RICOCHET WOKSHOP:
effets cascades
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1. Rappel

Tache 6: Développement d’une plateforme multi-aléas puis multi-risques: outil intégrant
les résultats des taches 3,4 et 5

O Deéfinition des effets cascades et des hots spots

O Analyse multi-risques
O Production de cartes de risques pour différents sceénarios
O Analyse des résultats

O Solution de mitigation

@ bGeosu’cnces pour une Terre durable



Human actions favourable to natural environment degradation
Intensive development & soil sealing

Drainage abandonment
Intensive deforestation

Abandonment of meadows adn grasslands

Hot-spots: impacts of processes or process combinations on
infrastructures

@ Check-dam failure by torrential processes and landslides
@ Bridge degradation by landslides or torrential processes
@ Human thresolds failure by exceptionnal torrential processes
@ Protection and chenalized works rupture and overflow

@ Bridge rupture by overflow

able
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2. Effets Cascades : comment en tenir compte ?

® Une apparente simplicité ;
® Une vingtaine de définition trouvées dans la littérature

% Approches centrées sur les
aléas et leurs effets les uns
sur les autres

-

Effets

Approches centrées sur

cacades la/les vulnérabilité(s)
(infrastructures
ou critiques...)> effets d’un

aléa sur une infrastructure

dominos

o

Approches centrées
sur les enjeux
majeurs, leur fonction

et leur localisation
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2. Effets Cascades :

comment en tenir
compte ?

® Quelgues défintions
(Pescaroli and Alexander,
2015)

Reference

Cuote

FEMA Independent Study Course, IS 230, Principles of Emer-
gency Management

p- 3.17. Cascading events are events that occur as a direct or
indirect result of an initial event. For example, if a flash flood
disrupts electricity to an area and, as a result of the electrical
failure, a serious traffic accident involving a hazardous materi-
als spill occurs, the traffic accident is a cascading event. If, as a
result of the hazardous materials spill, a neighborhood must be
evacuated and a local stream is contaminated, these are also cas-
cading events. Taken together, the effect of cascading events can
be crippling to a community.

FEMA Independent Study Course, IS 393, Introduction to Mitiga-
tion

p- 1-6. Cascading emergencies—situations when one hazard trig-
gers others in a cascading fashion— should be considered. For ex-
ample, an earthquake that ruptured natural gas pipelines could
result in fires and explosions that dramatically escalate the type
and magnitude of events.

US. Department of Homeland Security National Response Plan,
December 2004

p- 4 Additionally, since Incidents of National Significance typi-
cally result in impacts far beyvond the immediate or initial inci-
dent area, the NRP [National Response Plan] provides a frame-
work to enable the management of cascading impacts and mul-
tiple incidents as well as the prevention of and preparation for
subsequent events.

FEMA for Kids Website, Resources for Parents and Teachers,
How Schools Can Become More Disaster Resistant. http://
www.fema.gov/kide/achdizr.htm

. . . disasters can have a cascading effect—forest fires can bring
mudslides; earthquakes cause fires; tornadoes cause downed
power lines

Resource Materials: Integrating Manmade Hazards into Mitiga-
tion Planning

Risk Management in a Multi-Hazard World 2003 All-Hazards
Mitigation Workshop June 12, 2003 Emergency Management
Institute http: //www.fena.gov/txt/fina/antiterrorism/
resourcematerials. txt

Indirect attacks: infrastructures are really interconnected sys-
tems of systems; an attack on one can lead to cascading losses of
service (ranging from inconvenient to deadly) and financial con-
sequences for government, society, and economy through public-
and private-sector reactions to an attack.

FEMA 428, Asset Value, Threat/Hazard, Vulnerability, And Risk

p. 2-11. What is the likelihood of cascading or subsequent con-
sequences should the asset be destroyed or its function lost?

Hazard Analysis and Risk Assessment, 2003 Local Guide, Iowa
Homeland Security and Emergency Management Division,

Hazards create direct damages, indirect effects, and secondary
hazards to the community. Direct damages are caused immedi-
ately by the event itself, such as a bridge washing out during a
flood. Indirect effects usually involve interruptions in asset oper-
ations and community functions, also called functional use. For
example, when a bridge is washed out due to a flood, traffic is
delayed or rerouted, which then impacts individuals, businesses,
and public services such as fire and police departments that de-
pend on the bridge for transportation. Secondary hazards are
caused by the initial hazard event, such as when an earthquake
causes a tsunami, landslide, or dam break. While these are dis-
asters in their own right, their consequent damages should be
included in the damage calculations of the initial hazard event.
Loss estimations will include a determination of the extent of di-
rect damages to property and indirect effects on functional use.

Regional All-Hazards Mitigation Plan, City of St. Louis and coun-
ties of St. Louis, Jefferson, Franklin and St. Charles, Missouri,
November 2004.

Cascading hazards could include interruption of power supply,
water supply, business and transportation.




2. Effets Cascades :
comment en tenir
compte ?

® Approches aléas (Gill and
Malamud, 2014)

1. Interactions where a hazard is
triggered.

2. Interactions where the probability of
a hazard in increased.

3. Interactions where the probability of
a hazard is decreased.

4.  Events involving the spatial and
temporal coincidence of natural
hazards.
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2. Effets Cascades : comment en tenir compte ?

® Approches aléas seuls ou
conjoints sur eléments
vulnérables (Pescaroli and
Alexander, 2015)

Figure 2: (a) Linear path of events in disasters, and (b) non-
linear path of cascading, including amplification and
subsidiary disasters.

@ hGéosciences pour une Terre durable
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(Pescaroli and Alexander, 2015)



3. Approche aléa

Footnotes

SECOMDARY HAZARD (TRIGGERED OR INCREASED PROBABILITY) KEY
HAZARD GROUP HALARD CODE
EC) av | FL |oR | RS | GC | 55 [ GH | ST | TO [ HA | SN | LN | BT | ET | WF | G5 | IM -
i | i Earthguake EQ
m Tsunami T5
£ GEOPHYSICAL | Voleanic Eruption VO
1 andeli
- Landslide LA
m Snow Avalanche AV
Flond FL
HYDROLOGICAL
R 3 ) Drought DR
- Regponal Subsidence RS
A SHALLOW Ground Collapse GC
EARTH -
FL ' prOcEsses | 2ol (Le<all Subsidence 55
3 Ground Heave GH
DR \‘ Storm 5T
p s Tornado TO
o Hailstorm HA
E G TROSPHERIC | Snowstorm 5N
ﬂ " < Lightning LH
zk; Extreme Temperature [Hot] ET {H}
E iy Extreme Temperature (Cold) | ET(C)
=N 5T . BIOPHYSICAL | Wildfires WF
E L — Geomagnetic Storm G5
SPACE
Impact Events 184
COLOUR CODE MATURE OF SECONDARY HAZARD
o OLLIMAING DWE OCDUNHENCE OF PRIMARY Hazasn)
Potential for a small number of hazard
events lindividual or a few coourrences)
Potental for a large number of hazard
events (miultiple occurrences)
SYMBOL EXPLAMNATION
Hazard Triggers Secondary Hazard
____.--""-. Hazard Increases Probability of
il Secondary Hazard
Hazard Both Triggers and Increases the
Probability of Secondary Hazard

[1A,D,E; 3A,P; 12D-F,M,P; 13P; 14D-F,P; 15D-F; 17A,D-F; 21A] The secondary hazards in these cases are all accepted to most likely occur as large
numbers of events, and are thus analysed in this way.
[1€] There is disagreement in the literature about the nature of this relationship .
[2,6,12,14,15C] Water input triggers or increases the probability of a phreatic/phreatomagmatic eruption,
[31] Volcanism increases the acidity of rain, promoting dissolution of carbonate material.

[12A] Low pressure systems have been shown to trigger or increase the probability of slow earthquakes on faults that are already close to failure
{Liu et al., 2009).

[17A,C-F] Secondary hazards triggered or have an increased probability over 2 range of time-scales, through snow and glacial melting.

[18C] Long term reductions in temperature can increase glaciation and thus decrease sea-levels. This reduction in sea-levels can reduce confining
pressures, promoting voleanic eruptions.

Figure 3. An example of a network of interacting hazards (a cascade system). A 21 x 21 matrix with primary natural hazards
on the vertical axis and secondary hazards on the horizontal axis, the same as shown in Figure 2. These hazards are coded,
as explained in the key. This matrix can be used to present an example of a hazard cascade system. In this example, a storm
event (ST) triggers flooding (FL), which then triggers landslides (LA). These landslides (LA) may then trigger or increase the
probability of further flooding (FL) through the blocking of a river or the increase of sediment within the fluvial system.



2. Approche aléa

— Triggering and Increased Probability [n=63)
- Triggering Relationship Only (n=15)

______ » Increased Probability Relationship Only {n=12)

Hazard triggers or increases the probability of

further hazards of the same type

(e.g., an earthquaks triggers further earthquakes/aftershocks)

Hazard does not trigger or increase the probability
of further hazards of the same type
(.., @ tsunami does not irigger further lsunamis)

Biophysical

Geophysical

Figure 4. Hazard type linkages. A network diagram showing the potential hazard type linkages between 21 natural hazards:
EQ =earthquake, TS =tsunami, VO =volcanic eruption, LA =landslide, AV =snow avalanche, RS = regional subsidence,
GC =ground collapse, §5 = soil (local) subsidence, GH = ground heave, FL =flood, DR =drought, ST =storm, TO=tornado,
HA = hailstorm, SN =snowstorm, LN =lightning, ET {H} =extreme high temperatures, ET (C} =extreme cold temperatures,
WF =wildfires, GS = geomagnetic storms, and IM = impact events. Hazards groups follow the same color coding as in Figure 2.
Line patterns (see key) are used to represent cases where both triggering and increased probability are possible (solid),
cases where only a triggering relationship is possible (dash-dotted), and cases where only an increased probability

relationship is possible (dashed). Where a hazard may trigger orincrease the probability of further hazards of the same type
ie.g., earthquakes-EQ), the node is hollow to represent this relationship.

in Figure 5. This ranking shows that the hazards with the most primary hazard to secondary hazard links were
volcanic eruptions (VO), earthquakes (EQ), and storms (ST) (each with nine primary to secondary links identified

from Figure 4). Together these three primary hazards accounted for 27 (about a third) of the 78 total possible
links where a primary hazard triggers a secondary hazard.



2. Approche aléa

SECONDARY HAZARD (INCREASED PROBABILITY KEY
o0 |
HAZARD GROUP HAZARD CODE
S5 (G| ST | To | Ha [ Sn | W | ET | ET | WF| G5 [ M Tarthauake P
{Hp i) -
Tunami TS
GEQOPHYSICAL Walcans Eruption o
Landslide La
Snow Svalanche A
Fload FL
HYDROLOGICAL
Drought [
Fegional Subsidence [+
SHALLOW Grawnd Collapse @C
EARTH PROCESSES | 500 {Local) Subsidence 55
Grownd Heswe GH
DR . Trapical Starm 1]
" Tarrada 10
RS Hailstorm Hi
Clr ac ATMOSPHERIC Snawstarm 5K
rl Mid-Latiude Stonm LS
a5 Extrermne Temperature (Hat) ET |H]
= Extreme Temperature (Cald] ET )
E| au ]
= BIOPHYSICAL Wildfires WF
E 5T ¥ Gagmagnelic Suarm G5
[ SPACE
a ? Impact Event AS
TO
? SYRABOL EXPLAMATION
HA T
Hazard Increases the Probability
N of Secondary Hazard
LM
TYPE CODE
ET {H]
A. Threshold “alone’
ET [C
L .:. . B. Cantinuaus “alone’
WF A andfor B. Threshold "Alone’ and/or
as Continuous ‘Alone” relationships are
relevant
I [Complex, Location Specific)
Footnotes

[1C] There is disagreement in the literature zbout the nature of this relationship

[1A,D,E; 3A,P; 12D-F,P; 13P; 14D-F,P; 15D-F; 17D-F] The secondary hazards in these cases are all
accepted o most likely occur as large populations of events, and are thus analysed as a large
population.

[2,6,12,14,15C]) Water input increases the probability of a phreatic/phreatomagmatic eruption.
[31] Volcanism increases the acidity of rain, promoting dissolution of carbonate material.

[12A] Low pressure systems have been shown to increase the prabability of slow earthquakes on
faults that are already close to failure (Liv et ol, 2009).

[12-15] If these primary hazards stall then the primary hazard intensity will be spatially
cancentrated, and therefore the hazard intensity is likely to increase,

[17C-F] Secondary hazard probability increased over a range of time-scales, through snow and
glacial melting.

[18C] Long term reductions in temperature can increase glaciation and thus decrease sea-levels,
This reduction in sea-levels can reduce confining pressures, promoting volcanic eruptions.,

The relationships examined within this table are
only for when a primary hazard increases the
praobability of o secondary hazard occurring. The
colour coding relotes to how changes in the
intensity of the primary hazard impact upon the
potential intensity of the secondary hozard,
should it occur.



3. Approche aléa

Table 1. Appraches far Assesing Matural Hazssd imtersctions®

Type Authars Lacatian Hemerda/Pricesses Cansderad Intemscan Classifications Furthes Mertess
Crashitstive Han et al [2007] Genesd jcase sudes  PRIMARY: Carthquake rainstasr, 111 Spatial ancfar tem paral chais
descaptians and fram China) rageid snonerredt, hurran acthaty {3 Indagenic processes
classification s SECOMDARY: Landsbdes, debas flow {3 Exagernic procssses
setivity, flaading ground falure 0 Hurran-induced chains
151 Spatisliermparad camcidence
af mdegrendent hazwds
Magices and Tarwainen et al [2006] Fumpe MATURAL: Awalsnche, draught, earthquske,  One hamed infliencing iy i
mﬁ MEW"M“EH& anathes hazand, based on meal Emm
Landslide, stosm Surge, tSunami, physical proces ses from
Mempﬂuxhhwm capual cormlason
TECHNOLOGICAL: Alr traffic sccident,
chemical plant, nuciear power plant,
ol proces sing’ transpan,storage
De Fippo & al [2008]  Morthern Campanis,  Shoreline sragian, rivesine flaading surge.  One hamrd influencing Descraptive matro ta
Haly Lenchdbcle, sessrricity snd vobcaniem, anather hazasd deserbe esctian
- e Stnuduines
Kappes et al.[2010] Remedonnefte,  Avalanche debeis flow, mok fall, landsds, (1) Triggesng relationshigs Binasy rrats snd descsptive
Southen French Alps  flaad hesvy rairfall, asrthauaske {7 One hazasd changing the P B s TN et
dispasition or genseral sefting
that fwwors & specific hazard process
wan Westen et al [2014] Fumpesn Mountsinous TRGGERING FACTORS: Earthquike, (1) Hameds wiggemd srraltaneoudy  Passibde intersctions visuslized
Enviranrments rsteonaagical eotmme cauphed) in netwaork disgem form

SECOMDARY HAZTARDS: Mass mavertent,  (2) Hamrds causing snather hazard
snaw avabnche farest fire,
Lendd degesdatian, flaading, seiche,

technabage: ol hagssd
Prababality’ Mieri et al. [2008] Ve suvis, Maly Valcanic enuptian, flaut, ballises, Mt Stated Prabablity tres far & spacific
ScEnanio iree piyvockestic density curmn, valcanic selting
dbis avalanche, taunami,
fhaare), La et Lo,
rrudslide, hasvy ran
Marsoechi o al. [2009] HA Valcanic enuptian, fire, Taggering offects and/or cascade Hypathescal sxargle
Ww e verse evams
Meri et al [2013] Kanlsan, Philippines  Valank suption, Balaut, balliScs, Mt Stated Prabablity tres far & spacific
piyvockestic density curmn, valcanic selting
chediais avabanche, taanarma,

flaad, ks harrmuds lde

* A range af spprasches for asseing natues Lhazard interse Sans have besn uskeed, inchiding qualtative descriptions snd das sfications, matices, snd disgrams, and probeblity/s e i tree,
MA= Mot applicae)



4. Approche par enjeux et fonction (D’Ercole & Metzger, 2009)

1. Analyse du territoire
® ldentification des enjeux majeurs et de leur vulnérabilité ;
® Identification de I'exposition a chaque type d’aléa ;

® Identification de la dépendance d’un enjeu (dépendance d’un enjeu vis a vis
d’'un autre enjeu i.e. station de pompage d’eau vs alimentation éléctrique).

2. Croisement avec Aléa(s)

® Une carte d’'aléa

3. Inconvénient s majeurs
¢ L’effet cascade et pris seulement dans le point 1.

® Pas de séparation des aléas, une carte d’aléa unique



4. Approche par enjeux et fonction (Tacnet, 2009)

1. Analyse des fonctions d’'un élément vis a vis d’un aléa ;
2. Prise en compte de lincertitude ;

3. Théorie des possibilités - compréhensible aisement par déecideurs - méthode
faite pour une réelle aide a la décision;

Mais : non expériementée dans le cadre des effets cascades....



5. Et pour RICOCHET ?

Effets cascades:

® Approche par matrice ?

® Approche par arbre décisionnel ?
® Boucle d’interactions ?

® Comment prendre en compte les effets d’'une vulnerabilite “dynamique” avec
conséquences sur un aléa ?

Scenarri :
®* Elaboration de scenarri en amont ?

® Elaboration de scenarri selon les modéles ?

Et les décideurs dans tout cela ?

¢ Comment tenir compte de leur vision dans nos réflexions ?

bGeoscmnces pour une Terre durable
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5. Et pour RICOCHET ?

Pistes de réflexion

MULTILAYER SINGLE HAZARD
________________________________ r

Ir(1) Hazard Identification and Comparison. The identification and valid
l\comparison of all identified individual hazards, relevant to a given spatial region.

5\

/A

lr(2) Hazard Interactions. The identification and characterisation of all possible I
Linteractions between identified hazards. :
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azards coinciding spatially and/or temporally, such that the hazard potential
nd/or vulnerability may differ from the sum of its parts.
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(4) Dynamic Vulnerability. An understanding of how one, or a series of hazards,
| will impact upon the vulnerability and resilience of a community, thus changing
. the overall future risk to a location or community.

S,

______________________________ I

MULTIHAZARD

[
|
|

Figure 13. Multihazard framework. This figure represents the progression from a multilayer single hazard approach to a
multihazard approach. This involves four key aspects, induding (1) hazard identification and comparison, (2) hazard interac-
tions, (3) hazard coincidence, and (4) dynamic vulnerability.

ir une Terre durable
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5. Et pour RICOCHET ?

Primary effects

Buildings
destructions

Secondary effects

Road and urban
transportation

Earthquake
+
Tsunami

Airport
affected

Refinery
damaged

Nuclear
power plant
damaged

Disruption of urban

traffic

Tertiary effects

Air
transport

Electrical
network

Power disruption

Agriculture

Soil and water
contamination

Disruption of flight

Banking and
finance

Insurance and
financial losses

Industrial
companies

Reduction in product
and/or closing of sites
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5. Et pour RICOCHET ?

Earthquake
+
Tsunami

Landslide

Primary effects

Buildings
destructions

power plant
damaged

Secondary effects

Road and urban
transportation

Disruption of urban
traffic

Air
transport

Disruption of flight

Electrical
network

Power disruption

Agriculture

Soil and water
contamination

Tertiary effects

Banking and
finance

Insurance and
financial losses

Industrial
companies

Reduction in product
and/or closing of sites
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5. Et pour RICOCHET ?

Pistes de réflexion:
* Elaborer des scenarri ;
® Aléas :analyser les aléas et les effets des uns sur les autres ;

® Vulnérabilité : approche par fonctionnalité du territoire, indépendante des aléas

@ bGeoscicnces pour une Terre durable
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