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1. Risk Assessment: Review 
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Probabilistic Risk Assessment 

• Probability Density Function (black) for largest impact in time interval 

• Consequences (red) are an increasing function of asteroid size.   

• Estimated cost is the area under the product curve (blue).   

• Best estimate of largest impact is not the most important value. 

• High-consequence “fat tail” dominates risk when there is a threshold. 

• Biggest asteroids should be dealt with first. 
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What is frequency of Tunguska-scale events? 
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What is frequency of Tunguska-scale events? 
Nuclear-weapon-scaled yield (15 Mt) with power-law size distribution: ~1000 years  
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What is frequency of Tunguska-scale events? 
Nuclear-weapon-scaled yield (15 Mt) with 2011 survey distribution: ~10,000 years  



1. Airburst Physics 



LAAs are not point explosions 

Unlike bombs, low-altitude airbursts… 

…generate upward ballistic plumes 

…generate downward vortex rings 

…enhance heat transport to surface 

…carry mechanical energy downward 

…have anisotropic radiation patterns 



Two types of Low-Altitude Airburst 

Type 1: Below threshold Type 2: Above threshold 

Scorches and blows down trees Vaporizes trees and melts rocks 

Tunguska tree-fall Libyan Desert Glass 



Observed pattern 

Wind speed (m/s) 
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 1908 Tunguska Airburst  

“Experimental” data demonstrate that event was below threshold 
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What is frequency of Tunguska-scale events? 
Directed airburst yield (~5 Mt) with 2011 survey distribution: ~1000 years  

5 Mt 



5 Mt 

Tunguska 

300-yr 

 event 

300-yr 

 event 

What is frequency of Tunguska-scale events? 
Directed airburst yield (~5 Mt) with 2011 survey distribution: ~300 years  



3. The Chelyabinsk Airburst 
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US Government sensors 

90 kT TNTt 

http://jpl.nasa.gov/fireball 







ACCORDING TO BROWN ET AL. (2013) 

• Damage per airburst event is greater than previously thought 

• Number of NEOs in 10-meter range may be order of magnitude greater! 

• Integrated NEO risk is shifted to small (10-50 meter) asteroids 



4. Airburst Observation Statistics 
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Brown et al. (2013) 
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What is frequency of Tunguska-scale events? 
Directed airburst yield (~5 Mt) with Brown et al. (2013) airburst statistics: ~100 years  



5. Asteroid Observation Statistics 
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6. Risk Assessment: Updated 



Best estimate = 6-m asteroid “about as likely as not” 

18-m asteroid 

very unlikely 

(<10%/decade) 

40-m asteroid 

exceptionally unlikely 

(<1%/decade) 

Integrates to 1363 deaths/year 

Point-source airbursts (green curve)  

2010 population (red & blue curves) 

Total probabilistic risk = 1363/year (risk based on no discovery) 



Directed airbursts (green curve)  

2014 population (red & blue curves) 

Total probabilistic risk = 1427/year (risk based on no discovery) 



1427 deaths/year 

Global catastrophe 

threshold (1.5 km) 

Directed airbursts (green curve)  

2014 population (blue curve) 

Total probabilistic risk = 1427/year (risk based on no discovery) 

Previous graph was plotted on wider scale 



145 deaths/year 

Directed airbursts (green curve)  

2014 population (blue curve) 

Total probabilistic risk = 145/year (based on current survey) 



36 deaths/year 

Directed airbursts (green curve)  

2014 population (blue curve) 

Total probabilistic risk = 36/year (based on new survey) 



7. Uncertainty Reduction Strategies 



Transition surveys to short-warning after 

completion of George E. Brown survey 

• Risk will be dominated by airbursts after completion of the next 

survey. 

• Chelyabinsk (~20 m) asteroids pass within geosynchronous orbit 

every two years and within lunar orbit nearly once a week. 

• A Tunguska-sized asteroid (~40 m) passes within a lunar distance 

several times a year. 

• A survey optimized to discover and count these objects would 

rapidly reduce the uncertainty in their populations. 

• Such a survey would also be the most likely way to save lives. 

• A short-warning survey would also provide opportunities for airburst 

model validation, data collection on high-pressure properties of 

asteroids, meteorite collection, and adventure/astronomy tourism! 
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Questions? 


