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1. INTRODUCTION

In the 21st century, we must consider the asteroid and comet impact hazard in a context in which citizens of many nations are apprehensive about hazards associated with foods, disease, accidents, natural disasters, terrorism, and war. The ways we respond psychologically to such threats to our lives and well being, and the degrees to which we expect our societal institutions (both governmental and private) to respond, are not directly proportional to actuarial estimates of the causes of human mortality, nor to forecasts of likely economic consequences. Our concerns about particular hazards are often heavily influenced by other factors, and they vary from year to year. Citizens of different nations demonstrate different degrees of concern about risks in the modern world (for example, reactions to eating genetically modified food or living near a nuclear power plant). Yet one would hope that public officials would base decisions at least in part on the best information available about the risks and costs (uncertainties and all), and scientists have a responsibility to assist them to reach defensible conclusions. 

Objective estimates of the potential damage due to asteroid impacts (consequences multiplied by risk) are within the range of other risks that governments often take very seriously (Morrison et al. 1994). Moreover, public interest is high, fueled by increasing discovery rates and the continuing interests of the international news media. In this chapter we consider the past, present and future of interactions by scientists with the public on the subject of the impact hazard. 

Today it is commonplace to realize that rocks from space bombard the Earth, and that a strike by a big one could end civilization. This was not true when the NASA Spaceguard Survey Report (Morrison, 1992) was released, providing the first quantitative estimate of the impact hazard and concluding that we are as much at risk from impacts as from other better-known hazards such as earthquakes and severe storms. Some in the media treated this original report with derision. At a minimum, there was a ‘giggle factor’ associated with claims that ‘the sky is falling.’ 

A decade later the impact hazard is fairly well understood within the science community and is increasingly being accepted by the public at large. Yet it is still a difficult concept, because the danger from impacts occurs in ways that are different from anything in our experience. People will rarely be killed individually, or by the hundreds or even the thousands, by impacts. Rather, the primary risk is from a global environmental catastrophe that might happen only once in a million years, and yet would kill a substantial fraction of the Earth’s population. Impacts are an extreme example of a hazard of very low probability, but very great consequences. Nobody has ever been killed in such a major impact event in recorded history, yet we recognize this possibility as a serious challenge for individuals and governments.

The best news a decade after the Spaceguard Report is not that the hazard is better understood, but that we are actually doing something about it. Unlike any other natural hazard, impacts can potentially be predicted with high precision and prevented (at least in principle) by the application of space technology to deflect or destroy a potential impactor.

The first step in any effort to mitigate the impact danger is to find out whether the Earth is – or is not – the target for such a collision within our lifetimes, or perhaps the lifetimes of our grandchildren. Sometimes we talk as if this were a statistical question. In fact, discussions of probabilities can be a way of covering our ignorance. We know enough about probabilities to say that any impact in our lifetimes, whether it is from an auditorium-sized ‘Tunguska-class’ asteroid or a much more massive ‘extinction level’ asteroid or comet, is highly unlikely. Nevertheless, we want to know whether, against the odds, our generation will need to prepare to defend the planet from this threat. Scientists have therefore shifted from an emphasis on understanding the probabilities to a straightforward program to find the potentially threatening asteroids and compute their orbits, one at a time, to see if any will hit us. That is what people and governments need to know: not “what are the odds?” but “will we be hit soon?” Today we can change a probabilistic question into a deterministic answer for the larger asteroids, and eventually it should be possible to do the same for sub-kilometer impacts as well. 

In the United States the program to search for potentially hazardous asteroids is funded by NASA and the US Air Force. The present ‘Spaceguard Goal’ is to find 90 percent of the near-Earth asteroids (NEAs) larger than one kilometer in diameter (thought to be the lower limit for a global catastrophe) by 2008, which is ten years from the adoption of the goal. Due to the phenomenal productivity of the handful of active search programs in the U.S., the current count of known large NEAs is already more than half way to the goal, with nearly 700 found out of an estimated total of 1100 +/- 100 such asteroids (Stokes et al. 2003, Morrison et al. 2003, Stuart 2001). The good news is that while many of these will hit the Earth eventually, none seems to be on a collision course in the short term (meaning the next century). By finding and eliminating these asteroids as possible short-term impactors, the risk is being lowered that we will be hit unawares by a global impact catastrophe. And when, eventually, all the NEAs bigger than one kilometer have been found, the most likely outcome will be a demonstration that none is due to hit us soon, thereby removing for our generation concern about this particular threat to the survival of civilization. Of course, if we do find one on a collision course, we will have a very different challenge: to mount a mitigation campaign that will divert the asteroid. If we have several decades of warning, we may be confident that such an effort would succeed, givebn the high motivation that an impending impact would provide. 

While NEAs dominate the impact hazard, comets also pose a danger. Comets have a different size distribution from asteroids; it may be that the largest potential impactors are comets (e.g. Comet Hale-Bopp, which is 40 km in diameter and passed perihelion within the terrestrial orbit in 1997), whereas apparently there is a near-absence of comets 1 km and smaller. We currently do not have the technology either to predict an impact of a comet long in advance, or to do much about it if we did. At the small end of the size distribution, comets are not a significant hazard [reference?  Yeomans report]. For these reasons, the present discussion is focused on the hazard of asteroid impacts. 

A large cosmic impact would represent the ultimate environmental catastrophe, and the chance of such a calamitous event occurring soon is far from being negligible, although it is small. If the frequency of major impacts were not low, we would not be here to discuss them; but if the occurrence rate were zero, then we would not be here either, because the dinosaurs would likely still rule the Earth. How do we communicate with the media, public, and government alike the nature and severity of a very infrequent but ultimately inevitable disaster that is outside our personal or historical experience?

2. RISK PERCEPTION AND THE UNIQUE NATURE OF THE IMPACT HAZARD

We all face potential hazards to life and limb each day, and these moderate our activities in a variety of ways. Individual responses to specific risks vary markedly, and not all hazards can be entirely avoided. Apart from human-made hazards such as automobile crashes or firearm accidents, there are many natural hazards that individuals may either ignore or take very seriously, depending on personal outlook. Some people may specifically avoid living near earthquake fault lines, while others eschew coastlines subject to hurricanes, or inland plains liable to be swept by tornadoes. While some people fear sharks to such an extent that they would never dip a toe into the sea, others avoid areas where snakes may lurk -- yet the risks from both sharks and snakes are negligible.

All the above are examples of hazards that may be obviated to some degree, either by behavior changes or else avoidance of certain terrains or locations. There are, however, hazards that are unavoidable no matter where one lives. Global climate change, for example, must affect everyone, although by differing degrees, and with both winners and losers. This is also the case for cosmic impacts: no matter where one lives, every human would be affected by a large impact (roughly, with an energy above one million megatons: Toon et al. 1997), no matter where the collision occurred. This means that the frequent public question of “where might it hit?” is misguided: it makes little or no difference, for a large impactor, although it is true that smaller projectiles would[space]have more restricted regional effects.

Public perceptions of risk and benefit have been studied extensively by social scientists (e.g., Slovic 1987). Among the factors that enhance public concern about a hazard are its potential for catastrophe, dread, lack of control, and threat to future generations -- all of which seem to be associated with the impact hazard. On these grounds, we might expect public concern to be high -- higher than is suggested by the actuarial calculations of the hazard. Generally, however, this is not the case; if anything, the public seems to underestimate the impact threat. Presumably we are not presenting credible case, or else the extreme rarity of the event causes it to be dismissed as too improbable to be taken seriously.
NEO impacts are qualitatively different in terms of the hazard they pose to individual humans. They are also quantitatively different, in that the numbers of people killed by such a horrible event would be far larger than in any natural disaster that has occurred during historical times, and may approach the whole population of the planet. Mass extinction events due to hugely energetic impacts have occurred in the past, and will occur in the future unless we intervene. The risk to individuals, however, is dominated by smaller, but still very substantial, impacts that might cause the death of a quarter to a half of all humankind. 

Although some aspects of the impact hazard (e.g. its predictability) are unusual or unique, many of the associated destructive effects resemble those of tsunamis, earthquakes, atomic bomb and volcanic explosions, sudden climate change, wildfires, and so on. To some extent, then, the effects of impacts may be explicable in terms of phenomena with which the public has familiarity even if only through the mass media. 

The only other catastrophe that might provide a similar outcome to an NEO impact would be an all-out global nuclear war. The chance of such a calamity is taken very seriously by many people, and governments. The question might therefore be asked: why is the impact hazard not taken more seriously? There are several reasons that contribute, many of them discussed in this chapter. One, of course, is a lack of awareness of the nature and level of the hazard, but another is the fact that blame might be attached to various people/countries in the case of a nuclear war, whereas an impact might be regarded as an “act of god”. Until specific agencies within governments are made responsible for this matter, it may well be that progress in tackling this unique hazard will continue to be slow.

3. HAZARD SCALES AS A COMMUNICATION MECHANISM

The NEO community has taken several actions to facilitate communications with the media and the public. First, the nature of the hazard itself has been explained in a variety of public forums (for example, hearings in the United States Congress and documentaries produced for television broadcast). Second, the Internet has been widely used to explain the hazard and to provide up-to-date information on asteroid discoveries and orbits. The two NASA websites, for example (the Impact Hazard Website at htpp://impact.arc.nasa.gov and the NEO Program Office site at http://neo.jpl.nasa.gov) each receive roughly a million hits per month, and both have been recognized as among the most popular NASA websites. Third, the International Astronomical Union (IAU) has attempted to provide authoritative information on NEOs and possible future impacts with mixed results (as further described below). 

Whether testifying before Congress, providing “sound bites” on television, or writing messages to post on the Internet, it is vital for scientists involved in disaster prediction to communicate their calculations in simple ways that can be thoroughly understood by the news media, public officials, and disaster relief agencies, so that news of a potential disaster evokes consistent and appropriate responses. Most people are familiar with such scales as the Richter (or Magnitude) Scale for earthquakes, the Saffir-Simpson scale for hurricanes, and the recent “terrorism” scale adopted by the Office of Homeland Security. Numerous other scales have been developed to communicate technical evaluations of computer virus threats, nuclear reactor security, space weather hazards (e.g. due to solar flares), generalized wind damage, etc. There are more prosaic scales developed along the same lines concerning UV dangers from sunlight, forest fire danger, etc. Many of these scales involve predicted future events such as weather phenomena, but others like the Richter scale define the severity of an event after-the-fact.  

In nearly all such hazard scales, multi-dimensional parameter space is compressed into a single linear, often color-coded, scale from 1 to 5 or 1 to 10 (not usually including decimal points, despite the prominent exception of the earthquake magnitude scale). Development of these scales has often involved much behind-the-scenes controversy among specialists.  But the disputes have not generally entered the public sphere, which is fortunate because “battling scales” is a sure way to defeat the prime objective, which is simplification and consistent use by all concerned.  With such motivations, and following some bad cases of sensationalistic news stories, some NEO researchers began to think about developing a hazard scale that science journalists and others could use to help the general public evaluate the seriousness of predicted NEO impacts.

Beginning with the premise that “collisions of asteroids and comets with the Earth is a topic so provocative and so prone to sensationalism that great care must be taken to assess and publicly communicate the realistic hazard (or non-hazard) posed by close approaches of newly discovered objects,”  Binzel (1997) proposed to the NEO community a 0 to 5 “hazard index” as a public communication tool. The timing of this proposal (at the 1995 United Nations International Conference on Near-Earth Objects) was deemed important because “with the advent of expanded near-Earth object (NEO) surveys, the number of known close approaches to Earth will increase dramatically.”  Multiple factors led to this proposed system not being adopted for use. These factors included the preliminary nature of the proposed system and the general lack of appreciation by astronomers of the necessity for (and of difficulty of) clear and effective hazard communication.   
The discovery of 1997 XF11, the first object discovered for which at least an initial orbit calculation gave a non-negligible probability for impact of possible globally catastrophic consequences, provided a baptism by fire for the NEO community. From the missteps in early announcements to the wide realization of the difficulty of making and communicating impact probability calculations, a maturation of ideas began for effectively conveying information on predicted close Earth approaches. This progress was apparent at the "International Monitoring Programs for Asteroid and Comet Threat" (IMPACT) workshop held in Torino, Italy, in June  1999. Key to this progress were advances in the ability to perform the complex orbital and probability calculations, as exemplified by Chodas and Yeomans (1999a; 1999b) and Milani et al. (2000). (These advances continue; see Chesley et al. 2002.)  At the Torino workshop a color-coded 0 to 10 point hazard scale was brought forward through a communications subcommittee and through discussion and debate by all workshop attendees. With the subsequent endorsement by the workshop sponsors as well as top officials of the IAU and NASA, the “Torino Impact Hazard Scale” was announced simultaneously by the IAU and by NASA in July 1999. The name recognizes the workshop’s endorsement and the historical contributions to asteroid science made by the Torino Astronomical Observatory. Binzel (2000a) describes the details of the scale itself while Beatty (1999) and Binzel (2000b) relate more of the history of its development. 

The Torino Scale values range from 0 (no threat) to 10 (certain threat of bad global consequences), with inseparably reported essential information such as the name of the object and the date(s) of its close approach. It provides a simple vehicle for allowing the public to appreciate whether the object merits their concern. Certainly education and public familiarity is necessary to understand the scale, but even sound-bite news reporting “The December 2037 encounter by object XYZ ranks only a 1 on the 10-point Torino hazard scale.[change period to comma]” correctly conveys a very low level of concern on a distant date without knowing anything else about the scale or going into details of probability calculations, error ellipses, orbital nodes, etc.

Most problematic in the eyes of professional astronomers is that the 0 to 10 point system is too simple and compresses too many important details into a single number. Herein lies the central perceptual divide between scientists and the lay public concerning hazard scales: a multi-dimensional problem is reduced to a single dimension. Important details are sacrificed for the sake of quick, simple, effective communication of the “bottom line”. What’s more, there is no mathematically unique (or quantifiably “best”) solution for making this dimensional transformation; it depends on values and judgments. Thus any resulting scale is demonstrably flawed.   Overcoming these flaws requires viewing the hazard scale simply as a communication tool that is only one piece of the overall effort to inform the public about predicted NEO close encounters.  Certainly as the scale value increases, there must be an exponential increase in the amount of additional information conveyed to inform policy makers and the public.

For its construction, the Torino Scale considers a “hazard space” consisting of the kinetic energy of the encountering body plotted versus its probability of impact, as shown in Figure *X*. The annual probability for an object of any given size striking the Earth, such as presented by Chapman and Morrison (1994), defines a line in this space. The region defining category 1 is bounded on the upper side by a factor of 25 greater than this annual probability and on the lower side by a factor of 4 below, giving it a width of two orders of magnitude in probability. At the upper end of the scale, the region encompassing a >99% collision probability (for an object with greater than 105 megatons of kinetic energy) is denoted by 10. Such an event would cause devastation on a global scale.  Categories 9 and 8 similarly correspond to “certain” (>99% chance) collisions, at energies greater than 100 megatons (regional devastation) and 1 megaton (local damage), respectively. These two fundamental design decisions: using the slope of the annualized probability to define the 0 to 1 transition, and defining the highest values of the scale (8, 9, 10) to correspond to encounters that are certain to be Earth impacts drive the construction of the remaining categories within the hazard space. Using the annualized probability and setting an upper limit for certain impacts are absolutely essential to the scale for it to have a logical basis for the transition from 0 to 1 and for it to have a fixed upper limit (10) that corresponds to the worst possible outcome over geologic timescales. The remaining categories (2 through 7) have their regions delimited by being two orders of magnitude wide in probability and shaped by lines parallel to the annual probability curve. Their numbering follows an assessment of their increasing hazard whereby:  hazard increases as the probability increases; hazard increases as the kinetic energy increases. Color coding also denotes the assessment of hazard, ranging from no color (category 0), green (1), yellow (2, 3, 4), orange (5, 6, 7), to red (8, 9, 10).   

While Figure *X* depicts how an encounter has its Torino Scale value determined, this hazard space figure is not the “public release document” intended to describe the scale. The public description of the scale, shown in Figure *Y*, is a text summary of each of the categories. The descriptions we give here for each category are expanded from the original release (Binzel 2000a) in order to more directly convey to the public (and to observatory directors and policy makers) what actions are being taken or should be considered. Naturally, actual policy decisions require much more information and analysis than provided by a Torino Scale value or its description. 

For professional astronomers making and assessing probability calculations for their own analysis and discussion, the Torino Scale is not satisfactory owing to its discrete increments and non-uniform transitions.  (For example in Figure *X*, a very slight change in probability or calculated energy can cause the Torino Scale value to jump from category 2 to a value of either 4, 5, 6, or 7.)   Binzel (2000a) recognized this problem of public versus professional use of the Torino Scale and proposed for professional use a normalized probability parameter (M):

               M  =  Pi / (PB T) 

where Pi is the probability of the encounter,  PB is the annual (background) probability for an object of the same kinetic energy, and T is time (in years, T > 0) until the encounter. With extensive, detailed consideration of how to calculate the parameters that enter into this equation, Chesley et al. (2002) define P = log10(M) which they dub the “Palermo Technical Scale” (PTS). A simple, but approximate transformation between the Torino Scale and PTS exists for close encounters occurring within a few decades and for which the impact probability Pi is comparable to PB:  Torino Scale value = PTS value + 1. Indeed the PTS serves as an excellent tool for professional use while the Torino Scale serves its role in public communication. The challenge and responsibility for astronomers who want to make clear and consistent public communication is to use the Torino Scale when making announcements or providing media information on future close encounter events.

4. ROLE OF THE IAU WORKING GROUP ON NEOS

In the absence of national or intergovernmental agencies to deal with the NEO impact issues, the International Astronomical Union (IAU) has assumed some of the responsibility by default. The IAU formed a Working Group on NEOs in the early 1990s to advise on coordination of NEO activities worldwide, on reporting of NEO hazards, and on research relevant to NEOs. In the wake of the media interest and widespread public confusion associated with asteroid 1997 XF11 (to be discussed in more detail below), the IAU also assumed a limited responsibility for providing authoritative information to the media and public on possible NEO impacts.

When someone predicts a close approach to Earth by an asteroid, a subcommittee of the IAU Working Group can be convened (if so requested) to advise the IAU on the reliability of the prediction. The IAU Technical Review Committee of international specialists offers prompt, expert review of the scientific data, computations, and results on NEOs that might present a significant danger of an impact on Earth in the foreseeable future. The use of this review process is voluntary, and researchers worldwide remain free to publish whatever results they wish in whichever way they wish, at their own responsibility. In several cases the IAU has also seen fit to post a statement on its own website <http://web.mit.edu/rpb/wgneo/Public.html> discussing the reliability of impact predictions.

The initial purpose of the IAU Technical Review was to encourage scientists to check each other’s data and calculations before making public statements about possible future impacts. Such a review has been invoked half-a-dozen times. However, with the advent of automated systems to calculate orbits and generate impact probabilities, the need for such human intervention has largely evaporated. In practice, if the NEODys and JPL-Sentry systems agree on a prediction, it is considered confirmed, and the IAU has no direct role to play.

Communication with the international scientific community and with the interested public represents an important part of the Working Group efforts. One tool for public communication is the Torino Impact Scale described above, which was endorsed by the IAU. The IAU has also encouraged the use of several websites for improved communications. These include the NASA NEO Program Office <http://neo.jpl.nasa.gov>, the NASA impact hazard website <http://impact.arc.nasa.gov>, the UK NEO Information Centre <http://www.nearearthobjects.co.uk>, the Spaceguard Foundation and its on-line magazine Tumbling Stone <http://spaceguard.ias.rm.cnr.it/SGF/>, and two sites that post continuously updated orbital predictions: NEODys <http://newton.dm.unipi.it/cgi-bin/neodys/neoibo> and Sentry <http://neo.jpl.nasa.gov/risk/>.

The role of the IAU is limited: it deals only with the discovery of NEOs, not with mitigation, and it has limited ability to respond rapidly to new discoveries. From the IAU perspective, it remains the responsibility of the individual science teams to decide whether to release information to the public and the press on NEO discoveries or orbital calculations.

5. HISTORICAL PERSPECTIVE ON IMPACTS

The history of alarms (false or otherwise) concerning possible cosmic impacts on the Earth extends back a surprisingly long time. Although the public often imagines the concept to have a very recent genesis, beginning perhaps with the seminal paper by Alvarez et al. in 1980, in fact the recognition that our planet must be dealt catastrophic blows from time to time stretches back several centuries. 

The possibility of collisions was realized as soon as the nature of the heliocentric orbits of planets and comets was unveiled. In 1694 Edmond Halley described how his orbit calculations indicated that some comets (like that bearing his name) have paths crossing that of the Earth, making cataclysmic collisions feasible; he even suggested that the Caspian Sea might be a remnant scar from an ancient impact. Two years later William Whiston published his New History of the Earth, suggesting that a near-passage of our planet by a huge comet had cracked the crust and raised huge tides, explaining the biblical flood. 

During the 1700s several other authors discussed the dangers posed by comets. The fact that the possibility of cometary impacts on the Earth was widely known at that time may be seen from the writings of Jonathan Swift. In 1726 Swift published Gulliver’s Travels, which contains the following passage: 

These people are under continual disquietudes, never enjoying a minute’s peace of mind; and their disturbances proceed from causes which very little affect the rest of mortals. Their apprehensions arise from several changes they dread in celestial bodies. For instance... That the Earth very narrowly escaped a brush from the tail of the last comet, which would have infallibly reduced it to ashes and that the next, which they have calculated for one and thirty years hence, will probably destroy us.

The comet due to return 31 or so years later was Halley’s, which did come back as Edmond Halley had anticipated, a few decades after his death. 

Several comet scares, based on the words of scientists rather than fantasy writers like Swift, occurred during the following decades. For example, a public lecture in Paris by Lalande, in 1773, caused considerable alarm when people imagined that Comet Lexell, which had made the closest ever observed cometary approach to the Earth by in 1770, was returning to strike the planet. This was a misinterpretation of the scientist’s words, a recurrent phenomenon even today. 

English poet Lord Byron was exposed to early ideas suggesting a long history of life on Earth, together with possible large extinctions. In The Deformed Transformed (1822), Byron mused upon the possible consequences of a future impact: 

When I grow weary of it, I have business

Amongst the stars, which these poor creatures deem

Were made for them to look at. ‘Twere a jest now

To bring one down amongst them, and set fire

Unto their ant hill: how the pismires then

Would scamper o’er the scalding soil, and, ceasing

From tearing down each others nests, pipe forth

One universal orison! Ha! Ha! 

About the same time Byron suggested the notion that advancing science and technology might enable an impact by a threatening comet to be avoided: 

Who knows whether, when a comet shall approach this globe to destroy it, as it often has been and will be destroyed, men will not tear rocks from their foundations by means of steam, and hurl mountains, as the giants are said to have done, against the flaming mass? – and then we shall have traditions of Titans again, and of wars with Heaven. (Medwin’s Conversations of Lord Byron, 1824.)

In view of these comments we might regard Byron as being the father of planetary defense! 
The above notions were based on knowledge of the existence of comets in Earth-crossing orbits. Asteroids, or minor planets, were unknown until the 19th century, and the first NEA not until 433 Eros was not found in 1898. Eros does not cross our path at present, but over long timescales (of order a million years) its orbit may change so as to make a collision possible (Michel et al. 1996). 

In the 1930s discovery of the first Earth-crossing asteroids (1866 Apollo, 2101 Adonis and 1937 UB Hermes) alterted astronomers to the risk of NEA impacts. Finding a few of these objects, which are much more difficult to spot than bright comets, implied that there must be thousands of them, so that asteroid collisions with the Earth must happen much more often than the very infrequent comet impacts that had been perceived earlier. Fletcher Watson’s book “Between the Planets” (1941) described the implications:  “When these cosmic bullets swing past at a mere million kilometers we start worrying about the likelihood of collision... Close approaches by these flying mountains are rare and the earth probably goes at least a hundred thousand years between collisions with them. Yet there may be myriads of smaller bodies traveling in similar orbits. As we shall see in later chapters, sizable bodies do strike the earth every thousand years and millions of small particles dash into our atmosphere each day.”

In 1942 Harvey Ninninger wrote a short piece in Popular Astronomy magazine in which he suggested that all mass extinctions and geological boundary events were the result of major asteroid collisions. The idea that such impacts might still be possible today was espoused by Ralph Baldwin in his book [somewhat less than a book, maybe a monograph?  Looks  like a book to me.] The Face of the Moon (1949), where he spelled things out: “The explosion that caused the crater Tycho [on the Moon] would, anywhere on Earth, be a horrifying thing, almost inconceivable in its monstrosity.” In 1956 the paleontologist M.W. De Laubenfels proposed that the dinosaur extinction was due to asteroids, although his concept was for myriad small impacts, like the 1908 Tunguska event, rather than a single calamitous event. 

In terms of astronomy, the most detailed hypothesis providing a link with extinctions was that of Ernst Öpik, who published a paper on the subject in the Irish Astronomical Journal in 1958. Öpik made the first semi-quantitative estimates of impact rates. In terms of scientific understanding of the significance of NEO impacts in the geological and biological history of the Earth, three [what are the other two; or are the papers in 1980 considered “the 1970s”?] key papers were published in the refereed scientific literature during the 1970s. The first was a brief letter to Nature by Harold Urey (1973), in which he drew attention to the apparent coincidence between tektite ages and faunal mass extinction events, suggesting that major impacts might be the cause of the latter. The paper that provoked the greatest attention, however, was that of Alvarez et al. (1980), who identified the physical evidence to link the K/T extinction event to a massive asteroid impact, a result quickly confirmed by Smit (1980) [not in reference list]. The headline stories that followed, and the ongoing debates over the next decade or so, firmly entrenched in the public mind the idea of NEO impacts grossly affecting past life on Earth, although they did not always make the obvious connection to possible future catastrophes. In fact the collision rate upon the Earth and Moon has been sensibly constant over the past several billion years; in essence, the impact danger is the same now as it has ever been. 

Notwithstanding the release of the movie Meteor in the 1979, there was little overt public concern, and a handful of astronomers continued to search for NEOs in relative peace, spurred in the early 1980s by the Snowmass Workshop chaired by Gene Shoemaker. This age of innocence began to change in 1989, however, due to the well-publicized discovery of asteroids Toutatis and Asclepius (originally 1989 AC and 1989 FC). Each of these in turn was predicted to make the closest (to that point) flyby of Earth. The same year saw the publication of the book Cosmic Catastrophes (Chapman and Morrison, 1989), which brought the matter again to the attention of the reading public including a few key staffers in the U.S. Congress. 

The fact that Asclepius was discovered ten days after its passage by the Earth at a closest distance only about 50 percent further away than the Moon aroused some public dismay and prompted the American Institute of Aeronautics and Astronautics (AIAA) to draft a statement and begin to lobby the U.S. Congress for a government response. In 1990 the Science Committee of the House of Representatives directed NASA to form two international committees to examine, first, how potentially hazardous NEOs might be detected (Morrison, 1992) and, second, how an identified threatening NEO might be intercepted and deflected (Canavan et al., 1993). Reports from these studies were presented to Congress in 1993, and shortly thereafter the world was riveted by the prospect of watching the fragments of Comet Shoemaker-Levy 9 crash into Jupiter. The Great Comet Crash was well publicized on television, and that in turn led to a series of one-hour TV documentaries that appeared in 1997, and to the big-budget feature films Deep Impact and Armageddon in 1998. The stage was clearly set for the current public and media interest in impacts.

6.  LEARNING FROM EXPERIENCE: FIVE NEAS THAT MADE THE EVENING NEWS

In general, press coverage of the NEO impact hazard has been excellent [I think that is too strong: how about “good”?]. Many [how about “some”?] journalists have worked hard to master the intricacies of this low-probability risk and to translate the information into a form that is accessible to a wider public. However, reporting of individual cases has revealed problems in the communications between astronomers and the non-specialist media.

In this section we briefly review five cases in the past decade where newly discovered NEAs were widely reported (or misreported) in the press as posing a risk of impact with the Earth (see Chapman 2001 [2000, not in reference list  I’ve added it, if this is what was meant] for more detailed reporting of the first 2 cases). Each case involves communications failures of a different kind. These examples illustrate the frustrating breadth of ways that things can “go wrong”.

What constitutes an asteroid being newsworthy, and hence capable of spawning a scare, has changed gradually over the past decade. The selection criteria are such things as the probability and proximity in time of the potential impact. As new records have been set for each parameter, the media apply new standards to rumors and reports of potentially hazardous NEAs. Perhaps astronomers as well learn how to communicate better. Despite this, with the anticipated increasing sky coverage and deeper surveys, it seems inevitable that impact alarms will continue to make frequent appearances in the media. 

(1) (35396) 1997 XF11 [now a numbered asteroid]
The first modern impact scare was associated with asteroid 1997 XF11, an approximately 1-km diameter NEA discovered on December 6, 1997. By early in 1998, preliminary orbital calculations showed a possible close pass by Earth in October 2028. At that time, however, no asteroid dynamicists were supported to calculate impact probabilities.[This is not a true statement.  Yeomans and Chodas had been at it since before S-L 9.] Brian Marsden, Director of the Minor Planet Center at the Harvard-Smithsonian Center for Astrophysics, was following the orbit in early March when the most recent observations suggested that XF11 might pass well inside the orbit of the Moon. On March 11 he made this information available and quickly distributed a Press Information Sheet in which he stated that “the chance of an actual collision is small, but it is not entirely out of the question”. [Actually this is somewhat in reverse order.  The IAUC and PIS made the claim; the "information" (observations) was not made available until later.] From the calculated miss distance and its estimated error, Marsden and other astronomers suggested that the probability of an impact could be as high as one-in-a-thousand, and news media all over the world put the story on the front page.

At that time only the JPL team of Don Yeomans and Paul Chodas [what about Muinonen; his calculations were complete within a week, and he got 10^[-42] as the odds, based on data thru Dec. 22 1997] had the software to estimate the actual odds of hitting, and within two hours of Marsden’s announcement they had calculated that an impact was impossible -- although the position of the asteroid in is orbit had a substantial uncertainty, there was zero possibility of a collision. (The “error ellipse" was effectively a line that passed well off the Earth, rather than a fat ellipse). Marsden did not withdraw his analysis, however, until prediscovery observations from 1990 were found a day later that greatly reduced the uncertainty in the orbit and demonstrated than the asteroid would not come close to the Earth in 2028. Only then did the media run retraction stories, mostly along the lines that new data had corrected the original prediction.

The XF11 episode demonstrated the need for rapid calculation of impact odds as well as nominal asteroid orbits and miss distances. In addition to the JPL team, Andrea Milani at Pisa and Karri Muinonen in Helsinki quickly demonstrated this capability. The second lesson was that astronomers should check their results with colleagues before “going public” if they wished to avoid the embarrassment of carrying out a scientific debate in the public eye. Third was a more general concern that astronomers looked rather foolish when a prediction of a possible impact was corrected or withdrawn within less than a day. It was suggested that perhaps the IAU should vet such predictions, and in this case the IAU issued a statement that “contrary to preliminary reports, there is no danger of its colliding with the Earth in 2028. Like all Earth-crossing asteroids, XF11 may someday hit our planet, but this seems to be an event for the distant future, and at present we are more at risk from some unknown asteroid colliding with the Earth than from XF11 or any other object already discovered.” 

In summary, the problem with XF11 was premature announcement without calculating a formal impact probability or consulting with colleagues. The solution seemed to be better software and more consultation before making announcements.
(2) 1999 AN10
On January 13, 1999, the LINEAR program discovered a mile-wide NEA designated 1999 AN10. Milani and his colleagues at Pisa showed that there was a less than one-in-a-million chance of AN10 passing through a keyhole [first usage, must definte here, not in next sentence] during a 2027 close approach so that it would impact the Earth several decades later. (In the two years [actually less than one year; from March 1998 to January 1999]  since XF11 great strides had been made in orbit prediction, including the concept of “keyholes” defining a very restricted set of orbits at one pass that could lead to a resonant return at a subsequent pass). Although the result was unremarkable from the perspective of the impact probability, it was of interest to many dynamicists, and Milani prepared a manuscript and asked colleagues for an informal review within two weeks. Receiving no complaints, he posted his paper (Milani et al. 1999a) with no fanfare on his website.

Benny Peiser of John Moores University, the moderator of the CCNet Digest Internet forum, discovered the unheralded paper on Milani's website and charged "cover-up." The widely-reported media story was not about the impact risk, but about the idea that astronomers would conspire to withhold from the public information on a possible (even though exceedingly unlikely) impact for weeks. As a result, Milani challenged his colleagues and the IAU to come up with a better way to review and (if appropriate) to publicize such cases. Shortly thereafter the IAU Working Group on NEOs set up its technical review committee, committed to carrying out a review within 72 hours. The Torino scale was also adopted in June 1999 to aid in public understanding as described above (Binzel, 2000b). 

In summary, the problem with AN10 was that the media could read scientific websites and extract information on low-probability future impacts. As a result, the scientists lost control of the discussion and were subject to potential criticism for being either too open or for suppressing information, according to the taste of the critic. The solution seemed to be to formalize the review and let the IAU, through its technical review, provide an international, professional context for any released information.

(3) 2000 SG344

The IAU review process was soon exercised for the very small object 2000 SG344, which was interesting primarily because of the possibility that it may be a spent rocket upper stage in an orbit very similar to that of the Earth. For a few days, however, it appeared that SG344 might have an impact probability as high as 1 in 500, triggering the IAU 72-hour technical review. The review was completed on a Friday afternoon, confirming the relatively high impact probability, and accordingly JPL issued a press statement and the IAU posted the results on their webpage, creating immediate media interest, as this was the highest impact probability ever predicted and confirmed.

Within a few hours, new observations were available that showed no impact was possible. Unfortunately, on the weekend no-one was correcting the statements of alarm posted by JPL and the IAU. Two mistakes thus compounded the problem: a statement was issued that was technically correct but did not anticipate the availability of new data [actually new data was expected; it was only the slavish abiding by the 72 hour requirement that led to a "forced" announcement that was known would likely be outdated immediately.], and no-one was ready to issue a formal correction over the weekend. Once again the astronomers looked foolish.

In summary, the problem with SG344 was a literal application of the IAU guidelines, which called for release of information as soon as the technical review was complete, without recognizing that the data upon which the orbital calculations had been based were improving daily. The solution was, as a minimum, to relax the strict IAU guidelines. It was also suggested by some that no information should be released until all possible data were collected, even if this meant a delay of weeks or possibly months, since in nearly all cases the refinement of the orbit would eliminate the possibility of an impact.

(4) 2002 MN

Asteroid 2002 MN was a small asteroid that flew past the Earth at a distance of 0.0008 AU (one-third of the lunar distance) three days prior to its discovery. The media judged this to be a failure on the part of astronomers because there was no prior warning, whereas actually it was a success: the asteroid was found and catalogued. Orbit calculation showed that it did not pose any danger of future impact (for the 50-100 year window that was used to search for future close passages).

In summary, the “problem” with 2002 MN was that it was discovered, as often happens, after closest approach rather than before. The community had difficulty explaining that the Spaceguard Survey was not designed to detect NEAs on their final plunge to Earth, and that finding an object after closest approach is just as useful as finding it before, and is in fact nearly as likely, since many asteroids move into the night sky from the sunward side of the Earth.

(5) 2002 NT7

Asteroid 2002 NT7, with the relatively large diameter of 2 km, was discovered in July 2002. By this time the calculation of impact probabilities was fully automated, and on July 18 NT7 was posted on the “risk page” of both the Pisa NEODys and JPL Sentry systems, with possible but very unlikely (of order one in 100,000) impact just 17 years in the future. Because new data were coming in and NT7 remained a zero on the Torino Scale (although very close to Torino Scale = 1 [is this true: I thought it was a 1, approaching 2]), it was decided not to call for a formal IAU technical review or to make any public statements, pending improvements in the orbit.

On July 24 this remote chance of impact became an international media story when the BBC picked the information up from the Internet and reported that the asteroid was “on a collision course with Earth”. As expected, however, additional observations quickly eliminated the possibility of an impact. The “all clear” for any impact in 2019 was released on July 26, and by August 1 continuing orbital improvements also eliminated a lower-probability impact in 2060 -- a progression of events that reflects the normal working of the Spaceguard system. So why all the media fuss about NT7, especially in the UK press?  This is unclear. Especially provocative was the BBC story that called NT7 “the most threatening object yet detected in space.” As the asteroid itself receded from interest, the media story focused on the sensationalist reporting.

Science journalist Robert Britt concluded in a story in Space.com that “The whole affair, over an asteroid that is almost certainly harmless, illustrates the stylistic ocean that separates American and British media and scientists' tactics in dealing with them”. The following quotes are from his report. Duncan Steel suggested that asteroid stories have become so common that in his country they either make headlines or they're not used at all. Unless a reporter "makes it sensational, the editor will nix it. Ditto (especially) for the printed media." Don Yeomans said that he was unprepared when "the media blitz struck.” "Most of the six interviews I did with BBC reporters Tuesday night began with their assumption that there would be a collision," Yeomans said "One is then forced to back up and try to explain the real situation and the fact that there is not really a story here. They didn't wish to hear that." Yeomans later concluded that journalists and scientists both need to redouble efforts to help the public understand how asteroid risks are determined. "There is plenty of blame to go around," he said.
In summary, NT7 became a media story in spite of the astronomers. The press obtained information directly from technical webpages and gave it a sensationalist spin. Astronomers then spent several days trying to correct the misimpressions. While there is no clear solution, most of us concluded that scientists should have responsible statements ready to provide to the press or post on websites as an antidote to this sort of outbreak. But no one suggested that we should try to keep impact predictions secret. That is a clear lesson from all of the encounters with the press from XF11 to NT7.

7. SUSTAINING PUBLIC INTEREST IN THIS HAZARD: SPECIFIC EXAMPLES [NOTE: I’VE READ AND RESPONDED TO OR ACCEPTED AL’S COMMENTS, BUT HAVE NOT CAREFULLY RE-READ MY WORDS, ASSUMING THAT DAVE DIDN’T CHANGE THEM…LET ME KNOW IF THAT IS WRONG]
Media coverage of asteroid and comet impact ‘scares’, as discussed in Section 6 above, has been intense and not always accurate. Nevertheless the apparent fact that the media has yet to tire of the subject, with coverage accelerating rather than waning, surely reflects continued public interest in the impact hazard.

In order to make more concrete the nature of the impact hazard, what damage might be done, and what precautionary or after-the-fact measures might be taken to mitigate losses, here we present six different impact scenarios in detail. These scenarios were presented by author Chapman at the January 2003 Organization for Economic Cooperation and Development (OECD) workshop in Frascati, Italy. The examples differ greatly in their likelihood of occurrence, the magnitude of the destruction, the degree of predictability by scientists, and the kinds of prevention or mitigation that might be undertaken. The individual cases discussed here would affect various nations differently (depending, for example, on whether the country is coastal or land-locked). There are many other possible cases that could be drawn from within the range of possible impactor sizes and types; differences in the environmental effects and probable societal responses would also depend on where (or what country) the projectile struck, and also on other variables. 

Each case scenario involves a body of approximately the size stated; for example, the two cases involving a "~200-meter" NEA roughly characterize circumstances for impacts by bodies ~150 to ~300 meters in size, and the quoted chance of happening refers to impacts of all bodies >200 m, dominated by those in the range 200 - 250 m.  

Case A.  Tsunami-Generator: ~200-meter Asteroid Impacts in Ocean
Nature of the Devastation.  Imagine a flying "mountain", larger than the world's biggest domed stadium (the New Orleans Superdome), crashing into the ocean at a speed a hundred times faster than a jet airliner.  The resulting explosion, with an energy around 600 MT (MT = million tons of TNT equivalent), would be 10 times the yield of the largest thermonuclear bomb ever tested, and would loft about ten cubic kilometers of water high into the sky.  By far the greatest danger would result from tsunami ("tidal waves"), which would convey much of the impact energy toward far-distant coastlines.  Typically, the resulting few-meter high tsunami in the open ocean would be amplified to a wave about 10 m high before it breaks and runs up on a coastline a thousand or more kilometers from the impact site (Ward & Asphaug, 2000).  Researchers are very uncertain about the importance of impact-generated tsunami, and the effects would vary widely from place to place along the coast of the impacted ocean.  Run-ups on coastal plains could range inland as far as kilometers; some low-lying plains (e.g. Bangladesh) would be affected in the same way as flooding by the greatest hurricanes and typhoons.  In the worst case, millions might die.  Consequences for nations without coastlines or on opposite sides of the planet would be restricted mainly to indirect economic and political repercussions. 

Probability of Happening.  Threatened countries are those with inhabited and/or developed ocean coastlines.  A >200 m diameter asteroid impact has one chance in several hundred of happening, worldwide, during this century, but the probability is lower for any particular place on a coastline.  [But the probability of any given point on the shoreline experiencing a significant impact tsunami is in the "once in a million year" range.] 
Warning Time.  It is unlikely that astronomers will discover such a "small" impactor in advance, until better telescopic searches are underway. [In the next decade or two, after that, it's likely.]  (If they do, there would likely be years or decades of warning.)  Most likely, the tsunami warning would come from tsunami-warning infrastructures currently in place.  Unfortunately, the Pacific Tsunami Warning Center's warnings are triggered by sensors for earthquakes that might not recognize the seismic signature of an oceanic asteroid impact, [almost certainly it would be recognized for what it is by seismic arrays tuned to monitor for underground nuclear explosions – I cannot confirm what Al says.] and tsunami warning systems are less developed for coasts of other oceans.  Many hours of advance warning might be possible, and coastal warning sirens and other protocols could assure evacuation and protection for many. 

Post-Warning Mitigation Possibilities.  In the unlikely event that the approaching NEA were discovered in advance by astronomers, impact could be prevented by having space-faring nations deflect (or destroy) the asteroid, a very costly but probably feasible option.  It is much more likely that, if people have warning at all, it would come only hours before the tsunami arrives; the chief response would be to save lives by evacuation to higher ground.

After-Event Disaster Management.  The immediate aftermath of such an impact-generated tsunami would resemble other major, localized civil emergencies, but distributed in many countries around the ocean rim.  Many nearby locales, just kilometers inland from coastlines, would be unaffected, so could serve as centers for organizing relief.  There would be minimal lingering aftereffects that would hamper rescue and recovery. 

Advance Preparation.   The most effective preparations would be the same ones that would protect coastlines from normal tsunami.  However, many nations are insufficiently prepared for such tsunami (Bryant, 1991), quite apart from the additional dangers of asteroid-induced tsunami, which might be larger and have different traits from familiar or historical tsunami.  Mitigation efforts might include hardening vital coastline infrastruc​tures, limiting and/or hardening developments within several hundred meters or kilometers of the coast, and developing civil defense procedures that would be effective in evacuating endangered people (perhaps to distances or elevations not normally contemplated), especially along coastlines not frequently affected by natural tsunamis, like the Atlantic.  Officials and personnel responsible for national and international tsunami-warning systems should be appraised of differences between impact- and earthquake-generated tsunami and should be linked into astronomi​cal/military/maritime organizations that might report immediate information about an impact.  National geologists and ocean scientists could research local circumstances, like bathymetric modelling of the effects on tsunami run-up of underwater, near-coastal topography.

Case B.  ~200-meter Asteroid Strikes Land

Nature of the Devastation (cf. Toon et al., 1997).  As in Case A, imagine an enormous rock larger than any of the world's largest buildings crashing through the Earth's atmosphere in a few seconds, but striking land instead of an ocean.  An enormous crater would form within seconds, ~4 km across, deeper than the Grand Canyon.  Anything within several km of the crater rim would be smashed and totally buried by flying material; all things/people would be destroyed/killed immediately within this city-sized zone.  Serious devastation and death due to the blast would extend at least 50 km in all directions: trees would be toppled by the shock wave; wooden and unreinforced structures might implode, their debris blown about by a brief spell of super-hurricane-force winds.  Fires and a damaging, local earthquake would add to the calamity.  Even hundreds of km from ground zero, rocks would fall from the skies, choking smoke and dust would blow downwind from the crater, and houses would be shaken and damaged.  In short, such an impact would substantially destroy a region the size of a small nation or a modest-sized American state.  The death toll would range from thousands to hundreds of thousands, depending on population density (possibly much higher if a city were struck or lower if an isolated desert were struck).  

Probability of Happening.  The chance of a >200 m NEA striking land during the 21st century is about 1-in-a-thousand.  Cosmic impacts are not selective, so the world's largest countries (Russia, Canada, China, the United States, Australia, and Brazil) would be the likely target.  A very small country would not likely be directly struck, but would be affected by an impact closer than several hundred km away. [Countries may have greater or lesser chances of being struck due to differing land areas, but individuals all have exactly the same probability of being struck. [OK to add this as a parenthetical statement]]
Warning Time.  As in Case A, there is <20% chance (given current telescopic survey efforts) that such an NEA would be discovered before impact, [but the situation is likely to change rapidly in the next two decades [change isn’t necessary…I don’t know how “likely” a better survey is]] in which case warning times would likely be decades or longer.  If it struck unseen, the devastation would be immediate, unlike the hours of possible warning in Case A.  Individuals who witness the terrifying, fiery plunge through the skies might have seconds to tens of seconds to take cover (e.g. hiding behind a strong wall or in an underground shelter) and lessen somewhat their personal risk from the blast; however, if they are closer than 10 km from ground zero, they have no time to react and minimal chance of survival.

Post-Warning Mitigation Possibilities.  There is most likely no warning at all.  If, by luck, the object is discovered long before impact, then it would be possible to divert it so that it would miss the Earth (see Case A). 

After-Event Disaster Management.  The destruction would be total within and near the enormous crater, and the severity would diminish with distance, out to several hundred km.  The causes of death, injury, and destruction would mainly be the same as those of some other natural disasters -- earthquake, volcanic explosion, typhoon, firestorm -- except that the effects of all four would be compounded.  The disaster's extent would resemble that of the greatest localized natural disasters, like the 1882 explosion of Krakatoa.  The disaster zone would cover few nations, unlike the tsunami case, but the zone's interior would be more difficult to reach and service because of its breadth.  Unlike natural earthquakes or storms, there would be no lingering threats of more NEA impacts; fires and environmental toxicity might be the longest lasting aftereffects.  The kinds of emergency management issues facing society in the aftermath of such an impact (public health issues, panic, etc.) are described by Garshnek et al. (2000).

Advance Preparation.  Unlike Case A, for which vulnerable zones (coasts) are already mapped, there is no spot on Earth more likely to suffer direct blast damage from an NEA impact than any other.  Normal mitigation and emergency management procedures designed to protect lives and infrastructure from extreme windstorms, fires, and earthquakes, would also serve in case of an impact.  Unless an incoming NEA is discovered before it hits, there is little justification for mounting asteroid-specific mitigation measures (except at the margins) in the face of the 1-in-1000 chance of this scenario playing out on some continent during this century.

Case C.  Mini-Tunguska: Once-a-Century Atmospheric Explosion

Nature of the Devastation.  In this case, a massive rock the size of an office building (say 30-40 m across) streaks down through the atmosphere and is torn apart, exploding with the force of several megatons, perhaps 15 km up (near the bottom of the stratosphere).  Case C represents roughly the minimum sized impact (except for rare iron projectiles) that can do significant damage on the ground (Chyba, 1993).  It would be dangerous to be within several tens of km of such an event.  Fires might well be ignited beneath the brilliant explosion, unless it were cloudy.  Weak structures might be damaged or even destroyed within a 20 km radius by the shock wave and subsequent hurricane-force wind gusts.  Exposed people and animals could be struck by flying objects.  While the somewhat larger Tunguska blast in 1908 killed few people if any, the once-a-century class of asteroid airburst would be very frightening to witnesses and very deadly in a susceptible locality.

Probability of Happening.  Such an event happens about once a century.  Since no location is favored or disfavored, the next one would probably occur over an ocean or desolate desert where its effects would be minor.

Warning Time.  It is quite unlikely that such a small asteroid would be discovered by astronomers or military surveillance prior to impact.  The brilliant explosion would happen without warning, and its effects would be over within seconds to minutes, except for lingering fires and a stratospheric pall.

Mitigation Issues.  Nothing practical can be done about this modest hazard other than to clean up after the event.  It would be very costly to build a telescopic search system that could find most 30 m bodies before one strikes.  Once an atmospheric impact occurs, the usual disaster management protocols should be able to handle trauma and damage in the affected locality.  It makes no sense to plan ahead for such a modest disaster, which could occur anywhere, other than educating the public about the possibility.

Case D.  Annual Multi-Kiloton Blinding Flash in the Sky

Dangerous Consequences.  A rocky meteoroid the size of a bus explodes 20 km up in the stratosphere with the energy of a small A-bomb (2 - 10 kT), producing a brief, blinding flash much brighter than the Sun.  While such an event could do no damage on the ground, there is concern that military commanders in a region of tension -- unable to immediately verify the true cause of the explosion -- might regard it as the hostile act of an enemy and retaliate dangerously.  While the existence of meteoritic fireballs may be known by most military establishments of nuclear powers, the degree to which adequate command and control procedures are in place to handle such rare and frightening events is not known.

Probability of Happening.  Impacts of 3 m bodies happen annually, somewhere on Earth (Brown et al., 2002).

Warning Time.  Objects of these sizes strike without warning.

Mitigation Issues.  Currently, the U.S. Departments of Energy and Defense regularly observe such events worldwide from geostationary surveillance satellites designed for other purposes.  The signatures of such events are recognized as distinct from hostile military phenomena, so retaliation by the United States is unlikely.  Normally, information about these events is released to the public days or weeks afterwards.  Relaying information much more quickly to other nations would be required to prevent a mishap.  Beyond that, raising public consciousness worldwide about rare, brilliant fireballs could only help.

Case E.  Civilization Destroyer: 2-3 km Asteroid or Comet Impact

Nature of the Devastation.  A 3 km diameter NEA, or somewhat smaller but higher speed comet, would explode with the almost inconceivable yield of a million megatons of TNT, as though more than 1,000 of the Case A or B impacts hit the same place simultaneously.  The crater alone would engulf an area comparable to one of the world's largest cities.  An impact into the ocean would penetrate into the seafloor, ejecting enormous quantities of oceanic crustal rocks plus perhaps ten thousand cubic km of ocean water [change made.  I estimate 5 to 10 thousand]; the resulting tsunami would be of a scale unprecedented in human history.  Localized devastation analogous to that of Case B would become regional in extent.  New effects would add to such magnified, compound effects.  Material thrown out of the Earth's atmosphere would rain back down, filling the sky with blazing fireballs and incinerating an area perhaps as large as India or Argentina.  The Earth's ozone layer might be destroyed for several years, subjecting everyone to dangerous UV sunlight.  And so on.

Such apocalyptic devastation pales compared with the worldwide death and economic calamity due to stratospheric contamination that would darken the Sun within weeks.  Huge amounts of dust, water vapor, sulfate aerosols, and nitric oxide would transfigure stratospheric chemistry and block out most sunlight worldwide for months.  A global "impact winter" would ensue, probably ruining one growing season worldwide.  Without advance preparation, mass starvation might result in the deaths of perhaps a quarter of the world's population.

One can only speculate about secondary repercussions, such as disease, disruption of global economic interdependencies, perturbation of military equilibria, social disorganiza​tion, and so on.  Depending on the robustness or fragility of modern civilization, the world might well be jolted into a new Dark Age (Chapman & Morrison, 1994).  Obviously, there are great uncertainties about whether it might take only a 1 km NEA or instead would require one >5 km to wreak such environmental disruption and kill so many; would it really destroy modern civilization?  Still, such a calamity would surely be the most catastrophic in recorded human history.

Probability of Happening.  A >2 km NEA strikes Earth roughly every 2 million years.  Most large NEAs have already been discovered by the Spaceguard Survey, none of which will hit soon.  Therefore, the remaining threat of civilization-threatening impacts is mostly posed by long-period or "new" comets, whose numbers are poorly known and many of which are not discovered until a year or so before they enter the inner solar system.  Very crudely, there may be a 1-in-50,000 to 1-in-100,000 chance that such an impact will happen this century.

Warning Time.  Such a large NEA would very likely be discovered long before it struck Earth, giving decades of warning.  Comets, however, are found only months to a few years before entering the inner solar system.  There is a small chance that such an impact would happen with little or no warning. 

Post-Warning Mitigation Possibilities.  Such an NEA could perhaps be diverted using advanced space-based technologies.  Unlike Case A, moving an object this large would be technically very challenging.  But the motivation would be high so the challenge could probably be met, at Apollo Program costs or more, especially if design work had already begun to deflect smaller NEAs.  If diversion cannot be done or if the warning time were only months or years, then mitigation would turn to (a) evacuation of the entire sector of the Earth where the impact's effects would be greatest, (b) optimal advance production and storage of food, and (c) "hardening" susceptible but vital elements of civilization's infrastructure (communications, transportation, medical services, etc.).  Surely all nations would help face this enormous challenge; if the warning time were just months, few effective efforts could be mobilized in time.

After-Event Disaster Management.  These issues have been briefly considered by Garshnek et al. (2000).  In view of the wholly unprecedented nature of such a holocaust, one might gain as much insight from historical and even fictional accounts of past or imagined wars, disasters, and breakdowns of civilizations (cf. "Lucifer's Hammer", Niven & Pournelle, 1977).

Advance Preparation.  Disaster management agencies should consider this disaster case, if only to encourage "out-of-the-box" thinking.  However, the chance of such an impact happening is very remote, and its probable consequences are too extraordinary to be substantially addressed by affordable, practical efforts (in the absence of a predicted, impending impact).  Nevertheless, some level of strategic and systems planning should be done to understand the technological challenges of diverting large NEAs or comets, including taking first steps involved with moving much smaller NEAs.  Also, some inexpensive measures, taken at the margins in the course of generic disaster and emergency planning, could cost-effectively prepare for Armageddon.  For instance, as part of normal efforts at networking and coordination, national and international disaster management entities should develop communica​tions channels with the astronomical and military projects that detect and track asteroids.  All nations, in proportion to their capabilities, should consider their responsibilities for protecting their citizens in the face of a potential impact catastrophe.

Case F.  Prediction (or Media Report) of Near-Term Impact Possibility
Nature of the Problem.  As asteroid detection programs improve and "near misses" are more frequently reported, the most likely aspect of the impact hazard that a public official will encounter is not the actual impact by a dangerous NEA but (a) the prediction of a possible impact or threatening near miss or (b) a serious mistake by scientists or, more probably, journalists.  Human foibles are more likely than a rare impact, but they have real social and political consequences.  Examples of likely possibilities are:

*  The actual "near miss" by a bigger-than-Tunguska, >100 m NEA "just" 60,000 km from Earth, or closer, predicted with a few days notice.  This probably will happen during this century.  The passing projectile would be visible to ordinary people with their naked eyes.  Will people believe scientists or military officials who say it will miss?  

*  The prediction by a reputable, but mistaken, scientist -- published in mainstream news media -- that a devastating impact will occur, say, on 1 April, 2017, in a particular country.  The prediction is not analyzed by other scientists and withdrawn for several days.  Meanwhile, people in the affected country become very frightened, especially if rumors or sloppy journalism (see below) lead them to think that the disaster is imminent.

*  The official prediction by astronomers, coordinated by the International Astronomical Union, that a dangerous, multi-hundred meter NEA has an unusually large, 1-in-several-hundred chance of impacting Earth on a specific date ten or twenty years in the future.  This would rate an extremely unusual "2" (in the yellow zone) of the Torino Impact Hazard Scale (Binzel, 2000).  It might take months for astronomers to rule out the chance of impact.

*  An unusually grotesque example of media hype in which one of the above already worrisome examples is badly misreported (accompanied by even more exaggerated banner headlines) by mainstream wire services and cable TV news networks.  At least three cases of prominent mis-reporting about NEAs by the worldwide news media happened during 2002 alone; more egregious cases, perhaps leading to mass panic [Consider Clarke's skepticism of panic; I’ve added “perhaps” but don’t completely agree with Clarke, based on past experience], could readily occur during the next decade.

Concerns by an agitated public about predicted impacts might be presented to national elected leaders, emergency management agencies, and military and space departments; but few governments have an informed official who could respond.  In many localities, health agencies, school officials, and police might have to deal with panic by frightened people, especially children.

Probability of Happening.  Instances have already happened.  All of these examples probably will happen during the next century, some (especially news media hype) many times.

Warning Time.  It is the nature of modern life, fueled by the internet, that the cited examples could reach page-one status around the world within hours and catch officials totally by surprise.

Mitigation Issues.  An uninformed, apprehensive, risk-averse public combined with media hype are elements of the modern world, confounding many issues at the interface of science and society.  The business goals and/or political agendas of the media often run counter to dispassionately educating and informing the public.  Dialog among scientists, journalists, and public officials might change things for the better, but the problem seems to be getting worse.  Better information exchange and coordination among relevant entities (astronomers, fledgling NEA information organizations [e.g. the Spaceguard Foundation, the British Near Earth Object Information Centre, and NASA's Near-Earth Object Program Office], national and international disaster management agencies, etc.) might reduce official mistakes and miscommunications.  Use of the Torino Scale could help to ensure that impact predictions are interpreted by science journalists and the public within an increasingly familiar context.  Improvements in education (chiefly involving science and rational thinking) can serve to minimize irrational and exaggerated responses to technology generally and to the impact hazard, in particular.  

Discussion

The divide between science and the public has never been greater, thanks to poor science education and news media hype.  The impact hazard, according to studies of risk perception, is particularly vulnerable to misunderstanding and heightened public fear.  Misreporting has already caused fear, even mass panic, concerning NEA impacts.  There is much public misunderstanding that could be amplified in critical circumstances, preventing rational responses to real approaches or impacts by meteoroids, asteroids, or comets.   Different governments and societies have varied approaches to disseminating reliable information to citizens.  It is not too early to consider ways to prepare citizens and emergency management organizations to respond appropriately to what might well be badly distorted information in the world news media about an impending impact.  One element of such an approach is to develop a consistent protocol for placing predictions or warnings of potential impacts into context by utilizing the 10-point Torino Scale (Binzel, 2000). 

Uncertainty is a fundamental attribute of the forecasting sciences.  Moreover, it is notoriously difficult for technical experts to communicate uncertainty to public officials in ways that can be translated into practical measures (numerous examples are discussed in "Prediction..." Sarewitz et al., 2000).  The impact hazard involves its own peculiar suite of uncertainties.  While an NEA impact can be more reliably predicted than any other natural disaster, that is true only once its orbit has been precisely determined, which may take months or even years after it is first discovered.  In the interim, an arcane suite of uncertainties clouds the reliability of predictions, and the ongoing highly technical work is difficult for science journalists to understand or translate to the public.  Simplified analogies, like throwing darts at a target, do not generally apply.  Moreover, the impact hazard is especially prone to "meta errors" -- perceptual mistakes, computer programming errors, inadequate modelling or extrapolations, miscommunications, and other confusions, amplified by the new and unfamiliar nature of the hazard.  Unlike weather forecasters, There aren't legions of trained, practiced impact forecasters.  Protocols for forecasting and communicat​ing about impact events are rudimentary at best, increasing chances for error or miscommunication.  Any actual impact, of course, will present itself as a unique case, with exceptional features never previously encountered, especially ripe for confusion.  And predictions of the physical, environmental, social, and economic consequences of an unprecedented potential or actual impact will be made by supposed experts who are actually acting in unchartered waters.  Thus decision-makers must expect a wider range of contingencies than would be true for more common scientific hazard predictions (e.g. for maximum river levels in a flood). 

While the concept of stopping a natural disaster from happening is not unknown (e.g. avalanche control), most natural disasters are marginally or not at all preventable.  The impact hazard is unique in this respect.  Potentially available space-based technologies could divert an NEA, causing it to miss the Earth, given years to decades of lead time.   Instead of blowing up the NEA (as depicted in some movies) or abruptly changing an asteroid's direction with bombs, recent proposals have focussed on slower acting, low-thrust options (Mitigation Workshop, 2002), which would avoid disrupting the asteroid into multiple dangerous, uncontrollable pieces.  They may be implemented as comparatively inexpensive add-ons to space missions conducted for other purposes (e.g. scientific or resource utilization).  Space-faring nations need to determine what priority should be given to budgeting such mitigation-oriented activities before any NEA is known to be aimed for Earth.  Consideration should be given to the "deflection dilemma" (Sagan & Ostro, 1994) before fully developing an asteroid deflection technology in the absence of an impending impact.  The need for full, open, international discussion of trustworthy deflection methodologies is illustrated by the argument of the B612 Foundation (Schweickart, 2002) that the long-term (months to years), controlled, low-thrust pushing on an NEA will move "ground zero" across the Earth, perhaps alarming nations not originally targeted by nature, before the NEA is eventually assured of missing the Earth.

Especially in the United States, the terrorist attacks on Sept. 11, 2001 (9/11), have greatly affected the public's perception of personal safety and security in the face of unexpected disasters.  Despite the malicious motivations of 9/11, there are obvious potential similarities between 9/11 and cosmic impacts.  There was, or would be, little or no warning.  The ~3000 9/11 deaths and direct physical damage to Lower Manhattan and the Pentagon were magnified enormously (in both social and economic terms) as the U.S. government and citizens responded by minimizing travel, changing national budgetary priorities, attacking Afghanistan, etc., because of the unexpected, horrifying nature of the attack.  Even a modest NEA impact might evoke similar reactions, according to research on risk perception.  Connected viscerally to the event by TV news coverage, many people would fear that they could be the next random casualties.  Victims might seek scapegoats, ("Why wasn't something done?"), especially since an incoming impactor can, in principle, be diverted using existing space technology, and the reason it is not being implemented is an implicit political decision, questionable after-the-fact, about priorities.

As the OECD (2001) document "Identify Risk" notes, despite much individual, personal risk-taking behavior, "collective risks are barely tolerated, regardless of the anticipated degree of risk."  Thus, it would be wise for "governments and other standard-setting organizations...to define a rational level of acceptable or tolerable risk" for the impact hazard and to do so, not by benign neglect, but rather by examining "scientific and socio-economic information in a public forum open to free communication and debate by all concerned parties." [Quotes, including emphasis, from OECD, 2001.]  In this way, the development of appropriately prioritized approaches to responding to the impact hazard would have a rational legitimacy.  Toward that end, this preliminary examination of the practical consequences of, and mitigation requirements for, several NEA impact hazard scenarios is presented.  Much more effort is required to provide a thoroughly sound foundation for decision making.

8. RESPONSIBILITIES OF THE INTERNATIONAL SCIENTIFIC COMMUNITY
The present level of public and governmental recognition of the NEO impact hazard has come about from the individual and collective actions of various scientists, principally astronomers, over the past dozen years or so. This has resulted in enhanced research on various aspects of NEOs, and especially an increased amount of deep space surveillance to seek out unknown NEAs, especially in the United States. Comparatively little has yet been achieved elsewhere. Nevertheless the question remains of whether, even in the United States, the present level of activity is commensurate with the risk. Many scientists familiar with the nature and consequences of the impact hazard would argue that, regardless of their own involvement in NEO research, a much higher expenditure is justifiable. 

Although the NEO impact hazard is clearly a matter that affects all nations, to date it has been only the United States that has taken steps to tackle the problem directly through scientific research and astronomical observations. In Japan, a welcome small observational program has recently been initiated. An NEA search and tracking project that operated in Australia between 1990 and 1996 was cancelled by the government there. Italy has an especially active asteroid community, although the level of expenditure is small.

In 2000 the government of the United Kingdom commissioned a report on the hazard, which was duly published later that year (Atkinson et al., 2000). A set of 14 recommendations, including some highlighting the need for international cooperation and action, were made. Although this report has yet to result in any specific research work on NEOs in the U.K., it did bring about the formation of an NEO Working Group under the aegis of the Organization for Economic Cooperation and Development (OECD) Global Science Forum. In January 2003, a workshop organized by the OECD approved a set of specific findings and conclusion, for presentation to the OECD member states for their consideration. In summary, these covered the following:

•  The NEO impact hazard is real, and is at a level comparable to many other natural hazards that are taken very seriously (earthquakes, storms etc.). There is a need for action at both national and international levels.

•  Few governments have yet to make any specific office or administration responsible for assessing and dealing with the impact hazard, even though they may have a few scientists working on related scientific problems. Thus there is a need for each country to allocate responsibility to some specific branch of its government. 

•  There is a need for each country to assess its individual liability with regard to the impact hazard, because each faces a particular set of circumstances (e.g. nations with large coastal populations facing onto major oceans have an enhanced exposure to impact-induced tsunami inundation). 

•  More scientific research is needed in a number of specific areas connected with assessing the hazard (e.g. understanding the hazard posed by comets as opposed to asteroids), and international collaboration in this regard is especially desirable. There is a need for funding to be made available through avenues other than the usual highly-competitive science research channels. 

•  Research is required on how impacts might be mitigated, ranging from possible technologies for the interception and deflection of any identified impactor through to procedures for emergency response to an unforeseen impact having occurred.

•  There is a need for international cooperation over a wide range of matters connected with the NEO impact hazard, not just the present ad hoc arrangement whereby astronomers have discussed the subject for some time. A wide variety of scientists from other disciplines should also be involved, as should policy makers. Matters needing discussion range from social responses to the recognition of the impact hazard through to understanding the way in which the biosphere might react to impact events at different energy levels. 

In the absence of formal government recognition of the impact hazard, the responsibility for informing the public rests with the scientific community, although this is not a role most scientists are prepared for. On the one hand, many feel it necessary to alert people to the hazard, and explain its seriousness; on the other hand, it is recognized that discussion of the impact hazard in the mass media leads to the development of considerable disquiet and worry among many members of the public, especially those least able to understand such things as statements of probabilities. 

This matter has been the subject of very considerable debate within the community of NEO researchers, with strongly held views being espoused in several directions. Almost every time an asteroid scare story appears in the media there are arguments over whether it deserved the coverage it obtained, whether the basis of the story was correct, whether it was good for science or for public relations that the story came out, and who was responsible/to blame for initiating or facilitating the media coverage. The public availability of the NEODys (University of Pisa) and Sentry (Jet Propulsion Laboratory) internet sites, with robots providing continual assessments of specific asteroid’s Earth-impact probabilities, means that to some extent there is no longer any individual responsibility on the part of scientists for the dissemination of the information used by journalists to prepare their stories, but the question still remains: what are the responsibilities of the scientific community in this regard? Should potential impacts that are identified soon after the discovery of an NEA be kept secret, on the basis that they will shortly (within a week or a month) be negated by additional position measurements, or should the information be maintained as being freely and immediately available? Is the concern expressed over worrying members of the public sufficient to warrant short-term restrictions on the circulation of information, given that such restrictions could lead to potential observers not being alerted, and thus vital data not being collected? The consensus among international NEO researchers is that, whatever the downsides, information should be made promptly and freely available to the scientific community and the public at large, and current procedures are in accord with this precept.

9. CONCLUSIONS: MAJOR COMMUNICATION CHALLENGES [Excellent summary!]
In conclusion, we highlight some of the difficult concepts to communicate concerning the impact hazard. Most of these relate to people’s unfamiliarity with this threat and the difficulty of understanding such an extreme example of a low frequency but high consequence hazard. 

•  The greatest hazard is from infrequent events. It is counterintuitive that the most likely impacts (Tunguska class events of a few to a few tens of megatons) are not the most dangerous. It is difficult to explain to an official, for example, that even though the Earth is a thousand times more likely to be hit by a “Tunguska” during his watch than by a civilization-threatening impact, it is never-the-less [no hyphens in “nevertheless”] true that each of his constituents is ten to a hundred times more likely to die during his term in office from the rare civilization-threatening event than from a “Tunguska”.

•  Disaster managers have valid reasons to worry about smaller impacts. Although as individuals we are more at risk from large impacts, a disaster manager or government official is more likely to be faced with a small impact within his jurisdiction, especially if it has a large area. In Australia, as an example, with nearly 2% of the Earth’s area, there are likely to be about  20 Tunguska-class impacts for every global catastrophe.

•  We do not need more accurate estimates of impact probabilities. Many people, even government officials, emphasize that the Spaceguard Survey is improving our knowledge of the frequency of impacts, and hence of the statistical magnitude of the hazard. For purposes of public policy, however, we already know the frequency well enough (to within 10 or 20 percent), and besides our greatest uncertainties are not in the asteroid flux but in the consequences of an impact. The purpose of a survey like Spaceguard is to find individual objects. The public does not need refined estimates of impact rates; they want to know whether or not an impact will occur, and if so where and when.

•  Asteroids pass close to the Earth many times before they hit. A survey picks them up decades (or more) before their final plunge toward impact, and they do not (except in Hollywood) change orbits capriciously. We have neither the desire nor the capability to find them a few hours, or even a few weeks, before impact. 

•  We are not especially concerned about survey “blind spots”, whether they are due to the Sun (approaches from the day side), absence of a Southern-hemisphere search telescope (for objects in the far southern sky), or bad weather (current Spaceguard search telescopes are mostly wiped out by cloudy weather in the southwest U.S. during July and August). An asteroid missed one year will be picked up on a later pass when the geometry is better. Similarly, it is no failure of the system when we discover an asteroid after closest approach. It does not matter when we get it, as long as we do pick it up and acquire the data needed to determine its orbit prior to any impact. 

•  Impacts by small asteroids are not harder to predict than those by large ones. Even the best informed people seem to assume that we will have less warning for a Tunguska than for a civilization-threatening impact. It is certainly true that we are more likely to have no warning at all for small ones, but once they are discovered in a survey, their orbits can be projected forward just as well as those of large ones, yielding similar warning times. (But of course larger telescopes are required to obtain these orbital data, and as a practical matter small asteroids are more easily lost).

•  We are interested in protecting the present generation, not far-future generations. The surveys we carry out and the mitigation strategies we develop are directed toward a possible impact within the next century. If it falls on our generation to defend the Earth, we need to know this. But what we do now will not protect generations centuries in the future. They will need their own surveys and their own mitigation plans, which will likely be much more advanced than what we are doing today.

Communication is a two-way street. As scientists we have an obligation to explain the situation honestly as we understand it. We are also obliged to listen to others, and to recognize that they may have valid reasons for pursuing public policies that are not exactly congruent to our perceptions of the impact hazard.

[The appendix that follows doesn't contribute muc in my opinion.  the comparisons offered become increasingly stretched as the list progresses, becoming non-sequiturs beginning about point 8 or so.  I like the appendix, myself.]

APPENDIX: IMPACTS & CANCER

By Duncan Steel

Broadly speaking, there are two sides to the communication task that need emphasis, in order to aid the public in developing an understanding of the NEO impact hazard. The first is connected with the nature and level of the hazard: how does one juxtapose the known catastrophic consequences of an NEO impact with the rarity of their occurrence, and most especially the lack of a truly major event during historic times? The fundamental public communication problem here stems largely from the apparent fact that the average person, even with a college education, tends to have a marked lack of understanding of two areas of scientific study beginning with a ‘P’: physics and probability. 

The other side to the communication task requiring careful attention is almost the contrary of the above. It is a matter of instilling in the public some confidence that the NEO impact danger is a problem that is solvable; indeed solvable at a cost that is far less than the expectation of loss, so that it makes no economic sense simply to ignore it. 

As a suitable tool for addressing both these aspects – on the one hand the seriousness yet rarity of the hazard, on the other hand the fact that it is within our capabilities to fix it – the following metaphor has been developed, based on a concern that faces all humans: the possibility of developing some form of cancer. 

(1) Early identification is vital 
Most cancers need to be picked up very early in their development if they are to be treatable. So it is with NEOs. We have no time to lose in identifying any potential Earth impactor.

(2) Cancer screening (and NEO surveillance) is cheap  
The cost of screening is smaller than the cost of treatment, and much less than the cost of doing nothing. 

(3) Everyone can be involved in some way 
Self-inspection (e.g. for breast, skin or testicular cancer) is simple, but detailed investigations (e.g. for brain tumors) are expensive. Similarly amateur astronomers can provide vital help, although in the end the professionals will need to tackle most of the job. 

(4) Identification of a real problem is unlikely

Individuals are unlikely to contract specific cancers for which screening is done, but we must aim to check everyone periodically. In the same way we need to seek out all NEOs and keep tabs on them. 

(5) False alarms are common

Any indicator of a potential problem necessitates careful monitoring, and causes considerable worry. But one should be pleased when the tumor proves benign. Precisely the same applies to NEOs: asteroids and comets discovered and initially flagged to be potential impactors but later shown to be sure to miss our planet represent victories on our part. 

(6) Tackling any confirmed cancer (NEO impact) is certain to be unpleasant
No one suggests that chemotherapy, radiotherapy or surgical intervention is fun, but they are necessary, as would be the steps employed to divert an NEO, such as the nuclear option. Nor would they be cheap: but the cost would be of no consequence, as with a serious cancer. 

(7) Just because we don't yet know the cure for cancer does not mean that we should give up looking and trying. 

Where there is life, there is hope. If we should find an NEO destined by the clockwork of the heavens to impact the Earth in the near future (within the next few decades to a century, say), and using our advanced science and technology we manage to divert it and so save ourselves, this will rank as perhaps the greatest achievement of modern-day civilization.

(8) Just because there are more significant problems facing the world does not mean that we should ignore this one. 

Having a bad cold or influenza does not mean that you should neglect to have the lump in your breast checked out. If there is a substantial NEO due to strike our planetary home soon, then we face no greater problem: not terrestrial disasters, not terrorism, not wars, not disease, not global warming, not unemployment nor economic downturns. The most likely result of a proper study of the impact hazard is that it will go away.. But the converse is also true: what we now see as a slim chance (low probability of a large impact) may turn into a virtual certainty, which would then supplant our other earthly concerns. 

(9) Just because we don't yet know a cure for the common cold does not mean that we cannot find the solution for this disease. 
Some of the greatest dangers we face on a daily basis have quite simple solutions, like imposing speed limits to cut down road fatalities. Conceptually, planetary defense against NEO impact is a far simpler problem than, say, trying to stop major earthquakes or volcanic eruptions, or halting a hurricane in its path. 

(10) While searching for the cure for cancer we may anticipate discovering many other useful things. 

It is the very nature of scientific inquiry that discoveries are made which could not have been imagined prior to beginning the project. In the case of NEOs, it is already known that among their number are the most accessible objects in space, easier to get to than the surface of the Moon, and they contain the metals, the water/oxygen and the other materials that we will need for our future exploitation of the high frontier. 
(11) One advantage aiding the achievement of the desired outcome if cancer is diagnosed is a positive and confident outlook. 

We must be optimistic about our ability to solve this problem, else our efforts are doomed to failure before we begin. Doctors note how positive patients are more likely to make a full recovery from their illnesses, and we should habitually adopt the same attitude. 

(12) Many people survive cancer. Similarly we may confidently anticipate not only a cure for most

cancers in the future, but also a full solution to the NEO impact hazard.

In the past people have planted great gardens with trees that they knew would only be fully grown and appreciated in their great-grandchildren’s day. Similarly, we do things now for the future. There is most likely no large NEO due to strike the Earth within the next century, but there is certain to be a calamitous impact at some time in the future, unless we intervene.  We have inherited the Giza Pyramids, the Eiffel Tower, the Golden Gate Bridge, the Taj Mahal and the Sydney Opera House, along with great works of art, music and literature. We must safeguard them, add our own contributions, and pass them on to future generations. This is only feasible if we know that some stray NEO is not going to rudely interrupt the progress of civilization. We are able to do this. We must. 
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