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How can risk be quantified?




riskeq = f (hazard, exposure, vulnerability)

damage state

Vil v X
intensity

peak ground acceleration exposure fragility functions
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TanDEM-X Mission







urban land cover
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enhanced exposure model reference mapping
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riskeq = f (hazard, exposure, vulnerability)

damage state

Vil v X
intensity

peak ground acceleration exposure fragility functions
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Acquisition of street-level facade imagery
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DCNN

DCNN Xcepti_on from scratch
architecture ® InceptionResNet_v2 transfer learned

o NASNet-A Model learning
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Automated building characterization for seismic risk assessment using street-level imagery and deep learning.
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Example: Maule Earthquake, 27t" Feb. 2010, 8.8 M,

Az earthquake-induced.damage

 EQtriggeredalso:

@ tsunami-induced damage



Hazard interactions

Three different types of hazard interactions

* Concurrence of two (or more) hazard events
* Natural hazards triggering other natural hazards

* Networks of hazard interactions (cascades)
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Methods

« Single-hazard risk approaches

» Calculation of risk for individual hazards

» Missing: no hazard interactions, single risk maps, no comprehensive view of risks
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Methods
* Multi-layer single-hazard risk approaches
* Calculation of risk for individual hazards

* independent analysis of multiple different hazards relevant to a given areg;
computation of multi-hazard risk by e.g., weighted overlays

* Missing: this approach does not take into account the significant interactions and
dependencies of several natural hazards

* Assumptions have to be made with respect to the ,weight" of the different layers
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Hazard interactions

* Triggering relationships
* e.g., earthquake triggers landslides

* Increased-probability relationships
* e.g., landslides blocking rivers and increasing the probability of floods

* Networks of hazard interactions (cascades)
* e.g. earthquakes, floods, storms damage chemical plants or pipelines, causing the release
of hazardous materials
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What kind of cascades are possible?

SECONDARY HAZARD (TRIGGERED OR INCREASED PROBABILITY) KEY
" HAZARD GROUP HAZARD CODE
EQ | T5 |VO | LA (AV | FL |DR (RS |GC | 55 | GH | 5T | TO | HA [ SN [ LN | ET | ET | WF | G5 | IM Earthquake EQ
{H] | {<}
Tsunami T3
He GEOPHYSICAL | Volcanic Eruption Vo
" Landslide LA
Snow Avalanche AV
g vo Flood FL
. . . YDROLOGICAL Fomp oE
T
u landslides trigger flood -
Regional Subsidence RS
AV ' ' ' ' ' ' ' ' ' ' ' ' ' SHE:;LT%W Ground Collapse pe
1 1 Soil (Lecal) Subsidence 5
R flood triggers landslides processes |01 o)
Ground Heave GH
DR Storm ST
\\ Tornado TO
RS
? ~ Hailstorm HA
2 _ GC \. ATMOSPHERIC | Smowstorm 5N
§ = L Lightning LN
Thy Extreme Temperature (Hot) ET {H)
Zl en Extreme Temperature (Cold) | ET {C)
3 Sto rm triggers ﬂood BIOPHYSICAL | Wildfire WF
= 7
o Geomagnetic Storm GS
SPACE
Impact Event M
HA NATURE OF SECONDARY HAZARD
3 LOHOUR CODE [FOLLOWING ONE DOCURRENCE OF PRIMARY HAZARD|
SN Potential for a small number of hazard
: events {individual or a few occurrences)
LN Potential for a large number of hazard
H) events [multiple ocourrences)
SYMBOL EXPLANATION
C, 5
L) Hazard Triggers Secondary Hazard
WF
Hazard Increases Probability of
GS Secondary Hazard
Hazard Both Triggers and Increases the
L. Probability of Secondary Hazard

Gill and Malamoud, 2016
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RIESGOS: A new approach to multi-risk analysis

o Based on multi-risk scenarios
e.g. Chile & Peru: Earthquake and tsunami events
and their impact on residential buildings and
critical infrastructure

9 Dynamical analysis of cascading processes
based on users selection of parameters

9 Independent and distributed webservices
connected through a web platform (demonstrator)
that serves as the interface for user interaction and
visualization of results




RIESGOS: Demonstrator

RIESGOS Demo
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Screenshot of the RIESGOS Demonstrator
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RIESGOS - hazard-independent exposure

i DLR

Street-level imagery  Acquisition of street-level facade imagery

Facade imagery

Hierarchical image labeling DCNN classification

Material LLRS  SBST __ Building attributes
3 1 ) :_—’- e SBS T
= — .:Il—i é e Material LLRS
IS 3 ] 2 e Height
3 ] E DCNN :;’Ycep t:_m P Jrom scraich
2 — — | architecture ® '"CcEPHONRESNEL_V transfer learned

— o * NASNet-A Model learning
R,

e
> 3
e e

Height

Fagade filtering

Reclassification

Trained on Places365’




outlook

* Increase of certain natural hazards / population increase and urbanization increase exposure

* model complexity @ monitoring capability

* risk communication for antifragile societies
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