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TheReturn Period (Ts the average time interval between occurrences of a specific natural catastrophe (e.g., floods,
earthquakes, hurricanes).

7=1/1
Where{ is the average frequency of occurrence (events per year).

Example Calculation:
Suppose a region experiences a major earthquake on averegeevery 200 years

A Frequency/ o 7 (everms per year)
A Return Period Y pX — =200 years

This means that in any given year, the probability of such an earthquake occurti2@@s= 0.5%

Even if &200-year floodhappened last year, gan stillhappen again next year because events are
random Iin nature.
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This graph shows the probabillity of at least one event occurring over time for
different return periods (10, 50, 100, and 200 years).

Probability vs. Time for Different Return Periods Probability of occurrence increases with time

1.0
Key Takeaways from the Graph:

0.8 Shorter return periods (e.g., 10 years) quickly approach a

near 100% probability.

Longer return periods (e.g., 200 years) take much longer to
reach high probabilities.

Even for al00-year return period there's a~40% chancef
the event occurring within 50 years.

0.2 Return Period = 10 years
—— Return Period = 50 years
—— Return Period = 100 years

0.0 0 Return Period = 200 years
0 25 50 75 100 125 150 175 200

Probability of at least one event
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2011 EQ Tohuku (Japan)
Fatalities: 19,759

Econ. Cost;: USD 411bn
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Return Period of
rainfall by
catchment

ASeveral catchments had
rainfall exceeding 1,000
year RP (return period)
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LOSS = HAZARNULNERABILIKEXPOSURE

A HazardHow frequently and severely can a location be flooded?

A Vulnerability: For a given flood depth, what is the expected damage to a
specific property?
A Stucture
A Content
A Business Interruption

A EXposureThe cost of repairing or replacing the damaged parts.

Correlation: What Is the probability that when Building A Is
flooded, Buildings B and C are also flooded?
Correlation significantly influences total losses.
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CATASTROPHE MODELING FRAMEWORK

Stochastic Event
Module

Vulnerability Exposure

Hazard Module Module Module

Define Assess local
precipitation severity Calculate APPlY

/streamtlow (water depth) BETNET[S
discharge

Exposure
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Stochastic Event
Module

Define source
location,
magnitude,

OOOOOO

Hazard Module

Assess local
severity:
Spectral or
peak ground
acceleration

Vulnerability Exposure
Module Module

Calculate Apply
Damage Exposure

Financial
Analysis Module

Quantify

Financial Loss




STOCHASTIC AND HAZARD MODULES (FLOOD)

Stochastic Event

Module Hazard Module

Define
precipitation
/[streamflow set

Assess local
severity
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HAZARD MODULELOOD

|s a property at risk of
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flooding?
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A COMPLETE MODELLING OF FLOOD RISK PROCESSES

Precipitation simulation Hydrological modelling Flood modelling
(seasonality, clustering) (antecedent conditions)

Interception  Transpiration

Snowfall l '
Snowmelt
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VULNERABILITY MODULE (FLOOD)

Vulnerability
Module

Calculate
Damage
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VULNERABILITY CURVES AND EMPIRICAL CALIBRATION

Modelled / Observed by Client / Event

Different Vulnerability Functions
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Hazard Intensity (e.g., Flood Depth, Ground Shaking) o

Mean Damage Ratio (MDR)
Expected Cost of Damage
Replacement Value of Asset

MDR =
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EXPOSURE MODULE
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EXPOSURB/HATDOERA MODEINEED

Occupancy Type

Replacement Value and Insurance
Information

+ other information, e.g., number Reinforcefl g
of stories, age of the building, ... =% MMasonry concr

Construction Type
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FINANCIAL ANALYSIS MODULE
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Module

Financial Loss
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FINANCIAL ANALYSIS MODULE

Once we have calculated the Mean Damage Ratio (MDR), we evaluate the mean Ground Up ((Slnploss

Mean Loss = MDR * Total Replacement_Value

Ground Up Loss (GU): loss before any finastiactureapplies
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Physical Vs Financial Resilience
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CAT MODEL DESIGN FOR TOTAL RESILIENCE MANAGEME

Physical Resilience
(Defense$

Financilal Resilience

(Insurance)
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PHYSICAL RESILIENCE
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