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COLLISIONS OF SMALL SPACEWATCH ASTEROIDS WITH THE EARTH; C.F. Chyba, 
National Research Council Associate, Laboratory for Extraterrestrial Physics, Code 
693, NASA Goddard Space Flight Center, Greenbelt, MD 20771 U.S.A. 

Rabinowitz et al. [ I ]  have reported the discovery, with the Spacewatch 
Telescope, of 8 Earth--approaching objects smaller than 100 m in diameter. I have 
calculated the probability and velocity of collision with Earth for each of these 
objects, using Opikls equations, including terms for Earth's eccentricity [2]. Using a 
code we have successfully employed to model the Tunguska and Revelstoke 
atmospheric explosions [3], I have simulated the entry of these objects into Earth's 
atmosphere, assuming iron, stony, carbonaceous, and cometary compositions. The 
smallest of these objects (with tens to hundreds of kilotons of kinetic energy) pose a 
substantial threat at the surface only if they are iron objects. (An object is taken to 
"pose a substantial threat" if it either craters the ground, or explodes in the 
atmosphere with sufficient energy at low enough altitude to create an overpressure 
at the surface capable of felling trees or destroying buildings.) Larger objects, with 
energies greater than about a megaton, devastate the surface regardless of whether 
they are of iron, stony or carbonaceous composition. Iron objects crater the ground, 
whereas stony and carbonaceous objects explode in the atmosphere low enough to 
fell trees and damage buildings over thousands of square kilometers. Spacewatch 
objects, if presumed to be of carbonaceous composition, are as dangerous as their 
stony counterparts, as the former objects' lower yield strengths (and hence, higher 
explosion altitudes) are roughly compensated for by their larger masses (as derived 
from their lower albedos for a given observed magnitude). Although comets are 
intrinsically less dangerous than asteroids, the 90 m diameter Spacewatch objects 
devastate hundreds of square kilometers at the surface even if cometary. 

The orbital elements and approximate diameters for the 8 Spacewatch objects 
smaller than 100 m in diameter are shown in the following table. Also listed are these 
objects' collision probabilities and velocities with Earth. 

object q Q i diameter* impact impact 
(AU) (AU) (deg) (m) velocity probability 

(krn s-l) ( ~ ~ r - l )  

*These diameters, from [I], assume an albedo of 0.0945, the geometric mean between a spherical S- 
type asteroid and a C-type asteroid with albedos of 0.1 86 and 0.048, respectively. 

Typical Earth--crossing asteroid terrestrial collision probabilities are in the 
range 1--10 ~ ~ r - l .  The objects 1991 TT and 1992 JD have exceptionally high impact 
probabilities with Earth; other objects are at the high end of the "typical" range. 
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This, as well as many of these objects' low impact velocities (the median terrestrial 
collision velocity for Earth--crossing asteroids is 15 km/sec [4]), are of course the 
result of their Earth--like heliocentric orbits. 

Using our Tunguska/Revelstoke code [2], I have calculated the fates of the 8 
Spacewatch objects in the terrestrial atmosphere, assuming iron, stony, 
carbonaceous, and cometary compositions, for the most probable incidence angle of 
45". Iron and stony objects were assigned radii appropriate to an S--type asteroid 
albedo, with densites of 7.9 and 3.5 g/cm3, respectively. Carbonaceous and cometary 
objects were assigned radii appropriate to a C--type asteroid albedo, with densities of 
2.2 and 1.0 g/cm3. The results of these simulations are summarized in the following 
table. If these objects are instead presumed to be of iron composition, each reaches 
the terrestrial surface, with the exception of 1991 BA, which catastrophically 
explodes at an altitude of about 2.5 kilometers with an energy of nearly 30 kilotons. 

*Comet radii are taken to equal those of C-type asteroids (albedos assumed equal). 
tThese are radii for spherical objects; the ~ungu.ska/~evelstoke code employed here [3] treats 
objects as initially "cubical" cylinders; I take these objects to have masses (hence, explosion 
energies) identical to those listed here (and therefore slightly different cylindrical radii). 

Object 

1990UN 
1991 BA 
1991 'lT 
1991 TU 
1991 VA 
1991 XA 
1992DU 
1992 JD 

Rabinowitz [I] emphasizes that the discovery rate of small Spacewatch objects is 
10 to 100 times higher than that obtained via extrapolation of the mass--number 
distribution of larger objects. Nevertheless, his calculated impact fluxes with the 
Earth yield frequencies of Tunguska--like atmospheric explosions that, given the 
uncertainties, are consistent with previous [5] estimates that such events occur once 
every several hundred years. 

References: [I]  Rabinowitz, D.L. (1993) ApJ,  to be published; T. Gehrels, 
Spacewatch discoven'es to date, personal communication, November 1992. [2] ~ p i k ,  E.J. 
(1976) Interplanetary Encounters, Elsevier, New York. [3] Chyba, C.F., Thomas, P.J., 
and Zahnle, K.J. (1993) Nature, to be published January 1993. [4] Chyba, C.F. ( 1991) 
Icarus 92, 2 17. [5] Momson, D. et al. ( 1992), The Spaceguard Survey, NASA. 

S-type asteroids 
radiust energy altitude 

(m)  (kton) ( km) 
30 20,000 10 
3 10 22 

10 200 15 
3 10 16 
7 70 15 
30 10,000 9 
20 3,000 14 
20 2,000 12 
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C-type asteroids 
radiust energy altitude 

(m) (kton) (km) 
60 82,000 8 

G GO 32 
20 600 20 

G 50 27 
14 350 23 
60 6oc'o 8 
35 15,000 11 
35 8,000 14 

Comets* 
energy altitude 
(kton) (km) 
37,000 15 

2 5 43 
700 27 

25 38 
150 32 

25,000 15 
7,000 22 
4,000 21 


