
Maria Polese (CI3R)

Methodology for multi-risk assessment

Cross BOrder RISk assessment for increased 

prevention and preparedness in Europe

GA n° 101004882 - BORIS - UCPM-2020-PP-AG - Project co-funded by the European Union Civil Protection

Pavia 

December 12th, 2022 



Why multi-risk?

➢ “to make informed decisions on priorities in risk management, spatial

planning or risk communication, it is necessary to consider all hazards and

know all risks relevant to the area under investigation (Durham, 2003)”

Zschau (2017)

MULTILAYER 

SINGLE-RISK 

FRAMEWORK. 

to understand relative 
importance of risks in a region
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Multi-layer single-risk assessment

Multilayer single-hazard/ risk assessment approach (Zschau, 2017):

✓ ignoring the interactions 

✓ harmonising and standardising the assessment procedures among the different perils.

Possible standardization schemes

➢ Risk Matrices (for classification; 

qualitative or semi-quantitative)

➢ Risk Indices (semi-quantitative)

➢ Risk Curves (quantitative)

more indicated when 

different dimensions of 

risk need to be 

considered (e.g. SOVI)



Risk Curves
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➢ The risk curves or functions represent the more 

quantitative methods for assessing natural threats in a 

multilayer single-hazard approach

➢ Allow time-based assessment → Can be effectively used 

for comparing and ranking the risks

Tr 100

Tr 475

Perdite economiche dirette (Milioni Euro)

➢ for Tr 100 flood losses are predominant
➢ for Tr 475 seismic losses are higher

It is indicated to consider the Integral

➢ Allow comparison of hazard effect at different Tr

The area under the frequency-loss curve

represents all the possible losses that are associated to the different annual frequencies, that is the

mean expected annual loss EAL
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➢ The risk curves or functions represent the more 

quantitative methods for assessing natural threats in a 

multilayer single-hazard approach

➢ Allow time-based assessment → Can be effectively used 

for comparing and ranking the risks

Tr 100

Tr 475

Perdite economiche dirette (Milioni Euro)

➢ for Tr 100 flood losses are predominant
➢ for Tr 475 seismic losses are higher

It is indicated to consider the Integral

➢ Allow comparison of hazard effect at different Tr

The area under the frequency-loss curve

represents all the possible losses that are associated to the different annual frequencies, that is the

mean expected annual loss EAL

Possibility to compare EALseismic with EALfloods in each 

geographic location where risk is calculated –

e.g. municipality



Framework for multi-risk comparison and ranking
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RANKING THE RISKS

➢ The ranking of risks requires that each typology is calculated using the same boundary conditions. 

❖ First of all it is necessary to define a common timeframe → ESTABLISH A TIME-FRAME

❖ and the specific kind of damage we are interested in → ESTABLISH A METRIC

RISK CURVES  can be used for this purpose 

(deriving them according to established metric)



The BORIS approach
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Boundary conditions
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➢ The optimal spatial scale for risk 

assessment can vary from one risk to 

another 

➢ should allow the aggregation of the 

consequences to the same spatial 

units

Definition of cross-border study 
area

Time frame of analysis

Metric for risk assessment

e.g. municipalities in transboundary zone

e.g. 1 year or 50 years

e.g. direct economic losses

Cross-border study area Spatial scale for multi-risk

MUNICIPALITY SCALE

✓ Sufficiently small to provide risk results useful to 

support end-users for rational decision-making
✓ Attainable both in the case of the 

seismic and the flood risk assessment

METRIC FOR RISK 

ASSESSMENT

➢ collapsed buildings;

➢ unusable buildings; 

➢ nr deaths; 

➢ nr Injured; 

➢ Displaced people; 

➢ Downtime;

➢ Economic losses (direct)

➢ …. Other…



Direct economic losses
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𝐿 = 𝐶𝑈   𝐴𝑗 ∙ 𝑝𝑗 ,𝑘 ∙ 𝑐𝑘

5

𝑘=1

𝑛𝑡

𝑗=1

  

BORIS EMS-98 scale

CRIT (€/m
2) CRSL (€/m

2) D1 D2 D3 D4 D5

1350 1250 0.02 0.1 0.35 0.6 1

𝐸𝐷 𝐸𝑈𝑅 = 𝑃𝐷 ∙ 𝑅𝐶 ∙ 𝐴 ∙ 𝑛 + 𝑏

Direct Losses due to Seismic damage Direct Losses due to Flood damage

• PD (%) is the physical damage

• A [m2] is the area of the building footprint

• n is the number of floors

• b = 1 if the building has a basement

• RC [Euro/m2] unit replacement cost

• pj,k is the probability for the jth building typology to 

experience structural damage state Dk 

• Aj is the built area of the jth building typology

• CU is the Unit cost (Euro/m2) of a building 

• nt is the number of building typologies

• ck is the percentage cost of repair or replacement 

(with respect to CU) for each structural damage state 

Dk



The BORIS approach
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RESULTS AND REPRESENTATION
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Multi-risk envelope maps
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EAL (Euro) – EQ + flood

EAL (Euro) – EQ EAL (Euro) – flood



Multi-risk ranking maps 
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EAL (Euro/m2) – EQ EAL (Euro/m2) – flood

Ratio EALflood/EALEQ



Multi-risk – comparing risk curves

GA n° 101004882 - BORIS - UCPM-2020-PP-AG - Project co-funded by the European Union Civil Protection



GA n° 101004882 - BORIS - UCPM-2020-PP-AG - Project co-funded by the European Union Civil Protection

borisproject.eu 

Thank you!

mapolese@unina.it
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