











the threat as in the distant future. People in the United States, for example, are notorious for their
inability to adopt a broad time perspective.

Serious planning will be resisted by critics who ignore or deride low probability high-impact
events. Practical people, those who lack foresight and are absorbed by the immediate here and now are
not likely to be particularly interested in a problem that is unlikely to materialize within their lifetimes.
Sensationalized and rapidly abandoned dire predictions coming from unskilled professionals or based
on sloppy analysis do little to ease the situation.

The very idea of an asteroid or comet impact has a certain “science fiction” ring to it, and will be
associated in some people’s minds with millennial cults and end of the world prophecies. The giggle
factor refers to the raised eyebrows, stony silence, ridicule and laughter that are attached to ideas and
projects that fall outside of the range of mainstream science. This factor reflects a mix of pre-existing
beliefs, data, ego-defensiveness and professional norms, and diligent efforts on the part of granting
agency gatekeepers. One way to minimize the giggle factor is to highlight top scientists in the planning
effort as this will encourage other scientists to come aboard.

Relatively low probability disasters come to the attention of policy makers and become part of the
agenda as the result of focusing events.'"'* These are infrequent, sudden and harmful events that
become known to the public and to the government simultaneously. As attention-grabbers they initiate
a major push on the part of the public and the elite to “do something” about redressing the situation
and preventing its reoccurrence. A hurricane, earthquake, major oil spill or technological catastrophe
generates a ‘“spike” in interest that peaks in a few weeks in the media and in a few months in
governmental deliberations. Typically it opens a two year window of opportunity for preparing for
similar disasters, a window that closes slowly in the absence of another focusing event.

Progress during this window of opportunity depends on the interest, organization, and activity level
of scientists and “policy entrepreneurs” that have the organization and expertise to press the issue.
Until recently there was little organized expert interest in hurricanes. For this reasons, discussions
following a hurricane typically focus on relief efforts. Many skilled scientists and policy entrepreneurs
are interested in earthquakes. Following this kind of focusing event, discussions turn to prevention and
mitigation, not just relief. For instance, earthquake-resistant buildings have become a part of the public
agenda while hurricane-resistant buildings have not. Because of the high level of interest of geologists,
engineers, and safety experts, the United States had a National Earthquake Hazard Reduction Program
while until recently there was no coherent overall program to deal with hurricanes. Thus, a (hopefully
minor) focusing event coupled with an organized and scientifically-oriented advocacy group that can
analyze the disaster and offer convincing recommendations could go a long way towards promoting
sustained and effective planning for a NEO threat.

The media will have many and profound effects on both planning and disaster relief. The media
could prove useful for educating and informing the public. Accurate reporting would help people make
realistic assessments of the developing situation and find ways to take self-protective action. On the
other hand, sensationalized or inaccurate reporting, foolish editorializing and other unprofessional
practices can cause harm. The media has a field day with people who cry wolf, first by exaggerating
and publicizing their claims and then by leading the attacks on the fallen prophet. A reporter’s failure
to distinguish between real and self-styled experts; a tendency to focus on interviewees who are overly
fearful or defensive; the difficulties inherent in presenting complex, multidimensional stories, in a
cogent and understandable manner; a thin and eroding line between fact and fiction; and the temptation
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to offer “instant closure” are among the forces that work against the effective distribution of reliable
and useful information.

1.1 Emotion and Reason

Inevitably people will experience fear and anxiety in the pre-impact period as the authorities
and communities prepare for the predictable arrival of the NEO. Fear is attached to the anticipation
of the actual event and its consequences: injury or loss of life, loss of dwelling and possessions,
disruption of social relationships, and loss of means of livelihood. Anxiety is vague and non-
specific and has its roots in personal inadequacies and insecurities and anticipated adverse
reactions from others. Fear is the more helpful response, while anxiety causes a frantic search for
non-existent magic remedies. Fear can be countered or channeled along positive lines to some
extent by the early promulgation of factual information by authoritative agencies such as those that
responded after the 9/11 terrorist attacks on the World Trade Center in New York and the
Pentagon. Unless it reaches overwhelming proportions, fear can be helpful by motivating people to
learn the actions that they can take to avoid or minimize the harm. Concrete, specific, compelling
instructions coming from credible authorities will help with this.

In contrast the reduction of anxiety requires more of a personal and sustained effort. In the
meantime those at risk will be prone to the entreaties of charismatic leaders of fringe cults who
dictate policies with religious fervor that promise survival in this world or the next. Some might be
persuaded to hunker down with strategic reserves behind fortifications to isolate themselves and
keep others at bay, or dutifully to follow instructions to commit mass suicide — as happened most
notoriously in November 1978 at the Peoples Temple in Jonestown, Guiana — or even to allow
themselves to become victims of systemic murder as came to attention recently in Buhunga,
Uganda and a few other countries. In a bizarre but nevertheless tragic occurrence in March 1997 in
San Diego California, 39 members of the Heaven’s Gate cult were led to believe that the
approaching comet Hale-Bopp shielded a vehicle that would transport them spiritually to join a
spacecraft of aliens. They were convinced that they represented the next stage of human evolution
that required them to be on standby to be called to outer space for reincarnation, and that the
crucial summons would come with the destruction of the Earth at the turn of the 21st century. To
prepare for such eternal life 18 of the men were castrated, and both sexes were dressed in identical
unisex clothing, with their travel bags packed, before they committed suicide.

We must avoid the temptation of thinking of wise, dispassionate scientists and policy makers
generating flawless rational decisions to benefit the masses. Certainly intelligence and training
help, but even the best of us rarely achieve perfect rationality. Rather, we are hampered by
limitations in our knowledge of the situation, and in our information processing power. Like
everyone else scientists, policy makers and leaders can be swayed by emotions and succumb to
social pressures.

The seminal work of decision-making under stress by Janis and Mann illustrates how emotional
factors can reduce the quality of the decision-making process.”> A high quality decision requires
developing a full range of options and remaining open to new information right up until that time
that a decision must be finalized. There are many ways that this strategy is defeated. Sometimes
lazily we stick with the status quo, failing to probe for weaknesses in the favored plan or to seek
alternatives. For example, on the basis of skimpy information, the US Weather Bureau badly
assessed both the direction and strength of a hurricane that ravages Galveston just over a century
ago."* Contradictory information that would have shown that the city was at risk was either ignored
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or twisted in such a way as to fit initial predictions. The situation was exacerbated by the fact that
the Bureau refused data from Cuba that would have established the strength and the path of the
storm; the Cubans, some of whom were excellent meteorologists by the standards of the day, were
seen as “too emotional” and too prone to exaggerate risk to take seriously.

A second danger is that after overcoming inertia, we may latch on to the first viable alternative
without properly probing its weaknesses, or evaluating what will be lost by abandoning the initial
strategy. This pitfall is exemplified Hitler’s snap decision to abandon the eminently successful
Blitzkrieg war of motion to stagnant trench warfare in siege of Stalingrad, a decision that rested
upon a gross overestimation of the Luftwaffe’s ability to supply the isolated Sixth Army."

A further problem arises when there is little hope that the problem can be solved. In this case
we fail to address the issue, at least in meaningful and potentially fruitful ways. This is typified by
denial, rationalization, buck-passing, and preoccupation with other matters. In an organizational
setting, the problem may be “kicked into administrative orbit.” Procrastination, dithering, joking
around and other wasteful activities take the place of effective planning.

The fourth danger is panicky, ineffective decision-making prompted by extreme time pressures.
This was exemplified by U.S. President Ford's 1976 decision to inoculate the US citizenry against
the swine flu. This snap decision was based on an overestimation of the flu's lethality (initially it
was reminiscent of the deadly Spanish flu of 1918), a failure to recognize that pharmaceutical
companies could not manufacture enough high quality vaccine within a very limited time, and a
failure to foresee that the effort would trigger innumerable lawsuits."®

1.2 Organizational Considerations

Organizational structure, culture and process also affect planning efforts. Organizations vary,
for example, in terms of their conformity pressures, openness to new ideas, internal politics,
external affairs (relationships with the government, the public, and other organizations) and the
ability to complete necessary work in a timely manner. Of interest here are High Reliability
Organizations or "HROs" as described by Mason.'” In these performance and success driven
organizations, safety, respect, honesty, and fairness are integral. They are "mindful" in the sense of
continuously looking for the unexpected and taking it into account. Contrary or annoying news is
embraced rather than ignored. Knowledge and expertise are valued highly and encouraged to flow
to wherever need be. As much as possible, operations are "out in the open." Truth is more
important than reputation, and there is limited use of secrecy, confidentiality, and cover-up. There
is a refreshing lack of the kind of excessive self-admiration and exaggerated pride that turn self-
confidence into arrogance and encourage people to think of themselves as somehow above the
rules.

Dynes argues that the story of Noah's Ark has for centuries influenced views of disaster and
disaster management and even today encourages the development of powerful, centralized forces
to keep rioters and looters in check.'® Whereas we may be drawn to establishing new, highly
centralized, powerful agencies we should not overlook the advantages of localized planning and
relief agencies. Remember that it is those people who are already within a particular area that will
be the first to provide other people with help - it was other passengers, not emergency service
workers, who provided first aid after the London Underground bombings of 2005. "Locals"
understand the geographic region and are usually good at accessing the resources that are available
to them. Locals can operate within the prevailing culture, and have immediate, first hand
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knowledge of the unfolding of events. Encouraging people to help fellow community members
demonstrates confidence in peoples’ abilities to help themselves, reduces logistics costs, eliminates
the need for translators, and avoids overburdening an area with superfluous aid. However, this
should not be construed as discouraging coordinated action. There are advantages to finding or
developing organizations that help coordinate many different agencies and serve in a facilitative
role. "Low-key" overall coordination was very effective during recovery from 9/11, minimizing
conflicts of interest, reducing redundancy, and bringing many different sub-communities into the
healing process.

Another issue is the relationships among different organizations. Whereas it might seem that
they are united in pursuit of a common goal, apparent collaboration may obscure hidden agendas,
rivalries, and the interest in garnering resources. Additionally, different organizations may favor
different technologies that do not mesh synergistically. This could occur, for example, if two sets
of rescue workers were unable to communicate with one another because their respective radios did
not operate on the same frequency. Similarly, differences in procedures each organization takes for
granted can imperil communication or lead to delayed or flawed decisions. An example here would
be when one field representative has to consult with a superior, while another is encouraged to
make on-the-spot decisions. There are many other potential problems associated with a lack of
coordination, such as food and medicine rotting at an assembly point because the drivers are not
available to deliver them.

We suggest that five core values serve the interests of disaster planning and management. The
first is empathy, or the ability to relate to people within the disaster area. Empathy discourages the
mindless application of rules, for example, refusing to issue rescue equipment on the grounds that
it might be damaged, keeping workers and supplies from entering areas that are occupied but “too
dangerous,” and prohibiting the only physician who is present from administering artificial
resuscitation because he is not government certified. The second critical value, frust is a sense of
confidence in partner organizations and in residents of the disaster area. People can and do
misbehave, but the “starting position” should be that people are rational, civil, and efficacious,
rather than irrational, criminal, and helpless. The third critical value, sensitivity to differences, is
recognition that disaster management requires working with many different political and ethnic
groups. We have to understand how a NEO threat seems not just to ourselves and the scientifically
literate public, but also to children, oldsters, and people who are often overlooked because they are
marginalized or physically isolated. The fourth critical value, openness, 1s expressed in the
recognition that pre-set plans may fail when they are put into action; that facilities or rescue
personnel may not quite be up to the job, and that seemingly innocuous problems may cascade out
of control. The final critical value, flexibility, is reflected in the capacity to respond creatively and
quickly to changing conditions. Flexible organizations are not hopelessly burdened with rules and
procedures, bureaucrats with meaningless assignments, and blocked information channels.

1.3 Warnings

There is a reliable body of evidence regarding warnings and their effectiveness; here we draw
extensively from a paper by Miletti and Peek." First, the warning must reach potentially affected
parties. The warning has to gain attention against the many competing demands and general noise
level of daily life. (For example, a siren is unlikely to be heard if winds are already very high). It is
important to communicate both the nature of the risk, and the consequences for the individual. As
much as possible warnings should provide accurate descriptions of magnitude, location, and
timelines, goals that may be difficult for us to achieve.
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The risk must be made understandable to everyone who faces it. Terms must be clear and as
much as possible unambiguous: although we may have to deal with probabilities we need to be
aware that the same probability that one person takes as "minimal" another person considers all but
certain. Repetition helps, but there is no need to follow the lead of commercial advertisers who
assume an attention span of 30 seconds. People are interested in events that can affect them
adversely and tend to seek additional news.

The message should be presented by credible sources. Since different people assign different
degrees of credibility to different sources — for example, scientists, governmental leaders, religious
leaders, and political action groups — it will be best if many sources converge to get the same
message across. Consistency is important (both within a message and across different messages),
but we should not be surprised if some media sources undermine this by publicizing self-
proclaimed experts who stoutly maintain idiosyncratic points of view. Furthermore, the warning
should be delivered in such a way that the speakers give the sense that they believe in what they are
saying. Credibility, certainty and consistency are important if we want people to take self-
protective steps.

If residents of the disaster area or refugees are empowered to make decisions and informed
about the conditions that confront them, they will feel better protected than if they feel helpless or
ignorant. Personal choice and commitment enhance responsibility and strengthen intentions to take
protective action against impending disasters.”’ Educational efforts will have to inform people from
very different demographic and cultural backgrounds. *' Furthermore, as DeMan and Simpson-
Hously point out, people “select, organize and interpret information about the hazard, and, rather
than relying on objective information provided by environmental agencies, they draw conclusions
whichzezlre meaningful to them but not necessarily congruent with the true nature of the hazard (p.
280).”

2. Impact

Almost all of the many ways that people are injured and killed during natural disasters could apply
in the case of a NEO impact. These include pulverization, incineration, and entrapment including live
burial, asphyxiation, drowning, and electrocution. The term "casualty" is preferred to the term
"victim" because the latter implies defeat and resignation and diverts attention from what residents of
the disaster area can do to better their own lot. The most obvious casualties are those that experience
the direct physical trauma and these appear in two waves: first, the injured that are nearby the rescue
site and second, victims that arrive from the hinterlands. But there are also casualties from the
destruction of the infrastructure including pipelines, power grids, food distribution systems, water
lines, schools, and so forth. Even after basic services are restored people may have lost their means of
livelihood so secondary casualties may emerge long after the event.

2.1 Psychological Casualties

Anxiety and fear, a sense of being ‘“scattered” or unable to focus, memory problems and
“difficulties with decisions” are likely to be pronounced during the disasters themselves. Under
acute stress, behavior becomes energetic which is very useful if the person knows what to do (i.e.,
a well-trained soldier springing into action). However, if there is no clear goal the person may
become disorganized and ineffective.” Increasing anxiety, a loss of resourcefulness and the
perseverance of ineffective behaviors intensify a state of “mental crisis” which is self-sustaining
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and self-amplifying. The inability to allocate attention to peripheral but potentially important
aspects of the situation increases the stress, which further restricts focus and encourages repetitious
ineffective behavior. Thus, in emergency situations that demand resourcefulness and creativity
people may find it difficult to scan alternatives, find new goals, and initiate or implement a new
plan of action. Certainly many other disaster sequelae work against good decision-making
processes. These include physical pain, hunger and thirst, almost certainly physical and mental
exhaustion, and psychological trauma.

We may expect many forms of psychological trauma in the days leading up to and following
impact.** ° Some of these are considered serious and incapacitating. In the acute stress reaction,
which typically lasts a few weeks, people feel overwhelmed or unable to cope. This may be
accompanied by other stress-related physical systems such as insomnia, headache, abdominal pain,
chest pain and palpitations; acute anxiety or depression, sadness, worry, increased use of alcohol or
other substances. In the widely known post traumatic stress disorder, casualties continue to live in
the emotional environment of the traumatic event, with enduring vigilance for and sensitivity to the
threat. Principal features include persistence of startle response and irritability, proclivity to
explosive outbursts of aggression, fixation on the trauma, constriction of the general level of
personality functioning, and atypical dream life. In addition, hyper-alertness, hyper-reactivity and
traumatic re-experiencing have been documented in a vast literature. Finally, there is severe
depression - a sense of helplessness and hopelessness and inner-directed aggression, adversely
affects thinking processes, makes life not seem worthwhile. All of this will be complicated by the
bereavement process for those survivors who themselves lost family and friends.

Reviewing the work of Robert J. Lifton and others, Hodgkinson and Stuart summarize common
indicators of disaster-related psychological trauma.”® Many survivors are imprinted with indelible
imagery of their encounter with death. Intrusive scenes of death and destruction intrude when the
survivor is awake, as well as during dreams. There may also be a "psychic numbing." In a sense,
the person's emotional life is shut down to stop the psychological pain. In these cases, the person
may appear "calm and collected" but this only because they are not processing the disaster at an
emotional level. Feelings of guilt are common, these stem in part from ruminating over existential
questions (Why did God choose me to survive?) as well as from a sense that they did not do all that
they could to help other people. Guilt can be particularly severe for survivors who are also
bereaved. It can be exacerbated by shame, a sense that because of their failure to "do enough" they
are held in low regard by other people. On a more positive note, after overcoming the immediate
effects psychological casualties may re-visit great existential questions. Why did God let this
happen? Why was I allowed to survive? What does this say about religion and morality? Activities
that were formerly enjoyed — work, hobbies — may be redefined as meaningless. This quest for
meaning places the experience into a larger philosophical and religions framework and may cause a
shift to a new worldview.

Reactions to trauma vary over the life cycle and special attention must be given to the trauma
of children. Children are likely to be more vulnerable to certain types of physical trauma due to
their small size and limited strength. For example, because they are short they are more susceptible
to aerosols that concentrate close to the ground, and because they have relatively large surface area
relative to body mass they are highly susceptible to cold. Common psychological symptoms among
children include regression to earlier modes of behavior such as thumb-sucking and bed-wetting,
clinging to parents and other behaviors suggestive of a fear of separation, concern that the event
will happen again, social withdrawal, crying and screaming, and sleep disturbances including
insomnia and nightmares.”” One study of preschoolers 14 months after a hurricane showed that in
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comparison to children who had not been exposed the victims showed higher anxiety, greater
withdrawal, and more behavioral problems, although the behavioral problems decreased steadily
over the first six months after the earthquake.”® At least one study found that children are less
distressed than their parents. A study of survivors of an earthquake in Turkey found that worry,
depression, psychosomatic complaints, and perceived lack of control were higher among parents
than among children.  Many of the recommendations for minimizing psychological casualties
among children revolve around providing a good model, offering honest and understandable
interpretations, spending extra time with one’s family, maintaining a balance between flexibility
and discipline, and praising positive behaviors.

2.2 Disaster Workers and Their Families

Disaster workers and their families are exposed to multiple stressors.*’ Oftentimes, disaster
workers are called up on short notice. They usually live under primitive conditions without good
communication with home. The disaster environment itself is strange and foreboding and may be
quite dangerous. Disaster workers deal with corpses, and screaming mangled victims. They must
work also with psychologically traumatized and bereaved people who are disoriented,
uncooperative, and perhaps angry. The workload is heavy and may include intense time pressures,
perhaps brought about by the need to extract survivors from buildings before they asphyxiate and
transport people who are hovering on the brink between life and death to emergency medical
facilities. Although disaster workers may be unwilling to take breaks and thus push themselves to
the point of exhaustion they nonetheless feel guilty about not having done enough to alleviate other
people’s suffering. They may become quite resentful of spectators, journalists, and other “time-
wasters.”

It is important to identify the dead in order to resolve uncertainty and then facilitate
bereavement on the part of the survivors. Health professionals have begun to unlock the taboos on
disaster victim identification, with Keller and Bobo studying the aftermath of the terrorist attacks
on the Pentagon, and Stehr and Simpson doing the same for on the World Trade Center.’" ** The
Pentagon study was based on the descriptive reports of uniformed health care workers with an
almost universal lack of experience in handling human remains. They were said to have displayed
remarkable variability in emotional reactions and coping strategies before, during, and after
exposure to the remains. These mechanisms included emotional detachment and the use of "black
humor." The World Trade Center review focused on the organizational aspects of dealing with
mass casualties and victim identification. It concluded that emergency planners must now be
prepared to plan for events that include thousands of casualties and fatalities to initiate planning
and emergency drills, paying attention to information management and communication, and to
responder education and training, and to give consideration to a number of research matters.

Families of disaster workers recognize many of the pressures on rescue workers and worry
about their welfare. These worries are likely to be enhanced by intermittent nature of the
communication, reflecting poor lines of communication and a felt sense on the part of the disaster
workers that they should “keep going” and not take time out to reassure their families. Sleep
deprivation takes a terrible toll on performance. Disaster workers are likely to return home
exhausted and with many conflicting feelings: happiness at having contributed to the rescue efforts,
sadness over the death and destruction, and guilt and anger at not having been able to do more.
The returned disaster worker may be somewhat introspective and uncommunicative and experience
difficulties in the course of becoming re-integrated into the family. A thorough debriefing, the
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opportunity to work through strong emotions and social support are among the tools that can ease
tensions and facilitate reintegration.’**

2.3 The Public

Widespread death and destruction challenge everyone’s assumptions about a just and fair world
as well as serve as potent reminders that nobody is invulnerable. These effects may be stronger
closer to the disaster’s epicenter than further away, for example, people in North America may be
more disturbed by a disaster that occurs in New York or London than by one that occurs in India or
Rwanda. Yet, within North America were there any geographical limits on people who were at
least briefly traumatized by the events of 9/11? As a major event that challenges everyone's sense
of security we can expect psychological distress among the public, including people who have no
direct ties with residents of the disaster area.

In his review of studies of vicarious grief, Chochinov points out that public grieving is related
to global visibility and media coverage.” People who identify with the victims are more affected
than those who see the victims as dissimilar to themselves. The setting makes a different, for
example, more people can relate to being in an office tower or on a beach than in a submarine or
spacecraft. Sudden, dramatic events, such as the crash of a jumbo jet, are more upsetting than
chronic events such as a string of automobile accidents that leads to a far greater loss of life. He
writes:

“In total, about 6 million people die of AIDS, tuberculosis, and malaria each year - over 16,000
preventable deaths a day. Yet, ubiquitous chronic tragedies do not seem to move people the same
way as those that are sudden or dramatic. Besides the acute and intense media attention that the
latter receive, there is the issue of imagination. Whilst most westerners can readily evoke images of
sudden disasters, the prospect of dying from a chronic illness in the sub-Sahara lies beyond
imagination” (p. 697).

In North America and much of Europe people enjoy a strong economy and a high level of
security.  Disasters and other unhappy events tend to be highly scrutinized, and often
sensationalized, by the media. Generally, people in such economies are prepared to spend massive
amounts of money to reduce casualties. We find national grieving for local catastrophes such as the
massacre at Columbine High School in the US. We cannot expect people from such a society to
adapt easily to the loss of hundreds of thousands or even millions of their fellow citizens. On the
other hand, we have to make sure that our efforts to provide grief counseling and other services for
the general public do not inadvertently cause minimally affected people to redefine themselves as
victims.

Media's efforts to make the event "indelible" can make matters worse.>® In brief, after a disaster
people turn from entertainment to serious news discussions. Repeated broadcasts of "signature" or
focusing events (an airplane hitting a building, a tidal wave smashing ashore) create stress and
symptoms of neuropsychiatric dysfunction in viewers. There is a self-selection problem (people
who are already experiencing mental health difficulties may be particularly likely to develop new
symptoms) but for adults and children, more TV coverage means more people afflicted with more
and stronger symptoms of psychological distress.

3. Post-Impact
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Recovery begins with the first adaptive reactions to the disaster and continues through restoring the
infrastructure. Typically, recovery involves four phases. In the initial or heroic phase, community
members help one another long before outside assistance arrives. During the honeymoon phase there is
high optimism based on promises of lavish outside support. And, indeed, such support sometimes
materializes although there may be problems due to spoilage or difficulties getting the supplies into the
hands of the needy. The third phase is disillusionment, resulting from a combination of internal
dissension, a sense that the outside world has not done enough, or the putative benefactors exact too
high a price for the aid. Finally, the, Restabilization phase is entered when the catastrophe is
surmounted and becomes part of the communal culture.”’

3.1 Triage

By definition, disasters exceed our capacities to respond. We have to leave many people
unassisted so that rescue efforts can proceed in the most useful directions. A position statement
issued by the American College of Surgeons points out that in such situations surgeons have to
shift from the application of unlimited resources for the greatest good of each individual patient to
the allocation of limited resources for the greatest good of the greatest number of
patients.’®Authorities and rescue workers will have to make difficult choices, withstanding media
assaults and bitter reactions on the part of individuals and the public as a whole. And, in a large-
scale disaster, we may be forced to rethink our propensities to assign blame and entertain litigation.
One of the unfortunate consequences of the swine flu inoculation program was a long parade of
lawsuits, dissuading manufacturers from further participation in emergency widespread inoculation
programs.

In medicine, triage is the accepted procedure when health services are overburdened with the
sick and the injured and medical personnel are required to make life-death decisions in order to
allocate medical resources wisely. In order of declining priority the triage categories identified by
the World Health Organization are: (1) Immediate - the victim requires immediate attention to live;
(2) Delayed - the victim can wait for treatment without unduly compromising a successful
recovery; (3) Minimal - the victim can do without aid or can be redirected to another station or care
facility, and (4) Expectant — even with good treatment the victim is so unlikely to survive that
medical resources are better used elsewhere.*

Life-death decisions have been made on the basis of moral values or a sense of what's "right."
for example, women and children first. There are also practical considerations giving the nod to
powerful and influential people, presumably because they are seen as more useful than other
candidates. Thus, in the event of an impending nuclear attack, the US government had plans to
whisk top leadership to a secret shelter hidden below a world-famous Virginia resort. There, they
could button up and survive the nuclear winter. Few people would be shocked or surprised when
government leaders and their families are delivered to safety at the outbreak of a war, but they may
not look at the situation with the same level of equanimity if a neighbor is saved because of her
medical skills while they themselves are expected to sit out the Tsunami on the roof of their house.

Need is an important factor related to receiving help in a disaster.** Severely stressed people
do, on the whole, receive greater aid. In keeping with principles of evolutionary psychology,
people are more likely to provide aid for next of kin and members of their own communities. On
the whole, though, females, younger victims, married persons and more educated people receive
more help than are males, older people, and single people. In some societies whites receive more
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help than do blacks. There is, in effect, a “pattern of neglect” that disadvantages minorities, the
uneducated, and people who are not financially well off.

3.2 Psychological Support and Therapy

Although it may take more than a "few days in the country" to eliminate the last vestiges of
psychological trauma, to some extent immediate pressures can be reduced by transport to (or
restoration of) a safe secure environment, and by rest. (Few people recognize the devastating
psychological and performance effects of cumulative sleep deprivation.) Pharmaceuticals that
counter fatigue, calm emotions and increase focus may be of use but these are by no means a
panacea. Oftentimes their success depends on very careful diagnosis, and on titration to insure
proper dosage. Psychotherapy can reduce fear, grief and other emotions so that the casualty can be
restored to some semblance of his or her normal life. Goals included abreaction (expressing
emotion), education to help people understand that their reactions are natural, and cognitive
restructuring, which essentially involves redefining the event within a framework that reduces fear
and guilt. In a disaster situation forget about the psychoanalyst's couch: there will be no time for
expensive, time-consuming forms of psychotherapy. Rather, rescue workers will have to rely on
relatively simple and cheap approaches that can be applied quickly to large numbers of people.
Psychological services should be proximate (readily available) and fast. Many techniques are
available, but few of these have been validated in disaster situations that might approximate a NEO
impact. As Raphael and Wooding point out, "although the advances of medicine have done much
to develop effective and life-saving emergency interventions and more rapid healing processes, the
search for emergency mental health measures has been more problematic."*' Clearly, here is an
opportunity for more research.

3.3 Survival Communities

In the event of a severe worldwide catastrophe the foremost life-death issue is whether or not
enough people can be protected to assure continuation of Homo sapiens. This might be possible
through establishing a series of well-provisioned community shelters that people would enter prior
to the impact and exit much later, perhaps as much as two years later if the impact led to a nuclear
winter. Accomplishing this would require wrestling with four enormous issues: authority, criteria,
implementation, and acceptance.

The first issue in developing a survival community is the issue of authority. Who speaks for
humankind? Who decides who lives and dies and shapes post-impact society? Should government-
sponsored survival communities be under the control of international, national, regional, or local
authorities? Could such communities be established in an open and above-board matter? What is
their relationship to unofficial survival communities perhaps set up as a commercial venture or
volunteer efforts? Should commercial communities and communes be regulated?

The second issue is selection criteria. That is, what are the criteria for choosing who lives and
who dies? These criteria will reflect the number of people who can be offered maximum protection
and the mix required to ‘restart” society. The size of these communities may be limited by our
estimates of the number of people that Earth can support following re-emergence. These criteria
must reflect the needs of post-impact society, not society as we think of it today. For example, the
most useful prospects might be couples that are willing to have large numbers of children, or who
are into hunting and gathering or simple forms of farming, skills that are not in high demand in
much of the modern world.
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Implementation requires finding appropriate secure locations, constructing and stocking
shelters, ensuring that the people who are entitled to be at the shelter are present and accounted for,
gjecting stowaways, and maintaining law, order and morale during the period of confinement.
There is an extensive literature on life in isolation and confinement, and the study of life in polar
outposts, submarines, underwater research vessels and space stations can inform our preparations
for life during the button-up phase.*> ** **

Finally, there are issues of public acceptance and buy-in. Not everyone will believe that the
authorities are making rational and fair decisions. Authorities may be convinced that they are
making choices on the basis of people’s skills, but if that leads to over-representation of people
from North America and Europe, people from elsewhere may believe that the choices rested on
religious or economic criteria. We can expect many spirited discussions flowing from diverse
conceptions of equity and contrasting interpretations of intent.

As we contemplate survival communities we can find guidance from anthropologists,
economists, sociologists and others that have explored ways to establish sustainable human
settlements in space.* In some respects, post-impact Earth may resemble an off-world destination:
a dangerous place bombarded with harmful forms of radiation, toxic atmosphere, and little or no
useful vegetation. To some extent there are analogies between post-impact citizens coping with a
nuclear winter and the first Martians coping with a dust storm, and both groups will be concerned
with increasing the habitability of their respective planets. But in two respects the post-impact
humanity will have the advantage. First, they are likely to exist in far larger numbers than early
generations of Martians, and second they are likely to have access to more raw materials, such as
materials that survived the disaster, and downed power lines.

From the space settlement literature we can make educated guesses about population increases
and rate of recovery of the economy. J. B. Birdsell has described how small founding populations,
on the order of ten people, have been able to survive for multiple generations.*® A man, a woman
and a child were the first arrivals on the main island in Tristan da Cunha, a 2.5 square mile lava
bed. This was not an entirely closed community, but the population doubled over forty years, rising
from three in 1817 to 95 in 1857. Six men and eight women settled Pitcairn Island, another tiny
island but one with decent vegetation: this entirely closed society more than doubled over each of
three generations. Again, on the Bass Strait Islands, a founding population of eight males and
thirteen women doubled over the years eventually attaining a population of 345 before there were
additional immigrants. In another case a lone male living as fugitive with “one or two” women was
able to increase his family by a factor of five over two generations. Kenneth Wachter adds that it is
not uncommon for Hutterite women to bear ten children during their reproductive years.*’ The
actual growth rate following emergence will depend not only on lust and fecundity, but also on
mortality rate, resource constraints, and the level of demand for luxury.

Hodges questions the viability of small communities, particularly if the goal is to rapidly move
beyond a subsistence-level society.”® Larger populations have the advantages of increased
specialization of labor, and economies of scale. In smaller populations, people are forced to be
generalists. Because they must know many different jobs they cannot know any of them in any
detail. For example, the electronics technician, who is responsible for a broad range of devices, will
only be able to replace modules, not undertake genuine repairs. The dentist, who is also the
physician, environmental toxicologist and social worker, will find her dental practice limited to
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yanking teeth. Small communities cannot support specialists such as people who design computer
chips or perform competent root canals.

Similarly, many of the luxuries that we take for granted are available to us at an acceptable
price only because there is widespread demand. Hot tubs would grace fewer backyards if they were
not mass-produced. Books that are profitable when published in English and accessible to hundreds
of millions if not billions of English readers around the world would be entirely unprofitable if
translated and printed in Danish and released to a market of perhaps 20 million people. Hodge’s
point is that as communities grow and gain strength, increased specialization of labor and improved
economies of scale will make it possible to gradually regain the quality of life that so many of us
take for granted.

Hodges offers the following overview of isolated communities. During the “button up” stage
the isolated community’s population remains relatively stable. It lives off stored up equipment and
supplies. Stored supplies are likely to be used up sometime after emergence but before the
survivors can re-establish basic industry. There are likely to be lean years following emergence
from the shelter, and an increased sense of deprivation may accompany population growth. But
then as farming is restored and basic industries are established, survivors will be less and less
reliant on stores. At first, output will be low, which means that products will be scarce and
expensive. Emphasis should be placed on building new means of production rather than to
producing consumables. As basic industry such as agriculture and housing continue to grow, more
complex industries begin producing such items as electric motors and power tools. As the
population continues to grow it becomes possible to support “high tech” industries. Slowly,
advanced technology and luxury items re-appear, but at a much higher price than during the pre-
impact days. This is accompanied by greater specialization. It is no longer necessary for the dentist
to work as a physician and social worker as well. Finally, with continued growth, the technological
sophistication and quality of life catches up with and eventually surpasses that of pre-impact
society.

Psychological problems and social conflicts may be kept under control during the impact stage
but then “break loose” during the re-emergence stage. Hopes generated by looking forward to
emerging from shelter will be overpowered by the realities of living on a dying planet. Problems
will include the loss of family and friends, loss of employment, and loss of capital, wealth, savings,
retirement and personal property.

Since they will function in isolation from one another during the worst of the nuclear winter,
there may be some tendency for different communities to be separatist when they emerge from
their shelters. They may have to interact with other groups of survivors who were not accorded
government support. To reduce the risk of hostility, aggression, and destructive competition, we
suggest imbuing a strong overall culture and make sure that these different communities remained
in constant communication throughout the “button up” period.
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Chapter 7:
POLICY IMPLICATIONS

1. Introduction

As the body of scientific evidence grows that past encounters with NEOs have had a major
influence on the evolution of life on our planet, governments are obliged to examine the potential
threat that future possible impacts can pose to our society. There is a need to assess our vulnerability to
such events and to determine whether there are prudent and judicious actions that we should consider
in order to minimize or mitigate their potential effects. Further, there is a need to establish a suitable
policy framework to enable such actions to be undertaken when they are required.

Over recent years, we have learned a great deal about the asteroids and comets that strike the Earth.
Every day, thousands of small (centimeter-size) objects burn up harmlessly as meteors in the
atmosphere. Impacts of very large (multi-kilometer) NEOs have in the past been catastrophic but are,
fortunately, extremely rare. Objects of intermediate size can cause significant damage when they hit
the Earth at random intervals of hundreds or thousands of years. It is this relative infrequency,
spanning many generations, which makes it difficult for governments to consider the NEO risk in a
comparable manner to the more frequent natural hazards that we are familiar with, and which are
therefore of a more immediate concern to the public. The consequences of NEO impacts however can
be much more severe than those resulting from earthquakes or extreme weather events, although a
great deal can be done to prevent some of the impacts (which can be predicted many years ahead), and
to reduce the damage of others significantly, provided timely actions are undertaken. It is this
combination of the potentially catastrophic scale, the predictability of the events, and the ability to
intervene which obligates governments to set in place a framework to address the NEO threat which
complements the existing response to meteorological and geological hazards.

The mitigation of large-object impacts must begin with detection. To prevent impact, larger
asteroids have to be identified many years before the collision, allowing sufficient time for technology
development and a possibly lengthy period of gradual deflection. Smaller asteroids are more difficult
to detect, because they are very faint at large distances from Earth. Thus, a small object might be
detectable heading towards Earth with relatively little warning. Even with little or no advance
detection, some mitigation of the effects of impacts of small and medium -sized objects is still possible
via existing emergency response mechanisms such as tsunami warning systems and evacuation
procedures. Should any impactor be detected only months ahead of impact, deflection might still be
possible via a direct high-energy intercept although the technology would need to be developed and
ready to use.

Given the global nature of the NEO hazard and the scale of any effective response, it is unlikely
that one country will decide independently to take action when an impact threat is identified. There
must be international involvement in decision making and whatever actions are to be taken, as the
consequences of action or inaction are unlikely to be constrained within a single territory. Thus any
ultimate policy framework will need to be of an inter-governmental nature, requiring regional and
international communication and cooperation between states. The governments of a small number of
countries already have national policies which support programs to evaluate the risk from NEOs, and
to detect one category of potential colliders: the large asteroids that, if they struck the Earth, could
produce a global-scale catastrophe with billions of casualties. Many other governments have not
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undertaken any official actions related to the NEO threat, although, in some of these latter countries,
scientists do participate in scientific NEO studies and observations. There are only a few
administrators or offices whose responsibilities include dealing with NEO issues as they relate to
public safety. This limited consideration of NEOs as a public safety issue is a source of consternation
amongst many observers as they advocate that the response to the NEO issue should be consistent with
the approach adopted for more familiar natural and man-made hazards that nations may encounter.
They argue that the threat to life and property from NEOs, when averaged over long time periods, can
be considered to be comparable to that from geological and meteorological hazards, and accordingly a
commensurate level of response to NEOs should be established by governments.

While the probability of a NEO impact is effectively the same for all points on the Earth's surface,
the magnitude of the risk is not the same for all countries. It depends, amongst other factors, on the
country's size, population distribution, topography, economic infrastructure, proximity to the ocean,
and vulnerability to other natural hazards (e.g., earthquakes). The evaluation of the NEO risk requires
data and expertise from many scientific fields and other domains relevant to risk analysis. It is worth
emphasizing however that NEOs do not recognize national boundaries and that the consequences of
future impacts are unlikely to be isolated to any individual country or region. For this reason amongst
others it is important that the policy framework which is established should encourage nations to work
together to share data, expertise and resources to assess and mitigate the risk of a future impact,
wherever it may occur on the Earth.

In looking for a formal response from government in relation to the NEO hazard, we also need to
be realistic and pragmatic. The current surveys have demonstrated that a global-scale asteroid impact is
not imminent, and so there are few immediate actions which need to be taken, the most urgent perhaps
being the need to reduce the size threshold of detection of the survey programs to include objects
which still pose a very significant threat to society should they impact the Earth. Instead we need to
exploit existing policy platforms and infrastructures where appropriate, and bridge the gaps in
capability (whether it be process or infrastructure) with specific actions related to NEOs. There is
however a compelling argument for embarking on the establishment of a policy framework to address
NEOs now. We need to use this finite window of opportunity, before a specific impact threat has been
identified, to develop our policies in a balanced and objective manner. Experience has shown us that
decisions made “in the heat of the moment” can be flawed, ill-judged, and compromised by subjective
influences such as exposure to an impact threat (or lack of it). Mitigating the impact of a NEO will
represent one of the greatest challenges ever posed to society, and the resulting technical solutions will
be intrinsically coupled with wide ranging policy implications. We are obliged to ensure that a policy
framework is set in place which will support these efforts rather than undermine them.

2. National Policy Background
United States of America

The activities within the USA have been extensively treated in previous chapters and thus will only
be briefly summarized here.

* Two broad workshops on the NEO threat carried out in 1990-1993
* Formation of a NEO program office at NASA/JPL
* Initiation of the Spaceguard survey in 1998 to find NEOs 1 km and larger
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* Report of the Science Definition Team in 2003, recommending extending the surveys to
significantly smaller NEOs

* Congressional direction in 2005 on alternatives to detect NEOs larger than 140 m.

*  NASA response in 2007 on survey alternatives, most of which would cost about $ 1 B

United Kingdom

In 2000, the UK Minister for Science invited a “Task Force on Potentially Hazardous NEOs” to
make proposals to the Government on how the UK could best contribute to international effort on
NEOs. The Task Force recommended that the Government explore, with like-minded countries, the
case for mounting a number of coordinated space rendezvous missions based on relatively inexpensive
microsatellites. It also recommended that together with other governments, the UK seek ways of
putting the governance and funding of the Minor Planet Center on a robust international footing,
including the Center’s links to executive agencies if a potential threat were found.

The Task Force also recommended that the UK Government, with other governments, set in hand
studies to look into the practical possibilities of mitigating the results of impact and deflecting
incoming objects. In addition, the Task Force recommended that the Government urgently seek with
other governments and international bodies to establish a forum for open discussion of the scientific
aspects of Near Earth Objects, and a forum for international action, preferably covering science,
impacts, and mitigation.

Finally the Task Force recommended that the Government appoint a single department to take the
lead for coordination and conduct of policy on Near Earth Objects, supported by the necessary inter-
departmental machinery. Finally it recommended that a British Centre for Near Earth Objects be set up
whose mission would be to promote and coordinate work on the subject in Britain; to provide an
advisory service to the Government, other relevant authorities, the public and the media, and to
facilitate British involvement in international activities.

As a result, the British National Space Centre (BNSC) took on the role of promoting and
coordinating NEO issues within UK Government. At a national level, BNSC set up links with the
Cabinet Office Civil Contingencies Secretariat with the aim of establish response measures for NEOs,
similar to those developed for the re-entry of man-made space objects. A number of studies were also
initiated within academia, ranging from the development of quantitative tools to assess the impact risk
to persons and property, through to techniques for the interception of hazardous NEOs. As the UK
representative within ESA, BNSC promoted debate on NEOs within the Agency’s International
Relations Committee and supported a number of NEO mission studies within the Agency and the
subsequent NEOMAP (Near-Earth Object Mission Advisory Panel) initiative. Within the developing
space surveillance activities of the Agency, BNSC ensured that consideration of NEOs was included in
the terms of reference for a possible operational surveillance system. Finally, BNSC set up a national
NEO Information Centre to communicate NEO issues to the public and press, and to advise and inform
Government. At an international level, the UK promoted discussion on NEOs within a wide range of
fora, resulting in UK Chairmanship of the NEO activities within both the Global Science Forum (GSF)
of the Organisation for Economic Cooperation and Development (OECD), and the Action Team and
Working Group on Near Earth Objects within the Scientific and Technical Subcommittee of the United
Nations Committee for the Peaceful Uses of Outer Space (UNCOPUOS).

Russian Federation
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In February 2007, the Working Group on Asteroid-Comet Hazard was established within the
Russian Federation. Governmental, research and educational structures related to NEOs within Russia
are involved in this Group’s activities. The group has been tasked with developing a National Program
for Asteroid-Comet Hazard Problem, to include detection and remote characterization, orbit
determination and cataloguing, consequence determination and mitigation of NEOs.

Japan

The Japan Space Forum (JSF) was established to coordinate an alliance of industry, government,
and academia for the development of Japan's aerospace industry. JSF operates under policies
established by the Japanese government and the Japan Aerospace Exploration Agency (JAXA) while
providing support for research proposals and implementing programs designed to educate the public on
aerospace issues such as NEOs. JSF was the recipient of grants from the Japanese Ministry of
Education, Culture, Sports, Science and Technology, which were used from 1998 to 2004 for the
establishment of the Bisei and Kamisaibara Spaceguard Centers in Okayama Prefecture, where
scientists track asteroids and space debris with optical telescopes.

Germany

Scientists at the DLR Institute of Planetary Research in Berlin-Adlershof have been engaged in
international NEO research for many years. Their work includes observation campaigns for physical
characterization of NEOs using major ground-based and space-borne astronomical telescopes,
maintaining a data base for physical properties of NEAs, risk assessment and impact mitigation,
development of impact simulation tools and contributions to space missions to NEOs. DLR is in close
contact with the German Federal Foreign Office to support activities of the Action Team and Working
Group on Near Earth Objects within the Scientific and Technical Subcommittee of the United Nations
Committee for the Peaceful Uses of Outer Space (UNCOPUOQOS).

Currently a major area of activity for Germany is observational work in the thermal-infrared
spectral region with telescopes such as the Keck and the NASA Infrared Telescope Facility, both on
Mauna Kea in Hawaii, and the NASA Spitzer Space Telescope. In addition to these research activities,
an on-line data-base of physical properties of all known NEOs is maintained by DLR. Within
Germany, various potential techniques for diverting asteroids and comets from a collision course with
the Earth have been investigated and modeled. In the course of this work a software package to
simulate a possible impact scenario and to determine an optimal deflection strategy has been
developed. The formation of craters and associated effects of asteroid/comet impacts on the Earth, both
on continents and on oceans, are currently being analyzed in a theoretical study involving advanced
computer modeling and simulations. A major future participation for Germany in the planning of the
Don Quixote mission is anticipated. DLR is also involved in other space missions to investigate minor
bodies, such as Rosetta and Dawn.

The DLR Institute of Planetary Research has proposed the establishment of a German Spaceguard
Center, which, like its existing counterparts in the US (JPL NEO Office) and the UK (NEO
Information Center), should act as a link between research activities and the general public, convey
scientific information in easily understandable terms to the public and government departments, and be
prepared to support policy makers in administering German participation in international activities
relating to the impact hazard and NEO mitigation plans. This proposal has been considered by the
DLR authorities; a decision on establishing the Center was pending as of the end of 2007.
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3. International Policy Background

The existing international policy is limited to a number of instruments calling upon states to
consider adopting a range of voluntary measures related to the NEO issue.

Council of Europe
In 1996, the Parliamentary Assembly of the Council of Europe based in Strasbourg passed a
“Resolution on the detection of asteroids and comets potentially dangerous to mankind’: This

Resolution:

“..invited governments of member states and the European Space Agency (ESA) to give the necessary
support to an international programme which would.:

establish an inventory of NEOs as complete as possible with an emphasis on objects larger

than 0.5 km in size;

further our understanding of the physical nature of NEOs, as well as the assessment of the

phenomena associated with a possible impact, at various levels of impactor kinetic energy and

composition,

* regularly monitor detected objects over a period of time long enough to enable a sufficiently-
accurate computation of their orbits, so that any collision could be predicted well in advance;

* assure the coordination of national initiatives, data collection and dissemination, and the
equitable distribution of observatories between northern and southern hemispheres,

* participate in designing small, low-cost satellites for observing NEOs which cannot be detected
from the ground, and for investigations which can most effectively be conducted from space;

* contribute to a long-term global strategy for remedies against possible impacts. “

The Resolution, aimed primarily at its members states (currently 47 European states with the USA,
Canada and Japan as observers) was focussed on discovery, follow-up and characterisation but makes
reference to consideration of a “..strategy for remedies against possible impacts..”, a reference to the
need to consider mitigation of the NEO hazard, whether it be deflection of the threatening NEO or
evacuation of the area where it will impact.

UNISPACE III

The first wholly international instrument which made specific reference to NEOs was produced in
1999. During the Third United Nations Conference on the Exploration and Peaceful Uses of Outer
Space (UNISPACE III) held in Vienna, participating states, through the so-called Vienna Declaration,
stated that action should be taken:

“To improve the international coordination of activities related to near-Earth objects, harmonizing the
worldwide efforts directed at identification, follow-up observation and orbit prediction, while at the
same time giving consideration to developing a common strategy that would include future activities
related to near-Earth objects”.

A dedicated Workshop on NEOs held as part of the proceedings of UNISPACE III elaborated this
action through the following recommendations:

99



(a) That the United Nations promotes education and information on near-Earth objects,
especially in developing countries.

(b) That the United Nations take the initiative of inviting all Member States to support
near-Earth object research in their own countries, through the establishment of national or regional
“Spaceguard” centres to be coordinated by the international Spaceguard Foundation,

(c) That every effort be made to provide financial support for near-Earth object research,
both theoretical and observational (from ground and space), and especially for the encouragement of
exchanges and training of young astronomers in developing countries,

(d) The United Nations support and promote greater involvement of scientists and
observatories from nations in the southern hemisphere as an opportunity for cultural and scientific
development.

Again, the emphasis was on observation (discovery and follow-up) and international cooperation
with no explicit reference to mitigation. This did however lead to the establishment of Action Team 14
on Near Earth Objects and subsequently the Working Group on Near Earth Objects within the
Scientific and Technical Subcommittee of the United Nations Committee for the Peaceful Uses of
Outer Space (UNCOPUOS).

OECD GSF

In an attempt to generate more policy-orientated outputs than these previous science-focused
recommendations, in January 2003 the Global Science Forum (GSF) of the Organisation for Economic
Cooperation and Development (OECD) convened a Workshop at the headquarters of the European
Space Research Institute (ESRIN) in Frascati, Italy. The Workshop organisers deliberately sought to
engage those responsible for natural hazard and public safety issues within respective nations in
addition to the normal academic experts. The Workshop was attended by government-appointed
delegates from fifteen Global Science Forum Member countries and Observers', representatives of
three inter-governmental organizations®, and representatives of four non-governmental organizations.

The resulting recommendations focused on policies related to NEOs, and actions that governments,
inter-governmental organizations, and scientific organizations can undertake, separately and jointly, at
national and international levels. The specific elements can be summarized as:

“.. to assess the NEO hazard as it relates to public safety, determine the commensurate level of
response, and undertake appropriate actions at national and international levels.”

“.. each government that has not already done so consider designating a responsible official (office,
administration, etc.) within the government, tasked with following the ever-growing body of knowledge
about NEO impacts, and, where appropriate, advising the government regarding the implications for
public safety of the NEO risk.”

“Interested countries that designate officials/offices that are responsible for NEO issues could
profitably consider working jointly to quantify and assess national exposure to the NEO hazard/risk. A
co-operative international effort would allow the sharing of relevant resources (e.g., expertise, data,
methodologies). The results of these analyses should indicate the extent of the national threat relative
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to more familiar natural and man-made hazards, and should accurately reflect the sources and
magnitudes of the associated uncertainties. Such an assessment exercise should be compatible with
methods and procedures that national and international bodies already use when evaluating risks to
lives and property.”

“The scientific community could provide the information and advice that government officials require
to carry out the national risk assessments. This scientific work should extend beyond the traditional
NEO community (principally astronomers) to include experts in areas related to the consequences of
NEO impacts on the Earth, on society, and on the biosphere in general. Consultation among experts
could also focus on optimizing internationally-agreed principles and procedures for communicating
information about predicted potential impacts and near-misses.”

“.. explore strategies for mitigating the impact of a range of characteristic NEOs, identifying the
scientific, technical, legal and policy implications of mounting a NEO negation mission against a
range of potential impactors and timescales. Countries at particular risk of certain impacts (e.g.,
coastal regions susceptible to ocean impact induced tsunamis) should consider enhancement and co-
ordination of regional monitoring and response activities, and should consider assessing the adequacy
of their emergency response procedures for dealing with hypothetical NEO-related scenarios.”

The recommendations for the first time explicitly called for governments to explore strategies for
mitigating the impact of a NEO, resulting in January 2004 with ESA, on behalf of its member states’
establishing an international panel, called NEOMAP. Near-Earth Object Mission Advisory Panel
(NEOMAP) consisted of six European scientists active in studies of Near-Earth asteroids, were given
the task of advising ESA on cost-effective options for participation in a space mission to contribute to
our understanding of the terrestrial impact hazard and the physical nature of asteroids. This
subsequently led to the selection by ESA of Don Quixote, an asteroid deflection precursor mission, to
proceed to industrial competition within the ESA process. The Don Quixote mission is designed to
assess and validate the technology that could be used to deflect an asteroid threatening the Earth.

United Nations Committee for the Peaceful Uses of Outer Space (UNCOPUOS)

The United Nations Action Team 14 on NEOs was established in response to a recommendation
from UNISPACE III with the following terms of reference:

(a) Review the content, structure and organization of ongoing efforts in the field of near-
Earth objects (NEOs);

(b) Identify any gaps in the ongoing work where additional coordination is required and/or
where other countries or organizations could make contributions;

(©) Propose steps for the improvement of international coordination in collaboration with
specialized bodies.

In its report to COPUOS in 2007, the Action Team recognized that significant efforts were being
addressed internationally to detection and, to a lesser degree, follow-up observations of potentially
hazardous NEOs larger than 1 kilometer in size but noted that objects in the 100m to 1km size range,
for which the current surveys are not optimized, still pose a significant impact threat.

The Action Team recognized that the role of the MPC is critical to the dissemination and
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coordination of observations noting that the system is already working at capacity and it is clear that
the current system can not cope with the significant increase in tasking associated with the anticipated
goal of reducing the systematic detection threshold for NASA telescopes from 1km to 140m.

The Action Team also recognized that in considering a science-based policy to address the risk
posed by NEOs, it is important for governments to evaluate the societal risk posed by such impactors
and compare this with the thresholds established to deal with other natural hazards so that a
commensurate and consistent response can be developed. Accordingly it was felt that more work was
needed in this area, especially for sub-km impactors.

The Action Team further recognized that the impact threat posed by NEOs is real, although it is a
low probability event, but potentially catastrophic when it occurs. However it knew of no countries
with national NEO strategies and as such the United Nations has an important role to play in informing
the process of policy development that is needed.

The Action Team also noted that a further challenge for the United Nations was that it will likely
be confronted within 15 years with making critical decisions about whether and what action should be
taken to protect life on Earth from a potential NEO impact. Since the entire planet is subject to NEO
impact and since the process of deflection intrinsically results in a temporary increase of risk to
populations not otherwise at risk in the process of eliminating the risk to all, the United Nations will
inevitably be called on to make decisions and evaluate trade-offs. During the 43™ meeting of the UN
COPUOS STSC, the Association of Space Explorers (ASE) made an intervention stating its intention
to facilitate this process by convening a series of workshops, calling on experts from around the world
with relevant experience, to address this challenge in detail and to prepare, for submission to
COPUOS, a draft NEO deflection protocol for its consideration.

A multi-year Work Plan for the period 2008-2010 was agreed at the 44™ session of the Scientific
and Technical Subcommittee of UNCOPUOS. The Action Team anticipated that by 2010, it was
expecting to be drafting (or agreeing on) international procedures for threat handling.

Association of Space Explorers

The Association of Space Explorers (ASE) is an international non-profit professional and
educational organization of over 300 individuals from 32 nations who have flown in space. Founded in
1985, ASE's mission is to provide a forum for professional dialogue among individuals who have
flown in space, support space science and exploration for the benefit of all, promote education in
science and engineering, foster greater environmental awareness, and encourage international
cooperation in the human exploration of space. The ASE Committee on Near Earth Objects was
formed to oversee the delivery of the ASE initiative related to NEOs, seeking opportunities to support
both national and international efforts to address the challenges implicit in protecting the Earth from
near-Earth object impacts, including organizing meetings and workshops dealing with NEO issues as
well as providing expert testimony for such meetings.

In the February, 2006 meeting of the UN COPUOS Scientific and Technical Sub-Committee, the
ASE made an intervention in the NEO agenda item stating, in its penultimate paragraph,

“.. To facilitate this process [the UN dealing with NEO deflection] the ASE, through its
Committee on NEOs, proposes to convene a series of workshops, calling on experts from
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around the world with relevant experience, to address this challenge in detail and to prepare, for
submission to COPUQS, a draft NEO deflection protocol for its consideration.”

The ASE had recognized that the UN was in a position, due to the accelerating discovery of the
population of NEOs and the evolution of human capability to intervene in an anticipated impact by
proactively deflecting the NEO, where it would likely be confronted in the next 15 years with making
critical decisions about whether and what action should be taken to protect life on Earth from a
potential NEO impact. Given early warning that an impact is expected, and knowing that a deflection
capability exists to prevent this impact from occurring, ASE noted that humankind cannot avoid
responsibility for the outcome of either action or inaction. Further, the ASE recognized that since the
entire planet is subject to NEO impact and the process of deflection intrinsically results in a temporary
increase of risk to populations not otherwise at risk in the process of eliminating the risk to all, the
United Nations would inevitably be called on to make decisions and evaluate trade-offs.

In order to provide the UN with a specific proposal on which to begin its deliberation ASE-NEO
chose to bring together a small international group of pre-eminent and experienced experts, in a
workshop setting, to produce a draft United Nations Protocol on NEO Deflection. These workshops
(nominally four) would be conducted over a period of two years to develop and draft this proposed
document which will be introduced via Action Team 14 , to the Scientific and technical Subcommittee
of UN COPUOS during its 2009 session as part of an agreed agenda item. The Workshop participants
include former UN diplomats, ambassadors, international law experts, national space program leaders,
risk management specialists and re-insurance executives, among others.

4. The Required International Policy Framework
Approach

With the United Nations Committee for the Peaceful Uses of Outer Space (UNCOPUOS) in mind
as the ultimate focus for the development of policy relating to NEO mitigation, we can now consider
the required international policy framework. The intention here is not to prescribe the resources needed
for implementation of the policy, nor to attempt to influence national funding priorities, as these will
vary from country to country. Instead the aim is to identify those elements which require consideration
by, or on behalf of, governments with the expectation that when international consensus is reached on
these issues, the necessary prioritisation and availability of resource at a national or regional level will
follow accordingly. We can break the activities down into a number of distinct phases:

Detection

The United States of America leads the worldwide effort on NEO detection through the existing
Spaceguard Survey programme, with additional support from international observatories. This
programme is currently on track to locate its target population of NEOs greater than 1 km in size by
2008. The participants of the OECD Workshop held in January 2003 raised the question of whether the
sub-km population should be the subject of a dedicated survey programme. The SDT Study report
published by NASA later that year concluded that the impact risk of objects in the 140m-1km range
posed a very significant and more imminent threat than the 1km+ population, resulting in US Congress
in 2005 directing NASA to review what was needed to lower the minimum size threshold for detection
to 140m. In its response in 2007, NASA reported that it was confident that it could deliver the required
survey performance with significant new investment in dedicated resources, but that it currently had
insufficient funding to embark on this new phase of the detection programme. Although it is not a
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scientific imperative to reduce this threshold for detection to sub-km impactors, there is scientific
consensus that it is critical from a public safety perspective if we are to minimise the risk posed by
NEOs.

POLICY REQUIREMENT #1: Establish the threshold of detection for international surveys to NEOs
which are greater than 140 m in size

The next aspect of detection which requires policy consideration is the management of the
observational data generated by the surveys. At the current time, the Minor Planet Center (MPC) is
fundamental to this process and is operated by the Smithsonian Astrophysical Observatory in
coordination with the International Astronomical Union (IAU) through a Memorandum of Agreement
(MOA), giving the center an international charter. Pursuant to the MOA, since 1978 the MPC has
served as the international clearing house for all asteroid, comet, and satellite astrometric (i.e.,
positional) measurements obtained worldwide. The MPC processes and organizes data, identifies
objects, computes orbits, assigns tentative names and disseminates information on a daily basis. For
objects of special interest, the center solicits follow-up observations and requests archival data
searches. At the current time the MPC is singly responsible for the coordination and archiving of NEO
observations, and the identification of targets for follow-up observations. This role of computing
orbits, checking observations, cataloguing and disseminating observational information is critical.
There is already concern about dependence upon the MPC alone to perform this role. UN Action Team
14, in its 2006 report to COPUOS, noted that “.. the MPC is already working at capacity and it is clear
that the current system can not cope with the significant increase in tasking associated with the
anticipated goal of reducing the systematic detection threshold for NASA telescopes from lkm to
140m”. The UK Task Force also recognized the importance of .. putting the governance and funding
of the Minor Planet Center on a robust international footing”. A possible way forward would be to
establish a “mirror” capability to the MPC, possibly hosted in Europe or Asia. The two nodes could
share analysis protocols, processes, and could have a common data management/access policy but
would perform a complementary operational role, perhaps performing the same operations on a
different subset of the observation data, but independently maintaining a complete database. The two
sites could also then act to validate/verify their more critical respective outputs.

POLICY REQUIREMENT #2: Establish a facility with complementary capabilities to the Minor
Planets Center (MPC)

POLICY REQUIREMENT #3: Establish common data management policy/protocols for the MPC
“nodes”.

These should include/address: processes & calculations, data designations, data duration, data
dissemination, data verification & validation, and data access/security

Notification

On a daily basis, NEO astrometric data are made available by the MPC to the SENTRY facility
hosted by NASA JPL and to a parallel, but independent, orbit computation center in Pisa, Italy called
the Near Earth Object Dynamics Site (NEODyS). Within the JPL SENTRY system risk analyses are
automatically run on those objects which have a potential for Earth impact — usually when the object
has been recently discovered and lacks the lengthy data interval that would make its orbit secure.
These objects are prioritized for the SENTRY system according to their potential for close approaches
to the Earth’s orbit and by the existing quality of their orbits. The JPL system automatically updates
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the orbits of ~40 NEOs per day and close approach tables are generated and posted to the web.
Approximately 5 risk analysis cases are run each day with each run providing 10,000 multiple
solutions run out to 2105. This process is run in parallel with NEODyS and significantly non-zero
Earth impact cases are manually checked between JPL and Pisa before the impact risk analysis results
are posted on their respective web sites.

The SENTRY and NEODyS systems are completely independent systems which employ different
theoretical approaches to provide impact risk assessments. Hence if the long term orbit propagations
from each converge to a single solution, we can have some confidence in the predicted outcome.
Whereas the SENTRY system is funded as part of the NASA NEO Program Office and thus its
operational future can be considered relatively secure, the long term funding for NEODyS is not so
clear. As with the operation of the MPC, it is clear that an independent but complementary capability
to SENTRY is desirable for the purposes of independent verification and validation of predicted close
approaches, but also to address possible concerns about free access to data, especially regarding cases
where a high level of risk is determined.

POLICY REQUIREMENT #4: Secure long term operational status of “NEODyS” capability

Since its inception in 2002, ~400 objects have appeared on the SENTRY risk page. For recently
discovered objects of unusual interest, the MPC, JPL, and Pisa will often alert observers that additional
future or precovery observation data are needed. This brings us to the question of what information is
pertinent to the evaluation of the magnitude of threat and how, and in what form this is communicated,
and to whom. There are two scales currently in use which seek to compare the relative impact risks
posed to the Earth by respective NEOs. The Palermo Scale was developed to enable specialists to
categorize and prioritize potential impact risks spanning a wide range of impact dates, energies and
probabilities. The Palermo Scale compares the likelihood of the detected potential impact with the
average risk posed by objects of the same size or larger over the years until the date of the potential
impact. This average risk from random impacts is known as the background risk. For convenience the
scale is logarithmic, so, for example, a Palermo Scale value of -2 indicates that the detected potential
impact event is only 1% as likely as a random background event occurring in the intervening years, a
value of zero indicates that the single event is just as threatening as the background hazard, and a value
of +2 indicates an event that is 100 times more likely than a background impact by an object at least as
large before the date of the potential impact in question. In contrast, the Torino Scale is designed to
communicate to the public the risk associated with a future Earth approach by an asteroid or comet.
This scale, which has integer values from 0 to 10, takes into consideration the predicted impact energy
of the event as well as its likelihood of actually happening. Currently the SENTRY risk page presents
values for both scales for an individual object. Clearly there is a threshold of risk above which the
originators of the risk data should actively communicate the threat to those officials responsible for
public safety rather than passively post this to a web page.

POLICY REQUIREMENT #5: Identify the criteria and thresholds associated with a potential impact
event requiring active communication through official channels

POLICY REQUIREMENT #6: Identify the communication channels, both at national and international
levels, for communication of the NEO risk
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POLICY REQUIREMENT #7: Ildentify the officials in government who are responsible for receipt of
notification of a significant impact threat and taking appropriate action at national and/or regional
level

In looking to governments to take action in response to a potential NEO threat, we need to
understand how they might interpret the threat. Whereas an individual may simply consider risk to life
posed by an impact, governments will see the broader spectrum of consequences such as financial cost
of infrastructure damage and environmental impact along with the scale of casualties. Governments
also tend to draw a distinction between the risk to an individual and the risk to groups of people.
Individual risk 1s defined as the frequency at which an individual may be expected to sustain a given
level of harm from the realization of specified hazards, whereas societal risk is the relationship
between the frequency and the number of people suffering from a specified level of harm in a given
population from the realization of specific hazards. There is a widely held view that while the
individual may primarily be concerned about risk to self (i.e. individual risk) the ‘state’ should be
concerned with societal risk. The UK Health and Safety Executive’s interpretation of societal risk, “the
risk of widespread or large scale detriment from the realization of a defined hazard, the implication
being that the consequence would be on such a scale as to provoke a socio-political response, and/or
that the risk provokes public discussion and is effectively regulated by society as a whole through
political processes and regulatory mechanisms”, is well suited to dealing with the infrequent but
potentially catastrophic events characteristic of asteroid or cometary impacts with the Earth. Thus a set
of criteria should be established which require action to be taken to assess the consequences of a
specific impact threat, and then consider the range of options for managing the risk.

POLICY REQUIREMENT #8: Establish risk threshold for conducting detailed assessment of the
consequences of an impact threat

POLICY REQUIREMENT #9: Establish a methodology, taking into account factors such as
topography, population distribution and proximity to ocean, for assessing the consequences of a
specific impact threat

POLICY REQUIREMENT #10: Develop a detailed protocol for the consideration of risk mitigation
options and agree the criteria which will help to guide the choice and implementation of an
appropriate response

Deflection/Evacuation

In addition to the probability of, and time to impact, the other parameters that will influence the
response strategy will be the anticipated intersect locus on the surface of the Earth and the vulnerability
of that area to the impact. Further the different options for deflection and the implications (technical
readiness, political acceptability, cost of development and operation, translation of intersect locus) of a
particular deflection strategy will also have to be weighed up against the alternatives. It is quite
possible that countries without the capability to mount a deflection mission may be threatened by an
impact, whereas those with the capability are not. Further it may be considered more attractive for one
capable actor to take the lead in mounting a particular deflection mission rather than a grouping of
agencies with different roles, due to the complexity of the mission, and the political expedient of
protecting sensitive technical information. Hence one can envisage a matrix of options, with agreed
responses to a range of impact scenarios, with identified players performing specific roles.
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In considering this matrix of responses, we can identify a timeline from the initial detection of a
potentially hazardous object through characterisation of the body and its potential effect should it
impact, on to development of a solution tailored to that object and the development and production of
the necessary infrastructure, followed ultimately by the deployment and operation of a deflection
mission. It would seem prudent that prior to the emergence of a specific threat, that we should develop
a number of solutions encompassing the range of impact scenarios that could be encountered, and to
advance the solutions along the timeline to a level of maturation appropriate to the likelihood of
implementation and cost-effectiveness of the associated activities. Hence for the full range of impact
scenarios that we can envisage, we could evaluate deflection concepts employing all feasible
technology solutions and consider the implications for their deployment. Hence we might anticipate
taking all scenarios through initial requirements capture, establishing performance requirements and
identifying possible mission concepts, along with outline cost and schedule estimates and
determination of critical mission elements. This could be followed by initial feasibility studies to
explore and evaluate possible system concepts, and refine costs, schedule and utilisation constraints,
leading to a preliminary system concept selection. The next step would be to advance the chosen
solutions through to preliminary definition phase resulting in a precise definition of performance
requirements, a coherent definition of the system, identification of sourcing of components of system,
and pre-development work on critical technologies where necessary. On completion of the preliminary
definition phase, a particular solution would be adopted for each impact scenario and the associated
critical technologies would be brought up to a minimum level of technical maturation. Cost and
schedule estimates can then be developed with some confidence to feed into the overall decision
timeline. It is important that this process is conducted in a coordinated manner to ensure that the full
range of probable impactor scenarios and deflection options are considered and to avoid duplication of
effort. Additionally, the baseline conditions for evaluation of the mitigation options and the metrics for
comparing solutions would need to be agreed and applied consistently. Hence there is a need for a
forum to be identified with the mandate to coordinate this activity and manage the process of
establishing baseline mitigation options for the range (size, composition, orbit, epoch) of impactor
scenarios.

POLICY REQUIREMENT #11: The identification of an international technical forum wherein a range
of probable impactor scenarios can be determined and a corresponding matrix of mitigation options
developed to a level of maturation to permit reliable mission timelines to be mapped onto a decision
timeline for the envisaged Protocol.

It could be anticipated that different space agencies would be prepared to fund advancement to this
preparatory stage without recourse to others, although the actual cost of mounting a deflection mission
would be on a different scale. Each of the possible mitigation responses will also have a range of
consequences from a technical, political and economic standpoint. Each of these consequences would
need to be addressed before the solution could truly be considered a viable option. It would seem
practicable for those promoting specific capability to champion a particular solution, working through
the consequences, and working as advocate and agent for action within the appropriate forums, with
informed and implicit support from the wider international community on whose behalf the action
would be taken. This would require a degree of transparency, either within the technical forum, or
subsequently when the political and economic consequences of a particular technology solution are
considered. We can anticipate a number of issues that would result from developing this matrix of
baseline responses to the impact threat. In all cases where the intersect locus on the Earth is modified
through active intervention by an actor, it is important that this is conducted with the full
understanding and support of the international community on whose behalf the action is being taken.
Further where the nature of intervention requires nuclear technology, there are treaty issues which
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would need to be addressed. Again, it would seem prudent to scope these issues and advance the
debate to a stage where necessary modifications to existing treaties could be identified and drafted.
Whereas the technical solutions would be best developed amongst a group of capable space-faring
nations, it would be appropriate for the policy aspects of the anticipated actions to be developed and
debated by global community within an international policy forum. However it would be premature to
embark on this debate before consensus had been reached within the technical forum and the outline
solutions introduced into a corresponding international body for consideration and general
endorsement.

However, there are a number of policy aspects of the NEO mitigation strategy, which are
independent of the deflection solution, and which are pertinent to the international community. One
issue is the consideration of whether to act or not, i.e. where it might be decided not to mount a
deflection mission and instead to allow the NEO to strike the Earth, but to minimise the impact on the
population and infrastructure through a combination of evacuation and protection. This would require
consideration of the range of hazards presented by NEOs, namely impact debris, blast waves, heating,
tsunami waves, material injection into the atmosphere and electromagnetic pulse for a specific
location. The approach to this analysis and the results would need to be endorsed by the community as
a whole.

A second aspect is when a decision should be made to launch a deflection mission, or otherwise.
Although this is somewhat dependent upon the impactor scenario (i.e. the time we would have to make
a decision and mount a deflection mission), experience tells us that it would be prudent to make this
decision as soon as a credible threat has been identified. These criteria and thresholds would need to
agreed in advance of implementation, and hence are an immediate, if not urgent, requirement.

Finally, it is clear that consideration should be given to the political implications of deflection,
regardless of the technology used to effect this. Hence a review of existing treaties and legal
instruments should be conducted to understand the implications of action, and to identify possible
means of indemnification and/or cross-waiver of liability for agreed actions on behalf of the
international community. The constraints on the parameters for this action would need to be agreed by
all parties and addressed through some form of “contract” between the acting agency and the
international community, though a literal contract with the international community is not possible.

POLICY REQUIREMENT #12: Consideration within an appropriate international forum of the
criteria requiring action by the international community to mount a deflection mission (or otherwise),
the criteria and thresholds requiring the community to make this decision.

POLICY REQUIREMENT #13: Consideration of those aspects of existing legislation which require
modification to permit agencies to mount a deflection mission, without fear of liability for the
consequences when acting within agreed constraints and drafting of a “contract” between the chosen
actor and the international community.

Should an impactor strike the Earth as a result of lack of sufficient warning time to mount a
deflection mission, the failure of a deflection mission to prevent an impact on the Earth, or a decision
to “take the hit”, it is critical that the NEO hazard is incorporated into the mandates of both national
and international agencies responsible for dealing with natural and man-made catastrophes. The
existing framework for disaster management would provide an effective response to a NEO impact but
would require the education of officials to recognise the unique characteristics of the NEO hazard and
modify their procedures to respond accordingly.
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POLICY REQUIREMENT #14: Incorporate the NEO hazard into the mandates of both national and
international agencies responsible for dealing with natural and man-made catastrophes.

Finally, there is a significant subset of the NEO population which merits special attention. Asteroid
99942 Apophis is representative of a class of objects which could have a close approach to the Earth a
number of years prior to impact. There will be major uncertainty associated with the outcome of the
intervening gravitational encounter and the resulting perturbed trajectory of the object, hence such
NEOs cannot be addressed in the linear, sequential manner envisaged in the case of a direct impact
with the Earth. A different strategy will be necessary, both in terms of the way that the risks are
considered and the hazard is addressed. It will be important to monitor such objects to assess the
likelihood of passage through a “keyhole” resulting in a resonant return to impact the Earth, and
balance this against the criticality or otherwise of the spectrum of possible mitigation options.
Governments are naturally uncomfortable when confronted with a range of options when they are not
fully cognizant of the issues involved, which is why consideration should be given to invoking the
“precautionary principle” in the case of this special class of NEOs. The purpose of the precautionary
principle is to create an impetus for government(s) to take a decision notwithstanding scientific
uncertainty about the nature and extent of a risk, i.e. to avoid 'paralysis by analysis' by removing
excuses for inaction on the grounds of scientific uncertainty.

POLICY REQUIREMENT #15: For the case of “keyhole” objects, embed the philosophy of the
precautionary principle in the development of the detailed protocol for the consideration of risk
mitigation options, adopting qualitative criteria if necessary to help to guide the choice and
implementation of an appropriate response where scientific evaluation of the consequences and
likelihoods reveals such uncertainty that it is impossible to assess the risk with sufficient confidence to
inform decision-making.

5. A Possible Way Forward

In considering how to address the policy requirements previously identified for NEOs, we can
learn much from the approach adopted for analogous topics such as man-made debris. Within a
relatively short time frame from identifying that man-made orbital debris posed a significant threat to
future space operations, an international inter-agency forum® was established with different nations
performing complementary roles, to review and seek scientific consensus on related aspects of debris
measurement, modelling, risk evaluation and identification of measures for mitigation. The resulting
outputs were then used to inform the debate on the subject within the Scientific and Technical Sub-
Committee of UNCOPUOS which led to international agreement on a series of guiding principles to
minimise the future proliferation of such debris. The resulting international policy subsequently
became widely recognised and is in the process of being adopted in national regulatory activities with
resources being made available accordingly. Such a model for policy development is appropriate for
NEOs, not least because many of the assets and techniques, and the Executive Agencies involved, are
the same.

An TADC analogue for NEOs involving space-faring nations would be able to deal with a number
of the policy issues identified previously, such as establishing data management policies/protocols,
developing a recognised risk assessment methodology, and performing a technical assessment of the
mitigation options for a range of impactor scenarios. Such a body would not however be well placed to
identify the criteria and thresholds for the communication of a specific impact threat, or identifying the
channels for communication of this risk and those responsible for subsequent action. Further, the
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international community may be reluctant to trust the establishment of criteria and thresholds for
actions such as when to act, how, and on what basis, to a body with limited international
representation, especially when the outcomes of the (in)action would have direct consequences for
those not involved in the governance of that body. Hence the role of UNCOPUOS is critical to
ensuring any response is proportionate, consistent, targeted, transparent and accountable’. The
anticipated input from the ASE-sponsored workshops involving principals with significant experience
and broad-ranging responsibility and representation will be key to informing and advancing the
decision making process. Whereas there was reluctance within the international community to debate
the issue of space debris within the Legal Sub-Committee of UNCOPUOS until consensus was reached
on the technical basis for discussion, there are clear activities relating to NEO policy which could be
advanced within the Legal Sub-Committee in parallel with the technical discussion such as liability
issues, and the need for modification or addition to the existing international treaties such as the Outer
Space Treaty, the Liability Convention, the Partial Test Ban Treaty and the Anti-Ballistic Missile
Treaty, should they be needed.

There is now an opportunity for one, or a number, of the established players within these forums, to
show leadership and champion the development of appropriate policy frameworks to address the NEO
hazard. There are clearly benefits for governments in taking such initiative, such as influencing the
guiding principles for engagement on the issue, and building partnerships within the international
community to share resources and responsibility to act. Further, given the scale of economic and
human costs that we would inevitably incur as a result of an impact, governments are obliged to
establish a credible, science-based approach to dealing with the NEO threat.
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Chapter 8:
FINDINGS

This chapter presents detailed findings. They are summarized in the Executive Summary.

Chapter 2: The problem

)]

2)

3)

4)

5)

6)

7)

8)

NEOs may be asteroids or comets. Earth has been struck frequently, particularly in its early
history. 99% of the impacts are believed to occur from asteroids, but the vast majority of the
largest and deadliest bodies are long-period comets. The most recent large NEO was due to a 6
km NEO which impacted in Yucatan 65 million years ago, and caused the extinction of the
dinosaurs and 60% of all species.

There are about 1100 asteroids greater than 1 km and an estimated 100,000 greater than 140 m
diameter.

The damage and number of fatalities produced by a NEO impact rise rapidly as the diameter of the
NEO increases, but the probability of such an impact decreases.

45 m diameter NEOs will typically not reach the surface, but could kill thousands with blast and
heat since they release an amount of energy equivalent to 1,000 Hiroshima-size weapons. They are
believed to impact on the average every 100 years, so the probability of an impact this century is
near 100%. The Tunguska NEO of 1902 was an example of this class, though the Meteor Crater in
Arizona, USA is also one.

300 m NEOs will cause great regional damage as they release 1,000 MT TNT equivalent of energy.
They could result in millions of deaths. They impact on the average every 10,000 years, so the
probability of an impact in this century is 1 %.

1 km diameter NEOs are civilization killers, with billions of deaths expected from one impact.
Their energy release is equivalent to 1,000,000 MT of TNT. They are believed to impact on the
average every 1,000,000 years and the probability of one impacting in this century is 0.01 %.

6 km diameter NEOs are so large they will cause mass extinctions as well as kill all human life.
Their energy release is 100,000,000 MT TNT equivalent, and they are believed to impact on the
average of every 100,000,000 years. The probability of an impact this century is 0.0001%. The
impact that killed all the dinosaurs and 60% of all species of life 65 million years ago was a 6 km
NEO.

The NEO impact hazard (in terms of average fatalities per year over the time scale of the
occurrence) is greater than that due to shark attacks, botulism, or terrorism (to date), however is
lower than that due to major wars, disease, famine, car accidents, or murder. Thus in the spectrum
of hazards mitigating the impact of NEOs is very important in the context of all serious hazards of
concern to humanity.

Chapter 3: Detection. orbit determination, and impact warning

)]

Current surveys and systems
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Several current NEO survey teams participate in the current Spaceguard survey, and are focused on
finding near-Earth asteroids (NEAs). This is truly an international effort, with participation by
Italy, the USA, Japan, Australia, ESA, and the Czech Republic. The principal telescope systems
that conduct the Spaceguard survey include LINEAR, NEAT, Spacewatch, LONEOS, and Catalina
Sky Survey.

The Spaceguard goal is to catalog 90% of NEAs larger than 1 km by 2008. The survey is almost
complete now with over 4,000 NEAs already discovered, of which 1,100 are 1 km or larger, and
850 are potentially hazardous asteroids (PHAs). The current activity is aimed at asteroids only.
There is no systematic program or goal to discover and catalog long-period comets on Earth-
crossing trajectories.

Future surveys and systems

ESA’s NEOMAP and the NASA SDT recommended searching for smaller NEAs. In 2007 NASA
recommended a set of options to extend the Spaceguard survey to cataloguing 90% of PHAs larger
than 140 m by 2020. Principal options include adding a dedicated LSST telescope to complement
the shared PanSTARRS and LSST systems, adding a 0.5-1.0 m space telescope, or both. All
options cost in the vicinity of $1B and as yet are unfunded.

Orbit determination and information management

The Horizons ephemeris computation facility located at NASA’s Jet Propulsion Laboratory (JPL)
in Pasadena, California, USA and the Near Earth Object Dynamics Site (NEODys) at the
University of Pisa in Italy provide independent orbit cataloging, confirm NEO close approach, and
perform risk assessment. The large Goldstone and Arecibo radars are extraordinarily useful for
orbit refinement and NEO characterization, but Arecibo is currently planned to be phased out for
lack of funds.

The International Astronomical Union’s Minor Planet Center, operating at the Smithsonian
Astrophysical Observatory in Cambridge, Massachusetts, USA, is the organization that collects,
computes, checks, and disseminates astrometric observations and orbit information for asteroids
and comets from hundreds of observatories worldwide. A space based telescope can have up to 18
times the observing time compared to a ground telescope due to lack of weather and nighttime.
Canada and ESA plan to orbit small telescopes that could be used for the NEO discovery mission.

Discovery of 1 km diameter long-period comets and the provision of many years’ warning time
would require a large space based telescope. Studies indicate that a new technology adaptive
membrane mirror space telescope with aperture of 25 meters, weighing under 1,000 kg, could be
deployed in space within 15 years. It could detect a 1 km new apparition comet well beyond 10-15
AU and yield 5-6 years’ warning time.

Characterization of NEOs
A number of space flight missions have already been undertaken by several nations/consortia that

demonstrated the ability to fly by and/or rendezvous with some asteroids and comets, perform
proximity operations there, and begin to characterizing the bodies. These are very sophisticated

112



5)

operations and most are successful, but the technology is not yet mature enough for humanity to
depend on for its very survival.

Impact prediction and warning

The Palermo Scale was developed in order for the ability to uniformly assess potential impact risks
spanning a wide range of impact dates, energies and probabilities. It is now in general use.
Computing Earth impact probabilities for NEOs is a complex process and requires sophisticated
mathematical techniques. Due to the usual paucity of early observations computed collision
probabilities tend to be initially too high, but reduce as more observations are obtained.

The likely warning time available will be decades for known NEAs, years for newly discovered
NEAs and short-period comets, and a few months to less than one year for Small Earth-Crossing
Asteroids and Long-Period Comets (if no space-based telescopes exist). However, approximately
6 years of warning time of the potential impact of Long-Period Comets would be possible if a large
space-based telescope is developed.

Chapter 4: Preventing or mitigating an impact

)]

Physics of Interaction

The orbit of an object far from Earth may be modified with the least expenditure of energy if its
velocity along its orbital path is changed. With warning times of many years or decades only
centimeters/second change in the NEQO’s orbital velocity will ensure that it arrives sufficiently
earlier or later to completely miss the Earth.

Some NEOs could well be in orbits that come near the Earth yet miss, passing through very small
regions of space known as “keyholes”, and enter a resonant orbit with repeating encounters and
threats to Earth periodically over many years or decades NEO velocity changes of only
millimeters per second may suffice to cause them to miss a keyhole, which would prevent an
impact one conjunction later, but not necessarily all subsequent impacts.

Major Mitigation Options

Changing the velocity of a NEO may be accomplished “fast” or essentially instantaneously by
forces from spacecraft impact or explosion, or “slowly” by applying small forces from propulsive
spacecraft, energy impingement, or gravitational perturbations whose integrated effects over time

cause the velocity change.

a. “Slow” deflection approaches

A number of slow approaches exist. Those that require contact and thus rendezvous and docking
with a propulsion-equipped spacecraft on the NEO include a Tug Boat having chemical or electric
propulsion, and a Mass Driver which ejects chunks of the NEO’s own mass rather than propellants
brought from Earth to cause reaction forces. The principal non-contact approaches include a
Gravitational Tractor_in which a spacecraft simply hovers near the NEO by constant thrusting and
its gravity attracts the NEO, resulting in a force being applied without contact with its surface;
Laser Ablation_which uses a illuminates the NEO with an intense laser causing surface ablation and
plasma ejection, whose reaction forces result in a velocity change; and Photon Pressure which uses
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sunlight to effect a slow push by attaching a large reflective solar sail to the NEO, illuminating it
with a large solar reflector from a distance; or altering its albedo to take advantage of the
Yarkovsky effect.

Contact approaches require secure attachment to the surface of the NEO as well as thrust vector
and/or timing control to assure force generation mainly along the NEO velocity vector due to the
spin/tumble of most NEOs. Non-contact approaches avoid these difficulties.

All “slow” approaches develop small forces, and thus have the advantage that NEO fragmentation
may likely be avoided. However they all result in the instantaneous impact point of the NEO being
slowly moved on the surface of the Earth until it eventually misses. If there is an unrecoverable
failure of the propulsive or reaction force-inducing means before its job is done the impact point
could lie anywhere on the locus of possible impact points, and the damage could well be greater
than had the NEO been undeflected. The risk of such a failure is substantial since the technologies
for slow deflection are not yet fully demonstrated and the operating times are long.

b. “Fast” deflection approaches

There are two principal options for fast deflection: non-nuclear and nuclear.
Non-nuclear fast deflection

Kinetic impact by simply ramming a spacecraft into a NEO at high relative velocity would provide
an instantaneous velocity change of the NEO. The technologies and systems are the same as
already demonstrated for planetary exploration. Whether the body of the NEO or PHO will
fragment or be deflected whole depends on the composition of the NEO.

Contrary to popular belief K. Holzapple has shown that kinetic impacts at hypervelocity would not
create a small number of large and thus dangerous fragments, but rather likely create very large
numbers of very small fragments possessing large transverse velocities. Thus the mass per unit
area normal to the NEO’s trajectory would be very much reduced at the time of Earth impact. The
consequences of a large number of impacts, each being much less massive than the original body,
are therefore likely to be very much more benign locally as well as globally than if the NEO were
not deflected at all.

Kinetic impactors are best suited for deflecting small NEOs and when there is lots of warning time.
While theoretically capable of deflecting a NEO with a warning time of only a year or even less,
there would not be time for observation of the actual velocity change imparted or for a second
attempt were it needed, and so the probability of success would be low.

A unique case exists for kinetic interception within a “keyhole” because a very small change in
velocity will cause the NEO to miss the Earth at least in the next encounter of the resonant orbit
which results from the keyhole pass. In addition, since keyholes are by definition relatively near
the Earth a low impulse interception stage will suffice, and could use dead satellites picked up in
GEO as essentially “free”” mass for the intercept.

Nuclear fast deflection
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There is only one option for changing the velocity of a large NEO or one with little warning and
that is to use nuclear devices because the energy requirements can be enormous, and the energy
release of nuclear devices can be millions of times greater than that produced by kinetic impacts.
Standoff nuclear explosion engagement of a NEO is very similar to that of a non-nuclear kinetic
impact deflection technique, with the device being detonated just before or at impact. The
tremendous radiative flux from a nuclear explosion ablates the surface of the NEO and results in a
hot expanding plasma, whose reaction forces accelerate the NEO and change its velocity
essentially instantaneously. With sufficient stand-off distance the area over which the energy is
deposited could be large, and hence the forces low enough to possibly avoid fragmentation in some
NEOs, but others could still fragment. A variant is to bury a nuclear device in the NEO which
gains greatly in deflection force but requires rendezvous and surface operations; and would
probably fragment most NEOs.

New design highly reliable launch vehicles and upper stages would be highly desirable for safety
reasons, though current designs could be used in the interim, recognizing their limitations. The
popular conception of using ICBMs with added existing upper stages would have very low
probability of success and is thus is unwise for reliability reasons, though if there were no other
means available at the time of need they could indeed be used. Existing nuclear devices could be
used with few, if any, modifications regardless of the type of launch vehicles or upper stage
designs.

Although some people object to the use of nuclear devices on principle, and indeed current
international cold-war era treaties would require modification to permit their use, the use of nuclear
devices against NEOs in space is probably their best and most desirable application; and the only
known technique that might be able to prevent a horrendous regional or global catastrophe when
we are faced with a large NEO, or with a smaller NEO but little warning time. And it is an
established fact that the occurrence of such a situation is not a question of if, but rather a question
of when.

3. Infrastructure and system deployment

The probability of successfully deflecting a NEO with a single mission using any known concept
and developed technologies is unacceptably low, given the likely scale of the consequences of a
failure. It is therefore clear that the development and deployment of a robust multiple option,
redundant, coordinated system of diverse systems is needed. The deflection of a NEO cannot be a
mission but must rather be a campaign of multiple orchestrated missions deployed sequentially in
increasingly capable stages, with means emplaced to rapidly assess the status and effects of the
missions as they unfold.

The initial mitigation system or systems could well use current systems in order, whether dual-use
or dedicated, in order to have at least some capability available should it be needed.
Implementation of a dedicated planetary defense system to undertake the required campaign must
eventually be undertaken, and will likely occur in stages of increasing capability over a substantial
period of time, both due to costs and technological/operational maturity.

Chapter 5: Organizing for the task

1. The threat is inherently international, and therefore so must be the organization and resources to
address it.
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10.

The consequences of a NEO impact share many characteristics of natural disasters the world has
experienced; however in contrast a NEO can create near-instantaneous devastation, the disaster
date can be forecast years ahead, and most impacts could be prevented.

A wide range of damage scenarios is possible. The means and consequences of relocating or
evacuating many millions of people are unknown. Where to? Who pays?

False alarms must be taken into account as they cannot altogether be avoided, they excite the
media, engage the public, and can create great damage without any impact occurring

Current organizations for detecting a threat and notifying some authorities may be adequate for
initial addressing of the threat if they would develop response plans and coordinate them
internationally; but such plans currently do not exist

A spectrum of organizational models in current existence, such as the US National Disaster Plan,
could be used to model a national NEO response mechanism.

Many national internal organizations and many nations/consortia need to participate in an
international effort to develop a coordinated response plan and means. These could range from a
UN managed effort through a non-UN international consortium to a national effort commissioned
by either.

Planning for coping with disasters is well developed in some nations, but planning to avoid the
disaster to begin with is generally not. While detection and establishment that a threat exists is
underway, planning for intervention and deflection activities pre-event needs to focus on response
scenarios, coordinated planning including establishment of a number of likely scenarios,
establishing deflection capabilities, and planning for the contingency that deflection attempts may
fail.

During the impact event communications with the public will be paramount, including status of
deflection attempts, evacuation activities, and instructions to the public.

Post-event planning must take into account population return and/or relocation, rebuilding, and
return to vigilance. Based on the experiences of the Indian Ocean tsunami and hurricane Katrina
this will be a difficult and protracted period that only realistic planning and preparation can help to
ameliorate.

Chapter 6: Behavioral factors and planetary defense

1.

Empirical studies of human response to threat and disaster provide sound underpinnings for NEO
disaster management. However different cultures are known to respond differently to disasters and
this must be taken into account in the planning.

Even though the consequences could be terrible indeed, low probability events generate little worry

and little action, and thus planning for NEO impacts is an extraordinarily difficult undertaking.
The “giggle factor” associated with NEO impacts makes it even more difficult to plan responsibly.
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3. Proper planning requires moving beyond widespread but erroneous stereotypes regarding human
behavior in catastrophic situations. These stereotypes are that panic will be widespread,
civility/looting commonplace, and that a pervasive feeling of helplessness/passiveness will prevail.
While to a degree they will occur mutual assistance and support tends to be the rule rather than the
exception.

4. Pre-impact phase: planning and rehearsals are crucial. The media must be involved, its workings
understood, and an effective working relationship developed with it. Communications must either
exist or be ready to be deployed, and must be adequate for the contemplated functions. An
effective warning system must be in place, with different segments distributing coordinated
messages

5. Impact phase: Large numbers of direct casualties as well as anxiety disorders will be ubiquitous.
Disaster workers will be affected as much as the people who they are trying to help. Acute stress
reactions and several forms of trauma must be expected, and psychological support prepared for
addressing them, both for the injured and for the caregivers.

6. Recovery phase: Massive scale of triage, medical and psychological support and therapy, and long
term post-traumatic effects should be expected. Some of the likely chaos should be ameliorated by
proper planning for these activities. Population dynamics must be understood and planned for.

7. Five core values — empathy, trust, sensitivity to differences, openness and flexibility — provide a
firm basis for protecting human life and welfare. These will be paramount when the scale of the
disaster is such that human values or even the very survival of humanity are threatened.

8. National, international and regional agencies can and do play crucial roles in disaster management,

but are likely to be the most effective when they coordinate with local authorities and encourage
grass roots efforts.

Chapter 7: Policy Implications

1. Several nations/consortia have active programs toward discovery, cataloguing, and characterizing
the NEO threat. The principal activities already have some international components.

2. The existing international policy is limited to a number of instruments calling upon states to
consider adopting a range of voluntary measures related to the NEO issue.

3. In 1996 the Council of Europe recommended that ESA contribute to an international program to
detect NEOs and development of a strategy for remedies against possible impacts.

4. In 1999 Unispace III urged international coordination and harmonizing efforts aimed at detection
and orbit prediction, and consider developing a common strategy for future activities.

5. In 2003 the Organization for Economic Cooperation and Development recommended that

governments explore strategies for mitigation of NEO threats, and established an advisory panel to
work with ESA.
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6. In 2007 the UN COPUOUS Action Team 14 recommended addressing the threat from smaller
asteroids, augmentation of the Minor Planet center, and preparation of a draft NEO deflection
protocol and international procedures.

7. An TADC analogue would be an appropriate way to move forward toward a coordinated
international plan for dealing with NEOs.
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Chapter 9:
RECOMMENDATIONS

The report’s recommendations are intended to improve understanding of the threat, refine
estimates of the impact risk and consequences, develop well-defined options for mitigation, and
prepare a framework for appropriate international political and social response. These are
presented organized by report chapter. In addition a potential role for the IAA is identified.

Detection, orbit determination, and impact warning
An effective surveillance infrastructure should be emplaced to expand the Spaceguard
survey to catalogue 90% of those potentially hazardous objects no larger than 140 m diameter
by 2020. Existing radars should be provided adequate resources to continue the search, while
increasingly more capable ground based detection systems should be developed. Meter class
space based sensors should be developed and orbited to accelerate the discovery and
cataloguing of NEAs in the near term.

A serious effort should be begun to address detection, orbit determination, and impact
warning for the long-period comet threat, which is much less well developed than for asteroids.
To that end responsible definition of a large (10-20 m) new technology very lightweight and
thus affordable optical space-based telescope should be performed.

Preventing or mitigating an impact

Detailed planning and mission design of both “slow” and “fast” deflection techniques must
be undertaken. The mission designs should proceed using to the maximum extent existing
vehicles and technologies. These mission designs must include all launches, sensors,
communications, and command/control necessary to ensure deflection of a target NEO set with
high probability. This probably means employing several different and/or redundant launchers,
space vehicles, sensors, technologies, in campaigns designed to result in high confidence of
mission success.

At least one non-nuclear kinetic mitigation and one slow deflection approach should be
defined and designed so that a comparison of systems including complexity, life cycle cost,
reliability, operations, and effectiveness can be made. The mission designs must include all
systems and subsystems required to perform a mitigation mission after a threat has been
identified, including precursor or follow-on missions for NEO characterization as required.

A separate system design of a nuclear interceptor should be made, with large NEOs or
smaller NEOs with short warning time as intended targets. Non-nuclear laboratory and field
experiments should be performed to fully understand the fragmentation issues involved in
deflection attempts of various classes and compositions of NEOs.

Organizing for the task
Response plans for a number of impact scenarios must be developed. This includes near-
miss as well as actual impacts on various geographic locations around the globe, should
deflection attempts either not materialize or fail. Disaster planning must also include the post-
impact phases in which recovery and return to normalcy will be the goals. These response
plans should be carried out by international planning groups with the support of national
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resources. The planning could proceed by several groups in parallel initially to benefit from
differing viewpoints, but eventually a truly international organization should be created to take
the global leadership role in NEO response planning, probably coordinated under the auspices
of the UN.

The response plans must draw upon experience gained in the course of hurricanes,
earthquakes, tsunami and other relatively common disasters, even though they are imperfect
analogues of NEO impacts, since evidence-based, policy-oriented research will provide crucial
building blocks for managing NEO threats. Such planning will require the coordination of
organizations and agencies at many different levels: international, national, regional, and local.
An important function of higher-level organizations will be to facilitate the efforts of regional,
local, and “grass roots” efforts.

Behavioral factors and planetary defense
Pre-impact activities, including preparation and issuance of effective warnings, and the
staging of personnel, equipment, and supplies, will require rehearsal. It will be important to
recognize the role of religion, superstition and myth to effectively communicate risk, to
encourage people to take protective action; and to effectively employ post-disaster relief. In all
phases of mitigation planning, it will be important to be mindful that not everyone subscribes to
the Western scientific viewpoint.

Mass casualties will require psychological as well as medical assistance; however, it will
be very important to recognize and plan for the fact that disasters have adverse effects on the
disaster workers and their families as well. Residents of the disaster area will need both
immediate assistance and the tools to rebuild their lives and infrastructure, and regain
independence. Recovery efforts should extend well into the post-disaster phase and should be
prepared to remedy long standing local problems as well as the direct consequences of the
impact.

Policy implications

An analogue of the Inter-Agency Space Debris Coordination Committee (IADC) would be
an appropriate way to move forward toward a coordinated international plan for dealing with
NEOs. This plan should include a number of specific policy statements and activities which
include: establish the threshold of detection to NEOs which are not greater than 140 m in size;
establish a facility with complementary capabilities to the Minor Planets Center (MPC);
establish common and secure data management policy/protocols for the MPC “nodes; secure
the long term operational status of an organization to coordinate NEO monitoring, including
calculation of orbital elements, impact threat assessments, and issue warnings; identify the
criteria and thresholds associated with a potential impact event requiring active communication
through official channels; and identify the communication channels, both at national and
international levels, for communication of the NEO risk.

An international technical forum should be organized and recognized globally as an
impartial focus of technical excellence to provide informed support to decision-makers
worldwide. This forum should undertake the tasks of risk estimation and the support for
preparation of technically viable plans for mitigation and recovery options for a range of
credible scenarios.
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Among the support this forum could provide to international policy makers would be to:
establish the risk threshold for conducting detailed assessment of the consequences of an
impact threat; establish a methodology for assessing the consequences of a specific impact
threat; develop a detailed protocol for the consideration of risk mitigation options and agree to
criteria which will help to guide the choice and implementation of an appropriate response;
develop a matrix of mitigation options and decision criteria to a level of maturation to permit
reliable mission timelines to be mapped onto a decision timeline for the envisaged protocol;
propose qualitative criteria to help to guide the choice and implementation of an appropriate
response in situations where scientific evaluation of the consequences and likelihoods reveals
such uncertainty that it is impossible to assess the risk with sufficient confidence to inform
decision-making; and identify those aspects of existing legislation which require modification
to permit agencies to mount a deflection mission, without fear of liability for the consequences
when acting within agreed constraints.

Potential role of the IA4

The TAA should facilitate the process of dealing with the NEO threat, beyond the hoped-
for contributions of this report, by supporting the international activities discussed above by
organizing international workshops; and through the technical, policy, social, and legal
expertise of its members serving on working groups and committees addressing the NEO
threat.
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Appendix

AN EXAMPLE PLANETARY DEFENSE SYSTEM: “CITADEL”

This appendix was contributed by Dr. Anatoly Zaitsev of Russia. It is being included as one of many
possible examples of an ultimate and mature international planetary defense system, but it must be kept
in mind that the form and content of such a system would likely be very different from that below
when actually implemented. This system concept must thus be considered only an illustrative
example, and not a recommended system concept. This concept description is based on Russian
technologies, but clearly any real concept should be implemented with the best of all the world’s
technologies.

The minimum requirements for such a system would be that 1) the system implementation should be
amenable to the defense of any country or region, and be amenable to exclusion of those that wish to
be excluded from its action; 2) it must be designed to efficiently and rapidly provide notification to all
that a threat exists, and to prevent data suppression by anyone; 3) it must guarantee that the system
capabilities will not be used for military purposes; 4) it must provide maximum warning time and
minimize damage from fragments of the NEO or the mitigation means themselves; and 5) it must allow
for modernization as new technologies become available

Since it is unrealistic to initially deploy and operate continuously a system designed to mitigate large
NEOs which occur very infrequently, the system concept envisions a two-tier structure in which a
subset would operate continuously against NEOs of tens to hundreds of meters size, and the
capabilities against larger NEOs brought into play if needed later upon detection of a viable threat.
This latter capability, though designed and understood, can be established only when a real threat
materializes and thus to some extent will exist initially in virtual form.

The small-NEO initial system is envisioned to have international ground and space surveillance means
and two Planetary Defense Centers, a European/Asiatic one and an American one. The observation
component would use optical and radar systems sited both on the ground and in space. The Planetary
Defense Centers would include interception launch facilities with both non-nuclear and nuclear devices
at the ready. The observation and interception means will be connected and netted as shown in the
Figure below.
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A typical operation sequence could be as follows: Once a threat NEO/PHA has been detected the
appropriate Control Center would issue a prediction concerning the expected place and time of impact
as well as expected damage. Catastrophe prevention measures would be developed and an operations
plan submitted to the hierarchy of nations/consortia/global entities comprising the management of the
system. Once the plan has been proved at that intergovernmental level, launches of reconnaissance
spacecrafts on Dnepr or Zenit launch vehicles and then interceptor spacecraft on Zenit or Proton launch
vehicles can proceed. In the future multi-purpose launch/intercept systems could be developed and
used.

The reconnaissance spacecraft would approach the NEO as fast as possible and come to a minimum
distance from the NEO. It would define the NEO’s trajectory, velocity of rotation, mass,
mineralogical content and dimensions, and acquire a detailed panorama of its surface and download
these data to the Planetary Defense Centers. A mission design would then be undertaken to
determine the best means of intercepting and mitigating the NEO threat using nuclear or non-nuclear
means as appropriate. Nuclear devices with yield of 1.5 - 5 MT would suffice to mitigate a stony
NEO with diameter up to a few hundred meters. Several interceptor modules could be assembled in
Earth orbit to implement a capability to mitigate substantially larger NEOs.

A number of steps would be necessary for its implementation, including:

1. Development of top-priority measures of population relocation and property recovery for
potential areas subject to damage, including protection of property and cultural values. This should
be done even before a defense system is developed

2. Perform experiments to understand the interaction between the interception means and the
NEO to asses the practicality and effectiveness of the mitigation operation.
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3. Demonstration projects to test methods and means of NEO interception and deflection,
including development of kinetic and slow deflection interceptors.

4. Deployment of the short term system tier to respond to smaller threat NEOs, including all the
surveillance, launch, communications and command/control systems required. This could use
upgraded existing facilities, development of new ones, or both. It is estimated that the first such near
term tier of a Planetary Defense System could be developed within 5-7 years from an international
decision to do so.

5. Creation of a plan for development, deployment, and operation of the longer term tier to
respond to much larger NEOs later in time. This could include development of new high energy
launch vehicles and interceptors as needed. This plan would not be implemented until later.

6. Development of the legal regime addressing organizational, financial, political, juridical,
ethical and other questions at national and international levels necessary to create and operate a
Planetary Defense System.

7. Definition of a list of technologies designated as necessary for its successful operation, and
available without restriction to all parties for the purpose

The problem of defense of the Earth against NEOs is common to all mankind and therefore it should
be addressed as an international program of the whole world community. The importance of the
problem and its global and complex nature require resources to be pooled and managed at the
intergovernmental level. One major step forward to be taken in this direction would be the creation of
a “Mankind Insurance Fund” for financing the development and operation of such a Planetary
Defense System. Such a fund would be established by all the more developed countries of the world
with participation of government resources, banks, organizations, and individuals. In addition to
financial, pooling of intellectual, technical, and other world assets would be required. Specifically the
objectives should include:

1. Establishing an International Coordination Council of heads of leading organizations,
scientists and specialists in the NEO defense field in order to coordinate efforts to define and develop
a Planetary Defense System proposal.

2. Drawing up a draft of constituent documents of the “Mankind Insurance Fund” intended to
finance the project and forward them, together with the proposal, to major government organizations,
banks, funds, individuals and others and solicit their participation in establishing the Fund.

3. To create the Mankind Insurance Fund and when financial resources become available to
proceed with development and operation of the first phase of the “Citadel” Planetary Defense System.

4. Preliminary estimates for the costs of such a Planetary Defense System are USD 3-5 Billion.
This equates to an annual cost of only 5-10 cents per human being on the planet.

In summary, exploration and development work already carried out show that there is a good chance
that a first operational system can be developed in 3-5 years, and that it could operate successfully
based on current technical assessments. The more difficult problems of organizational, political, and
judicial problems need addressing, and hopefully can also be solved in this time frame. Thus, while
there is little doubt that the solutions exist or can be created we need to overcome the main problem
which is a moral one: to understand that there is a necessity for all mankind to realize a responsibility
for its own preservation and that of the Earth biosphere, as well as that of cultural, material and other
values that have been created for millennia by billions of human beings.

Thus the problem of NEO defense can be seen as a kind of test for mankind’s ability to solve global
problems which it faces. So this “Citadel” Planetary Defense System could become a model for the
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first global project of mankind in the third millennium, which could turn the Earth into an unassailable
fortress with protection from space threats. This, in turn could become a catalyst for development of
many industries and technologies that facilitate not only improvements in Planetary Defense but also
further development facilitating unity of many nations. But to make that happen many countries will
be required to pool their resources, including financial as well as specialists in both natural-science and
humanitarian fields.
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Glossary

AIAA American Institute of Aeronautics and Astronautics
AU Astronomical Unit

CNN Cable News Network

COPUOUS UN Committee on the peaceful uses of outer space
CSA Canadian Space Agency

ECC Earth Crossing Comets

ESA European Space Agency

ESRIN European Space Research Institute

GEO Geostationary orbit

Gy Giga-years

IAA International Academy of Astronautics

IADC Inter-Agency space debris coordination committee
IAU International Astronomical Union

ICBM Intercontinental Ballistic Missile

IEO Inner Earth Objects

JAXA Japan Aerospace Exploration Agency

JHU Johns Hopkins University

JPL NASA’s Jet Propulsion Laboratory

JSGA Japanese Spaceguard Association

LHB Late Heavy bombardment

LINEAR Lincoln Near-Earth Asteroid Research

LONEOS Lowell Observatory Near-Earth Object Search
LPC Long-period comet

MIT Massachusetts Institute of Technology

MPC Minor Planet Center

MT Megatons of TNT

My Mega-years

NASA National Aeronautics and Space Agency

NEA Near Earth Asteroid

NEAR Near Earth Asteroid Rendezvous

NEAT Near-Earth Asteroid Tracking

NEO Near Earth Object

NEODyS Near Earth Object Dynamics Site

OECD Organisation for Economic Cooperation and Development
Pan-STARRS Panoramic Survey Telescope and Rapid Response System
PHA Potentially Hazardous Asteroid

PHC Potentially hazardous long period comet

PHO Potentially Hazardous Object

SDT NASA’s Science Definition Team

SPC Short period comet

UN United Nations

WHO World health Organization
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