Conference Summary and Recommendations
OVERVIEW
The 2019 International Academy of Astronautics (IAA) Planetary Defense Conference was held on April
29-May 3, 2019 in The Hotel at the University of Maryland located in College Park, Maryland. This was the
eighth in a series of conferences that began in 2004 in Anaheim, California, with subsequent conferences
in Washington, D.C. in 2007, Granada, Spain in 2009, Bucharest, Romania in 2011, Flagstaff, Arizona in
2013, Frascati, Italy in 2015, and Tokyo, Japan in 2017. The conference became associated with the IAA in
2009. Summary reports from conferences beginning in 2009 are available at http://pdc.iaaweb.org.
Individuals from five space agencies, government agencies, universities, several nonprofits, and
commercial companies served on the Organizing Committee for the 2019 conference, and several
members also served on the Local Organizing Committee. Members of both groups are noted in
ATTACHMENT 1. The Organizing Committee met monthly via telecon and developed the details of the
conference. Several also served as chairs of sessions, where they selected papers for presentation, invited
key speakers, and ran their sessions during the conference. The Local Organizing Committee selected the
conference venue, managed day-to-day details of the conference infrastructure, and managed
registration. Sponsoring organizations (see ATTACHMENT 2) provided funds to help keep the registration
costs low and make scholarships available for students and invited experts.
The conference was attended by 281 individuals, which included 22 students and 33 members of the
press. ATTACHMENT 3 provides a list of attendees; Fig. 1 is a group photo.

Figure 1. Conference Attendees (image credit: JHUAPL).
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As the Program given in ATTACHMENT 4 shows, the 5-day conference followed a single-track format,
meaning that all presentations were sequential, and all were presented in a plenary session. The goal was
that all attendees would receive the latest information on all aspects of planetary defense, including: what
we know about asteroids and comets; how a threatening object might be deflected or otherwise
mitigated; designs of deflection missions and campaigns; and consequences if an asteroid were to strike
our planet and how a disaster might be managed. Sessions concluded with discussions of how the public
should be notified of a threat and kept informed as the threat evolved, and also considered political and
policy issues that might affect the decision to take timely action. A total of 100 authors gave presentations
on their work, and there were 94 poster presentations, as well. Papers, detailed abstracts and
presentation materials are available at the conference website, http://pdc.iaaweb.org.
As with the 2013, 2015, and 2017 conferences, the 2019 conference included a tabletop exercise where
conference participants were presented with a hypothetical asteroid threat and asked to consider and
recommend specific actions that should be taken as the threat evolved. Goals of the exercises are to
illustrate how an actual threat of impact by an asteroid or comet might look and might evolve and help
understand:
•
•
•
•
•

Reactions and responses of the public, leadership, disaster responders
How information should be presented and made understandable to the public and leadership
Threat timelines and decisions leaders must be prepared to make as a threat evolves (e.g.,
commit resources for missions to assess and respond to the threat, disaster preparedness, and
possible disaster response)
“Hot buttons” that might affect timely decision making
Opportunities for international coordination and collaboration on threat mitigation.

The 2019 exercise included a pre-conference “press release” giving details of what was known about a
fictional object and the threat it posed when the conference began (there was a 1/100 chance the object
might impact Earth in eight years). The press release was posted on the conference webpage before the
conference to provide the opportunity for advance work by analysts, and background information and
details on the threat were presented to all conference attendees the afternoon of the first day. The subject
object of the exercise was an asteroid, but a separate threat posed by a fictional comet was also
introduced but not discussed as part of the exercise.
On the second day, the threat was updated based on new tracking data that showed the probability of
impact of the asteroid had increased to 10%. After presentation of information behind the new
prediction, attendees participated in discussions of what should be done given this information. Their
recommendations were passed to the decision maker for that day, who agreed that a mission should be
launched for a fast flyby of the oncoming object to collect information on its size, shape, and other
information to would refine the risk and inform a deflection mission should that be necessary. From that
point, the probability of impact of impact rose to 100%, and a deflection campaign using kinetic impactors
was launched. On the final day of the conference, participants discussed the outcome of the exercise.
Details on the threat and the exercise are presented in ATTACHMENT 5.
Conference highlights included the keynote address presented by The Honorable James Bridenstine, the
Administrator of the National Aeronautics and Space Administration (NASA), who emphasized the
importance of preparing for the eventually of an asteroid threat. A video of Administrator Bridenstine’s
presentation, and a videos of each speaker, is available at the conference website.
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At the conclusion of the conference, prizes were awarded for what were judged to be the best papers
submitted by students. These were:
First Prize:

Joe DeMartini, “Using a Discrete Element Method to Investigate Seismic Response
and Spin Change of 99942 Apophis During its 2029 Tidal Encounter with Earth”
Second Prize: Esther Drolshagen and Theresa Ott for their paper “NEMO: A Global Near Real-time
Fireball Monitoring System”
Third Prize: Yaeji Kim, “Assessment of Resurfacing Process on Apophis During the 2029 Earth
Flyby”
Honorable Mention: Mr. Artash Nath, a 7th-grade student from Canada, for his paper “Using
Machine Learning to Predict Risk Index of Asteroid Collision”

NEXT CONFERENCE: The United Nations Office of Outer Space Affairs (UNOOSA) will host the next
conference, which will be held on April 26-30, 2021 in Vienna, Austria.

SESSION HIGHLIGHTS:
As noted, the conference was a single-track conference, meaning that all presentations were given in a
plenary session.

Session 1: Key Developments
Speakers in Session 1 provided information on current activities and planned missions that relate to
planetary defense. Presenters described activities at the United Nations, the European Space Agency
(ESA), The U.S. National Aeronautics and Space Administration (NASA), and the Israel Space Agency (ISA).
Highlights were presentations on:
•

•

Recent United Nations activities that included a 2013 resolution that led to establishment of two
UN-endorsed organizations that will inform the United Nations of credible threats:
o International Asteroid Warning Network (IAWN) (http://www.iawn.net) is a virtual
network linking together the institutions performing functions such as discovering,
monitoring and physically characterizing the potentially hazardous NEO population. Its
work includes search-and-characterization of NEOs, providing input to emergency
management organizations, and communications with the media and general public.
IAWN aims to serve the global community as the authoritative source of accurate and upto-date information on NEOs and NEO impact risks – information that is available to all
countries.
o Space Mission Planning Advisory Group (SMPAG) (http://www.smpag.net) is laying out
the framework, timeline and options for initiating and executing space mission response
activities and promoting opportunities for international collaboration on research and
techniques for NEO deflection. Membership in SMPAG is open to all national space
agencies or governmental or inter-governmental entities that coordinate and fund space
activities and are capable of contribution to or carrying out a space-based NEO mitigation
campaign.
Recent accomplishments of IAWN and SMPAG include:
o A recommendation by SMPAG supporting asteroid orbit deflection demonstration
missions (such as the DART mission discussed later)
o Criteria and thresholds for action. Specifically:
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▪

•
•
•

•

•

IAWN shall warn of predicted impacts exceeding a probability of 1 % for all objects
characterized to be greater than 10 meters in size, or roughly equivalent to
absolute magnitude of 28 if only brightness data can be collected.
▪ Terrestrial preparedness planning is recommended to begin when warned of a
possible impact: Predicted to be within 20 years; Probability of impact is assessed
to be greater than 10 %; and the threatening object is characterized to be greater
than 20 meters in size, or roughly equivalent to absolute magnitude of 27 if only
brightness data can be collected.
▪ SMPAG should start mission option(s) planning when warned of a possible
impact: Predicted to be within 50 years; Probability is assessed to be greater than
1 %, and; Object is characterized to be greater than 50 meters in size, or roughly
equivalent to absolute magnitude of 26 if only brightness data can be collected
(this magnitude threshold would presume an albedo of approximately 3 %; i.e., a
possible dark object).
o SMPAG established an Ad Hoc Working Group on legal issues to review and assess legal
issues relevant to the execution of NEO deflection missions, both for test purposes and in
an emergency, and associated aspects of planetary defense.
o A roadmap for future work on planetary defense
UN General Assembly resolution 71/90 grants UNOOSA role as the secretariat to SMPAG and
declared 30 June International Asteroid Day to raise awareness globally about the NEOs, their
potential harmful impacts, and efforts in planetary defense.
SMPAG and IAWN participate in the sessions of the Scientific and Technical Subcommittee of
COPUOS and report annually to the Subcommittee on the progress of their work on planetary
defense.
European Space Agency (ESA) plans to
o Finish installation of Flyeye Telescope #01 and start its operation
o Start full operations of Test-Bed Telescopes, install #02 in La Silla and begin its operation
o Enhance cooperation with existing telescopes
o Build a fireball camera for a hosted payload
o Continue establishing international protocols for impact threat warning and response
o Implement Hera asteroid mission to validate NASA’s DART kinetic impactor test.
The planetary defense program of the United States, which includes;
o Establishment of the Planetary Defense Coordination Office (PDCO) in 2016 to manage
planetary defense related activities across NASA and coordinate with both U.S.
interagency and international efforts to study and plan response to the asteroid impact
hazard.
o PDCO’s mission is to lead national and international efforts to detect any potential for
significant impact of planet Earth by natural objects, appraise the range of potential
effects by any possible impact, and develop strategies to mitigate impact effects on
human welfare.
o Release of new White House “National Near-Earth Object Preparedness Strategy and
Action Plan” in June 2018.
o Plans for the launch of the Double Asteroid Redirection Test (DART) mission, which will
be launched in July 2021 and impact the moon of asteroid 65803 Didymos in September
2022 (more information on DART was included in session presentations).
The Israel Space Agency has joined SMPAG and IAWN, and a representative presented a summary
of its activities supporting planetary defense and related missions.
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Session 2: Advances in NEO Discovery and Characterization:
Authors presented 29 presentations in this session, which highlighted the latest information on what’s
being done to discover and characterize potentially threatening asteroids and comets. Key topics
included:
•
•
•
•

•
•
•

•
•
•

•

•
•

Migration of the NEO Dynamic Site (NEODyS) to ESA’s NEO Coordination Centre. NEODyS
computes the impact probability for NEOs just discovered or with recently updated astrometric
data and includes impact risk data for the next 100 years.
NEMO, a system that collects data from multiple sources on objects that regularly impact the
Earth’s atmosphere, are too small to be detected by NEO surveys, and cause bright fireballs.
A new impact monitoring system built by the Institute of Applied Astronomy of the Russian
Academy of Sciences.
Estimates that approximately 95% of Near Earth Asteroids larger that 1 km have been discovered
(and do not pose an impact threat in this century) and that the last few large NEAs are “mostly
hiding behind the sun in resonant orbits, thus will not ‘strike out of the blue’, but instead will
move into discoverable regions of sky long before a close approach or impact with the Earth.”
About 70% of objects greater than 140 m in size remain undetected.
Tunguska-sized impacts occur about once in three quarters of a millennium.
New discovery and follow-up capabilities of: Catalina Sky Survey; the Asteroid Terrestrial-impact
Last-alert System (ATLAS); Pan-STARRS; NEOWISE; the 4.1-m Southern Astrophysical Research
(SOAR) Telescope; NASA’s 3.0-m Infrared Telescope (IRTF) facility; the 4.3-m Discovery Channel
Telescope; Las Cumbres Observatory’s global telescope network; the UH-2.2m telescope; the 1meter telescope at Pic du Midi, France; two smaller telescopes in Romania; and the coming Large
Synoptic Survey Telescope (LSST) and NEOCam systems (see below).
Arecibo radar observations of PHAs.
The role and planned upgrades of the Minor Planet Center.
Estimates that there are 6100 bolide events that result in meteorite falls, with 1800 of these falls
over land. Estimates are that ¼ of the falls over land result in damage. There is no clear indication
of an excess in the distribution of falling meteorites and fireballs with date or solar longitude.
Manx (nearly tailless) comets will approach the inner solar system at high velocities. They appear
to be made of rocky material like asteroids and have higher densities than long-period comets.
Manx comets would likely have short warning times and would impact hard.
Using the boulders on the surface of asteroids Ryugu and Bennu as clues to the formation of topshaped morphologies.
The proposed Near-Earth Object Camera (NEOCam), which would be placed in a Sun-Earth L1
orbit. NEOCam is optimized to find and characterize the risks posed by potentially hazardous
objects (PHOs), both as individual objects and as populations and thousands of short- and longperiod comets. NEOCam is expected to see hundreds of thousands of NEOs smaller than 140
meters. (At the end of the conference, participants approved a resolution supporting the
development and launch of the NEOCam mission)

Session 3: Apophis
This session was added to begin special focus on what might be learned during the coming very close
approach to Earth by asteroid 99942 Apophis on Friday, April 13, 2029—less than 10 years away. Apophis
has a mean diameter of 340+/-40 meters, will pass within the geosynchronous ring where many television
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relay and weather satellites reside, but will not impact Earth during this pass or pass through a keyhole
that will place it on a resonant return trajectory. Highlights from this session include:
• The unknown size of the Yarkovsky acceleration on Apophis is the largest source of uncertainty in
the distance of the 2029 close approach to Earth. Attempts are being made to directly measure
the Yarkovsky acceleration of Apophis from an extensive set of astrometric data to provide a
better constraint on the size of the acceleration and ascertain whether Apophis remains an impact
threat in 2068.
• The close approach will provide an opportunity to estimate of Apophis’ moments of inertia and
center of mass, providing insight on interior structure.
• Possible structural changes on Apophis due to the gravitational pull Earth produces may be
measurable.
• An Apophis rendezvous mission is conceivable
• There are many possible encounter missions that include possible flybys, orbit and possible
placement of landing of small devices, possibly including a seismometer to detect and measure
tidal interactions with Earth and the Sun.
• Goldstone and Arecibo delay-Doppler radar images obtained before and after the flyby in 2029
should reveal changes to the asteroid's spin state and might reveal subtle changes on the surface.
• The best Goldstone images will have range resolution as fine as 1.875 m. Arecibo will use their 7.5
meter imaging capability.
It was noted in this session that in addition to the Apophis flyby, there are six very close flybys by other
potentially hazardous objects in the late 2020s. The largest of these is by 2001 WN5 on June 26, 2028.
That object will pass Earth at 0.65 Lunar Distances and has a size of 0.93 km.

Session 4: Deflection and Disruption Models and Tests
This session focused on how a threatening object might be deflected or disrupted and recent testing of
mitigation approaches. Highlights were:
• Detailed impact modelling in preparation for the Double Asteroid Redirection Test (DART). DART
impact, scheduled for 2022, is the first direct test of an asteroid deflection technique and provides
critical information to understand what we can do to protect our planet.
• The DART mission will measure the momentum transferred by the impact of DART on the moon
of Didymos, Didymos-B, via its effect on the orbit of Didymos-B around Didymos.
• Impact modelling shows that Impact angle, controlled both by local topography and broader
asteroid shape, makes a major contribution to the measurable delta-v imparted to Didymos-B by
the DART impact and to Beta ( is momentum transferred to the object by the spacecraft’s impact
divided by momentum of the impacting vehicle; the momentum transfer can be enhanced by
ejecta leaving the impact area).
• Porosity, strength, and composition effects on the delta-v may be small compared with impact
geometry effects.
• A more diffuse spacecraft with voids will probably be less effective as a penetrator, altering the
results and most likely reducing ejecta and .
• Models including realistic spacecraft shapes and internal density profiles result in different
predicted craters and  than simplified projectiles.
• The type of porosity in the target affects the momentum transferred and resultant velocity change
following impact. Impacts into matrix/regolith may cause local disruption of boulders, adding to
ejecta and momentum enhancement.
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•

ESA’s Hera mission would arrive at Didymos-B several years after the DART impact and would
perform detailed measurements that would enable validation of numerical predictions. Hera
would collect data on the morphology and size of the DART crater, make bulk density
measurements, conduct an asteroid surface survey, and the returned data would help derive a
surface cohesion estimate. (Given the critical nature of the measurements and the unique
opportunity created by DART, conference attendees approved a resolution strongly supporting
the Hera mission)

Session 5: Mitigation Campaign Design
Presentations in this session discussed design of mitigation missions, campaigns that would deliver
deflection techniques to an approaching body, and missions that would position asteroid detection
resources in orbital positions that would enable detection and characterization of objects approaching
Earth from the direction of the sun.
• Adapting flight-proven Mobile Asteroid Surface Scout(s) (MASCOTs) for fast flyby missions as well
as landing on the surface and characterizing potentially threatening asteroids.
• Designing a mission to move fictitious asteroid 2019 PDC using a modestly-sized nuclear explosive
device.
• Concepts for using a 6-U CubeSat for the Hera mission, which would characterize the effects of
the DART impact on Didymos-B and collect the first detailed investigation of a binary asteroid.
• A renderer and camera emulator for NASA’s DART mission.
• Detailed overview and challenges of the DART mission.
• The design of the Near-Earth Object Camera (NEOCam), an instrument optimized for detecting
moving objects that has no moving parts save for the aperture cover. NEOCam, a space-based
telescope with infrared NEO detection capabilities would greatly accelerate completion of the
search for as-yet undiscovered potentially hazardous objects and also provide enhanced remote
characterization of those objects.
• A concept where two low-cost satellites would orbit L1, which would enable detecting Near Earth
Asteroids (NEAs) coming from the Sun up to one day before possible collision with the Earth and
provide warning time of 4 to 10 hours.

Session 6: Impact Consequences and Disaster Response
Presenters in this session discussed modelling of airbursts and impact effects and potential
consequences of large object entries and of resources that detect entries of large meteors. UN Office
of Outer Space Affairs support of planetary defense and related disaster management planning was
also described.
• Overview of atmospheric injection of materials following impacts of kilometer-sized asteroids and
suggestions for future work to characterize these effects.
• Ongoing work to characterize how asteroid properties affect breakup, resulting energy
deposition, and potential damage on the ground.
• Comparing output from semi-analytic asteroid airburst models to hydrocode predictions, with
conclusions that individual models have several uncertain parameters that are poorly defined and
make a noticeable difference on the outcomes. Initial testing shows that the initial mass loss is
faster in hydrocodes than semi-analytical models and that the spreading ratio is far smaller.
• Good agreement with Tunguska observations is achievable using a semi-analytical model.
• There is no single effective Height of Burst (HoB) for an asteroid entry. A superposition of multiple
HoB’s based on full energy deposition curve would be a more accurate heuristic. An
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•

•

•
•

•

•

approximation that uses static burst at altitude at peak energy deposition (or 50% energy loss)
may overestimate damage in some cases and underestimate it in others. It is recommended that
a probabilistic asteroid impact risk model should be recalculated to account for this effect to
determine if it makes significant difference in the bottom-line risk assessment.
Evaluation of detections by the Comprehensive Nuclear-Test-Ban Treaty Organization (CTBTO)
International Monitoring System (IMS), which fuses and screens infrasound measurements
collected from worldwide sensors, found that only 12% of all JPL fireballs for E>0.08 kT (roughly
meter-sized) are recorded by CTBTO in the Reviewed Event Bulletin (REB); 40% of all JPL fireballs
for E>1 kT (~2-m sizes) are recorded in REB; and more than 90% of all 1-kT fireballs are detectable
by the current network.
An analysis of a glass-strewn field in Chile indicate that a Super-Tunguska fireball(s) over Chile
~12,500-13,000 years ago generated widespread glasses and strong winds. The object was likely
a rubble pile, with trapped grains indicative of a primitive body consistent with a volatile-rich
carbonaceous or comet. Humans likely witnessed the event.
Advantages of using parallel Graphics Processing Units (GPU) for computationally intensive
applications, such as modelling hypersonic flow around an asteroid.
Given a predicted asteroid entry, parameterizations may enable fast predictions of energy release
in the atmosphere, overpressures on the ground, wind speeds, radiation, and cratering. Where
parameterizations are not accurate enough, shock physics code results can cover the range of the
input space. The authors suggest that accuracy of this approach be tested against observed
meteors.
Using initial baseline values, the disintegration altitudes of stony and iron asteroids for the 2019
PDC asteroid entry scenario are 42.3 km and 12.3 km, respectively, and the airburst altitudes are
5 km and 0 km, respectively. Uncertainty of input parameters will have a large influence on the
initial disintegration altitude, airburst altitude, etc., which will affect the range of ground damage
to a great degree. The most influential input parameters include asteroid diameter, entry angle,
cloud mass fraction, and luminosity coefficient. The study concluded that the damage radius of
4-psia overpressure for Earth impact by the asteroid 2019 PDC is from 30 to 84 km, while the
damage radius of third-degree burns is from 6 to 135 km. The study notes that input parameters
are uncertain, and airburst is regarded as a point explosion at the altitude of maximum energy
disposition.
An overview of the United Nations Platform for Space-Based Information for Disaster
Management and Emergency Response (UN-SPIDER) and how the UN Office of Outer Space Affairs
supports planetary defense and related disaster management planning.

Session 7: Issues Affecting the Decision to Act
Presenters discussed legal issues associated with planetary defense, the importance of developing a
decision process before a real threat is discovered, and elements of a mandate for States that might
undertake planetary defense actions.
• Several international law rules are applicable to the conduct of planetary defense missions. Some
additional steps could be taken to:
o Ensure that planetary defense missions are carried out in conformity with international
law and
o Enhance legal certainty, diminish political concerns, and increase international
acceptance for proposed planetary defense measures.
• In the case of a NEO impact threat emergency situation, there will be limited time to make
decisions and take action, and instruments for potential future planetary defense missions could
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•

be developed in advance to address important points that should be considered before action is
taken to mitigate a NEO impact threat.
Elements of a mandate for State(s) carrying out the planetary defense mission should include:
o A draft agreement by the potentially affected State(s) and the State(s) capable and willing
to conduct the mission
o Modalities for the cooperation among States participating in the mission as well as
common procedures to undertake the mission
o Modalities for the dissemination of information regarding NEO impact threats
o Generally agreed criteria for the selection of planetary defense methods
o Parameters for the authorization for certain planetary defense technologies, most
importantly nuclear explosive devices (NEDs).
o Safety standards for the conduct of planetary defense missions

Session 8: Communications to the Public
Communications to the public will be critical in the event an actual threat is discovered. Presenters
summarized recent developments:
• The International Asteroid Warning Network (IAWN) is an UN-endorsed partnership of scientific
institutions, observatories, space agencies and other interested parties that perform
observations, orbit computation, modeling and other scientific research related to the impact
potential and effects of asteroids and comets.
o IAWN endeavors to foster a shared understanding of the NEO hazard and optimize the
scientific return on these small celestial bodies.
o IAWN is specifically tasked with developing a strategy using well-defined communication
plans and protocols to assist Governments in the analysis of asteroid impact
consequences (and in the planning of mitigation responses).
o IAWN has prepared a guideline template in the event of a pending, credible real-world
impact event. The rationale for these communications guidelines is to provide correct,
clear, and concise information on the nature of an impact hazard. The product provides
a “playbook template” that IAWN (and SMPAG) can quickly reference, including the
thresholds and criteria already outlined in Session 1.
o An IAWN website has been created (http://www.iawn.net).
• A recent IAWN communications workshop recommends
o Establishment of a 5-year plan and midterm actions for becoming the global trusted and
credible source of NEO information, notification and warning
o Employment of a full-time communications officer to oversee the development of the 5year plan.
o Define more concrete cooperation between UNOOSA and IAWN in areas of
communication with the general public, dissemination of NEO-related information (early
warning) to Member States, and capacity-building activities (through the UN-SPIDER
network).
o Recommendation to establish IAWN ad-hoc working group on communications.
• Asteroid search campaigns and naming campaigns provide opportunities to educate the public.
• The PDC threat exercise could be used to bring students in all age brackets, from multiple
disciplines and even from multiple universities together to collect data to determine whether and
how age and cultural behavior differences might affect how decisions are made.
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Academic material could be developed for all age brackets based on existing resources,
including JPL’s NEO Deflection app, Planetary Society educational videos, and from those
online who have been conducting similar activities.
o Over the long term, a coordinated effort on Asteroid Day (June 30th) 2020 (and/or in
parallel to the 2021 PDC) involving the public in schools in the US and around the world
could use this material for citizen science exercises.
Pertinent information about detecting, characterizing and mitigating NEO threats is dispersed
throughout different organizations. Scattered and unorganized information can have a significant
impact at the time of crisis, resulting in inefficient processes and decisions made on incomplete
data. A Planetary Defense Mitigation Gateway has been developed to provide a framework to
better integrate the dispersed, diverse pieces of information residing at different organizations
across the world. The gateway includes:
o A state-of-the-art smart search discovery engine based on PD knowledge base,
information mining, and reasoning;
o A document archiving and understanding mechanism for managing and utilizing the
results produced by the PD science community
o An evolving PD knowledge base accumulated from existing literature, using natural
language processing and machine learning
o A 3D visualization tool that allows viewers to analyze Near-Earth approaches in a threedimensional environment.

Media Panel Session
Discussion by a panel of invited journalists provided the following specific thoughts and
recommendations:
•
•
•
•
•
•
•
•
•
•
•

Reporters can live with uncertainty; don’t fudge on what you don’t know for sure—it’s OK to say
you don’t know.
Reporters expect patience from sources and a willingness to provide background in terms
understandable to laymen.
A good perspective is “Something you should know is...”
NASA’s Planetary Defense Coordination Office could produce a 10-minute video on planetary
defense for broadcast meteorologists in smaller towns nationwide as a way to make the general
public aware of what’s being done.
Experts should be careful with graphics (e.g., the risk corridor and its meaning).
Representatives of the media work hard to get it right, and “would much rather be corrected
during interviews than have to correct after publication.”
The media are particularly interested in breaking news, fundamental breakthroughs, and
“wondrous things.”
Experts should “get over” seemingly sensational headlines. The media won’t use scientific
language that’s not understandable to the general public.
We should consider using a bulletized format in “press releases” for our tabletop exercises and
possibly for real events. And possibly three levels of announcements for: 1) national/general
media, 2) emergency managers, 3) full-blown scientific information for experts.
The media prefers talking directly with experts in a timely fashion, noting that PR folks often get
in the way.
Technical experts should avoid speaking in too much technical jargon, but if they use technical
terms, they should translate. For example, explain what a risk corridor is/means and why a
member of the public should care.
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•

A teleconference could be a good way to get a consistent message out for a big event.

RESOLUTIONS AND RECOMMENDATIONS
Resolutions
At the end of the conference, participants voted to accept and strongly support three items:
1. Develop Plans for the Apophis Close Approach: The PDC 2019 recognizes the April 13, 2029 close
encounter (inside the distance of geosynchronous satellites) by the potentially hazardous asteroid
(99942) Apophis is a once-per-thousand-year natural event that will provide a unique opportunity
for advancing small body knowledge for both science and planetary defense. PDC 2019
encourages the community to continue to evaluate the opportunities that the flyby provides,
including prospects for advancing public outreach and education.
2. Support Development and Launch of ESA’s Hera Mission: PDC recognizes the criticality of testing
the kinetic impactor, as it is currently the most technologically mature planetary defense
technique. With the DART mission now in development and on track for a July 2021 launch and
September 2022 encounter with Didymos-B, Hera will maximize the collection of data on the
deflection test such as determining the momentum transfer efficiency via precise measurement
of the mass of Didymos-B. The community gathered at the PDC 2019 conference encourages all
ESA Member States to fully support ESA’s Hera mission for full implementation at the upcoming
Space19+ conference. This action will help understand the effectiveness of and gain confidence
in kinetic impactors as a means to deflect a threatening object and advance worldwide planetary
defense capabilities.
3. Support NEOCam Development and Launch: The PDC2019 conference participants are excited to
see the progress of the NEOCam team in developing their design. Multiple studies now support
the finding that the NEOCam space-based telescope, with its infrared NEO detection capabilities,
will greatly accelerate completion of the search for as-yet undiscovered potentially hazardous
objects. At the same time, NEOCam will also provide enhanced remote characterization of those
objects. Early detection and cataloging of those objects provide us with our best chance of
successfully defending ourselves against future Earth impacts. Additionally, the data collected by
NEOCam will expand our opportunities for future exploration, solar system science, and resource
utilization. Therefore, the planetary defense community gathered at the PDC conference
encourages the full funding of the NEOCam mission for flight development at the earliest
opportunity.

Recommendations from the Exercise
Legal aspects of planetary defense
•

More study of the legal aspects of planetary defense and incorporation of legal provisions into
planetary defense planning and preparation is warranted (e.g., during the hypothetical asteroid
threat exercise, a good-faith attempt to deflect the incoming asteroid did deflect the majority of
the asteroid's original mass from the original impact location (Denver, Colorado, USA) but still left
a fragment of damaging size on course to impact New York. This example raises questions about
the associated liabilities, legalities, etc., both domestically and internationally).

Deflection uncertainties
•

The uncertainties associated with the deflection imparted to a NEO via a nuclear device need to
be studied (similar to the way that "beta" is studied for kinetic impactors).
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•

Uncertainty in how much applied deflection "Delta-V" (change-in-velocity) an NEO can absorb
without accidental fragmentation continues to cause difficulties in designing and sizing NEO
deflection missions; e.g., When is the Delta-V too high? Will dividing the Delta-V into smaller
applications via multiple spacecraft avoid accidental NEO fragmentation? How many
spacecraft/launches are needed?) These considerations can dramatically affect the required size,
cost, complexity, and development timeline for mitigation missions and need to be understood
well enough for effective planning and implementation of missions in a real scenario.

Public Information
•
•
•

Develop improved designs for documentation, imagery, etc., intended for public communications
(e.g., improved ways to communicate scenario status with uncertainty, the concept of the "risk
corridor," etc.).
The planetary defense community should assess and enhance the capabilities of web-based
services likely to see large increases in traffic during a real scenario.
The community should develop proactive approaches to counteract conflicting information from
unreliable sources.

Mitigation
•
•

•

•
•
•
•

Nuclear device deflection modeling capabilities should be incorporated into the CNEOS NEO
Deflection App.
While an 8-year warning time is long enough to offer a wide range of space mission options to
mitigate the impact of a ~200 m asteroid, similar thresholds should be developed for shorter
warning times.
Solar Electric Propulsion (SEP) is an important enabling technology for missions to characterize
and mitigate the threat: it widens the envelope of possible space missions, especially for
rendezvous. Other advanced propulsion techniques (e.g., nuclear thermal propulsion) could
enable faster response times.
An early, fast-response characterization mission is highly recommended, and may be key to a
successful deflection campaign.
Great progress has been made in modeling impact effects; more work seems warranted in
modeling the physics of asteroid deflection (e.g., deflection vs. fragmentation vs. total disruption).
Use of nuclear explosive devices for asteroid deflection continues to face legal and political
concerns, but progress is being made in understanding the issues.
It’s important to maintain an accessible and searchable archive of past sky images. Such
“precovery” observations could be critical for enhancing orbit and risk predictions in shortwarning scenarios.

Participants also provided their thoughts and suggestions of items that should be considered by organizers
of the 2021 conference (will be held in the United Nations Facility in Vienna, Austria). These are
summarized in ATTACHMENT 6.
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ATTACHMENT 5: EXERCISE
The PDC 2019 asteroid threat exercise was developed by the following individuals:
JPL/Center for NEO Studies:
Paul Chodas, Javier Roa, Alan Chamberlin, Ryan Park, Marina Brozovic,
Stas Petropoulos, Jon Giorgini, Shigeru Suzuki
NASA Ames/Asteroid Threat Assessment Project:
Lorien Wheeler, Donovan Mathias, Clemens Rumpf,
Jessie Dotson, Michael Aftosmis
NASA Goddard Spaceflight Center:
Brent Barbee, Joshua Lyzhoft, Bruno Sarli
Sandia National Laboratories: Barbara Jennings, Bill Fogleman
Los Alamos National Laboratory: Mark Boslough
NASA/Planetary Defense Coordination Office:
Lindley Johnson, Kelly Fast, Linda Billings, Victoria Andrews
The Aerospace Corporation: Bill Ailor, Nahum Melamed
University of Maryland: Tim Spahr, Gerbs Bauer
The goals of the threat exercises used in this and the three previous conference are to:
•

Help us understand the reactions and responses of the public, leadership, and disaster
responders to an asteroid threat,
• Assess the best ways to present information to the media, general public, and leaders should an
actual threat be discovered and as responses to the threat are developed and executed,
• Understand decisions that leaders must be prepared to make (e.g., disaster preparedness,
disaster response, resource allocation),
• Uncover “hot button” topics that might affect timely decision making, and
• Understand how the world community might need to work together to respond to a serious
threat.
To assure realism, Dr. Paul Chodas and the exercise development team noted above defined an asteroid
threat that is representative of an actual threat and evolved as an actual threat might. For example, as
the charts show, for the 2019 conference, the threat begins on April 29, 2019 (the first day of the
conference) with discovery of an asteroid of 100 to 300 meters in size that may make a close approach to
Earth in about eight years. Shortly after discovery, it is determined that it will, in fact, make a close
approach to Earth and has a 1% chance of actually impacting our planet during that passage. At that
probability level, the International Asteroid Warning Network (IAWN) issued a notice that a threatening
object has been discovered, and information provided by IAWN was used to create the press release given
in Fig. 5-1. (It should be noted that one recommendation after the conference was that media
professionals should be involved in drafting press releases to assure content is easily and quickly digestible
by the media. Another recommendation was that IAWN itself should release this type of information.)

Day 1:

Dr. Chodas presented the charts shown in Figs. 5-2 and 5-3 giving background details on
information in first press release, which noted that the probability of impact was 1%, meaning that it was
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much more likely that impact would not occur. The information provided included a line of possible
impact points extending from the Pacific Ocean, across the United States, across the Atlantic Ocean and
into Africa. Impact could occur at a point on that line should the impact probability increase based on
additional data.

Day 2:

The IAWN provided an update of the threat representative of what was known on July 29, 2019,
showing what would be known given one month of additional observations of the object. Based on that
data, the impact probability has increased to 10%. (see Day 2 Press Release and Day 2 charts, Figs. 5-4
through 5-7), and impact, if it were to occur, would be at one point on the same red line as given on Day
1.
Given this information, conference attendees were asked to self-select to participate in one of the first six
discussion groups shown below. These groups were representative of groups that decision makers might
invite to provide information to help them decide possible actions that should be taken as the threat
evolves. Members were assigned to the seventh group, Leadership.
1. Discovery and Characterization Experts representing the International Asteroid Warning
Network, would provide the best information available on the nature of the approaching object—
its size, mass, shape, orbit, and possible impact corridor on Earth. The object’s physical and orbit
characteristics were essential for the Space Mission Planners and for predicting the consequences
of an impact, should one be predicted.
2. Space Mission Planners represented the Space Mission Planning Advisory Group, a UNsanctioned group of representatives of world space agencies who would develop and coordinate
defensive actions to observe and if necessary, deflect the threatening object. They would provide
their recommended actions, resource requirements, and timelines for launch campaigns to
deflect the object.
3. Disaster Response Planners, who would need to develop plans for managing evacuations and
other activities should the asteroid impact if nothing is done or if any planned mitigation actions
fail. These organizations might also help manage public response as the threat evolves and inform
space mission planners and leaders of lessons learned from past disasters that might be relevant.
4. Public Potentially Affected voice their concerns about potential effects on their homes and
communities and express their expectations of what they expect from their local, regional, and
national governments as the threat evolves.
5. Public Not Directly Affected would provide their perspective on the threat, the potential disaster,
and projected short- and long-term consequences should the object impact or should they
perceive that mitigation options pose a risk to them or their way of life.
6. Media. Providing timely, factual information to the public and to leadership about discovery of
the threatening object and as the threat evolves will be essential. This group will provide insights
on information the public needs to have and how that information might be presented.
7. Leadership. Decisions on actions to be taken were made based on inputs from the six groups
above.
Given this information, the exercise teams recommended that a fast flyby mission be authorized to collect
more accurate information on the object’s orbit, size and other characteristics. Groups also recommended
that space agencies begin development of missions to both characterize and, if necessary, deflect the
oncoming object.
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Day 3: Results of the flyby mission were reported, and it was found that, with high accuracy, the impact
would be in the Denver, Colorado area. The Press Release and predicted impact area are shown in Figs.
5-8 and 5-9, and Fig. 5-10 shows the path followed by the flyby observation mission. Fig. 5-11 provides
the impact footprint for the impact of the 180-meter object and the economic consequences to the State
of Colorado that would result. The impact would require evacuation of about 6500 km2.
Given the risk level and potential consequences, the exercise groups recommended initiation of
campaigns to both rendezvous with the object and deflect the oncoming object. Figure 5-12 provides
details of the rendezvous campaign, where two spacecraft would be launched to orbit the asteroid. An
option to have each orbiter carry a nuclear explosive device was rejected due to political and legal
objections). The deflection campaign would use six kinetic impactors to impart enough Delta-V to move
the object’s pass away from Earth. Flyby mission selection and timeline are given in Figs. 5-12 through 516. Fig. 5-15 shows the timeline of various mission options, key dates shown in Fig. 5-14. While not
authorized for use, requirements for a standoff nuclear detonation were developed and are given in Fig.
5-16.

Day 4: The Press Release for Day 4 (Fig. 5-17) reports that the kinetic impactors successfully deflected
the main portion of the asteroid away from Earth, but that a single 70-meter fragment remains and will
impact somewhere on the line shown in Fig. 5-18—a region with large population centers and significant
infrastructure. As Fig. 5-19 shows, the ground area affected is reduced to ~2000 km2.
A “last-ditch” deflection effort using a nuclear explosive is being considered, and details of that possibility
are shown in Figs. 5-20 and 5-21. The analysis concludes that explosion of a 300 KT nuclear device at 50
to 80 meters from the object 60 to 120 days before impact would likely prevent any significant effects on
Earth. The device would be carried to the object by a spacecraft using solar electric low-thrust propulsion
after launch by a Falcon Heavy launch vehicle. Given the objective to understand the disaster mitigation
aspects of a possible impact, the pre-scripted exercise assumed the “last-ditch” deflection attempt was
not used.

Day 5: The Press Release for Day 5 (Fig. 5-22) is based on refined estimates of the impact location over
a three-month period and recent radar observations, which have narrowed the impact point to the Central
Park area in New York City (Fig. 5-23). Discussions on that last day of the conference centered around the
need for a plan for such a catastrophe that would include mass evacuation of everyone in the disaster
zone--even people who did not want to leave. The plan would include communication to the public of
the likely outcome (total destruction of the area) and planning for permanent relocation of a very large
number of people. Since the region is a world financial center, plans must be made to move operations
and critical data to a safer location. Disaster response managers reported that planning for this
eventuality had been ongoing for the eight years preceding the Day 5 release.
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Figure 5- 1.First Inject: Press Release #1.

31

Figure 5- 2. First Inject: Initial threat corridor.
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Figure 5- 3. First Inject: Top: Red dots designate line of possible locations of the asteroid when it would
cross the vicinity of Earth on date given. Bottom: Orbits of Earth and asteroid at discovery.
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Figure 5- 4. Second Inject: Press Release #2.
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Figure 5- 5. Second Inject: Top: Line of possible impact points at discovery. Bottom: band of population
densities along line of possible impacts in continental U.S.
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Figure 5- 6. Second Inject: Population densities along possible impact corridor in Africa.

Figure 5- 7. Second Inject: Population centers at risk and impact probabilities.
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Figure 5- 8. Third Inject: Press Release #3.
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Figure 5- 9. Third Inject: Possible impact point (the Denver, Colorado, area).

Figure 5- 10. Third Inject. Orbit and encounter of fly-by mission to 2019 PDC.
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Figure 5- 11. Third Inject. Possible consequences of impact in Denver area.
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Figure 5- 12. Day 3: Details of possible campaign to deflect threatening asteroid.
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Figure 5- 13. Details of decisions on flyby mission and mission timeline.
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Figure 5- 14. Results of Flyby mission.
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Figure 5- 15. Updated information on asteroid and proposed fleet of vehicles carrying kinetic impactors
to deflect asteroid.
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Figure 5- 16. Information on possible use of nuclear explosive device(s) to deflect asteroid.

44

Figure 5- 17. Forth inject: Press Release #4.
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Figure 5- 18. Threat corridor and impact risk summary for Day 4.

46

Figure 5- 19. Area and population at risk.
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Figure 5- 20. Current status and possibility of asteroid disruption.
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Figure 5- 21. Asteroid disruption using nuclear explosive and sample launch options.
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Figure 5- 22. Final Press Release (Day 5).
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Figure 5- 23. Region of possible impact of smaller surviving object after deflection attempt.
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ATTACHMENT 6: COMMENTS AND CONSIDERATIONS FOR PDC2021
GENERAL COMMENTS
•
•
•
•
•

•
•
•

•
•
•

Media planning and media coverage were excellent. Regarding the exercise, the message came
through loud and clear – this is an exercise, not a real event. Web features about the tabletop
exercise (TTX), the Apophis session, and DART led to good reporting on all three.
It’s time to establish an International Journal of Planetary Defense. Ideally, this journal would be
online-only and open-access – preferably low- to no-fee. We should see who might host the
journal and consider assembling an editorial board.
We should consider adding an “early-career” mixer to PDCs, perhaps coordinating with the Space
Generation Advisory Council or the local AIAA chapter if held in the US. Might be able to find a
corporate sponsor for the event.
We should create an online, searchable archive of PDC documents.
We could use more panel discussions – maybe one a day. Agency representatives could be
handled as a panel, for example. Recent sessions on “communications to the public” or “public
education and communication” have been weak. We could either mention communications in
the call for papers and distribute any comms-related papers into other sessions or not solicit
comms-related papers but feature a panel discussion on communication issues one day - with
invited speakers. Disaster response might also be suitable for a panel discussion.
Invited speakers might be a good way to start off each session strong.
We need to show a slide before every morning and afternoon PDC session highlighting the day’s
events. Some attendees this year didn’t know about lunches and other peripheral events.
For the tabletop exercise, an exercise manager is a must. So-called press releases must be
prepared in advance. (And are they necessary?) Clearly a huge team of people had access to the
full details of the scenario well in advance of the PDC. Whoever is tasked with writing these
releases needs to be a member of this larger team that is involved in mapping out the exercise.
Perhaps the releases should be in an IAWN-approved format.
Conference participants expressed frustration at the contrived nature of the hypothetical asteroid
threat exercise, and at their inability to influence the exercise outcome. In general, the exercise
goals and format should be re-examined in view of these and other thoughts.
The realism of the hypothetical threat exercises could be enhanced by better incorporating
uncertainties and associated statistical models, etc.
Publishing the "Day 0" hypothetical threat exercise material online much farther in advance of
the conference abstract deadline could provide more opportunities for researchers to perform
meaningful studies on the hypothetical scenario.

COMMENTS ON THE EXERCISE
1.
Solidifying the orbital solutions, hypothetical observations, and resulting inferred physical
property bounds much earlier would help sort out potential issues in advance and allow all groups to
provide better assessments.
2.
We made some good progress in pre-planning and coordinating the physical property
assumptions for each scenario day, which made for more realistic and consistent assessments among the
groups. Hopefully we can continue to improve this level of consistency with more advance planning for
future exercises.
3.
When defining the object properties and uncertainties for each day, we should avoid simply taking
the actual object properties and adding a contrived “uncertainty” range around that value. The actual
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value should be permissible within an uncertainty range defined by a hypothetical observational capability
but should not define the nominal value of the uncertainty range. Doing this effectively requires the
evolution of knowledge throughout all scenario days to be planned together in advance, so that lastminute changes to later days don’t contradict assumptions used for earlier days after it is too late to
change them.
4.
Dividing up the presentation emphasis between the days where either broader probabilistic
results or more specific high-fidelity modeling and emergency response efforts were more relevant
seemed to work well. Again, earlier completion of scenario details and results would help to avoid lastminute scrambles and confusion in consolidating the presentation materials among the groups.
5.
Probabilistic risk assessment of uncertain mitigation mission deflections is a highly relevant aspect
of the impact threat response problem, and we should plan to include those results in future scenarios.
We had some very interesting and informative results to show for each of the proposed mitigation
missions this year. These results would have been very pertinent to a realistic decision-making process
comparing multiple options and demonstrated some of the important geo-political complications that
could arise from such decisions. Unfortunately, these results ended up being omitted due to last-minute
doubt about how they would be perceived or how they may complicate the storyline. For future exercises,
we hope that we can plan for more discussion and understanding of these kinds of results among the
teams earlier on in the process, so that they can be incorporated in a way that supports the mission
planning and decision-making storylines.
6.
Regarding the public role-play aspects of the scenario: It seems that there is difficulty in balancing
the opposing goals of making the exercise an engaging participatory experience for the audience and
media, and making the exercise have the most value for the core PD community. From the risk assessment
perspective, having multiple storylines or on-the-fly results would be challenging, but could be done with
enough pre-planning if it would add value. Precomputing results for alternate outcomes/decisions is
certainly doable given enough lead-time, but it seems we struggle with having enough lead-time even for
one fixed storyline. While that would probably add value to the audience-engagement goals, It’s not clear
whether the PD community would learn much more from multiple storylines than from doing a single
fixed storyline. It may just dilute how well we are able to treat each assessment case. Generating new onthe-fly results remotely during the conference would be challenging, due to the size of the datafiles that
have to be transferred to/from our supercomputers. Having a more dynamic scenario where we compute
and respond to different outcomes on-the-fly seems like it would be better-suited to internal exercises
among the key boots-on-the-ground groups, rather than to a large, publicized event where presentations
and messaging need to be more polished (requiring more lead time). From our perspective, the value of
the audience participation has mostly been insight into the kinds of questions people ask, and the kinds
of issues that the public seems most concerned with (e.g., how resistant the public is to use of nuclear
options even given considerable impact threat and possible lack of alternative options). That level of
feedback may be less dependent on giving participants actual control over the outcomes. If there were
more actual leaders involved, rather than participants acting in those roles, then the value of giving
participants additional options and control may be more worthwhile. However, that is just from the
standpoint of gaining feedback on risk assessment results, and there may be more value from other
perspectives.
7.
The announcements we use in PDC TTXs should not be called, or thought of, as press releases.
They're not suitable as such. IAWN announcements, maybe. But not press releases.
8.
We could have a concluding discussion at the end of our exercise to help create interest and
collect creative ideas.
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