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Supplementary Material 1 

brackets in the following tables refer to the number of elements considered according to the line or column 3 
attribute. 4 

 5 

 6 

 7 

 8 

 9 

damage level and transport mode. 11 
Damage level 
[EUR] 

Cost per m2, 
small event, 

road 

Cost per m2, 
middle event, 

road 

Cost per m2, 
large event, 

road 

Cost per m2, 
small event, 

train 

Cost per m2, 
middle event, 

train 

Cost per m2, 
large event, 

train 
No closure 5 5 5 5 5 5 
Closure 85 130 170 300 340 385 
Partial damage 255 300 340 470 510 555 
Total destruction 850 890 980 1065 1105 1145 
Unknown damage 130 170 215 255 300 340 
 12 

Geomorphologic-
climatic region 

Flood 
(420) 

Debris flow 
(69) 

Landslide 
(192) 

Rockfall 
(96) 

Avalanche 
(16) 

Other 
(53) 

Average 

Jura (98) 19% 0% 3% 6% 0% 15% 12% 
Plateau (371) 57% 4% 42% 6% 0% 79% 44% 
Alps (377) 24% 96% 55% 88% 100% 6% 44% 
Total (846) 100% 100% 100% 100% 100% 100% 100% 
 14 
  15 

English French German Italian 

avalanche avalanche Lawinne valanga 
bad weather intempéries Unwetter   
flood   Hochwasser   
hail grêle Hagel   
heavy rainfall forte pluies Heftige Regen   
ice avalanche   Eislawine   
inundation   Überflutung   
inundation inondation Überschwemmung   
landslide glissement de terrain Erdrutsch frana 
landslide   Hangrutsch   
landslide   Hachrutsche   
landslide   Rüfenniedergang   
landslip glissement Rutschung   
mountain pan de montagne     
mud boue Schlamm   
mudflow coulée de boue Schlammlawine   
mudslide   Erdlawine   
pirock caillou Stein massi 
rockfall   Bergsturz   
rockfall   Felsabbruch   
rockfall éboulement Felsbrock   
rockfall écroulement Felsbrocken   
rockfall   Felssturz   
rockslide chute de blocs Steinschlag cadono sassi 
scree   Geröll   
scree éboulis Schutt   
storm tempête Sturm   
thunderstorm orage Gewitter   
under water sous l'eau     
wind vent Wind   

2 Table S1: 51 key words (in red) used in the Google Alerts to create the database. The numbers between 

10 Table S2: Cost value estimation by square metre for the cost evaluation according to event importance, 

13 Table S3: Distribution of event locations by Swiss geomorphologic-climatic region and event process. 
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Event location Flood 
(420) 

Debris flow 
(69) 

Landslide 
(192) 

Rockfall 
(96) 

Avalanche 
(16) 

Other 
(53) 

Average 

Town (151) 15% 0% 9% 1% 0% 6% 18% 
Village (261) 46% 14% 12% 6% 13% 4% 31% 
Forest (185) 4% 46% 38% 58% 13% 13% 22% 
Unforested (249) 0% 6% 5% 12% 69% 0% 29% 
Total (846) 100% 100% 100% 100% 100% 100% 100% 
 17 
 18 

Slope angle Flood 
(420) 

Debris flow 
(69) 

Landslide 
(192) 

Rockfall 
(96) 

Avalanche 
(16) 

Other 
(53) 

Average 

0°-10° (339) 62% 17% 12% 5% 6% 68% 40% 
10°-20° (257) 31% 43% 29% 19% 38% 28% 30% 
20°-30° (131)  4% 23% 33% 31% 38% 2% 15% 
30°-40° (85) 2% 12% 21% 26% 19% 0% 10% 
40°-50° (26) 0% 4% 4% 14% 0% 2% 3% 
50°-60° (6) 0% 0% 1% 4% 0% 0% 1% 
60 and higher (2) 0% 0% 1% 1% 0% 0% 0% 
Total (846) 100% 100% 100% 100% 100% 100% 100% 
 20 
 21 

Location of 
process origin 

Flood 
(420) 

Debris flow 
(69) 

Landslide 
(192) 

Rockfall 
(96) 

Avalanche 
(16) 

Other 
(53) 

Average 

Small1 (804) 100% 78% 96% 24% 81% 100% 95% 
Middle2 (33) 0% 19% 3% 43% 19% 0% 4% 
Large3 (9) 0% 3% 1% 33% 0% 0% 1% 
Total (846) 100% 100% 100% 100% 100% 100% 100% 

1 Small event: volume of deposit material on the track <10 m3. 23 
2 Middle event: volume of deposit material on the track of 10-2000 m3. 24 
3 Large event: volume of deposit material on the track > 2000 m3. 25 
 26 
 27 

Distance of the 
process origin 

Debris flow 
(69) 

Landslide 
(192) 

Rockfall 
(96) 

Avalanche 
(16) 

Other 
(53) 

Average 

Near1 (185) 0% 52% 33% 6% 100% 35% 
Far2 (146) 100% 11% 43% 94% 0% 39% 
Unknown (95) 0% 37% 24% 0% 0% 26% 
Total (426) 100% 100% 100% 100% 100% 100% 

1 Near: 0-50 m from the track. 29 
2 Far: > 50 m from the track. 30 
 31 
 32 

Location of 
process origin 

Debris flow 
(69) 

Landslide 
(192) 

Rockfall 
(96) 

Avalanche 
(16) 

Other 
(53) 

Average 

Above track (339) 100% 60% 89% 100% 100% 80% 
Below track (29) 0% 14% 2% 0% 0% 7% 
Unknown (58) 0% 26% 9% 0% 0% 14% 
Total (426) 100% 100% 100% 100% 100% 100% 
 34 
  35 

16 Table S4: Distribution of event locations by event process. 

19 Table S5: Distribution of slope angle by event process. 

22 Table S6: Distribution of event importance by event process. 

28 Table S7: Distribution of the distance of the process origin by event process. 

33 Table S8: Distribution of the location of the process origin by event process. 
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Rainfall* [mm] Flood Debris flow Landslide Rockfall Avalanche Other Average 
Event day  22 14 17 5 4 4 17 
Cum. last 5 days1 49 32 57 27 32 15 45 
Cum. last 10 days1 76 55 88 52 46 36 71 
Daily rain avg. last 5 days2 10 6 11 6 6 3 9 
Daily rain avg. last 10 days2 7 5 9 5 5 4 7 
Max daily rain last 5 days3 30 21 32 15 18 11 27 
Max daily rain last 10 days3 33 26 36 20 21 15 30 
Abs max daily rain4 100 65 154 42 13 39 - 
Abs max daily rain last 5 days4 154 75 154 77 140 39 - 
Abs max daily rain last 10 days4 154 75 154 109 140 39 - 
* Average by event process except for absolute values (last three lines of the table). 37 
1 Cumulative rainfall 5 and 10 days prior to the event day. 38 
2 Daily rainfall average 5 and 10 days prior to the event day. 39 
3 Maximum daily rainfall 5 and 10 days prior to the event day. 40 
4 Absolute maximum rainfall recorded (i.e., for one event) on the event day, 5 and 10 days prior to the event day. 41 
 42 

Year Flood 
(420) 

Debris flow 
(69) 

Landslide 
(192) 

Rockfall 
(96) 

Avalanche 
(16) 

Other 
(53) 

Average 

January (27) 0% 4% 4% 15% 6% 0% 3% 
February (65) 0% 1% 6% 6% 19% 81% 8% 
March (26) 1% 0% 2% 13% 50% 2% 3% 
April (28) 2% 0% 6% 7% 0% 2% 3% 
May (107) 13% 10% 16% 15% 0% 2% 13% 
June (253) 41% 16% 29% 7% 0% 8% 30% 
July (210) 31% 51% 19% 8% 0% 2% 25% 
August (35) 4% 12% 4% 1% 0% 2% 4% 
September (14) 1% 6% 2% 2% 0% 0% 2% 
October (14) 1% 0% 1% 10% 0% 0% 2% 
November (58) 6% 0% 9% 11% 6% 2% 7% 
December (9) 0% 0% 1% 4% 19% 0% 1% 
Total (846) 100% 100% 100% 100% 100% 100% 100% 
 44 
 45 

Transport mode Flood 
(420) 

Debris flow 
(69) 

Landslide 
(192) 

Rockfall 
(96) 

Avalanche 
(16) 

Other 
(53) 

Total 

Road (747) 53% 9% 20% 10% 1% 7% 100% 
Railway (99) 27% 2% 42% 20% 4% 5% 100% 
 47 
 48 

Road class Flood 
(393) 

Debris flow 
(67) 

Landslide 
(151) 

Rockfall 
(76) 

Avalanche 
(12) 

Other 
(48) 

Average 

Highway (34) 7% 0% 2% 1% 10% 2% 5% 
Motorway (2) 0% 0% 1% 0% 0% 0% 0% 
Major transit road (99) 11% 8% 11% 36% 36% 6% 13% 
Regional road (94) 11% 7% 18% 18% 9% 8% 12% 
Urban road (426) 65% 37% 48% 38% 36% 82% 57% 
Minor road (72) 4% 42% 15% 4% 9% 2% 10% 
Forest or land trail (20) 2% 6% 5% 5% 0% 0% 3% 
Total (747) 100% 100% 100% 100% 100% 100% 100% 
 50 
  51 

36 Table S9: Rainfall [mm] during the natural hazard events. 

43 Table S10: Monthly distribution of events by event process. 

46 Table S11: Transport mode distribution by event process. 

49 Table S12: Road class distribution by event process. 
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Track class Flood 
(27) 

Debris flow 
(2) 

Landslide 
(41) 

Rockfall 
(20) 

Avalanche 
(4) 

Other 
(5) 

Average 

National (29) 37% 0% 32% 30% 0% 0% 29% 
Regional (66) 56% 100% 68% 70% 100% 60% 67% 
Tram (4) 7% 0% 0% 0% 0% 40% 4% 
Total (99) 100% 100% 100% 100% 100% 100% 100% 
 53 

Possibility of deviation Flood 
(420) 

Debris flow 
(69) 

Landslide 
(192) 

Rockfall 
(96) 

Avalanche 
(16) 

Other 
(53) 

Total 

Large (342) 63% 17% 15% 8% 0% 52% 40% 
Middle (190) 21% 7% 32% 17% 7% 33% 23% 
Small (102) 7% 6% 13% 32% 66% 4% 12% 
No (212) 9% 70% 40% 43% 27% 11% 25% 
Total (846) 100% 100% 100% 100% 100% 100% 100% 
 55 

Damage level Flood 
(420) 

Debris flow 
(69) 

Landslide 
(192) 

Rockfall 
(96) 

Avalanche 
(16) 

Other 
(53) 

Total 

No closure (149) 34% 0% 1% 3% 6% 4% 18% 
Closure (483) 60% 35% 50% 50% 81% 96% 57% 
Partial damage (143) 1% 39% 37% 39% 13% 0% 17% 
Total destruction (53) 1% 26% 12% 8% 0% 0% 6% 
Unknown damage (18) 4% 0% 0% 0% 0% 0% 2% 
Total (846) 100% 100% 100% 100% 100% 100% 100% 
 57 

Damage and impact type on vehicles Flood 
(420) 

Debris flow 
(69) 

Landslide 
(192) 

Rockfall 
(96) 

Avalanche 
(16) 

Other 
(53) 

Total 

No damage (803) 98% 93% 96% 89% 80% 89% 95% 
Vehicle damage: direct impact1 (25) 1% 7% 1% 7% 7% 7% 3% 
Vehicle damage: indirect impact2 (18) 1% 0% 3% 4% 13% 4% 2% 
Total (846) 100% 100% 100% 100% 100% 100% 100% 
1 Direct impact: a vehicle is directly affected by a hazard. 59 
2 Indirect impact: a vehicle collides with an event mass already fallen on the track. 60 
 61 

Injury and death Flood 
(420) 

Debris flow 
(69) 

Landslide 
(192) 

Rockfall 
(96) 

Avalanche 
(16) 

Other 
(53) 

Total 

No damage on people (828) 99% 96% 98% 93% 100% 98% 98% 
Injury (15) 1% 4% 1% 5% 0% 2% 2% 
Death (3) 0% 0% 1% 2% 0% 0% 0% 
Total (846) 100% 100% 100% 100% 100% 100% 100% 
 63 

Deviation length Flood 
(383) 

Debris flow 
(21) 

Landslide 
(116) 

Rockfall 
(58) 

Avalanche 
(11) 

Other 
(49) 

Mean 

0-1 km (255) 58% 29% 12% 9% 0% 12% 40% 
2-5 km (102) 14% 38% 16% 3% 0% 39% 16% 
6-9 km (57) 9% 10% 9% 7% 0% 14% 9% 
10-19 km (100) 9% 5% 34% 21% 0% 22% 16% 
20-49 km (63) 5% 0% 17% 26% 45% 8% 10% 
50-99 km (24) 3% 5% 5% 12% 0% 0% 4% 
100-249 km (30) 2% 14% 6% 17% 18% 4% 5% 
250-350 km (7) 0% 0% 0% 5% 36% 0% 1% 
Total (638) 100% 100% 100% 100% 100% 100% 100% 
 65 
  66 

52 Table S13: Railway class distribution by event process. 

54 Table S14: Distribution of possibility of deviations by event process. 

56 Table S15: Distribution of track damage by event process. 

58 Table S16: Distribution of damage and impact on vehicles by event process. 

62 Table S17: Distribution of injury and death by event process. 

64 Table S18: Distribution of deviation length on roads by event process. 
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Damage level [EUR] Flood 
(420) 

Debris 
flow (69) 

Landslide 
(192) 

Rockfall 
(96) 

Avalanche 
(16) 

Other 
(53) 

Total 

Annual cost [EUR] 
No closure (149) 12 665 340 85 765 255 170 14 280 
Closure (483) 514 250 71 400 262 650 160 650 28 900 107 950 1 145 800 
Partial damage (143) 25 500 127 500 425 000 227 800 40 800 0 846 600 
Total destruction (53) 72 250 459 850 528 700 246 500 0 0 1 307 300 
Unknown damage (18) 45 900 0 0 0 0 0 45 900 
Annual cost [million €] 0.67 0.66 1.22 0.64 0.07 0.11 3.36 
Avg. cost by event 8 000 47 800 31 700 33 100 21 900 10 200 19 900 
 68 

Year Flood 
(420) 

Debris flow 
(69) 

Landslide 
(192) 

Rockfall 
(96) 

Avalanche 
(16) 

Other 
(53) 

Average 

2012 (60) 5% 3% 7% 17% 25% 2% 7% 
2013 (99) 11% 10% 16% 14% 6% 2% 12% 
2014 (173) 20% 10% 30% 20% 25% 0% 20% 
2015 (245) 25% 49% 22% 17% 25% 77% 29% 
2016 (269) 38% 28% 24% 33% 19% 19% 32% 
Total (846) 100% 100% 100% 100% 100% 100% 100% 
 70 

  71 

67 Table S19: Direct damage cost distribution by events type. 

69 Table S20: Annual distribution of events by event process.  
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Attribute (with 
values of the 
greatest 
occurrence)  

Flood Debris flow Landslide Rockfall Avalanche Other Mean 

Event importance Small Small Small Small Small Small Small 
Yearly number of 
events  

84 14 38 19 3 11 169 

Months  6, 7 7, 6 6, 7, 5 1, 5, 3, 11, 
10 

3 2 6, 7 

Season  Spring Summer Spring Spring, 
Winter 

Winter Winter Spring 

Time of day Afternoon Afternoon All day All day Morning All day Afternoon 
Hour 12-19 15-19 0-24 0-24 8-13 0-24 14-19 
Region Plateau Alps Alps Alps Alps Plateau Alps, 

Plateau 
Canton Bern Graubünden Valais Valais Valais Vaud Bern 
Slope angle 0-10 10-20 20-30 20-30 10-20 0-10 0-10 
Slope orientation S W S W N-W S-E S, S-W and 

W 
Location Village Forest Forest Forest Mountain Country Village 
Damage on track Closure Partial dam. Closure Closure Closure Closure Closure 
Direct costs per 
event (Euro) 

6 900 39 000 25 700 261 000 155 000 8 600 16 000 

Track geometry Str. line Wide curve Wide curve Wide curve Wide curve S. line & w. 
curve 

Wide curve 

Crossing Near No No No No No No 
Closure duration 3 hours 1 week  1 day 3 hours 1-2 days 3 hours 3 hours 
Possibility of 
deviation 

Large No No No Small Middle Large 

Deviation length 0-1 km No deviation No deviation No deviation 250-350 km 2-5 km 0-1 km 
Event origin 
distance 

- Far Near Far Far Near Near 

Event above 
below 

- Up Up Up Up Up Up 

Altitude [m a.s.l.] 525 1139 809 897 1274 614 701 
Track type Road Road Road Road Road Road Road 
Track importance Minor Minor Minor Minor Minor Minor Minor 
Rainfall event 
day [mm] 

22 14 171 5 4 4 17 

  73 

72 Table S21: Summary of event process key features. 
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 75 

74 Figure S1: Attributes of the database. 
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 81 

results were classified using 10 classes with the Jenks natural breaks method. A: All events; B: Floods; C: 83 
Debris flows; D: Landslides; E: Rockfalls; F: Avalanches; G: “Other”; H: Roads. Hillshade and map ground 84 
sources: Swisstopo. 85 

82 Figure S2: Kernel density maps. Search radius for events: 20 km. Search radius for road network: 10 km. The 
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 86 

 87 

 88 

2012 to 2016. The relative distribution of Swiss mountainside orientation is shown by the black dashed line. 90 

 91 

 92 

https://www.google.ch/maps/@46.7199391,7.1246016,8z/data=!4m2!6m1!1s1qtu6LEYum-94 
7ghpPg9WWzWwgPHYA?hl=fr, last access: 25 January 2018. 95 

 96 

89 Figure S3: Slope orientation distribution of natural hazard events on the Swiss transportation network from 

93 Figure S4: Database on Google Maps. Available at (last accessed: 25 January 2018): 
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 97 

http://unil.maps.arcgis.com/apps/MapTools/index.html?webmap=34ee3eb719a647889abd34175969d781, last 99 
access: 25 January 2018. 100 

98 Figure S5: Database on ArcGIS online. Available at (last accessed: 25 January 2018): 


