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White Paper: 
Summary and Recommendations 

 

1.  Meeting Overview 
The 2007 Planetary Defense Conference was held March 5-8, 2007 at the Cloyd Heck 
Marvin Center at George Washington University in Washington, D.C. The primary 
objectives of the meeting were: to highlight current capabilities in Near Earth Object 
(NEO) detection, characterization and mitigation; to advance understanding of the threat 
posed by asteroids and comets and arrive at possible responses to an asteroid impact; and 
to consider political, policy, legal and societal issues that would affect our ability to 
mount an effective defense. The conference followed a format similar to the 2004 
Planetary Defense Conference, results of which are summarized in an AIAA Position 
Paper.1  

Sponsors for the 2007 event were: 

The Aerospace Corporation 
American Institute of Aeronautics and Astronautics 

The Applied Physics Laboratory 
Ball Aerospace 

European Space Agency, ESA 
General Dynamics 

Indian Space Research Organization, ISRO 
Japan Aerospace Exploration Agency, JAXA 

National Aeronautics and Space Administration, NASA 
Orbital Sciences Corporation 

The Planetary Society 
Space Studies Institute 

SpaceWorks Engineering 

 

The meeting was organized by its Steering Committee, with members listed in 
Attachment 1.  Attachment 2 provides the conference program with the detailed agenda, 
                                                 
1 “Protecting Earth from Asteroids and Comets,” AIAA Position Paper, October 2004 (see 
http://www.aiaa.org/content.cfm?pageid=139) 
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speakers and presentation titles.  The meeting was attended by 145 participants, listed in 
Attachment 3.  Copies of papers, presentation material, and videos of the presentations 
themselves are available at the conference web site, www.aero.org/conferences/planetarydefense. 

Day 1 of the conference provided an overview of efforts to discover threatening Near 
Earth Objects (NEOs), defined as asteroids or comets whose orbits have perihelia of less 
than 1.3 Astronomical Units2 (AU), and the subset of NEOs that pose a more immediate 
threat to Earth, called Potentially Hazardous Objects (PHOs).  PHOs are defined as 
asteroids and comets that pass within 0.05 AU of Earth’s orbit3 and are large enough to 
cause significant damage should one impact Earth (~50 meters in diameter and larger).  
Day 1 presenters also discussed what we know about the composition and structure of 
PHOs, how such characteristics are determined, and what has been learned from recent 
missions to, and observations of, asteroids and comets.  Briefings included a summary of 
the detection and characterization aspects of the recently completed study by NASA in 
response to congressional direction.4 Information was also presented on NEO/PHO 
populations, the potential increases in their rates of discovery, and the variation of impact 
probability as the number of observations increases. 

Presenters in Day 2 discussed techniques that could be used to deflect or otherwise 
mitigate a threatening asteroid and the design of deflection and mitigation missions.  
Presentations highlighted how NEO composition and structure influence the effectiveness 
of mitigation techniques, described slow-push and quick-impulse deflection methods, and 
proposed techniques that could be used to break a threatening object into small 
fragments.  Presenters also gave an overview of missions that have been proposed to 
actually test our ability to move an asteroid.  Included in Day 2 was the presentation of 
deflection technique-related highlights of the NASA Report to Congress.4   

Day 3 summarized recent work on consequences of an impact, including tsunamis and 
the overpressure developed during a high-speed entry into Earth’s atmosphere.  The latter 
work suggests that treating airbursts as point-source explosions may not provide the most 
accurate estimates of surface effects from NEO entries.  Likely, hypothetical reactions of 
disaster and emergency response agencies and the public to warnings or to an actual 
impact were also highlighted using lessons learned from recent hurricane and tsunami-
related disasters. 

On Day 4, the final day, a panel of experts discussed topics such as legal issues 
associated with testing and implementing deflection techniques, educational aspects of 
NEO impact protection, and maintaining funding for an ongoing, long-term level of effort 
on detection, characterization and deflection. The panel also reported on ongoing efforts 
to develop an international decision process for NEO deflection.  A second panel, made 
up of session chairs, discussed key points raised in each session.  Meeting attendees were 
invited to address both panels. 

                                                 
2 Approximately the mean distance between Earth and the sun. 
3 About 7.5 million km. 
4 Near-Earth Object Survey and Deflection Analysis of Alternatives Report to Congress, NASA, 
March 2007 (available at http://www.nasa.gov/pdf/171331main_NEO_report_march07.pdf). 

http://www.nasa.gov/pdf/171331main_NEO_report_march07.pdf
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After the meeting, key points discussed by presenters and participants were distilled and 
refined by the conference’s steering committee and circulated to all conference attendees 
for comment and discussion.  Resulting consensus findings and recommendations are 
collected in this document. 

2.  Findings and Recommendations 
While significant scientific and technological advances have been made since the 2004 
conference and are ongoing, it is clear that providing effective planetary defense from 
Near Earth Objects and planning for mitigation of an impact disaster are in their infancy.  
Specifically, the primary findings of the conference are that: 

1. While our search and discovery efforts have successfully found most of the large, 
“civilization-killer” 1-km and larger objects, we are just beginning to find the 
much more prevalent and, for that reason, more frequently dangerous objects in 
the 140- to 300-meter size range.  An impact by an object in this size range could 
occur with little or no warning and could cause serious loss of life and property 
over a broad area.  

2. Earth-based resources such as the Arecibo radar are critical for refining a PHO’s 
orbit and providing basic information required for deflection.  Arecibo has an 
essential role in refining the threat posed by PHOs such as Apophis.  

3. Deflection of a threatening object is in the conceptual phase.  We are just 
beginning to identify the options available to deflect an object and have yet to 
design or test techniques that might be used.  Further, we have yet to design 
complete missions to deliver one or more deflection devices, and have not 
considered what is required to assure a high probability of success for an overall 
deflection campaign.   

4. There are serious technical, political, policy, legal and societal issues involved in 
deciding whether and how to respond to a threat of a NEO impact.  NEO impacts 
have the potential to cause disasters that would equal or exceed anything ever 
faced by recent civilizations.  Moreover, this type of threat has never been 
seriously considered by any agencies that would have responsibility for 
responding.  In addition, it is uncertain where responsibility for coordination of all 
aspects of the NEO threat lies, from detection to deflection to impact aftermath.  

5. Understanding, analyzing, and dealing with a potential NEO threat is an 
international problem demanding international cooperation.  Considerable work is 
required to develop a foundation for international cooperation and action in all 
areas related to planetary defense. This foundation may extend beyond defense 
and include benefits from international manned and unmanned space exploration. 

The remainder of this White Paper provides background and recommendations in five 
areas considered at the conference:  Detection and Characterization; Deflection 
Approaches and Missions; Impact Consequences and Response; Political, Policy, Legal; 
and Public Perception and Trust. 
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 2.1  Detection and Characterization 
Significant progress has been made in detecting and tracking NEOs, with about 4600 
currently known compared to ~2700 in 2004.  Similarly, the number of known PHOs was 
about 580 in 2004 and is currently about 850.  Presenters estimated that there could be 
over 100,000 NEOs, including 20,000 PHOs, once the smaller, 140-meter and larger 
objects are added to the catalog.  It was suggested that as many as 10,000 new 140-meter 
class objects, whose Earth impact probabilities will initially be non-zero, might be 
discovered in the next 20 years should an effort to discover and catalog these smaller 
objects proceed.  In addition, some NEOs are binary in nature, and accompanying bodies 
are themselves large enough to pose a hazard; these must also be included in deflection 
plans.   

The 270-meter diameter asteroid 99942 Apophis continues to be an object of interest, and 
the calculated probability of impact has varied as additional tracking data have been 
utilized to refine its orbit.  Presenters discussed the predicted 2029 close Earth flyby and 
the associated “keyhole,” the small region in space during the 2029 approach where 
Earth’s gravity would perturb the asteroid’s trajectory such that the subsequent 2036 
encounter would be an Earth impact.  A deflection effort for Apophis prior to the 2029 
keyhole would require more than four orders-of-magnitude less momentum transfer than 
after 2029, and good tracking data during the 2012-2013 apparition of Apophis is 
particularly critical for refining impact probabilities and deciding whether a deflection 
action is required before the 2029 close approach. As a note, there may be several 
deflection techniques, including slow-push techniques, that could be applied prior to 
2029; after that date, deflection options narrow to more energetic techniques—probably 
nuclear explosives. The Arecibo radar, which is scheduled for possible closure, is the 
most powerful instrument available for improving orbital accuracy and physically 
characterizing many NEOs making close passages to Earth. 

A related issue is bringing appropriate assets to bear in a cost-constrained environment.  
For example, the NASA report to Congress noted that there are civil and U.S. 
Department of Defense assets that could be leveraged for the NEO detection task.  There 
may also be international resources that should be integrated into these efforts. 

One potential requirement for PHOs might be "tagging" the object to permit precise 
tracking for several years.   The Planetary Society is conducting a global competition for 
a mission design to place a transponder on an asteroid, with a $50,000 privately funded 
prize.  Results from this competition should be studied as a first step for future 
considerations of tagging.  This competition may be a model for encouraging creative 
ideas for other aspects of planetary defense. 

There is continuing scientific uncertainty about the internal structure of NEO objects, 
with spacecraft imagery indicating that some smaller bodies are not solid, monolithic 
bodies, but so-called “rubble piles”—accumulations of smaller objects and debris held 
together by little more than their own self gravity.  These physical properties are 
important for assessing the effects and effectiveness of deflection and mitigation options.  
Missions to asteroids may be the only way such issues can be resolved.  

U.S. and Japanese missions to asteroids and comets are providing invaluable information 
on these bodies.  Presenters detailed results of the Japanese Hayabusa mission to asteroid 
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Itokawa and the proposed European Don Quijote mission.  The Hayabusa spacecraft is 
returning to Earth in 2010, hopefully with small samples of Itokawa obtained when it 
touched down on the asteroid’s surface.  Don Quijote is being planned to send an orbiter 
to an asteroid, where it will observe the effects of a kinetic impact on the object and on its 
orbit.  

 Recommendations 
2.1.1. Immediately initiate actions to locate threatening objects in the 140-meter to 

1-km size range. Objects smaller than 1 km, while certainly not “civilization 
killers,” are large enough to cause local devastation and large loss of life. Perhaps 
more significantly, objects of this class are much more likely to strike Earth 
during future decades than are larger objects.  The 1908 Tunguska event, caused 
by the entry of a NEO estimated to be 30-50 meters in diameter, leveled over 
2000 sq km of Siberian forest—an area larger than the Washington, D.C. 
metropolitan area.  Current technology limits our ability to detect and track many 
objects this small, but ground-based telescopes could, if adequately funded, 
discover and track a high percentage of potentially threatening 140-meter class 
NEOs in a reasonable time at a relatively low cost.4 The addition of a space-based 
infrared survey telescope could significantly increase the discovery rate and 
provide improved estimates of NEO sizes. 

2.1.2. Characterize Apophis and refine its orbit during the 2012-2013 apparition.  
Asteroid 99942 Apophis is the first known and tracked NEO that will pass close 
to Earth and present a real threat of impact within the next 30 years. The 2012-
2013 apparition presents the opportunity to substantially improve orbital 
predictions and determine whether the threat warrants future deflection action. 

2.1.3. Support the operation of facilities critical to NEO discovery, orbit 
determination, and tracking.  Discovery and precision orbit determination are 
the critical first steps in characterizing a NEO threat and initiating a mitigation 
action. Facilities and capabilities for collecting and quickly processing discovery 
data are essential.  The planetary radar at Arecibo is a unique national asset.  The 
facility has the world's best capabilities for determining the orbit of Apophis, as 
well as estimating its size and spin state, detecting accompanying bodies, helping 
resolve uncertainties in impact probability and projecting the scope of impact 
damage.  But plans call for this asset to be shut down and rendered unavailable 
during the 2012-2013 apparition of Apophis.  Its use during this period is very 
important for determining whether Apophis will be a serious threat to Earth in 
2036.  A similar need for this or an equivalent asset will exist as additional new 
objects are discovered.  

2.1.4. Initiate a program in collaboration with planetary science objectives for the 
in-situ characterization of PHOs. The effectiveness of deflection techniques is 
strongly influenced by the physical characteristics of the target NEO, yet we do 
not have a good understanding of the range of properties with which we might 
have to deal.  Characterization missions, related to both general and specific 
threats, are required to provide insight into the nature of the objects we may need 
to deflect.  Small and micro-spacecraft technology should be considered to reduce 
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example, the mere forecast of an impact could have tremendous implications for 
the value of land and for businesses in the impact zone; a failed or ineffective 
deflection attempt could result in a subsequent impact and serious damage to the 
original threat area or possibly another area.  

 2.5 Public Perception and Trust 
Low probability disasters come to the attention of policy makers and become part of the 
national and international agenda as the result of focusing events.9 These are infrequent, 
sudden and harmful events that become known to the public and to the government 
simultaneously. As attention-grabbers, they initiate a push to “do something” about 
redressing the situation and preventing its recurrence. A hurricane, earthquake, major oil 
spill or technological catastrophe can generate a “spike” in interest that typically peaks in 
a few weeks in the media and in a few months in governmental deliberations and then 
dissipates as other issues come to the fore. Typically it produces a two-year window of 
opportunity for preparing for similar disasters, a window that closes slowly in the absence 
of another focusing event.  

Progress occurs when there is an organized community of scientists and policy experts 
who push for new legislation during the window of opportunity. Such “policy 
entrepreneurs” have been highly successful promoting useful legislation following 
earthquakes, with the result that construction standards have improved consistently over 
the past hundred years. For example, earthquake policy entrepreneurs were instrumental 
in the drafting of the National Earthquake Hazard Reduction Act (NEHRA) of 1977. The 
key is a motivated and organized group of policy advocates that presses for efforts to 
mitigate the hazard and not just speed the flow of post-disaster relief. 

While no NEO impact disastrous to society has occurred yet, significant NEO detections 
and even low-level threat warnings provide windows of opportunity for educating the 
public and decision makers on the nature of this recently recognized problem. 
Additionally, major projects, such as developing a new NEO warning or mitigation 
system, may have focusing effects and further our mitigation efforts.10  In presenting risk, 
we must treat the threat seriously and act through established protocols that are 
understandable by the public.   

 Recommendations 
2.5.1. Engage and sustain the interest of professionals and practitioners from the 

social and behavioral sciences.  Even as effective detection and deflection 
strategies depend upon the best available knowledge from astronomy, physics, 
and engineering, effective warning and recovery depend upon utilizing the best 

                                                 
9 Birkland, Thomas A. After Disaster: Agenda Setting, Public Policy, and Focusing Events. Georgetown, 
DC: Georgetown University Press, 1997. 
10 Lowry, William. “Potentially Focusing Projects and Policy Change.” The Policy Studies Journal, Vol. 
34, no. 3, 313-335. 
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available knowledge from anthropology, psychology, sociology, political science, 
risk communication and related disciplines.  

2.5.2. Develop a strategy for educating elected and governmental officials and the 
public on the nature of the NEO threat and what to expect in regards to NEO 
detections and warnings.  The strategy should include ways to present sober, 
realistic assessments of the facts during periods of potential high risk and 
subsequent risk reduction efforts after refined orbit determinations are arrived at. 
The strategy should also consider enhancing understanding of our current abilities 
to discover threats and the potential for impacts to happen anytime without 
warning. One suggestion is to provide or enhance Internet sites to show how 
threats evolve and to illustrate possible action scenarios. A protocol for actions 
and notifications should be developed for threats that exceed predefined 
thresholds. 

2.5.3. Examine how social factors such as individual and group psychology, 
culture, and political and religious beliefs might affect the decision to move 
forward on a NEO deflection effort.  Individuals approach problems from a 
variety of viewpoints, and these factors are likely to be involved in discussions 
and decisions related to planetary defense and disaster recovery.  Experts involved 
in NEO science and technology must also be aware of these aspects of the 
problem—particularly when they are informing the public, decision makers or 
potential funders about their research implications.  A periodic survey on issues 
related to planetary defense may be a way to track progress in public 
understanding. 

3. Summary 
The 2007 Planetary Defense Conference focused on the current state-of-the-art of 
planetary defense-related technologies and legal, policy, political, and public-response 
issues that would affect the decision to mount a deflection campaign or to respond to a 
NEO-related disaster.  The broad sponsorship of the conference indicates that planetary 
defense is increasingly being accepted as a legitimate issue and goal internationally and 
domestically. 

The 19 recommendations presented in this White Paper are a result of presentations and 
discussions at the conference and subsequent interactions among conference participants.  
The hope of participants is that the recommendations contained herein will encourage 
serious, long-term efforts to develop and test technologies and to debate and enact 
policies that support protecting Earth from the threat of Near Earth Objects. 
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