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ABSTRACT
Near-Earth Objects, 1-100 m in size, are abundant, difficult to observe, and strike the
Earth with little to no warning [1]. There is likely to be at least one significant event in
a human lifespan (e.g. Chelyabinsk, Tunguska), so being able to model their
potential energy deposition and damage on the ground accurately is imperative.
Semi-analytical models are a fast predictors of energy deposition, but they make
many assumptions and have several free parameters that are poorly defined [2-4].
These parameters are usually tuned to fit a particular data set, such as the 2013
Chelyabinsk event in Russia [4]. In previous work, we showed that it is possible to
tune multiple different semi-analytical models to match the Chelyabinsk energy
deposition [5], however, when these same models are then applied to a different
event, such as Tunguska, the results diverge [6]. Moreover, all of the existing semianalytical models in popular use predict unphysically large spreading limits, several
times greater than the initial asteroid diameter, which raises concerns about their
predictive capacity.

Shock physics codes rely on fewer simplifying assumptions, but have a higher
computational cost than semi-analytical models. Here we use the iSALE shock
physics code [7-9] to simulate the atmospheric entry of meteoroids. We consider the
effect of asteroid strength and porosity on the rate of deceleration and spreading.
From our simulation results, we produce synthetic energy deposition curves with
known initial entry conditions. This provides an additional data set with which to
calibrate existing semi-analytical models and develop new approaches for the fast
prediction of airburst outcomes necessary for probabilistic hazard assessment or
rapid decision making.

References:
[1] Harris, A. W. Boslough, M., Chapman, C. R., Drube, L., Michel, P., & Harris, A.
W. (2015). Asteroid Impacts and Modern Civilization: Can We Prevent a
Catastrophe? In Asteroids IV (pp. 835-854) Univ. of Arizona, Tuscon.
[2] Chyba, C. F., Thomas, P. J., & Zahnle, K. J. (1993). The 1908 Tunguska
explosion: atmospheric disruption of a stony asteroid. Nature, 361, 40-44.
[3] Hills, J. G., & Goda, M. P. (1993). The Fragmentation of Small Asteroids in the
Atmosphere. The Astronomical Journal, 105, 1114-1144.
[4] Avramenko, M. I., Glazyrin, I. V., Ionov, G. V., & Karpeev, A. V. (2014).
Simulations of the airwave caused by the Chelyabinsk superbolide. Journal of
Geophysical Research: Atmospheres, 119, 7035-7050.
[5] Brown, P.G, & 32 co-authors (2013). A 500-kiloton airburst over Chelyabinsk and
an enhanced hazard from small impactors. Nature, 503, 238-241.
[6] McMullan, S., & Collins, G. S. (2019). Uncertainty Quantification in Continuous
Fragmentation Airburst Models. Icarus (in review).
[7] Amsden, A., Ruppel, H., and Hirt, C. (1980). SALE: A simplified ALE computer
program for fluid flow at all speeds. Los Alamos National Laboratories Report, LA8095:101p. Los Alamos, New Mexico: LANL.
[8] Collins, G. S., Melosh, H. J., and Ivanov, B. A. (2004). Modeling damage and
deformation in impact simulations. Meteoritics and Planetary Science, 39, 217--231.
[9] Wünnemann, K., Collins, G., and Melosh, H. (2006). A strain-based porosity
model for use in hydrocode simulations of impacts and implications for transient
crater growth in porous targets. Icarus, 180, 514--527.

**************************************

