_Brunnenstock
! 12_Oberslppass_Pazolastock

‘-ww = 1_PianodiPeccia_PoncionediBraga

—— 2 _Fusio_CimadiSassalto
P i P VYT, Py s 3_Fusio_PizzoCand

—— 4 _Realp_Blauberngstock
5_Oberwskl_Talistock

_,4-1 - ~ J e §_Ronco_PiezoPesciors

T _Willa_Pizzolucendro

Local Track Property of Tour

B_Oberwald_Sidelhom
8_Uirichen_Blashom

0 1000 2000 3000 4000 S000 6000 TODOD BODOD 9000 10000 11000 1 2000 13000
Tour Meter

Local track properties of fours processed: Risk, Slope Angle, SpeedMax, Acceleration, Forestation, Curvature, Width, ...
SDS2021
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Data preparation
from local track properties to unique tour features

Local Track Property of Tour
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Data preparation
from local track properties to unigue tour features

TourAscent Descending
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Data preparation
from local track properties to unigue tour features

TourAscent Descending
b N
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Data preparation
from local track properties to unigue tour features

TourAscent Descending
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Data preparation
from local track properties to unique tour features

TourAscent Descending
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Data preparation
from local track properties to unique tour features

TourAscent Top 595

Descending
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Data preparation
from local track properties to unique tour features

TourAscent Descending Top 595 Overlay
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Data preparation
from local track properties to unique tour features

TourAscent Descending Top 595 Overlay N=12
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Local track properties of tours processed: Risk, Slope Angle, SpeedMax, Acceleration, Forestation, Curvature, Width, ...
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Data preparation
from local track properties to unique tour features

TourAscent Descending Top 595 Overlay N=12 N=1307
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Local track properties of tours processed: Risk, Slope Angle, SpeedMax, Acceleration, Forestation, Curvature, Width, ...
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Data preparation
from local track properties to unique tour features

TourAscent Descending Top 595 Overlay N=12 N=1307 Top 595
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Local track properties of tours processed: Risk, Slope Angle, SpeedMax, Acceleration, Forestation, Curvature, Width, ...
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Data preparation
from local track properties to unique tour features

TourAscent Descending Top 595 Overlay N=12 N=1307 Top 595 Feature
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Data preparation
from local track properties to unique tour features

TourAscent Descending Overlay N=12 N=1307 Top 595 Feature
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How to find good segmentation parameterp, Binl, Bin:

GENAFE FYR ONNEBNE YAYAYAIAYS

Optimal quantile regression model with best segmentation parameter TOP, BIN1, BIN2 (out of 5000 trials)

Top BIN1 Bin2 Opt MAE_all MAE_NOL CNT_OL Intercept RiskCnt 3 RiskCnt 3f RiskCnt 2 RiskCnt 2f SAC3_BEE_BEW_BVS_FRV SAC3_TI SAC3_ZS_GRN_GRS_GL_V
@ @ @ * 11259 1.03841 35 183060 000866 000686  0.00464 -0.83060 0.67489 0

3
8
Taes
-ava
A en

500 1000 1500 2000 2500 3000 2000 2500

Top

1500 500 1000 1500 2000 2500
Bin2

1.7 4
16 -
154

el R
L

1]
rate
rRlaTH

1.7
16
154

114 -

MAE _all

134

MAE_all

w
WWE Y N NE AW
L e

\& SKITOURENGURU R

ON DATA SCIENCE

a

l
‘



from 7 propertiesto m n besumfeatures

Final list of prediction feature candidates C 0 u nti n g yo u r

Sample of original local properties along the tour track

ID_Long Meter | Speed  SlopeAngle | Forestation | Fold | Curvature | Accelleration = Width I | T T e | T Ste ps Ilke the
1000_Sagliains_PizZadrell 25 29 00 -1545 -2.00 13 135 1 TRN_VAL Flag 36 ACCELS_L_Meter Foot 72 FORESTSLOPE_L_Meter Foot .
1000_Sagliains_PizZadrell 2% 29 00 | 1545 200 13 135 2 | Target_Difficulty 37 | ACCELS_M_Meter_Foot 73 | FORESTSLOPE_M_Meter_Foot fl tn ess a p p Of
3 i 3¢  ACCELS_H_Meter_Foot 74 FORESTSLOPE_H_Meter_Foot
1000_Sagliains_PizZadrell 25 29 0.0 | -15.45 200 13 135 PPy 5 CORVN L o 55 e —— 0 u r sm art
1000_Sagliains_PizZadrell 25 229 0.0 -1545 -2.00 13 135 5wl 40 CURVN_M_Meter_Ski 76  RISK_M_Mster_Ski y
1000_Sagliains_PizZadrell 2 29 00 -1545 200 13 135 ki 41 GURVN.H Mator 54 77 | RISK H Meter S
7y 42| CURVN_L_Meter_Foot 78 | RISK_L_Mster_Foot p h o n e
1000_Sagliains_PizZadrell 25 29 0.0 | -1545 -2.00 13 135 2 2z 43 CURVN_M_ Meter_Foot 79 RISK_M Meter Foot
1000_Sagliains_PizZadrell 25 29 0.0 -1545 -2.00 13 135 9 count_fm 44 CURVN_H_Meter_Foot 80 RISK_H_Meter_Foot 13377 IR
10 | count_am 45 | CURVP_L_ Meter_Ski 81 SLOPE_L Meter_Ski e
1000_Sagliains_PizZadrell 25 229 0.0 -1545 -2.00 13 135 — — = —— { Mar 29 Activity
11 count_sm 46 GURVP_M_Meter_Ski 8 SLOPE_M_Meter_Ski
1000_Sagliains_PizZadrell 25 229 0.0 -1545 -2.00 13 135 12 | stan 47 | CURVP_H_Meter_Ski 23| SLOPE_H_Meter_Ski
1000_Sagliains_PizZadrell 25 229 0.0 -1545 -2.00 13 135 13 | end 48 | CURVP_L_Meter_Foot 84 | SLOPE L Meter Foot < 9/118-9/119 >
— - 14| StarEle 49 CURVP_M Mester_Foot 85 SLOPE_M_Meter_Foot oy
1000_Sagliains_PizZadrell 25 259 0.0 | -1545 -2.00 13 135
15 StopEle 50 CURVP_H_Meter_Foot 26 SLOPE_H_Meter_Foot
1000_Sagliains_PizZadrell 25 29 0.0 | -1545 -2.00 13 135 16 Ele 51 FOLDN_L_Meter_Ski 87  SPEEDM_L_Meter_Ski II II I II .
1000_Sagliains_PizZadrell 25 239 00 1545 300 3 135 17 | SAC 52 FOLDN_M_Meter_Ski 88 SPEEDM_M_Meter_Ski - I 350
18 | SACO 53 | FOLDN_H_Meter_Ski 89 SPEEDM_H_Meter_Ski
1000_Sagliains_PizZadrell 25 229 0.0 -1545 -2.00 13 1% 19 saCt 54 FOLDN_L Meter_Foot 90 | SPEEDM_L_Meter_Foot
1000_Sagliains_PizZadrell 25 230 0.0 -1278 553 13 147 20 sAC2 55  FOLDN_M_Meter_Foot 91 SPEEDM_M_Meter_Foot L_ ket L
1000 Sagliains PiZadrell % 230 00| 1278 553 13 47 21| SAC3 56 FOLDN_H_Meter_Foot 92 | SPEEDM_H_Meter_Foot =pees aEnEN
s = ’ ’ 22| ACCELM_L_Meter_Ski §7  FOLDP_L_Meter_Ski 93 SPEEDS_L Meter_Ski
1000_Sagliains_PizZadrell 25 230 0.0 1278 553 13 47 23| ACCELM_M_Meter_Ski 58 | FOLDP_M_Meter_Ski 91 SPEEDS_M_Meter_Ski i
1000_Sagliains_PizZadrell 25 23.0 0.0 -12.78 553 13 147 24 | ACCELM_H_Meter_Ski 59 FOLDP_H_Meter_Ski 95 SPEEDS H Meter_Sk Ll H H M | |
1000_Sagliains, PizZadrel 2 20 00 | 1278 o3 1 a7 25 | ACCELM_L_Meter_Foot 60 FOLDP_L_Meter_Foot 96 SPEEDS_L Meter_Foot
26 | ACCELM_M_ Meter_Foot 61 FOLDP_M_Meter_Foot 97 | SPEEDS_M_Meter_Foot
1000_Sagliains_PizZadrell 25 230 0.0 1278 653 13 147 27  ACCELM_H_Meter_Foot 62 FOLDP_H_Meter_Foot 93 | SPEEDS_H_Meter_Foot it Eaviiitas
1000_Sagliains_PizZadrell 25 230 00 1278 553 13 147 28 SAC_Vol 63 FOREST_L Meter_Ski 99 WIDTH_L_Meter_Ski
29 Meter 64 FOREST_M_Meter_Ski 100 WIDTH_M_Meter_Ski Data Sources & Access
LT iz [Rezibel] % 230 00| 1278 553 13 47 30 Mode 65 FOREST_H_Meter_Ski 101 WIDTH_H_Meter_Ski
1000_Sagliains_PizZadrell 25 230 0.0 -1278 -5.53 13 147 31 Outlyer_code 66 FOREST_L_Meter_Foot 102  WIDTH_L_Meter_Foot
1000_Sagliains_PizZadrel 4 2% 230 00 1278 553 13 147 32 Outlyer_Comment 67 FOREST_M_Meter_Foat 103 WIDTH_M_Meter_Foot
33 ACCELS L Meter Ski 68 FOREST_H Meter_Foot 104 WIDTH_H_Meter_Foot
Z X3 Z x5 Z X3 Z x; B z x; Z x; By Z xif; 34 ACCELS M_Meter Ski 69 FORESTSLOPE_L Meter_Ski 105 Author_Grp_Bias i
35 | ACCELS_H_Meter_Ski 70 FORESTSLOPE_M_Meter_Ski 106 SelectionProb - -
71 FORESTSLOPE_H_Meter_Ski 107 SamplingWeight

SDS2021
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What predictive modelingapproachdid we take?
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What Resultsdid we get?

Transparencyinterpretability, Deployabilityoutweighted Accuracy

= = )

3 P (e
2[5
et |
[s[[n[s ] ©

-Transparency

99features -Interpretability
Accuracyl1.05 (MAE), ¥ -Deployability
-with only4 features

Accuracyl.11 (MAE)
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Variableselectionwith quantile regression
Formedian of difficulty

The HPQUANTSELECT Procedure
Quantile Level = 0.5

Selection Summary Fit Statistics Prediction Error
Effect Number Objective Function | 725.08515 Error Measures £
Step | Entered Effects In AIC SBC M 1307 S
R1 040396 | —
0 | Intercept 1 1855716 -180.3961 30% L une 111
( . MARE 1.09
1| RISK IH_Meter_Ski 2 opa6951 [ -o7azaan] AdIRI 0.40028 = .
2 sLOPE H_Meter Foot 3 1216.9940 -1201.4675 | AIC -1522.17042 AREs=2  92% F g
_ ARE==3 98% = =
3 Aut BVS 4 1246.9930  -1226.2911  AICC -1522.03163 5 20% 7| ARE<=4  99% [
4| Aut BEW 5 1277.7180 12518405 @ SBC -1475.59101 8
&
5(SLOPE H_Meter Ski 6 -1307.2939 -1276.2410  ACL 055477 £ b
6 | SLOPE JM_Meter_Ski 7| -1484.6233 -1448.3949 10% - =
7 Aut Tl 8 -1510.2989 -1468.8950 2
8 | Aut BEE 9 | 1522 1704* | 1475 5910 |:|
0% _=|:| S | B — I:I__
. Frequency 3 3? 130 261 400 270 133 45
Risk=SlopeAngleSpeedMax 5 43 2401 2 3 45 6
Rounded Error

SDS2021

\& SKITOURENGURU



Method: Quantile Regression - PROC HPQUANTSELECT

Parameter Estimates

Prediction Error Misclassification Matrix

Error Measures i 12 E R a0
Parameter Estimate StdErr | tValue N 1307 2 1 205|313l 1
30% | MAE 111 [
Intercept 085899 009135 940 MARE T 10 12 [16]12[10] 3 [3]
Aut Tl 0.81293  0.10582  7.68 ARE==1 % 2 9 3|o|26[11|5]3 60
ARE==2 9% & &
Aut_BEE -0.80018 0.25536 8 -3.13 0% ARE<=3 8|% g kil B 1|9 |39|55|24| 4|4
[ | ARE==4 99%
Aut_BEW 057861 016198 357 g g 1|31|s50(78[23[ 5 [ 1] 1] £
£ |
Aut BVS 1.00000  0.19346 517 « z g 8 3 | 48 Ry 57 (M2 1 w8
2 ]
RISK_H_Meter Ski 0.00416 | 0.0002401 | 17.41 _— E 2 s |2[e]so[lss[0]21]1]
SLOPE_M_Meter_Ski 0.00415 0.0001890 21.94 " T2 55 IR | 20
. £ - 3 8 |15|37|19| 4
SLOPE_H_Meter_Ski 0.00488  0.0001937 2521 s @ o T ]
| |_| s 8 A 2|3 [15]| 9 |19 3
SLOPE_H_Meter_Foot | 0.01041 0.0007811  13.33 0% - = =
F 37 37 130 261 400 270 138 45 113 2 1 27)15 17 2|1 5|2 | _— L
5 4 3 2 4 0 1 2 3 4 5 6 12 3 4 5 6 7T B 9 1011 12
Rounded Emor Predicted Difficulty
Four out of 12 selected author dummy variables
E with 95% C Limits Pareto Plot of Absolute Roundet Prediction Error ARE Missclassification Contour Plot
Intarcept | |—— & 12
At T -| E—— ; a0
Aut_BEE - 40% | CumPct -
Aut_BEW -| — H
Aut BVS | ———e— 0% = g -
15 1.0 05 0.0 05 10 - 65 @
Estimate 3 g ; = -
o & 2 3 B
a 20% g E |40 8
F with 95% C Limits E e
RISK_H_Meter_Ski - [—s—]| o
10% 2
SLOPE_M_Meter_Ski —| |-+ © a0
) =& F
SLOPE_H_Meter_Ski— i O s o o
SLOPE_H_Meter_Foot ; e e s | Frequency | 400 531 288 82 18 6 2 1 ——, 5
0.004 0.006 0.008 0.010 0012 0 1 2 3 4 5 6 1 2 3 4 5 [ T 8 9 10 11 12
Estimate:

\.J, SKITOURENGURU
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Significantauthor dummyvariables
Systematic®©verrating vsUnderratingbiasdetected for difficulty

Error Measures

N -1 N/ . / : o \ St Jtess -~ ADIFFICULTY
n‘\g} { ""»\\\ | Bei ',\/“‘““"“ 3 . whm‘/ o
ME FRVD Alpes fribourgeoises et vaudoises (F) r.a - ~.
Freiburger und Waadtlander Alpen (D) & . f PSS AN T
BEW Berner Alpen West (D) Sy TR\, R A A G
MRE . BEE Berner Alpen O & s O\ Ao Bk & ER o 3
- ..BVS Bas-Valais (F) ‘ iy M BT R W < a
ARE _1 ?._1 % Parameter Estimate StdErr | tValue | .« OVS_Oberwallis (D) .
Intercept 085899  0.09135  9.40 ZSGTLI ﬁmra'x:wgiz“
> arus ~ 5t. Gal
ARE==2} Tores WAuT 051293 1 010562 768~/ GRN Nordbinden (D 6
' ‘GRS Sudbunden (D)
ARE E.E% Aut_BEE -0.80018 0.25636 8 -3.13 I 7
: 3 Aut_BEW 057861 016198 -357 8
ARE==4 o004, AutBYS -1.00000  0.19346 517 s
10
Parameter Estimates with 95% Confidence Limits 11
Intercept - —— 4 y
B\ 295 | 268 12
SanBgnacdif | Juierpass
Aut_TI — . . - 13
y =¥
Aut_BEE - sl . “
Tessin/Misox/Calanca
Aut_BEW } + | - ﬁ 15
16
Aut_BVS | —————
T T T T T Il T | DS AN TERANY 1?
15 -1.0 05 0.0 0.5 1.0 2
Estimate 2 @ Produkt =
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Parameter Estimates

Parameter Estimate StdErr | tValue
Intercept (0.85899 0.09135 9.40
Aut_TI 0.81293 0.10582 7.68
Aut_BEE -0.80018 0.25536  -3.13
Aut_BEW -0.57861 016198  -3.57
Aut_BVS -1.00000 0.19346 517
RISK_H_Meter_Ski 0.00418 | 0.0002401 17.41
SLOPE_M_Meter_Ski 0.00415 0.0001890 21.94
SLOPE_H_Meter Ski 0.00488  0.0001937 25.21
SLOPE_H_Meter_Foot | 0.01041 0.0007811 13.33

Method: Quantile Regression - PROC HPQUANTSELECT
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Predicted Difficulty

Selected four out of ~20 000 ski tour features derived from local track properties
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Pareto Plot of Absolute Roundet Prediction Error ARE
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Model deploymentto expandservicesof skitourenguru.ch
to 4 neighboringcountrieswith ~10 000 additionalinrated skitours
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What's Skitourenguru

Skitourenguru supports you in the selection and planning of a
suitable ski tour with low avalanche risk. For this purpose,
Skitourenguru assigns daily an avalanche risk to thousands of
ski tours in the alpine region:

Symbol Values Avalanche risk

A 0-1 Low avalanche risk

v 1-2 Elevated avalanche risk
[ 2-3 High avalanche risk

In addition Skitourenguru marks static route cruxes with grey
rings:

Symbol Class Meaning

O 1 Avalanche terrain

(@) 2 Typical avalanche terrain

3 Very typical avalanche terrain

On site and in the individual slope usually information becomes
accessible that is not available to Skitourenguru. The
information presented on Skitourenguru is subject to
uncertainties (see Handbook). Therefore Skitourenguru must
not be the only criterion to access a slope.

Choose a region

Region State Edition  Valid

Switzerland On 17.30h 16.4.2021-17.00h
East Alps On 18.30h 16.4.2021-18.00h
France Test 16.30h 16.4.2021-18.00h
Nothwest-ltaly Test 16.30h 16.4.2021-16.00h
Notheast-italy Test 17.30h 16.4.2021-16.00h

Partners

Skitourenguru is supported among others by the following
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Off courseskitourengurudoes not exempt you fror

applying the recommended avalanche and risk assessment strategie

BEURTEILUNGS- UND ENTSCHEIDUNGSRAHMEN 3X3

1. PLANUNG

Verhaltnisse
-*- * %
® %
Vi s
* Lawinenbulletin
* Wetterbericht
* Tourenportale im Internet

Tourenziel mit Alternativen und Zeitplan

l 25'000 planen, Inl:l Alm
. Ft’iﬂedhemu und Skitouren-

qender

o Verfassung Gruppe / Leiter
« Schiiisselstellen suchen und .
beurteilen * Zeitplan
« Infos von Ortskundigen
| l |
Entscheid

Welche Tour ist
moglich?

Stimmen die bisherigen Annahmen
mit der Realitat im Hang {iberein?

3. EINZELHANG Finale Risikoiberl Vorsic hmen oder Verzicht
Verhiltnisse Gelande Mensch () ® o
K i
’ « Lawinenprobleme im Hangund e Steilheit  Befindlichkeit
| wie akut sind sie? « Exposition und Hohenlage (Gruppe, personlich)
Oder ist die Lawinensituation (giinstig / ungiinstig) * Fakten € Gefilhle
giinstig? « Gelandeform o Taktik (Abstinde, ei
 Sicht * Hanggrosse fahren, anhalten auf «sicheren
* Haufig befahren * Mégliche Konsequenzen / Inseln»)
» Andere Gefahren (Gletscher, Gelandefalle * Kommunikation
te etc) * Spuranlage * Fiihrung / Disziplin
|
1 1 |
d ¥
é Entscheid
-]
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Reflexion: Erfahrung erweitern
durch Riickblick auf die Tour.
Gab es Oberraschungen?

machen?

Was wiirde ich nachstes Mal anders

Einzelhang
moglich?
Wie?

Go/Go here iG]



