
THE SKY IS NOT FALLING

Have I not walked without an upward look
Of caution under stars that very well

Might not have missed me when they shot and fell?
It was a risk I had to take — and took.

-Robert Frost, Bravado, 1947

I have for a long, long time been working on this whole cranky essay about why we should not 
be investing money in a manned space program whose achievements are tautological and overhyped, 
and whose economic impact seems no better (to say the least) than any other form of R&D spending.  
The whole project is, to coin a phrase, the “geekwashing” of military technology: the same people who 
deplore the US Army's use of drone warfare are in ecstasies over the fact that we've sent a robot to 
pound rocks on Mars. I'll wait a bit on the entirely of that essay, but the recent flyby of 2012 DA 14 and 

the (possibly associated) airburst over Russia has me thinking about one of its particulars.
Proponents of space exploration have cycled through a wide variety of claims for why it is a  

good idea. Most of these are quite dubious, but they have accrued enough cultural resonance that they 
cannot  be  trivially  debunked.  Most  of  them,  moreover,  stand  neatly  with  their  backs  to  the real 
argument:  space  is  awesome Buck Rogers  Luke  Skywalker  Star  Trek Troopers  zap zap wormhole  
wheeee!  Which I understand completely, but it isn't exactly a policy recommendation. It is, in fact, 
much more like a religion,  and there is  a sort  of religious rhetoric emanating from NASA and its 
siblings (including the little baby siblings that are supposedly private-sector). It is our destiny to go to 
the Moon, to Mars, etc. Given the precedents, the martians should be very glad that they don't exist.

However.
Of the various arguments used to justify space exploration as a rational concept, one of the more  

pressing would be protecting the earth from meteor impacts. Notably, this is rather at odds with the 
equally eager proposal to “mine asteroids” by hurling them towards the earth, presumably with the 
same sort of safety margins that the mining industry is so rightly famous for. At the moment, with 
1,100 people reported injured from the airburst over Chelyabinsk, and a much larger asteroid passing 
well inside the Moon's orbit, fear-mongering around asteroids seems quite reasonable. Various quotes 
from Carl Sagan and Neil Degrasse Tyson are being turned into image macros and making the rounds. 
Of these, I want to focus especially on Tyson's hyperbole, which gets to the heart of the matter:

The chances that your tombstone will read "Killed by Asteroid" are about the same as they'd be for  
"Killed in Airplane Crash."

Such a statement, from such a source, has pretty good odds of becoming what Darrell Huff 
called a "semi-attached figure": the sort of statistical  information that people recite and respond to 
without  ever  considering.  Moreover,  it  is  a  political claim:  Tyson  is  implying,  in  effect,  that 
governments such as the US should expend considerable resources on building devices to intervene 
with  threatening  asteroids:  devices  which  almost  undoubtedly  would  have  collateral  military 
applications. Therefore I think it is worth taking some time to note that Tyson's claim is completely 
wrong, from soup to nuts, and is a grossly emotional manipulation of statistics.

Most obviously, the comparison above pits two different types of probability estimates against 
one another. In a typical year, over a thousand people die in airplane crashes, and we can thus make an 
empirical calculation of the odds of this happening. By contrast, no one has ever been known to be 
killed in  an asteroid impact.  Indeed, there  are  very few instances of people  being hit  at  all:  Miss 



Kuriyama in 1927, Ann Hodges in 1954, and Gerrit Blank, in 2009, all of whom survived. The Nakhla 
meteorite in 1911 may have killed a dog, but that's it.

We are, therefore, comparing an empirical probability with an hypothetical probability. Now, by 
itself this is not strictly wrong or deceptive, and in fact it lends the claim a certain counterintuitive 
appeal. But such claims and their charm are only as good as the quality of the hypothetical numbers 
they are based on. Tyson does not explain his math in the Wired article I've cited above. Rather oddly, 
the page that Tyson links to from his own article does not even contain any information about the  
overall odds of dying in an airplane crash: it discusses the contingent odds of dying if one is flying, and 
breaks it down by type and portion of flight and whether you are more likely to have been killed by  
geese or terrorists.

Nevertheless, Tyson's basic line of reasoning is well duplicated all over the internet, so we know 
what it looks like. Here is a worked example from a blog that unfortunately now seems to be defunct:

On the back of the envelope, we can figure that an asteroid 10 km or greater (hereinafter "big")  
would kill  every  person on earth in  a mass  extinction event  composed of  tsunamis  followed by a  
"nuclear winter" that wipes out plant life for years on end. There seem to be mass extinctions every 100  
million years or so. If we pencil in a human lifespan at 70 years, we get odds of P(b) = 1 in 1.4 million  
that a "big" asteroid will hit during your lifetime, killing you and everyone else. We then argue that a  
"medium" asteroids hit the earth about 1000 times more frequently than "big" ones, but only have a 1  
in 1000 chance of killing any given person. This gives the same odds: P(m) = 1 in 1.4 million, for a  
total of P(b or m) = 1 in 700 thousand.

By comparison, about 1 person in 7 million dies in an airplane crash every year, and people live 
to about 70, so your odds of dying in a plane crash are roughly P(p) = 1 in 1 million. Ergo, you are  
more likely to die in a "big" or "medium" asteroid strike. (I note that the media often refer to the 
chances  of being hit  by an asteroid as “one in a million”,  which is  mere hyperbole, but Tyson is  
suggesting that the odds are actually better than that.) Now let's examine these numbers. I want to start 
with the accuracy of the base rates, and then look at the conceptual assumptions of the claim.

BASE RATES

Again, there are reasons to suppose that large bolide impacts are getting less frequent. The two 
largest known craters on earth—Vredefort and Sudbury—are both extremely old. It makes sense that 
the mass of asteroids in the solar system are both pulverizing into smaller pieces, or else consolidating 
into stable solar orbits (i.e. hitting planets). The geological and exogeological record for this is a bit  
murky, but there is no countervailing reason to think that large impacts are getting more likely.

There have indeed been five mass extinctions over the last 500 million years, but it is by no 
means clear that they are all associated with the bolide winter scenarios. We have all  “seen” those  
events, in the form of cartoons and computer graphics—Tyson uses one such as the header for his 
article. But that doesn't mean they occurred in the way we think. As Rothschild and Lister (2003) have 
pointed out, the attempts to match mass extinctions to known craters have been fairly disappointing,  
with the exception of the K-T extinction event 65 million years ago. More specifically, Veron (2008)  
holds up the survival of corals as evidence against the bolide winters as the direct causal agents for  
most of the five mass extinctions:

"Survival estimates for corals under conditions of very low light vary from death in just a few  
weeks to survival of at least parts of colonies for six months or more...This strongly suggests that, if  
today's reef-building species were suddenly subjected to conditions of very low light for periods of  
years rather than weeks or months, 99% of species would go extinct. No such extinction happened; at  



least some representatives of two-thirds of families survived..."

In place of the very rapid "nuclear-winter" paradigm, Veron argues that the mass extinctions 
occurred relatively slowly, due to fluctuations in the carbon cycle and climate which (aside from the K-
T event) may not have been related to bolide impacts at all. Thus the entire “bolide winter” scenario 
may be more a reflection of 20th-century apocalyptic military fantasies than a reconstruction of our 
planetary history.

Collectively, this puts in question: (1) whether the odds of a large bolide impact are still as high 
as they used to be, (2) whether or not the earth's mass extinctions were caused by bolide impacts , and 
(3) whether or not humans would have been wiped out by those events. All of this challenges the notion 
of a 1 in 1.400,000 value for P(b), and by extension P(m).

CONCEPTUAL ISSUES

I think that the questions above about base rates are significant because they illustrate a general 
pattern: astronomers have become focused on a doomsday narrative about major bolide impacts, and 
are predisposed to see that storyline as being more likely than the geological and biological record 
actually indicates. I am aware, however, that such reasoning is not going to change many people's  
minds. We have no sense of scale for probabilities, and asteroids are very scary: as with so much 
related to space exploration, we've seen them in movies.

But  I  believe we can also question the  conceptual  foundation of the claims above.  Tyson's 
argument is personalized: you, yourself are just as likely to be killed by a massive bolide impact as you 
are to die in a plane crash. But the argument for this relies on a very counter-intuitive line of reasoning: 
creating  a  probability  distribution  based  on  a  discrete  event,  which  gets  "spread  out"  among  the 
longitudinal vastness of human history, past and future. In several respects, this distribution cannot 
properly be personalized by anyone alive today.

For example, if we follow Carl Haub's numbers (and he has probably spent more time on the 
problem than anyone else) there have been about 108 billion people in human history thus far. Perhaps 
60 million of these died in World War II, so the odds of any human being (to date) dying in that event is  
about 1 in 1800. Yet this does not mean that you and I, dear reader, have a 1 in 1800 chance of dying in 
World War II. If we personalize the claim, it becomes relevant to note that World War II is over, and the 
odds of  us dying in  it  now are strictly  zero.  Both  probabilities  are  correct,  but  they use different 
information to make different claims.

Approaching Tyson's argument in this vein, we note that about 135,000 people have died in 
airplane crashes since 1918 (and very few before that), giving overall human odds of death by airplane 
at about 1 in 830,000. Note that this figure is higher than the roughly one-in-a-million odds cited today: 
even though most people who have ever lived were quite safe from airplanes, airplane casualties ran 
pretty high from 1942 through, let's say, 1996, and have gone way down since then. But again, this is 
silly. If you were born in 1751, or 3212 BC, you were at no risk whatsoever from dying in a plane 
crash.

Similarly, the present condition is that there are no significant threats from any asteroids. Tyson 
manages to drum up some fear about 99942 Apophis, which has an opportunity to hit us in 2036. It's 
not that big--350 meters--but "The tsunami it creates will devastate all the coastlines of the Pacific  
Rim." (Note the lack of the subjunctive voice). What Tyson fails to mention is that the current impact 
risk estimate for Apophis in 2036 is 1 in 135,000 (per Sentry). If it were on a course to strike us, we 
would probably have about 7 years warning, so even without trying to intercept the asteroid in any way,  
we could plausibly arrange to evacuate all the high-risk coastal areas. But let us still give it a liberal 50  
million causalities if it hits: that gives Apophis a current expected value of 370 deaths. By contrast, the  
expected number of deaths in airplane crashes between now and 2036 is around 26 thousand.



A much more significant  threat--in  fact,  the only significant  threat  currently  known--comes 
from (29075) 1950 DA, which is fairly big (maybe 1.4 km) and might have as much as a 1 in 300 
chance of hitting the earth. In 2880. The idea of planning for an event that  might occur almost nine 
centuries from now is the sheerest  sort  of technological  hubris.  Even if  society had reached some 
Utopian plateau where there was nothing better to do, any interventions we could possibly build would 
long since have become obsolete, derelict, irrelevant or—most likely—repurposed for warfare long 
before 1950 DA comes around on the guitar. Let me be specific:  if we were to build some sort of  
fantastic energy weapon capable of destroying (29075) 1950 DA, the odds that someone in the next 
eight centuries would use it to melt Central Asia are much, much greater than 1 in 300.

I want to note, since I'm generally critical of space exploration, that I fully support the telescopy 
and telemetry that  gives us this  sort  of  information.  Remote sensing is  safe,  relatively cheap,  and 
provides information that--as in this case--is relevant to important decisions as well as pure science. If  
Apophis is on a collision course with earth, it will be remote sensing--not manned exploration--that 
gives us advance warning of that fact.

TOWARDS HONEST RISK ASSESMENTS

Happily for fearmongers, the two major impact risk scales (Torino and Palermo) are almost 
incomprehensible to the layperson. This allows a space in which experts can authoritatively tell us that 
we're more likely to die in an asteroid strike than in a plane crash. In fact, a very generous back-of-the-
envelope estimate puts your odds of being killed by Apophis at around 1 in 40 million (if you do 
nothing about it), and your odds of being killed by any other asteroid at effectively zero.

Still, both laypeople and experts are bad at the emotional algebra of (low probability) x (very 
bad outcome). There are in fact myriads of asteroids which might hit us, at low orders of probability, 
some of them worryingly large. This very profusion of possible impacts allows space enthusiasts a 
constant  monster-of-the-week. Tyson, for instance, is already geared up to worry about 2011 AG5, 
should Apophis miss. The media last week drummed up a good deal of will-it-or-won't-it speculation 
around 2012 DA14, despite the fact that the fix was in long beforehand.

What the public needs is a metric that is simple, readily comprehensible and which does not 
focus on specific events, which have a high potential for emotional manipulation. Moreover, such a 
metric should not personalize the mathematical risk that some future human beings will be hit by a  
devastating bolide that is as yet unknown to science.

I propose the badass scale, in honor of Tyson. Badass(x) is the cumulative probability of an 
earth impact by a bolide of x meters or greater, anytime in the next 50 years. 50 years is an adult's  
lifetime,  and  also  more  than  enough  time  for  modern  society  to  invent,  test,  and  deploy 
countermeasures, should we in fact need to. Moreover, beyond about 50 years the precision of impact 
estimates becomes so low as to be almost pointless.

If we use the Sentry data generously (assuming that the risk of an impact is concentrated at the 
beginning of each object's window), then we find the following current risks (give or take):

Badass(100) 1 in 357
Badass(200) 1 in 81 thousand
Badass(300) 1 in 500 thousand
Badass(400) 1 in 2 million

Now, it would be nice to have an equivalent metric on how many people a given government 
program is apt to kill in the next fifty years. Then we can start making some risk comparisons.
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