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1 Supplementary material 1 

1.1 Tables 2 

Numbers between brackets in the following tables refer to the number of considered elements 3 

according to the line or column attribute. 4 

Table 1: Distribution of event location according the three Swiss geomorphologic-climatic regions and 5 
according event processes. 6 

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% 
Swiss 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% 
 7 
Table 2: Distribution of event location according event processes. 8 
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% 
Unforest (249) 0% 6% 5% 12% 69% 0% 29% 
Total (846) 100% 100% 100% 100% 100% 100% 100% 
 9 
Table 3: Distribution of slope angle according event processes. 10 
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 more (2) 0% 0% 1% 1% 0% 0% 0% 
Total (846) 100% 100% 100% 100% 100% 100% 100% 
 11 
Table 4: Distribution of events importance according event processes. 12 

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 <10 m3. 13 
2 Middle event: volume between 10-2000 m3. 14 
3 Large event: volume > 2000 m3. 15 
 16 
Table 5: Distribution of distances of the process origin types processes according event processes. 17 

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. 18 
2 Far: > 50 m from the track. 19 
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Table 6: Distribution of location of process origin according event processes. 22 
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% 
 23 
Table 7: Rainfall [mm] during the natural hazard events on the Swiss transportation network during from 2012 24 
to 2016. 25 
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 processes except for absolute values (last three lines of the table). 26 
1 Cumulative rainfall of the 5 and respectively 10 days ago from the event day. 27 
2 Daily rainfall average of the 5 and respectively 10 days ago from the event day. 28 
3 Maximum daily rainfall of the 5 and respectively 10 days from the event day. 29 
4 Absolute maximum rainfall recorded (i.e. for one event) of the event day, the 5 and respectively 10 days from the event day. 30 
 31 
Table 8: Monthly distribution of events according event processes. 32 
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% 
 33 
Table 9: Distribution of transport mode according event processes. 34 

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% 
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Table 10: Distribution of road classes according event processes. 37 
Road classes Flood 

(420) 
Debris 
flow 
(69) 

Landsl
ide 

(192) 

Rockf
all 

(96) 

Avala
nche 
(16) 

Other 
(53) 

Avera
ge 

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% 
 38 
Table 11: Distribution of railway classes according event processes. 39 
Track class Flood 

(420) 
Debris flow 

(69) 
Landslide 

(192) 
Rockfall 

(96) 
Avalanche 

(16) 
Other 
(53) 

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% 
 40 
Table 12: Distribution of track sinuosity according event processes. 41 
Sinuosity Flood 

(420) 
Debris flow 

(69) 
Landslide 

(192) 
Rockfall 

(96) 
Avalanche 

(16) 
Other 
(53) 

Total 

Straight Line (175) 29% 6% 11% 9% 0% 35% 21% 
Near Wide Curve (30) 2% 14% 2% 4% 0% 4% 4% 
Wide Curve (265) 14% 55% 49% 44% 80% 35% 31% 
Near Tight Curve (39) 2% 3% 8% 14% 0% 4% 4% 
Tight Curve (40) 4% 9% 3% 6% 0% 13% 5% 
Unknown* (297) 49% 13% 27% 23% 20% 9% 35% 
Total (846) 100% 100% 100% 100% 100% 100% 100% 
*Localisation at communal level. 42 

Table 13: Distribution of track intersection according event processes. 43 
Sinuosity Flood 

(420) 
Debris flow 

(69) 
Landslide 

(192) 
Rockfall 

(96) 
Avalanche 

(16) 
Other 
(53) 

Total 

No intersection (319) 15% 61% 55% 71% 73% 56% 38% 
Near intersection (158) 23% 12% 16% 6% 7% 31% 19% 
In intersection (72) 13% 14% 2% 0% 0% 4% 8% 
Unknown* (297) 49% 13% 27% 23% 20% 9% 35% 
Total (846) 100% 100% 100% 100% 100% 100% 100% 
*Localisation at communal level. 44 

Table 14: Distribution of possibility of deviations according event processes. 45 
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% 
Any (212) 9% 70% 40% 43% 27% 11% 25% 
Total (846) 100% 100% 100% 100% 100% 100% 100% 
 46 
Table 15: Distribution of track damage according event processes. 47 
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% 
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Table 16: Distribution of damage and impact on vehicle according event processes. 50 
Damage and impact type on vehicle 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 reach by a hazard. 51 
2 Indirect impact: a vehicle collides an event mass already fallen on the track. 52 
 53 
Table 17: Distribution of injury and death importance according event processes. 54 
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% 
 55 
Table 18: Distribution of deviation length on roads according event processes. 56 
Deviation length Flood 

(231) 
Debris flow 

(21) 
Landslide 

(115) 
Rockfall 

(56) 
Avalanche 

(11) 
Other 
(46) 

Mean 

1 km (146) 51% 28% 11% 9% 0% 11% 31% 
2-5 km (84) 17% 38% 16% 4% 0% 39% 18% 
6-9 km (45) 10% 10% 9% 7% 0% 15% 10% 
10-20 km (116) 16% 5% 44% 31% 12% 31% 25% 
25-50 km (41) 4% 5% 9% 18% 50% 2% 7% 
60-90 km (15) 1% 0% 4% 11% 0% 0% 3% 
100-200 km (27) 1% 14% 7% 15% 25% 2% 5% 
250-350 km (6) 0% 0% 0% 5% 13% 0% 1% 
Total (480) 100% 100% 100% 100% 100% 100% 100% 
 57 
Table 19: Cost values estimation by square meter for the cost evaluation according event importance, damage 58 
level and transport mode. 59 
Damage level 
[EUR] 

Cost by m2, 
small event, 

road 

Cost by m2, 
middle event, 

road 

Cost by m2, 
large event, 

road 

Cost by m2, 
small event, 

train 

Cost by m2, 
middle event, 

train 

Cost by 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 
 60 
Table 20: Direct damage costs distribution according events types 61 
Damage level [EUR] Flood 

(420) 
Debris 

flow (69) 
Landslide 

(192) 
Rockfall 

(96) 
Avalanche 

(16) 
Other 
(53) 

Total 

Annual cost [EUR] 
No closure (149) 12665 340 85 765 255 170 14280 
Closure (483) 514250 71400 262650 160650 28900 107950 1145800 
Partial damage (143) 25500 127500 425000 227800 40800 0 846600 
Total destruction (53) 72250 459850 528700 246500 0 0 1307300 
Unknown damage (18) 45900 0 0 0 0 0 45900 
Annual cost [million €] 0.67 0.66 1.22 0.64 0.07 0.11 3.36 
Avg. cost by event 8000 47800 31700 33100 21900 10200 19900 
 62 
Table 21: Annually distribution of events according event processes.  63 
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% 
 64 
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1.2 Key words  65 
Table 22: Key words (in red) used in the Google Alerts to create the database. 66 

  67 
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1.3 Database attribute 68 
Figure 1: Attributes of the database. 69 
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1.4 Open access maps 77 

1.4.1 Database on Google Maps 78 

 79 

Figure 2: Database on Google Maps. 80 

Available at (last access: 25 January 2018) : 81 
https://www.google.ch/maps/@46.7199391,7.1246016,8z/data=!4m2!6m1!1s1qtu6LEYum-7ghpPg9WWzWwgPHYA?hl=fr 82 
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1.4.2 Database on ArcGIS online 83 

 84 

Figure 3: Database on ArcGIS online. 85 

Available at (last access: 25 January 2018): 86 
http://unil.maps.arcgis.com/apps/MapTools/index.html?webmap=34ee3eb719a647889abd34175969d781, last access: 25 87 
January 2018 88 
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