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How can risk be quantified?



> Lecture > Author  •  Document > DateDLR.de  
•  Chart 
6

riskEQ = 

building types type A
type B

type F

…

intensity

d
a

m
ag

e 
s

ta
te

peak ground acceleration exposure fragility functions



building types

type A
type B
type C
type D
type E
type F

da
m

ag
e 

gr
ad

e

intensity



TanDEM-X Mission





Geiß, C., Leichtle, T., Wurm, M., Aravena Pelizari, P., Standfuß, I., Zhu, X. X., So, E., Siedentop, S., Esch, T., and Taubenböck, H. (2019): 
Large-Area Characterization of Urban Morphology – Mapping Built-Up Height and Density with the TanDEM-X Mission and Sentinel-2. 
IEEE Journal of Selected Topics in Applied Earth Observation and Remote Sensing, 12(8), 2912–2927.

urban land cover

nDSM (Meter)
20

8

0



Geiß, C., Leichtle, T., Wurm, M., Aravena Pelizari, P., Standfuß, I., Zhu, X. X., So, E., Siedentop, S., Esch, T., and Taubenböck, H. (2019): 
Large-Area Characterization of Urban Morphology – Mapping Built-Up Height and Density with the TanDEM-X Mission and Sentinel-2. 
IEEE Journal of Selected Topics in Applied Earth Observation and Remote Sensing, 12(8), 2912–2927.

urban land cover

nDSM (Meter)
20

8

0

intra-urban
vegetation

elevated
built-up

remaining 
areas



Santiago de Chile

Valparaíso

height
density
height
density



Geiß, C., Priesmeier, P., Aravena Pelizari, P., Soto, A., Schöpfer, E., Riedlinger, T., Villar Vega, M., Santa Maria, H., Gomez Zapata, C., Pittore, M., So, E., Fekete, A.,
and Taubenböck, H. (): Benefits of Global Earth Observation Missions for Exposure Estimation and Earthquake Loss Modelling – Evidence from Santiago de Chile. 
Under review @ Natural Hazards.



Geiß, C., Priesmeier, P., Aravena Pelizari, P., Soto, A., Schöpfer, E., Riedlinger, T., Villar Vega, M., Santa Maria, H., Gomez Zapata, C., Pittore, M., So, E., Fekete, A.,
and Taubenböck, H. (): Benefits of Global Earth Observation Missions for Exposure Estimation and Earthquake Loss Modelling – Evidence from Santiago de Chile. 
Under review @ Natural Hazards.

Type: reinforced concrete; 1 – 3 floors

0 < 1300

existing exposure model reference mappingenhanced exposure model



Geiß, C., Priesmeier, P., Aravena Pelizari, P., Soto, A., Schöpfer, E., Riedlinger, T., Villar Vega, M., Santa Maria, H., Gomez Zapata, C., Pittore, M., So, E., Fekete, A.,
and Taubenböck, H. (): Benefits of Global Earth Observation Missions for Exposure Estimation and Earthquake Loss Modelling – Evidence from Santiago de Chile. 
Under review @ Natural Hazards.

M
R;

 1
 –

2 
 st

or
ie

s

M
U

R;
 1

 -
2 

st
or

ie
s

W
; 1

 -
3 

st
or

ie
s

CR
; 1

 –
3 

st
or

ie
s

M
CF

 M
R;

 1
 –

2 
st

or
ie

s

M
U

RA
D

O
; 1

 -
2 

st
or

ie
s

W
D

N
O

; 1
 -

3 
st

or
ie

s

M
A

TO
; 1

 –
2 

st
or

ie
s

M
CF

 M
CF

; 3
 st

or
ie

s

M
R;

 3
 st

or
ie

s

M
CF

 M
R;

 3
 st

or
ie

s

M
R;

 4
 –

5 
st

or
ie

s

M
CF

 M
CF

; 4
 –

5 
st

or
ie

s

M
CF

 M
R;

 4
 –

5 
 st

or
ie

s

CR
; 4

 –
9 

st
or

ie
s

CR
; 1

0 
–

24
 st

or
ie

s

CR
; 2

5 
–

40
 st

or
ie

s

M
CF

 M
CF

; 1
 –

2 
st

or
ie

s



> Lecture > Author  •  Document > DateDLR.de  
•  Chart 
16

riskEQ = 

building types type A
type B

type F

…

intensity

d
a

m
ag

e 
s

ta
te

peak ground acceleration exposure fragility functions



remaining risk „ingredients“

• probabilistic EQ assessment

• fragility functions 

…

…
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Lima, Peru Quito, Ecuador
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Example: Maule Earthquake, 27th Feb. 2010, 8.8 Mw 

earthquake-induced damage 

EQ triggered also:
tsunami-induced damage 

landslide-induced damage 

fire-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)

30



Methods

• Single-hazard risk approaches

• Calculation of risk for individual hazards

• Missing: no hazard interactions, single risk maps, no comprehensive view of risks

31
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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 area; 
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? 

36

Gill and Malamoud, 2016 

storm triggers flood

flood triggers landslides

landslides trigger flood
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RIESGOS: A new approach to multi-risk analysis

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



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

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



Screenshot of the RIESGOS Demonstrator

RIESGOS: Demonstrator 

 Modular
Web services may be 
recombined to form a 
chain representing a 
multi-risk scenario

 User interaction
Users are able to select, 
configure, combine and 
run different 
parameters

 Visualization
Display and exploration 
of multi-risk analysis 
and information
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RIESGOS – hazard-independent exposure
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RIESGOS – hazard-independent exposure 



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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