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Extended Abstract—  
  
We discuss a prioritized list of asteroid 

characteristics from a threat-mitigation perspective, 
discussing why each characteristic is important and 
providing examples of how each plays a role in 
mitigation.  The list is prioritized by the authors in 
order to foster and focus discussion of the relative 
importance of each characteristic to mitigation 
approaches, to assist in identifying gaps and needs, 
and to inform tradeoffs in situations with limited 
time to plan and act.  An underlying question is:  
What needs to be measured, and how well?   
 
#1 Orbit   

The highest-priority characteristic on our list is the 
orbit of a threatening object.  The orbit determines if an 
impact will occur, along with when and how.  It defines 
warning time and Δv requirements; sets the best time, 
location, and direction for deflection; and defines the 
impact location, angle, and velocity of impact.  In 
addition, uncertainty of the orbit drives impact 
probability, influencing the decision to take action.   
 

For most discovery scenarios of objects that are 
headed to impact Earth, astrometric measurement 
uncertainties initially will yield small probabilities of 
impact.  The impact probabilities grow only with 
successive refinements of the orbit by means of 
additional measurements, until a point at which impact is 
certain (for an impacting scenario).  Further refinements 
are necessary to localize the impact point.  There is little 
chance that action will be taken to prepare expensive 
missions and/or emergency response actions until the 
impact probability reaches a sufficiently large value.  The 
exact “trigger” value is unknown, but the time lost in the 
interim between discovery and the decision to take 
action may be very valuable.  Shortening the time to 
decision, either ruling out an impact or confirming one, is 
of key importance.   

 
 

 

In the event of an impact, the prevalence of oceans 
covering Earth suggests a water impact is likely.  An 
example is shown in Figure 1 of 3-D hydro modeling of 
an impact by a 50-meter asteroid off the coast of 
California, with the subsequent wave generation and 
propagation.   

 

 
 
Figure 1 — Simulation of asteroid impact in the 
Pacific Ocean near San Francisco, California.  
(credit:  Souheil Ezzedine, LLNL) 

 
#2  Mass 
 The second characteristic on our list is the mass of the 
asteroid.  The mass, combined with warning time, sets 
deflection difficulty, as well as the consequences if an 
impact occurs.  The determination of mass is often 
intertwined with other physical characteristics of the 
asteroid, including volume, surface area, and diameter;  
composition; bulk density; and porosity.  There are a 
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