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Outline

Problem: When is the right time to decide on
Planetary Defense actions?

— Initiate dedicated observation mission
— Plan civil defence measures
— Initiate deflection mission

Comparison to Torino/Palermo scale
Risk Definition

Asteroid Risk Calculation

Example Calculation

Conclusions



RISK IN COMPARISON TO TORINO/PALERMO



Torino and Palermo Scale

Torino

* Kinetic Energy

Impact Probability

8
10

5
10  1km

100 - 100m 0

1 20m

Kinetic energy (MT)

-8 -6 -4 -2
10 10 10 10 >0.99

Probability of impact

Palermo

* Kinetic Energy
* Impact Probability
 Lead Time

 Comparison to background
threat

* Kinetic Energy as proxy for consequences
* Indifferent to impact location, impact situation, effect on population



Risk definition

Bl K

* How bad would it be if X happens?

— What is exposed?

— How much of what is exposed would be lost?

* lHow likely is it that X happens in the first
place?




Asteroid Impact Risk

Impact Probability Exposure (Population) Vulnerability
“How likely is it?” “What is at stake?” “How bad would it be?”
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Asteroid Impact Risk

Impact Probability
“How likely is it?”
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Asteroid Impact Risk

Impact Probability Exposure (Population) Vulnerability
“How likely is it?” “What is at stake?” “How bad would it be?”
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- Risk Elements: Probability, Exposure, Vulnerability
- Available data and method

ASTEROID RISK CALCULATION



Probability — Evolves Over Time

Te DemonStration Case — No Real Th




Exposure — World Population




Impact Effects and Vulnerability

* Impact Effects [Collins 2005]:
— Thermal Radiation
— Cratering 1= EZZ’??
— Seismic Shaking oot
— Aerodynamic Shock
— Ejecta Blanket Deposition
— Tsunami

206
=

o
E
>

o
c
0.4

0.0

* Effect strength determines  « = & 7 % e o w
Vulnerability




Vulnerability
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Vulnerability
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Vulnerability
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RISK CALCULATION - AN EXAMPLE



Risk Calculation - Practical Example

* Object Size: 120 m
* Global Impact Probability: 3.06 x 10®

e
Impact Probability Distribution — Impact Corridor

Test Demonstration Case — No Real Threc




Risk Calculation - Practical Example




Risk Calculation - Practical Example
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Aster0|d Impact Risk

0.0593 Expected Casualties - Global Impact Probability: 3.06E-6
19419 Expected Casualties - Global Impact Probability: 1.0




Purpose of Presentation

* Showcasing what is possible today

* Showing how this could help the cause of
Planetary Defense

* The system shown here is a research project
and serves this purpose well

— It is not ready to be implemented in an automated
system

— Many areas to improve and fine tune
— | am happy to assist



Conclusions

Risk calculation applied to asteroids
Distinguishes from Torino/Palermo:

— Takes into account location

— Takes into account effects

— Takes into account population

Risk figures evolve with better information

— New observations modify impact probability

— New observations collapse impact corridor
Results are expressed in Expected Casualties
— Directly comparable to other disasters

— Help for threshold definition



Thank You For Your Attention

Presenter: Clemens Rumpf

==
74
UK SPACE

AGENCY




