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Current planetary defense policy prioritizes a probability assessment of risk of Earth impact by an
asteroid or a comet in the planning of detection and mitigation strategies and in setting the levels of
urgency and budgeting to operationalize them. The result has been a focus on asteroids of Tunguska size,
which could destroy a city or a region, since this is the most likely sort of object we would need to defend
against. However a complete risk assessment would consider not only the probability of an impact but
also the magnitude of its consequences, which in the case of an object of Chicxulub size could be the end
of civilization or even human extinction. This paper argues that a planetary defense policy based on a
complete (or one could say genuine) risk assessment would justify expenditures much higher than at
present.

© 2022 Elsevier Ltd. All rights reserved.
1. Introduction

Current planetary defense policy prioritizes a probability
assessment of risk of Earth impact by an asteroid or a comet in the
planning of detection and mitigation strategies and in setting the
levels of urgency and budgeting to operationalize them. The result
has been a focus on asteroids of Tunguska size,2which could destroy
a city or a region, since this is themost likely sort of object wewould
need to defend against. However a complete risk assessment would
consider not only the probability of an impact but also the magni-
tude of its consequences,which in the caseof anobject of Chicxulub3
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t) in recorded history, which
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rst Case: Planetary Defense
size could be the end of civilization or even human extinction. This
paper argues that a planetary defense policy basedon a complete (or
one could say genuine) risk assessment would justify expenditures
much higher than at present.

Let me clarify at the outset that when I speak of “policy” I have in
mind de facto policy and not just de jure policy. De jure planetary
defense policy typically doesmake explicit reference to both aspects
of risk: probability and consequences.4 A differentway of puttingmy
main claim, therefore, is that the implementation of current plan-
etary defense policy is at odds with its explicit rationale.

I alsonote that theanalysis Iwill present is not intendedtoextend
toextinction impactors of indefinitely largesize. LubinandCohen [1]
state that “above 40 km diameter, there is not sufficient explosive
energy in the entire world's current nuclear arsenal to even gravi-
tationally de-bind the bolide.” Unfortunately there likely are po-
tential impactors in our solar system even in excess of this size,5 and
we now know that the galaxy is rife with interstellar objects,
4 I thank an anonymous reviewer for highlighting this point.
5 I thank an anonymous reviewer for drawing my attention to this point.
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including rogue planets. These bring to mind the scenario of Edwin
Balmer and Philip Wylie's science-fiction classic, When Worlds
Collide [2]; and we do not have a Star Wars Death Star available to
defend ourselves. But, Lubin and Cohen argue, an impactor of 10 km,
the inferred size of the Chicxulub impactor, could be successfully
defended against with current technology even at short notice, “if
we prepare ahead.” Accordingly I limit my analysis to the same size.
Thus, the policy I propose is intended to be reasonable in terms of
technological feasibility. The question I specifically address is
whether it is reasonable tout court to “prepare ahead.”

2. Current policy

The possibility of catastrophe from collision with an extrater-
restrial body has a long history in human consciousness,6 but the
idea that we might prevent such a catastrophe is very recent.7 The
earliest instance I know of is a remarkably prescient episode of the
TV program Adventures of Superman,8 aired on December 5,1953, in
which theman of steel first deflects and then, armed with a nuclear
device, destroys an incoming asteroid the size of the Chicxulub
object. But it was only 27 years later, with the publication of the
Alvarez hypothesis [5], that the reality of possible human extinction
by collision with such an object hit home and sparked a sense that
we ought to and actually could do something about it. In impres-
sively short order there were planning workshops, a Congressional
mandate, and, spurred on further by the July 1994 collision with
Jupiter of Comet Shoemaker-Levy 9, the carrying out of the
remarkable Spaceguard Survey to find 90% of the near-Earth objects
(NEOs) larger than 1 km.9 In the minds of many the failure to find
any large NEO on a trajectory to strike Earth for at least the next
century put to rest the idea that wewere in any imminent danger of
the ultimate calamity from that quarter.

Current planetary defense policy therefore presumes that we
have a serendipitous window of opportunity to develop the needed
technology and infrastructure to tackle a Chicxulub-size impactor.
And in the meantime an acute awareness has arisen of the
remaining hazard from smaller objects, large enough to wipe out a
city or a region, but far more amenable to mitigation10 by near-term
technology and resources. Objects of Tunguska size and up whose
orbits approach that of the Earth are estimated to number over one
million [7]. To date we have discovered and are tracking approxi-
mately 25,000 of them [8]. The rest await the observing prowess of
the NEO Surveyor infrared space telescope and the Vera C. Rubin
Observatory in Chile among others, as well as further development
of sophisticated tools of analysis, such as the B612 Asteroid In-
stitute's Asteroid Discovery, Analysis, and Mapping (ADAM) plat-
form [9]. Within the next couple of decades we can expect these
6 Scientific acceptance was long in coming, however, with popular accounts
relegated to myth and superstition, and the hypothesis of catastrophism generally
frowned upon [3].

7 Science fiction has certainly recognized the hazard, but the remedies to fictional
threats have tended to be ameliorative rather than eliminative, such as getting out
of the way [4], which we recognize even today as the civil defense response, or
emigrating to another planet [2], which has taken on new life among some envi-
ronmental catastrophists (witness the 2014 movie Interstellar).

8 Season 2, Episode 12, “Panic in the Sky.”
9 Chapman [6] provides an excellent history of the first two decades of planetary

defense. To my knowledge a comparably detailed and insider history of the second
two decades has yet to be written and must be pieced together from numerous
sources.
10 Strictly speaking “mitigation”means to lessen the severity of something, but for
better or worse it has become the accepted term for rendering a potential impactor
harmless by means of deflection or fragmentation. However the term also en-
compasses civil defense efforts both before and after an unsuccessful mitigation of
that sort, as well as precautionary efforts where such mitigation, or even the need
for it, is uncertain.
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combined resources and initiatives to have made a significant dent
in the population of known unknowns. Furthermore the technology
to deflect the smaller objects, should one be found to be heading our
way, is soon (as I write) to receive its first proof of concept with the
launching of the DART (Double Asteroid Redirection Test) mission.

All in all, then, things are looking pretty good for planetary
defense. In a mere handful of decades humanity has gone from
blissful ignorance of a celestial sword of Damocles dangling over
our collective head to being well on the way to building an
impenetrable canopy to protect us should the cosmic horse hair
break. At present the policy is to focus on the detection of an ever-
larger number of potentially threatening objects, for obviously you
can't target an object for mitigation that you don't see. And the
longer the lead time one has until a predicted collision, the more
time there is to implement the mitigation and thus increase the
likelihood of success. This is why planetary scientist Don Yeomans
[10] famously proclaimed that planetary defense has three imper-
atives: “find them early, find them early, and… find them early” (p.
139). According to Lindley Johnson (personal communication,
August 26, 2021), Planetary Defense Officer at NASA, Yeomans'
dictum excellently encapsulates current U.S. strategy. He expands:

Our strategy atNASA's PlanetaryDefense CoordinationOffice, and
that has now be[en] incorporated into the National NEO Pre-
paredness Strategy and Action Plan [11], is to find any hazardous
NEOwell enough forward in timee before it could present a true
impact threate that wewould have sufficient time to deal with it
by whatever means space technology at that time allows us.

3. Critique

As much as I am impressed, indeed awed, by this story of
progress, I cannot take solace in the current policy, for it presumes
no near-term hazard from an extinction-size impactor. I have heard
several individuals in positions of knowledge and authority say that
they do not lose sleep at night over the prospect of impact apoca-
lypse, considering it unlikely to the point of almost zero probability
in any given year. I, on the other hand, live with this as a waking
nightmare. Is it just me e a personal sensibility conditioned by too
many catastrophe movies11 e or do my fears have a rational basis?
As a philosopher,12 who considers not individual probabilities but
the nature of probability itself, I offer the following reflections.13

3.1. The facts

To begin with, everyone involved with planetary defense agrees
about the facts. These facts include the following:

1. Sooner or later an extinction-size object is almost certain to
collide with Earth if we don't stop it.

2. It is unpredictable when the next such object will come close
enough to be detected. The apparition could be today; it could
be one million years from now.
11 And certainly there are legitimate concerns about the need to avoid misleading
exaggerations of the impact hazard in communication by experts with the public
and media [12]. However, while I recognize the hyping about known NEOs, I am
afraid I fall into the camp of those who see real cause for urgent concern about the
unknown ones.
12 I am primarily what is called an analytic philosopher, which means that I will
take a critical look at the logic of arguments and the meaning of concepts, rather
than offer answers to the perennial questions.
13 I know of two other philosophers who have given serious consideration to the
impact hazard: Toby Ord [[13] (pp. 67e73, 316-20)], and Peter Singer [[14] (ch. 15)].
Interestingly they take the opposing positions I highlight in this paper, Ord
concluding that the risk is low and Singer that it is high.
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3. An object the size of the Chicxulub asteroid (or comet) would
not be detectable by feasible means until it is approximately as
close to the Sun as the orbit of Jupiter.

4. Such an object might well traverse the distance to Earth in less
than a year. [10] (p. 19)

5. Implementing an interceptmission from scratch, not tomention
with adequate testing, reconnaissance, and redundancy, would
require far longer than that [15] [16 (Table 5.1)], [17].

6. The only mature technology available to deflect or destroy such
an object is nuclear [16] (Finding, p. 79), [18].

Given this set of facts, it seems fair to say that making anything
less than the maximal feasible effort to assure a ready response,
including launch-ready or prepositioned NEDs (nuclear explosive
devices), is to gamble with the survival of our species or civiliza-
tion.14 But life is always a gamble, and also presents us with
competing gambles; so rationality dictates that we choose and
prioritize our gambles wisely. In order to decide what would
constitute a rational planetary defense effort to forestall a large
impact, therefore, we must consider the actual costs and risks
involved, including any ramifications for other priorities.
17 Cf. Boslough [23]: “The assessed risk of a global impact apocalypse has been
virtually eliminated in our time” (p. 214).
3.2. Nuclear explosive devices

The most obvious attendant risk from the effort to reduce the
risk of the next Chicxulub would arise from reliance on NEDs, for,
given the history and unpredictability of political relations among
nuclear-armed nations, their very existence is a global hazard in its
own right. Although one might argue that our having survived the
Cold War is testimony to the effectiveness of the nuclear taboo, the
liability to accidental not to mention intentional nuclear Arma-
geddon remains a stark reality to this day [19,20]. Indeed, current
planetary defense policy could be largely a reflection of this
perception and reality, for the focus on smaller objects would be
dictated by an aversion to the use of NEDs even aside from the
consideration that smaller objects are more frequent impactors
than larger ones.15

Meanwhile the general nuclear disarmament movement pro-
ceeds apace, as evidenced by the going into effect this very year
(2021) of a United Nations treaty that bans even the stockpiling of
NEDs (by the signatories).16 Given that the United Nations Com-
mittee on the Peaceful Uses of Outer Space has endorsed “the global
challenge posed by NEOs, beginning with their detection and
tracking and, subsequently, deflection and planetary defence” [[22]
(p. 3)], it seems clear that the policy I characterized above as the
current one has been adopted by this world body de facto, since, as
noted in x3.1 above, a nuclear-free world would in present likely
circumstances be powerless to defend against a Chicxulub-size
impactor.

But are we then content to remain vulnerable to an ultimate
catastrophe we have the potential to prevent? Those who counsel
against reliance on NEDs typically offer two complementary
14 I will refrain from addressing survivalist strategies, on Earth or off-world. If not
simply fanciful, they appear to me to be irrelevant, as not averting catastrophe, and
in the latter case, question begging as well, as off-world colonies would, presum-
ably, be even more vulnerable to impact catastrophe than we tellurians are today.
15 It is worth noting, however, that the need for a nuclear response can arise for
impactors well below extinction size [16 (Finding, p. 79)]. A relevant observation is
that the only successful intervention among the hypothetical impact scenarios
addressed at the IAA Planetary Defense Conferences, all of which involved small
asteroids, was the one (in 2017) that relied on NEDs rather than kinetic deflection
[21].
16 The Treaty on the Prohibition of Nuclear Weapons went into effect on January
22, 2021.
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arguments. One is that the probability of a threat requiring such a
response in the near-term is so small as to be virtually non-exis-
tent.17 The other is that, given this lack of urgency, there is ample
time for humanity to develop an alternative technology that would
protect us from a large impactor without posing a comparable risk
of its own.18 I find both arguments wanting. Let me respond to the
second argument first.

As was pointed out in the early days of planetary defense by
Sagan and Ostro [25], “Any method that can be devised to destroy
or deflect an approaching large near-Earth object can be used, on a
much shorter time scale, to do great damage to the global envi-
ronment” (p. 70). Although they specifically had in mind perverting
a deflection technology into an impactor technology by directing an
object toward instead of away from Earth, the point is perfectly
general and would apply as well to the risk of nuclear war posed by
the very existence of a nuclear arsenal (See Harris et al. [26]), or
similarly any other weapon of mass destruction (WMD) whose
overt purpose was planetary defense. Any such technology would
seem potentially to be dual-use.

Furthermore, even without WMDs as part of the planetary
defense apparatus, there will always be the risk of a global
confrontation spurred on by a deflection (or fragmentation)
scenario. As Schweickart [27] has pointed out,

… in the process of deflecting an asteroid bound for a collision
with the Earth, there are substantial legal, political, social, eco-
nomic, and even military concerns that are introduced. These
issues arise independent of the specific deflection techniques
proposed. This “real” dilemma arises in that otherwise unin-
volved people and property across international boundaries will
be put at risk during an asteroid deflection mission.

Thus for example one could imagine that the plan of the United
States to deflect an asteroid targeting the homeland would shift the
impact point to Moscow en route to its passing off the edge of the
Earth. Russia would not take kindly to this and might well threaten
retaliation or even enact pre-emption, which could itself lead to
global catastrophe.

In sum, therefore, it seems plausible that any technology suffi-
cient to do the job of mitigation would lend itself to accidental or
nefarious use, whose catastrophic consequences could equal those
of an impact. And even a technology that does not pose a compa-
rable risk of its own could, by the very logic of deflection, have
political implications that pose such a risk.19 Therefore, all in all, it is
at least unclear what waiting for the next generation of technology
would accomplish; and in the meantime our vulnerability to
extinction by impact would remain total.20
18 Cf. Wirtz [24]: “With a little bit of luck, we might actually enjoy a few hundred
years to improve our survey and deflection systems before we have to put our
planetary defenses into action to deflect a significant threat” (p. 455).
19 Indeed, Mellor [28] offers the deeper critique that planetary defense is sub-
servient to a pervasive militarism in U.S. policy. Motivation is not my primary
concern in this paper, and I assume any initiative would be undertaken from mixed
motives. However, motivations do have consequences, so ultimately they need to be
addressed. Meanwhile, a different kind of political risk could arise from the very
effort to preclude the risk of national confrontations. Dufek [29] argues that de-
mocracy as we know it could be placed in jeopardy by the need to facilitate global
decision-making with a world authority having coercive powers.
20 Deudney [30] makes much the same point in his objections to Sagan's counsel
to delay implementation of the most effect planetary defense until world political
arrangements mature sufficiently.
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3.3. Risk and probability

Suppose, contrary to my rebuttal above, there were a foresee-
able non-nuclear technology that would give us the best of both
worlds: reducing the risk of apocalypse by impactor without
increasing the risk of apocalypse by political response. Neverthe-
less, the anti-nuclear position also presumes that there is no great
rush to operationalize a planetary defense against a Chicxulub-size
object. The argument for non-urgency rests on the premise that the
probability of an imminent extinction-size impact even if we took
no steps to stop one is so low as to be for all practical purposes zero.
But this argument I find both strange and wrong. It is wrong
because it ignores the logic of risk, and it is strange because plan-
etary defense was founded on the logic of risk. Let me explain.

Risk is generally understood to have two components. One is the
magnitude or value of somenegative consequence,which in this case
would be an existential catastrophe, possibly human extinction. The
other is the probability of its occurrence within a designated time
period. It should be noted that the word “risk” is sometimes used to
refer to probability alone, but this seems misleading to say the least.
For example, in the prepublication draft of National Academies [31]
one came across the apparently authoritative assertion that “The risk
of impact by long-period comets (LPCs) ismuch lower than the risk of
impact by NEOs [which are mostly asteroids].”21 This seemed to me
simply falseunless itwas referringonly to comparative frequencies of
intrusion into the inner solar system; for, as Nuth et al. [17] point out,
“While asteroidal impacts are of order 100 times more likely than
cometary impacts, comet impacts can carry more than 100 times the
energy of a typical asteroid threat, making their destructive power
nearly equal” (p.197). Thus the risk posed by bothmay be equivalent,
since, by the following mainstream definition, “the notion of risk, i.e.
the expected value of an undesirable outcome, relates not only to the
probability of an accident occurring, but also to the expected loss in
case of the accident” [32].

But aside from simply conflating probability with risk, the
argument for non-urgency is commonly premised on prioritizing
probability over consequence; for example:

“The probabilities of such a cosmic catastrophe are very small,
smaller than we can really comprehend. But the stakes are truly
staggering: Not only our lives, and yours, but hundreds of mil-
lions if not billions of lives, and the very future of civilization
itself hang in the balance. A wise gambler sticks with the straight
odds. By that measure, society should pay more attention to
banning cigarettes, and stopping drunk driving, rather than
expending its resources on discovering and protecting us from
comets and asteroids. But the annualized threat to each
individual from a cosmic impact is higher than risks from TCE,
asbestos insulation, saccharin, firecrackers, or nuclear power”
(Chapman and Morrison [33], pp. 285-6; my emphasis).

But, I would contend, urgency should be governed by risk and
not by probability alone22. That is, after all, the justification of
planetary defense. For no one can point to any clear instance in all
of human history of a city, not tomention a region and of course the
whole species, being wiped out by an impact or meteor fall23; and
21 After I pointed this out to the chair of the main contributing group (personal
communications, July 8, 2019), the text in the final draft was changed to, “The
probability of impact by long-period comets (LPCs) is much lower than the prob-
ability of impact by NEOs.”
22 Melamed and Melamed [34] argue similarly on behalf of planetary defense by
drawing analogies to wise planning for other sorts of hazards.
23 Although, again, Lewis [3] demurs; and a scientific report has just been pub-
lished of the likely destruction of a city in the Bronze Age by an airburst [35].

4

even whether there has been a single human fatality is contested.
Yes, there have been numerous impacts and bolides, but given that
most of Earth's surface is water and most of the land is uninhabited
or very sparsely populated by human beings, it has been
acknowledged from the get-go that, in human terms, dangerous
impacts are rare. So the argument for embarking on a program of
planetary defense has always been based on the concept of risk and
not on probability alone.

That is especially the case when the consequence is virtually
infinite, which is how onemight rate the elimination of our species.
Yeomans [10] makes this point in a way that serves as a counter-
point to the quotation from Chapman and Morrison above:

“[O]ne could claim that even over very long time intervals, the
average annual number of those killed by Earth impacts is
comparable with the fatalities due to shark attacks or fireworks
accidents, and there are far more fatalities due to, say,
automobile accidents. So why be concerned? The point is that
near-Earth object impacts, unlike shark attacks, fireworks acci-
dents, automobile accidents, and any number of more familiar
disasters, have the capacity towipe out an entire civilization in a
single blow” (p. xii).

In other words, contrary to Chapman and Morrison, a “wise
gambler”would not “stickwith the straight odds” if human survival
hung in the balance.

Now, as a philosopher, I grant that it may not be literally true that
the extinction of Homo sapiens has infinite negative value. There are
several reasons that might be given for this qualification. One is that
there is no such thing as objective value to begin with. The universe
is indifferent to us and everything else. It is living beings who bring
value into the world precisely by valuing things; but this is a sub-
jective response by those beings. Thus, in the case of human beings,
it is we who place value on the continued existence of our species.

Furthermore, there are certainly some people who do not place a
high value on humanity's existence, or who even believe it would be
a good thing if we ceased to exist. For example, there is an ethical
position known as anti-natalism, which argues in rational terms for
our not having children [36]. Any number of reasons can be given,
such as human nature making us a scourge to ourselves and to other
species, or simply the difficulties and harshness of life in an indif-
ferent universe, making the gift of life to children of dubious benefit
to them, unless we delude ourselves to the contrary. Finally, even
ordinary human beings who do not harbor such extreme thoughts
seldom appear to value the continued existence of our species very
highly, at least not into the indefinite future beyond the lives of their
children and grandchildren. The profligacy with which we continue
to pollute, deplete, and generally wreck the biosphere attests to that.

Nevertheless it would seem to be an assumption of planetary
defense that the preservation of human life for the long haul has
very high value and perhaps even the highest possible value, even if
it is only for “us”. And it is easy enough to see why this would be so
simply in terms of numbers. For if we go extinct, it is not “only” that
the eight billion existing human beings would die e that is, die
prematurely, since of coursewe are all going to die sooner or latere
but also that countless billions who might have succeeded us into
the indefinite future won't come into existence at all. If we there-
fore take this “consequence” into consideration when calculating
the risk of imminent human extinction by impact, the low proba-
bility of the event is put into perspective as not the sole deciding
factor of how urgent our response to the hazard should be.24
24 Furthermore, even if we discounted the value of future human lives as such, the
confidence in the indefinitely long continuation of humanity has high value for
those living today [37].
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Well, then, what is the risk of extinction by impact? The event
has a low probability but a high consequence. This sort of situa-
tion can be notoriously difficult to assess. Sometimes it seems the
two extremes simply cancel out, leaving us to flip a coin. Let me
respond first by making an analytical point about probability. The
current low probability of an imminent extinction-size impact is a
way of speaking and is not literally indicative of what is going to
happen. For even the day before we discovered such an object,
the probability of such an impact would be tiny; whereas the very
next day the probability of impact by that object could be 1.0,
even with no change having occurred in the behavior of the ob-
ject or of Earth. All that would have changed is our state of
knowledge.

This point cannot be stressed enough: Probability in the sense
relevant here is first and foremost a matter of knowledge, not re-
ality. One way unclarity on this score is shown to have practical
consequences is in the frequent use of the term “risk reduction” to
refer to the results of surveys that decrease the number of unde-
tected NEOs. This accounts for why some people do not lose sleep
over the impact hazard. But my point now is that reducing the
number of undetected NEOs does not, by itself, reduce the proba-
bility of our being impacted by whatever object, known or un-
known, is in fact on a trajectory to strike us. The only way to reduce
the probability (and hence risk) of that impact is to establish an
effective planetary defense infrastructure.

The assignment of low probability to an extinction-level impact
is based on the average frequency of this type of event over a given
period of time, say the most recent geologic era. But it is fallacious
to infer therefrom that these events occur like clockwork on a
regular schedule. On the contrary, as the clich�e goes, there can be
hundred-year floods two years in a row.25 Just so, there is nothing
whatever in the probability assessment to rule out that a once-in-
ten-million-year impact will occur one year from now, even if the
previous one occurred only one million years ago.26 More salient
than the low probability, then, I submit, is that we simply have no
idea when the next one will occur.27 And what follows in practical
terms is that if something terrible is very likely to happen but we
know not when, it is eminently prudent to take whatever pre-
cautions are reasonably available as soon as possible: to be safe
rather than sorry. Humanity's recent experience with the COVID-19
pandemic speaks eloquently to this point.
3.4. Cost-benefit analysis

But what precautions would be reasonable regarding planetary
defense against an extinction-size impactor? That is precisely the
question at issue. Current policy presumes that what is already
being done is sufficiently reasonable. To embark on a full-scale
25 Indeed, this is an essential feature of randomness, as Pinker notes (quoted in
Ref. [38], albeit in the context of debunking the impression that we live in especially
parlous times; my claim is that all times are parlous): “It's a statistical phenomenon
that when events are randomly sprinkled in time they cluster. That sounds para-
doxical, but unless you have a nonrandom process that spaced them apart d We're
going to have a crisis every six months but we're never going to have two crises in a
month d events cluster. That's what random events will always do.”
26 Compare this remark by the Russian Emergency Minister Vladimir Puchkov
regarding the lack of preparedness for what took place in Chelyabinsk: “We thought
that humanity would not have to face such an attack for another couple of thousand
years, but the opposite happened and Russia was hit with a large-scale natural
emergency” (RT News 2013). And what makes this sort of dismissal not merely
fallacious but downright absurd in the case of an extinction-size impact is that,
even by the fallacious reasoning, we are “due” for the next one.
27 Another way to think about this is that in some cases the consequence is so
great that probability is irrelevant and the mere possibility is sufficient to warrant
significant response; cf. ([39], ch. 17).
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effort at this time to defend against a Chicxulub-size impactor
would be unjustifiably expensive and rely on a technology that
presents comparable risks of its own, argue those who are satisfied
with present progress. I have already answered the second objec-
tion by arguing that no risk-free mitigation technology or strategy
seems feasible nomatter how longwe continue to expose ourselves
to the existential hazard of a large impact. I will now address the
first.

Sunstein [40] recommends employing a straightforward cost-
benefit analysis in deciding what is a justifiable expenditure in a
situationwhere probability and consequences are known. Matheny
[41] has worked out the numbers for the hazard of extinction by
impact.28 For ease of calculation, Matheny assumes that there are
10 billion human beings alive in any given year.29 Citing relevant
regulatory documents, Matheny found that health programs in the
United States commonly value one year of life for one person at
$100,000. Meanwhile, citing NASA data, he postulated the proba-
bility of an extinction-size impact at one in a million over the next
century, while the cost of a system to detect and deflect large
impactors (albeit with imperfect reliability) could be as much as
$20 billion. Then even if the system never had to be used, he con-
cludes, it would be highly cost effective. For example, assuming
humanity will go extinct anyway a mere 1000 years from now, the
cost would be only $4000 per life-year to protect us over the next
century. Imagining our indefinitely long continuation, not to
mention proliferation, would bring down the cost to an indefinitely
small amount.

This calculation, although schematic and hypothetical, surely
makes the point that investing in a robust planetary defense will
not break the bank. Furthermore meeting this hazard will not
force abandonment of efforts to meet the many other hazards
humanity faces. Consider that the United States alone has in
recent years funded a huge tax cut, two discretionary wars in the
Middle East, massive COVID-19 relief, and may soon embark on a
major overhaul of its nuclear arsenal, extensive repair and
improvement of transportation infrastructure, unprecedented
social spending, and an all-out effort to combat the causes and
effects of climate change. Every one of these is a trillion-dollar
item. Yet a single rock from outer space could make all of those
efforts pointless at any moment. So even if the cost to eliminate
that impact risk was also a trillion dollars, can it seriously be
argued that we can't afford it or that it's not worth the expense?
Furthermore, the United States could expect financial collabora-
tion with other nations.

The current budget of NASA's Planetary Defense Coordination
Office is 150 million dollars. This is impressive in that it represents
a forty-fold increase over planetary defense spending a decade
prior [42]. However, this is still less than one percent of NASA's
budget, which, in accordance with NASA's mandate, is targeted
mainly on science and exploration. Just what would a budget in the
billions buy for planetary defense that the current budget can't?
There is no shortage of proposals for how an enhanced allotment
could be spent (e.g. Refs. [1,17,43,44]). A comparison will reinforce
this point. In national defense against a foreign adversary, the
United States does not let its guard down for one second. Radar
and other devices scan the horizon continuously for incoming
missiles, and with backups in case of failures. Furthermore, the
United States is prepared to respond massively to any detection at
once.
28 Singer [14] makes a similar calculation (pp. 167-9).
29 One reviewer noted that, as with Chicxulub, other species would be impacted
direly as well. Attributing value to their lives too would only increase the import of
the following calculation.
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Now consider planetary defense30: We have only incomplete
surveillance; for example, even the proposed NEO Surveyor, by
design (since its job is survey, not surveillance), and the Vera C. Rubin
Observatory, of necessity (given its fixed location on the Earth), will
have only partial coverage of the celestial sphere, and yet a long-
period comet or an interstellar object can approach from any di-
rection. In addition, the surveillance is mostly without backups;
witness the recent collapse of the Arecibo Telescope, which has
significantly impaired NEO characterizations. I also find it embar-
rassing if not outright scandalous (although certainly impressive in
its ownway) that to this day amateur astronomers discover asteroids
and comets (e.g., Ref. [46]). Even NEO Surveyor, an infrared space
telescope that would meet Congress's own mandate to discover,
characterize, and track 90% of the estimated 25,000 NEOs that are big
enough to cause regional damage31 (not to mention a smaller per-
centage of the estimated onemillion that are big enough to wipe out
a city), and whose cost [47] is a fraction of the cost of a single B-2
Spirit stealth bomber [[48] (Table 1.1)], has taken many years to
overcome bureaucratic hurdles [49]. Furthermore, should an
incoming impactor be discovered with relatively short warning, we
have at present zero response capability regarding even a city buster
not to mention a civilization buster (cf. [50]).

4. Conclusion

The lesson to be drawn for apocalypse by impactor is therefore, I
submit, the same as for the COVID-19 pandemic or for global
climate change, namely, that it is unwise to let the tail of expense
wag the dog of prevention. The expense is manageable. It is true
that, over and above expense, there will be risks in such an un-
dertaking. But this presents humanity with two options: continue
to leave ourselves open to the loss of everything we value from a
preventable catastrophe, or, as with any real-world situation, roll
up the blouse sleeves and come up with a workable way forward.32

I submit that the bigger risk right now is complacence due to
misconceiving risk in the face of this ultimate choice.
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