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1966 - Innichen – San Candido
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1966 - Welsberg - Monguelfo
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1987 – Martell – Val Martello
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1987 – S. Leonhard i.P. – S. Leonardo in P.

2008 – Tisenserbach – Rio Tisana
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2002 – Ulten – Val d‘Ultimo
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1986 – Tramin – Termeno
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Process patterns for a 

“residential building“

2

„static“ flooding

„dynamic“ flooding

groundwater upsurge 

lateral erosion and incision 

“pluvial” flooding 

“overland” flow

debris flow

Flow – soil mechanics interaction

Credits: Suda et al. (2012)

Exemplified process patterns
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Impact patterns for a “residential building“
2

Impact pattern „static“ flooding

Hydrostatic pressure

Buoyancy

Vertical loading

Water intrusion through structural discontinuities             

Water intrusion through backwater effects in the sewage system  

Water intrusion through openings in the building envelope       

Credits: Suda et al. (2012)

Ground plot          

Section A-A          
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Impact patterns for a “residential building“
2

Hydrostatic pressure

Buoyancy

Water intrusion through structural discontinuities   

Water intrusion through backwater effects in the sewage system  

Water intrusion through openings in the building envelope 

Erosion 

Deposition            

Vertical loading          

Section A-A          

Ground plot          

Impact pattern „dynamic“ flooding
Credits: Suda et al. (2012)

Dynamic pressure         

Impact of wood stems and roots            



Dynamic pressure         
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Impact patterns for a “residential building“
2

Ground plot          

Section A-A          

Hydrostatic pressure

Buoyancy

Water intrusion through openings in the building envelope    

Impact of wood stems and roots                  

Deformations and failures in the static system [response?]

Erosion

Topography before the event

Impact pattern lateral erosion and incision
Credits: Suda et al. (2012)
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Impact patterns for a “residential building“
2

Impact pattern flow – soil mechanics interaction
Credits: Suda et al. (2012)

Section A-A          
Section A-A          

Ground plot          
Ground plot          

Lateral erosion

Slope failure               

Deformations and failures                       

in the static system

Settlement and rotational movements               

Sliding surface               

Topography before the event               
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Impact patterns for a “residential building“
2

Impact pattern Debris flow
Credits: Suda et al. (2012)

Ground plot          

Section A-A          

Debris Flow

Debris Flow impact on the building envelope                     

Debris Flow deposited volumes – vertical loading  

Earth pressure

Intrusion of debris flow material through openings in the building envelope

Intrusion of percolating water through openings          Erosion



CLOSURE PROBLEM: 
IMPACT –LOSS NEXUS 

Vulnerability Curves (Functions)

• Vulnerability Model considering from building 

material
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1 = lightweight construction

2 = mixed construction

3 = massive construction

4 = concrete reinforced construction

5 = reinforced construction

Keiler, Sailer, Jörg, Weber, Fuchs, Zischg, Sauermoser (2006): Avalanche risk assessment – a multi-temporal approach, results from Galtür, Austria. Natural Hazards

and Earth System Sciences 6: 637-651
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Holub, Suda, Fuchs (2013): Mountain hazards: reducing vulnerability by adapted building design.

Environmental Earth Sciences  66: 1853-1870

� Large deviations from best-fit 
functions (for deposition depths 
>1m) 
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Vulnerability Curves (Functions)



Holub, Suda, Fuchs (2013): Mountain hazards: reducing vulnerability by adapted building design.

Environmental Earth Sciences  66: 1853-1870

� Empirical vulnerability functions (comparison Alps –
Greece) 
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Empirical vulnerability functions
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Mazzorana, B., Simoni, S., Scherer, C., Gems, B., Fuchs, S., Keiler, M.: A physical approach on flood risk vulnerability of buildings. Hydrol. Earth Syst. Sci. Discuss. (2014)

� Methodological concept 1

Physically based vulnerability assessment
2



Mazzorana, B., Simoni, S., Scherer, C., Gems, B., Fuchs, S., Keiler, M.: A physical approach on flood risk vulnerability of buildings. Hydrol. Earth Syst. Sci. Discuss. (2014)

Physically based vulnerability assessment
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A formal Cost-Benefit 

Analysis Framework 

Based on Dynamic Risk 

Assessment 

CONCEPTUALIZATION OF 

VULNERABILITY IN DYNAMIC TERMS

TIME DEPENDENT EXPECTED 

LOSSES FOR AN OBJECT I 

SUBJECTED TO HAZARD SCENARIO J

Considered element i

Hazard Scenario j

Exposure Scenario h

Vulnerability i,j,h

Reinstatement 

value i

Depreciation i

2



A formal Cost-Benefit 

Analysis Framework 

Based on Dynamic Risk 

Assessment 

Risk Mitigation Performance of a 

Strategy z

Finite number of scenarios

A formal Cost-Benefit Analysis Framework Based on Dynamic Risk 
Assessment
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Filtering out: A formal 

Cost-Benefit Analysis 

Framework Based on 

Dynamic Risk 

Assessment 

Net present value of 

management alternative z

Risk mitigation performance 

through time of management 

alternative z

Cost Vector describing the 

expected costs over the 

entire life cycle

Discount rate

Risk Mitigation Performance 

(variable in time) of a Strategy z

2
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LP – Loss Profile 

∆t*

t = t* t = t*+∆t*t < t* t > t*+∆t*

PIR –Model: Physical Process Impact Response Chains

Capacity to recover – prevent – reconfigure the system (active and passive 
prevention strategies, landuse policy)

Capacity to displace elements at risk (through early earning and evacuation 
actions) 

Capacity to resist (deploying temporary protection measures, through civil 
protection actions)

Capacity to cope with a new setting (behavioral – social adaptation - institutional 
coverage – mutual help)

SEA – Model: Socio – Economic Adaptation Model

DSP – Dynamic Damage Susceptibility ProfilePhysical – mathematical models

PCP – Potential Consequence Profile Formative Scenario Analysis Models 
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The challenge of deploying quality from a sustainability 

perspective

The meaning of quality of engineering and management practices in a 

sustainability context

On a very general und “almost undisputable” level: 

Do the right thing and do things right all the time!

Perceived quality:

Quality is a perception of how well the balanced needs of all stakeholders 

have been met or exceeded!

Quality in participatory engineering design:

A superior system requires not only a good engineering. Teamwork, open-

mindedness, communications, broad perspectives, diversity of input, cost 

effectiveness, environmental consciousness are also essential.

Quality in planning, design, operations, maintenance, and service requires 

the continuous application of creative problem solving tools.

3
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The challenge of deploying quality from a sustainability 

perspective
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Desired System 

Ideality at different 

times
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HARMS  COSTS

BENEFITS
Ideality

t0

Theoretical 

Solution Space

A B C

Possible System Configuration 

Choices

Possible Lessons:

1) Investing in understanding the drivers of change

2) Investing in understanding the SYNERGIES [or APPARENT CONFLICTS] among the factors generating 

benefits, costs and harm –quality of the Leitbild and related Target System
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The challenge of deploying quality from a sustainability 

perspective

Visualized Leitbild:

1. MODULARITY!

2. REVERSIBILITY!

3. MAINATINING 

DEGREES OF 

FREEDOM!

4. NOT PREJUDGING!

Credits: SEE River project, River 

Corridor Scenarios 2030, Institute 

for Water of the Republic of 

Slovenia, Ljubljana, Slovenia, 2013
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Making the performance of management actions 

verifiable: a computational architecture with multiple 

objectives

THE SINERGY TABLE
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Case study: discursive presentation
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Un possibile preludio a uno studio di compatibilità plausibile  4
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Pathways toward Risk Mitigation
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