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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) 

¶ άIƻǘ ōǳǘǘƻƴǎέ ǘƘŀǘ ƳƛƎƘǘ ŀŦŦŜŎǘ ǘƛƳŜƭȅ ŘŜŎƛǎƛƻƴ making 

¶ Opportunities for international coordination and collaboration on threat mitigation. 

The 2019 exercise included a pre-ŎƻƴŦŜǊŜƴŎŜ άǇǊŜǎǎ ǊŜƭŜŀǎŜέ ƎƛǾƛƴƎ ŘŜǘŀƛƭǎ ƻŦ ǿƘŀǘ ǿŀǎ ƪƴƻǿƴ ŀōƻǳǘ ŀ 
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 ǘƘŜ ŜǾŜƴǘǳŀƭƭȅ ƻŦ ŀƴ ŀǎǘŜǊƻƛŘ ǘƘǊŜŀǘΦ  ! ǾƛŘŜƻ ƻŦ !ŘƳƛƴƛǎǘǊŀǘƻǊ .ǊƛŘŜƴǎǘƛƴŜΩǎ 
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: WƻŜ 5ŜaŀǊǘƛƴƛΣ ά¦ǎƛƴƎ ŀ 5ƛǎŎǊŜǘŜ 9ƭŜƳŜƴǘ aŜǘƘƻŘ ǘƻ LƴǾŜǎǘƛƎŀǘŜ {ŜƛǎƳƛŎ wŜǎǇƻƴǎŜ 
and Spin Change of 99942 Apophis During its 202ф ¢ƛŘŀƭ 9ƴŎƻǳƴǘŜǊ ǿƛǘƘ 9ŀǊǘƘέ 

Second Prize:  Esther Drolshagen and Theresa Ott ŦƻǊ ǘƘŜƛǊ ǇŀǇŜǊ άb9ahΥ ! Dƭƻōŀƭ bŜŀǊ wŜŀƭ-time 
CƛǊŜōŀƭƭ aƻƴƛǘƻǊƛƴƎ {ȅǎǘŜƳέ 

Third Prize: Yaeji Kim, ά!ǎǎŜǎǎƳŜƴǘ ƻŦ wŜǎǳǊŦŀŎƛƴƎ tǊƻŎŜǎǎ ƻƴ !ǇƻǇƘƛǎ 5ǳǊƛƴƎ ǘƘŜ нлнф 9ŀǊǘƘ 
Cƭȅōȅέ 

Honorable Mention:    Mr. Artash Nath, a 7th-ƎǊŀŘŜ ǎǘǳŘŜƴǘ ŦǊƻƳ /ŀƴŀŘŀΣ ŦƻǊ Ƙƛǎ ǇŀǇŜǊ άUsing 
aŀŎƘƛƴŜ [ŜŀǊƴƛƴƎ ǘƻ tǊŜŘƛŎǘ wƛǎƪ LƴŘŜȄ ƻŦ !ǎǘŜǊƻƛŘ /ƻƭƭƛǎƛƻƴέ 

 

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 up-
to-date information on NEOs and NEO impact risks ς 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: 

file://///AGOHOME03/U09/WHA13320/My%20Documents/CORDS%20Folder/Meetings/2019%20PDC/Post%20Conference/Summary%20Report/(http:/www.iawn.net
http://www.smpag.net/
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Á 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. 

Á 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. 

Á 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 NASAΩs 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 t5/hΩǎ Ƴƛǎǎƛƻƴ ƛǎ ǘƻ ƭŜŀŘ ƴŀǘƛƻƴŀƭ ŀƴŘ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ŜŦŦƻǊǘǎ ǘƻ ŘŜǘŜŎǘ ŀƴȅ ǇƻǘŜƴǘƛŀƭ ŦƻǊ 
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 wŜƭŜŀǎŜ ƻŦ ƴŜǿ ²ƘƛǘŜ IƻǳǎŜ άbŀǘƛƻƴŀƭ bŜŀǊ-Earth Object Preparedness Strategy and 
!Ŏǘƛƻƴ tƭŀƴέ ƛƴ WǳƴŜ нлмуΦ 

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: 
!ǳǘƘƻǊǎ ǇǊŜǎŜƴǘŜŘ нф ǇǊŜǎŜƴǘŀǘƛƻƴǎ ƛƴ ǘƘƛǎ ǎŜǎǎƛƻƴΣ ǿƘƛŎƘ ƘƛƎƘƭƛƎƘǘŜŘ ǘƘŜ ƭŀǘŜǎǘ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ ǿƘŀǘΩǎ 
being done to discover and characterize potentially threatening asteroids and comets.  Key topics 
included: 

¶ Migration of the NEO Dynamic Site (NEODyS) ǘƻ 9{!Ωǎ b9h /ƻƻǊŘƛƴŀǘƛƻƴ /Ŝƴǘre.  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 
9ŀǊǘƘΩǎ ŀǘƳƻǎǇƘŜǊŜΣ ŀǊŜ ǘƻƻ ǎƳŀƭƭ ǘƻ ōŜ ŘŜǘŜŎǘŜŘ ōȅ b9h ǎǳǊǾŜȅǎΣ ŀƴŘ ŎŀǳǎŜ ōǊƛƎƘǘ ŦƛǊŜōŀƭƭǎΦ 

¶ 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) ŀƴŘ ǘƘŀǘ ǘƘŜ ƭŀǎǘ ŦŜǿ ƭŀǊƎŜ b9!ǎ ŀǊŜ άƳƻǎǘƭȅ 

hiding behind the sun in resonant orbits, thus will not Ψstrike out of the blueΩ, but instead will 

ƳƻǾŜ ƛƴǘƻ ŘƛǎŎƻǾŜǊŀōƭŜ ǊŜƎƛƻƴǎ ƻŦ ǎƪȅ ƭƻƴƎ ōŜŦƻǊŜ ŀ ŎƭƻǎŜ ŀǇǇǊƻŀŎƘ ƻǊ ƛƳǇŀŎǘ ǿƛǘƘ ǘƘŜ 9ŀǊǘƘΦέ   

¶ 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; b!{!Ωǎ о.0-m Infrared Telescope (IRTF) facility; the 4.3-m Discovery Channel 

Telescope; Las Cumbres ObservatoryΩǎ Ǝƭƻōŀƭ ǘŜƭŜǎŎƻǇŜ ƴŜǘǿƻǊƪ; the UH-2.2m telescope; the 1-

meter 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 top-

shaped 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 long-

period 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, 2029τless 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 ŜǎǘƛƳŀǘŜ ƻŦ !ǇƻǇƘƛǎΩ ƳƻƳŜƴǘǎ ƻŦ ƛƴŜǊǘƛŀ ŀƴŘ 
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 (b is momentum transferred to the object by the spacecraftΩs 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 b. 

¶ Models including realistic spacecraft shapes and internal density profiles result in different 

predicted craters and b 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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¶ 9{!Ωǎ IŜǊŀ Ƴƛǎǎƛƻƴ 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 emulatƻǊ ŦƻǊ b!{!Ωǎ 5!w¢ ƳƛǎǎƛƻƴΦ 

¶ 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 
Iƻ.Ωǎ ōŀǎŜŘ ƻƴ Ŧǳƭƭ ŜƴŜǊƎȅ ŘŜǇƻǎƛǘƛƻƴ ŎǳǊǾŜ 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 άplaybook templateέ 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 5-

year 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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o Academic material could be developed for all age brackets based on existing resources, 
including Wt[Ωs 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 three-
dimensional environment. 

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

recommendations: 

¶ Reporters can live with uncertainty; ŘƻƴΩǘ ŦǳŘƎŜ ƻƴ ǿƘŀǘ ȅƻǳ ŘƻƴΩǘ ƪƴƻǿ ŦƻǊ ǎǳǊŜτƛǘΩǎ hY ǘƻ ǎŀȅ 
ȅƻǳ ŘƻƴΩǘ ƪƴƻǿΦ 

¶ Reporters expect patience from sources and a willingness to provide background in terms 
understandable to laymen. 

¶ ! ƎƻƻŘ ǇŜǊǎǇŜŎǘƛǾŜ ƛǎ ά{ƻƳŜǘƘƛƴƎ ȅƻǳ ǎƘƻǳƭŘ ƪƴƻǿ ƛǎΦΦΦέ 

¶ b!{!Ωǎ tƭŀƴŜǘŀǊȅ 5ŜŦŜƴǎŜ /ƻƻǊŘƛƴŀtion Office could produce a 10-minute video on planetary 
defense for broadcast meteorologists in smaller towns nationwide as a way to make the general 
ǇǳōƭƛŎ ŀǿŀǊŜ ƻŦ ǿƘŀǘΩǎ ōŜƛƴƎ ŘƻƴŜΦ 

¶ Experts should be careful with graphics (e.g., the risk corridor and its meaning). 

¶ wŜǇǊŜǎŜƴǘŀǘƛǾŜǎ ƻŦ ǘƘŜ ƳŜŘƛŀ ǿƻǊƪ ƘŀǊŘ ǘƻ ƎŜǘ ƛǘ ǊƛƎƘǘΣ ŀƴŘ άǿƻǳƭŘ ƳǳŎƘ ǊŀǘƘŜǊ ōŜ ŎƻǊǊŜŎǘŜŘ 
ŘǳǊƛƴƎ ƛƴǘŜǊǾƛŜǿǎ ǘƘŀƴ ƘŀǾŜ ǘƻ ŎƻǊǊŜŎǘ ŀŦǘŜǊ ǇǳōƭƛŎŀǘƛƻƴΦέ 

¶ The media are particularly interested in breaking news, fundamental breakthroughs, and 
άǿƻƴŘǊƻǳǎ ǘƘƛƴƎǎΦέ 

¶ 9ȄǇŜǊǘǎ ǎƘƻǳƭŘ άƎŜǘ ƻǾŜǊέ ǎŜŜƳƛƴƎƭȅ ǎŜƴǎŀǘƛƻƴŀƭ ƘŜŀŘƭƛƴŜǎΦ  ¢ƘŜ ƳŜŘƛŀ ǿƻƴΩǘ use scientific 
language ǘƘŀǘΩǎ ƴƻǘ ǳƴŘŜǊǎǘŀƴŘŀōƭŜ ǘƻ ǘƘŜ ƎŜƴŜǊŀƭ ǇǳōƭƛŎ. 

¶ We should consider using a bulletized format in άǇǊŜǎǎ ǊŜƭŜŀǎŜǎέ ŦƻǊ ƻǳǊ ǘŀōƭŜǘƻǇ ŜȄŜǊŎƛǎŜǎ ŀnd 
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 DevelƻǇƳŜƴǘ ŀƴŘ [ŀǳƴŎƘ ƻŦ 9{!Ωǎ 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 
9{! aŜƳōŜǊ {ǘŀǘŜǎ ǘƻ Ŧǳƭƭȅ ǎǳǇǇƻǊǘ 9{!Ωǎ IŜǊŀ Ƴƛǎǎƛƻƴ ŦƻǊ Ŧǳƭƭ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ŀǘ ǘƘŜ ǳǇŎƻƳƛƴƎ 
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. 

ω     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. 

ω     An early, fast-response characterization mission is highly recommended, and may be key to a 
successful deflection campaign. 

ω     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). 

ω    Use of nuclear explosive devices for asteroid deflection continues to face legal and political 
concerns, but progress is being made in understanding the issues. 

ω     LǘΩǎ ƛƳǇƻǊǘŀƴǘ ǘƻ Ƴŀƛƴǘŀƛƴ ŀƴ ŀŎŎŜǎǎƛōƭŜ ŀƴŘ ǎŜŀǊŎƘŀōƭŜ ŀǊŎƘƛǾŜ ƻŦ Ǉŀǎǘ ǎƪȅ ƛƳŀƎŜǎΦ  {ǳŎƘ 
άprecoveryέ observations could be critical for enhancing orbit and risk predictions in short-
warning 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 1: ORGANIZING COMMITTEE 
NAME AFFILIATION   
William Ailor The Aerospace Corporation Co-Chair 
Brent Barbee* NASA Goddard Space Flight Center Co-Chair 
Gerbs Bauer* University of Maryland   
Bruce Betts The Planetary Society   
Mark Boslough University of New Mexico   
Marina Brozovic JPL   
Jual Cano Deimos Space   
Ian Carnelli European Space Agency (ESA)   
Nancy Chabot* APL   
Clark Chapman Southwest Research Institute   
Andy Cheng* APL   
Paul Chodas NASA Jet Propulsion Laboratory   
Jean-Michel Contant International Academy of Astronautics (IAA)   
Fabrice Dennemont International Academy of Astronautics (IAA)   
Gerhard Drolshagen Carl von Ossietzky University Oldenburg, Germany Co-Chair 
Victoria Friedensen NASA Headquarters   
Mariella Graziano GMV Aerospace   
Alan Harris (DLR) German Space Agency (DLR)   
Alan Harris (US) More Data!   
Curtis Iwata The Aerospace Corporation   
Barbara Jennings Sandia National Laboratories   
Lindley Johnson NASA Planetary Defense Officer   
Tom Jones Association of Space Explorers   
Alex Karl Space Generation Advisory Council   
Romana Kofler United Nations Office of Outer Space Affairs   
Detlef Koschny European Space Agency, ESA/ESTEC   
Rob Landis NASA Headquarters   
L.A. Lewis Federal Emergency Management Agency (FEMA)   
Ed Lu LeoLabs   
Amy Mainzer NASA Jet Propulsion Laboratory   
Nahum Melamed The Aerospace Corporation   
Patrick Michel Côte d'Azur Observatory   
David Morrison NASA Lunar Science Institute   
Jan Osburg RAND Corporation   
Marius-Ioan Piso Romanian Space Agency (ROSA)   
Gisela Poesges Ries Crater Museum   
Andy Rivkin* APL   
Margaret Simon* APL 
Michael Simpson Secure World Foundation   
Angela Stickle* APL   
Megan Syal Lawrence Livermore National Laboratory   
Marco Tantardini ARM Study, Keck Institute for Space Studies   
Giovanni Valscchi IAPS, INAF   
Karel van der Hucht International Astronomical Union (IAU)   
Makoto Yoshikawa Japan Aerospace Exploration Agency (JAXA)   

                                    *Member of Local Organizing Committee  
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ATTACHMENT 2: SPONSORS 
 

Primary Sponsors 

Airbus Defense and Space 

European Space Agency 

International Academy of Astronautics 

WƻƘƴǎ IƻǇƪƛƴǎ ¦ƴƛǾŜǊǎƛǘȅΩǎ !ǇǇƭƛŜŘ tƘȅǎƛŎǎ [ŀōƻǊŀǘƻǊȅ 

Lockheed Martin 

National Aeronautics and Space Administration 

Northrop Grumman 

The Aerospace Corporation 

The Planetary Society 

Sponsors  

Association of Space Explorers 

B612 Foundation 

GMV Aerospace 

International Astronautical Union 

Secure World Foundation 

Space Dynamics Laboratory 

Space Dynamics Services (SpaceDyS) 

 

Supporters 

American Institute of Aeronautics and Astronautics (AIAA) 

Space Generation Advisory Council 

United Nations Office of Outer Space Affairs (UNOOSA)  
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ATTACHMENT 3: ATTENDEES 
First Name Last Name Company 

Paul Abell NASA Johnson Space Center 

Elena Adams JHUAPL 

Michael Aftosmis NASA 

Harrison Agrusa University of Maryland 

William Ailor  The Aerospace Corporation 

Rudolf Albrecht Austrian Space Forum 

Alice Anderson Feature Story News 

Victoria Andrews NASA 

Steve Arnold JHU Applied Physics Laboratory 

Jacques Arnould Centre national d'etudes spatiales 

David Aswad  

Justin Atchison The Johns Hopkins Applied Physics Lab 

Myra Bambacus NASA 

Flavio Bandini Thales Alenia Space 

Brent Barbee NASA/GSFC 

Meghan Bartels Space.com 

James Gerbs Bauer University of Maryland 

Seth Baum Global Catastrophic Risk Institute 

Jacques Bedel Saint-Thomas Productions 

Jim Bell Arizona State University 

Harel Ben-Ami Israel Space Agency (ISA) 

Lance Benner JPL/Caltech 

George Berkheimer The Business Monthly 

Fabrizio Bernardi Space Dynamics Services  

Bruce Betts The Planetary Society 

Linda Billings NIA 

Richard Binzel MIT 

Mirel Birlan Paris Observatory 

Petr Bohacek Charles University 

Aaron Boley The University of British Columbia 

Mark Boslough Los Alamos National Lab 

Peter Brown Dept of Physics and Astronomy, Western University 

William Brown Colorado State University Pueblo 

Jared Brown Future of Life Institute 

Marina Brozovic Jet Propulsion Laboratory 

Megan Bruck Syal Lawrence Livermore National Laboratory 

Alexandria Bruner FEMA 

Juan Sebastian Bruzzone Catholic University of America 

Michael Buckley Johns Hopkins Applied Physics Lab 

Adriano Campo Bagatin Universidad de Alicante 

Juan Cano ESA / ESRIN 

Sean Carey IPAC/Caltech 

John Carrico  

Nancy Chabot JHU/APL 

Clark Chapman Southwest Research Inst. (retired) 

Serge Chastel Institute for Astronomy - University of Hawai`i 

Andrew Cheng JHU Applied Physics Lab 

Bin Cheng Tsinghua University 

Steve Chesley JPL 

Paul Chodas Jet Propulsion Lab 

Eric Christensen The University of Arizona 

Alberto Conti Ball Aerospace 

William Cooke NASA-MSFC 

Ben Corbin IDA Science and Technology Policy Institute 

Ivan Couronne Agence France-Presse 

Roc Cutri Caltech/IPAC 
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Terik Daly JHU/APL 

Doris Daou NASA 

Andrey Degtyarev Voice of America 

Jakob Deller MPI for Solar System Research 

Joseph DeMartini University of Maryland, College Park 

Larry Denneau University of Hawaii 

Joshi 

Yogeshkumar 

Dileepkumar International Astronomical Search Collaboration (IASC) / Poornima 

University, Jaipur 

Jessie Dotson NASA Ames Research Center 

Casey Dreier The Planetary Society 

Gerhard Drolshagen University of Oldenburg 

Esther Drolshagen University of Oldenburg 

David Dunham KinetX Aerospace, Inc. 

John Dyster Northrop Grumman Innovation Systems 

Alissa Earle MIT 

Michael Egan NGA 

Siegfried Eggl University of Washington / LSST 

Jacob Elliott Purdue University 

Martin Elvis Center for Astrophysics | Harvard & Smithsonian 

Carolyn Ernst JHU/APL 

Souheil Ezzedine LLNL  

Laura Faggioli ESA NEO Coordination Centre 

Eugene Fahnestock Jet Propulsion Laboratory 

Albert Falke Airbus 

Davide Farnocchia Jet Propulsion Laboratory, California Institute of Technology 

Kelly Fast NASA HQ 

Lee Finewood DOE/NNSA 

Dora Fohring Institute for Astronomy, University of Hawaii 

Jeff Foust SpaceNews 

Andrew Freedman Axios 

Darren Garber NXTRAC 

Deborah Gembara Reuters Television 

Alessandro Gianolio TU Delft 

Dawn Graninger Lawrence Livermore National Laboratory 

Tommy Grav Planetary Science Institute 

Bill  Gray Project Pluto 

Mariella Graziano GMV A&D  

Kevin Greenaugh DOE/NNSA 

Nell Greenfieldboyce National Public Radio 

Phil Groves Apophis Pictures LLC 

Jan Thimo Grundmann DLR German Aerospace Center Institute of Space Systems 

Alissa Haddaji Harvard Business School 

Alan Harris MoreData! 

Christine Hartzell University of Maryland 

George Helou Caltech/IPAC 

Alain Herique UGA / IPAG / CNRS 

Daniel Hestroffer IMCCE/Paris Observatory - CNRS 

Masatoshi Hirabayashi Auburn 

Catherine Hofacker Aerospace America 

Matthew Holman Center for Astrophysics, Harvard & Smithsonian 

Carrie Holt University of Maryland College Park 

Harry Horton Feature Story News 

Kirsten Howley Lawrence Livermore National Laboratory 

Nikolay Ivanovich SRIAM 

Venkataramaiah Jagannatha Jan University, Bengaluru 

Scott Janzwood University of Waterloo 

Nastassia Jaumen Voice of America 

Robert Jedicke University of Hawaii 

Ruediger Jehn ESA 
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Barbara Jennings Sandia National Laboratories 

Rosa Jesse European Space Agency 

Lindley Johnson NASA 

Gordon Johnston NASA Headquarters 

Thomas Jones Association of Space Explorers 

Lynne Jones  

Jason Kalirai JHU Applied Physics Laboratory 

Mathew Kaplan The Planetary Society 

Ozgur Karatekin Royal Observatory of Belgium 

Alex Karl IAF TC NEOs 

Michael Kelley NASA Headquarters 

MYUNGJIN KIM  Korea Astronomy and Space Science Institute 

Yaeji Kim Auburn University 

Patrick King University of Virginia/Lawrence Livermore National Laboratory 

Thagoon Kirdkao Learning Center for Earth Science and Astronomy 

Valarie Klavens Motivf Corporation 

Matthew Knight University of Maryland 

Romana Kofler United Nations Office for Outer Space Affairs 

Tomas Kohout University of Helsinki 

Detlef Koschny ESA 

David Kramer Physics Today 

Emily Kramer JPL/Caltech 

Steven Krein Northrop Grumman Innovation Systems 

Michael Kueppers European Space Astronomy Centre (ESA/ESAC) 

Bhavya Lal Science and Technology Policy Institute 

Burt Lamborn Space Dynamics Laboratory 

Rob Landis NASA 

Jeffrey Larsen University of Arizona 

Chatchai Leaorsrisuk Learning Center for Earth Science and Astronomy 

Dang Leining Hypervelocity Institute of CARDC 

Zigmond Leszczynski The Aerospace Corporation 

Ronald Leung NASA-GSFC 

Leviticus Lewis DHS/FEMA 

Ruthan Lewis NASA Goddard Space Flight Center 

Javier Licandro Instituto de Astrofisica de Canarias 

Eva Lil ly Planetary Science Institute 

Tyler Linder Astronomical Research Institute 

Tim Lister Las Cumbres Observatory 

Xiang Liu IPAC/Caltech 

Sen Liu Hypervelocity Institute, CARDC 

Randolph Longenbaugh NASA Ames Research Center 

Wayne Loschen Johns Hopkins University Applied Physics Laboratory 

Bertrand Loyer ST THOMAS PRODUCTIONS 

Edward Lu Asteroid Institute 

Robert Luther Museum für Naturkunde / Freie Universität Berlin 

Mark Lysek Jet Propulsion Laboratory 

Joshua Lyzhoft NASA - Goddard Space Flight Center 

Amy Mainzer JPL 

Robert Managan LLNL  

Franck Marchis Unistellar & SETI Institute 

Julian Marohnic University of Maryland, College Park 

Jim Marshall Space Dynamics Laboratory 

Waldemar Martens European Space Agency 

Javier Martín Ávila ESA ESRIN 

Frank Masci Caltech/IPAC 

Joseph Masiero NASA JPL 

Donovan Mathias NASA 

Daniel Mazanek NASA 

Lucy McFadden Goddard Space Flight Center 
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Sarah McMullan Imperial College London, UK 

Nishant Mehta JHU/APL 

Nahum Melamed The Aerospace Corporation 

John Mester Research, Discovery & Innovation 

Marco Micheli ESA NEO Coordination Centre 

Michael Miller  NASA 

David Morrison NASA 

Nicholas Moskovitz Lowell Observatory 

Shantanu Naidu Jet Propulsion Laboratory 

Abigail Nastan Jet Propulsion Laboratory 

Artash Nath École Secondaire Toronto Ouest 

Vikas Nath University of Toronto 

Nick Njegomir Los Alamos National Laboratory 

Melissa Nord WUSA 9 

Carrie Nugent Olin College of Engineering 

Joseph Nuth NASA GSFC 

Bill  Nye The Planetary Society 

Jan Osburg RAND 

Theresa Ott University of Oldenburg 

Mike Owen Lawrence Livermore National Lab 

Jang-Hyun Park Korea Astronomy & Space Science Institute 

Ryan Park Jet Propulsion Laboratory 

Anand Patel The University of Maryland College Park 

Matthew Payne Smithsonian Astrophysical Observatory 

Gershon Peaks Reuters Television 

Nicholas Perlongo The Aerospace Corporation 

Desmond Pilkington Lawrence Livermore National Laboratory 

Jeff Plescia Johns Hopkins University Applied Physics Laboratory 

Catherine Plesko Los Alamos National Laboratory 

Jean-Yves Prado PLATINEO 

Antonio Prado INPE 

Venkataramiah Purushothama Mysore University 

Sabina Raducan Imperial College London 

Emma Rainey Johns Hopkins Applied Physics Laboratory 

Yudish Ramanjooloo University of Hawaii-Manoa (IfA) 

KT Ramesh Jhu Hemi 

Shirish Ravan United Nations Office for Outer Space Affairs 

Carol Raymond JPL/Caltech 

Vishnu Reddy University of Arizona 

Cheryl Reed Johns Hopkins University Applied Physics Laboratory 

Tane Remington Lawrence Livermore National Laboratory 

Derek Richardson University of Maryland 

Andy Rivkin APL 

Javier Roa Vicens NASA / Caltech JPL 

Kevin Roark Los Alamos National Laboratory 

Darrel Robertson NASA Ames Research Center 

Zeeve Rogoszinski University of Maryland 

Clemens Rumpf NASA Ames Research Center & USRA 

Daniel Scheeres University of Colorado Boulder 

Gregory Schmidt NASA 

Nikola Schmidt Charles University 

Peter Schultz Brown University 

Robert Seaman University of Arizona 

Ishan Shams George Mason University 

Michael Shao Jet Prop Lab 

Fazle Siddique Applied Physics Lab 

Margaret Simon Applied Physics Lab 

Joshua Sloane  

Sarah Sonnett Planetary Science Institute 
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Kya Sorli Lawrence Livermore National Laboratory 

Timothy Spahr NEO Sciences, LLC 

Robert Spencer Department of Energy/NNSA 

Thomas Statler NASA Headquarters 

Bringfried Stecklum Thuringian State Observatory 

Duncan Steel Centre for Space Science Technology 

Cordula Steinkogler University of Vienna 

Eric Stern NASA 

Angela Stickle Johns Hopkins Applied Physics Laboratory 

Jason Surace IPAC/Caltech 

Justyna Surowiec Johns Hopkins University Applied Physics Laboratory 

Martin Svec Charles University 

Tim Swindle University of Arizona 

Erik Syrstad Space Dynamics Laboratory 

Gonzalo Tancredi Depto. Astronomia, UdelaR 

Marco Tantardini Presidency of the Council of Ministers 

Patrick Taylor Lunar and Planetary Institute 

Stacy Teng Institute for Defense Analyses 

Robert Terry Dr. Robert E. Terry, Independent Research Professional, LLC 

David Tholen University of Hawaii 

Cristina Thomas Northern Arizona University 

Jana Ticha Klet Observatory 

Milos Tichy Klet Observatory 

Devin Tierney Freelance 

Timothy Titus US Geological Survey 

Jessica Tozer Johns Hopkins Applied Physics Lab 

Evan Ulrich The Aerospace Corporation 

Dmitrii  Vavilov Institute of Applied Astronomy of the Russian Academy of Sciences 

Flaviane Venditti Arecibo Observatory 

Peter Veres Harvard-Smithsonian Center for Astrophysics 

Bruno Victorino Sarli NASA - Goddard Space Flight Center 

Anne Virkki  Arecibo Observatory/Univ. of Central Florida 

Paul Voosen Science 

Richard Wainscoat University of Hawaii, Institute for Astronomy 

James Walker Southwest Research Institute 

Maya Wei-Haas National Geographic 

Robert Weryk University of Hawaii 

Thomas Whalen University of Maryland 

Lorien Wheeler NASA Ames, RedLine Performance Solutions 

Bailey Williamson College of Charleston 

Jason Witry George Washington University 

Nancy C. Wolfson DC Media Tech Studies 

Lisa Wood Ball Aerospace 

Chaowei Yang George Mason University 

Donald Yeomans JPL 

Yang Yu Beihang University 

Anatoliy Zaremba The Aerospace Corporation 

Dongyue Zhao Beijing Institute of Technology 

Alan Zucksworth Miami Valley Astronomical Society 
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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), 

¶ ¦ƴŎƻǾŜǊ άƘƻǘ ōǳǘǘƻƴέ ǘƻǇƛŎǎ ǘƘŀǘ ƳƛƎƘǘ ŀŦŦŜŎǘ ǘƛƳŜƭȅ ŘŜŎƛǎƛƻƴ ƳŀƪƛƴƎΣ ŀƴŘ 

¶ 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 objectτ

its size, mass, sƘŀǇŜΣ ƻǊōƛǘΣ ŀƴŘ ǇƻǎǎƛōƭŜ ƛƳǇŀŎǘ ŎƻǊǊƛŘƻǊ ƻƴ 9ŀǊǘƘΦ  ¢ƘŜ ƻōƧŜŎǘΩǎ ǇƘȅǎƛŎŀƭ ŀƴŘ ƻǊōƛǘ 

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 UN-

sanctioned 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 

ƳƻǊŜ ŀŎŎǳǊŀǘŜ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ ǘƘŜ ƻōƧŜŎǘΩǎ ƻǊōƛǘΣ ǎƛȊŜ ŀƴŘ ƻǘƘŜǊ ŎƘŀǊŀŎǘŜristics. 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 

ǘƘŜ ƻōƧŜŎǘΩǎ Ǉŀǎǎ ŀǿŀȅ ŦǊƻƳ 9ŀǊǘƘΦ  Cƭȅōȅ Ƴƛǎǎƛƻƴ ǎŜƭŜŎǘƛƻƴ ŀƴŘ ǘƛƳŜƭƛƴŜ ŀǊŜ ƎƛǾŜƴ ƛƴ CƛƎǎΦ р-12 through 5-

16.  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. 5-18τa region with large population centers and significant 

infrastructure.  As Fig. 5-19 shows, the ground area affected is reduced to ~2000 km2.   

! άƭŀǎǘ-ŘƛǘŎƘέ ŘŜŦƭŜŎǘƛƻƴ ŜŦŦƻǊǘ ǳǎƛƴƎ ŀ ƴǳŎƭŜŀǊ ŜȄǇƭƻǎƛǾŜ ƛǎ ōŜƛƴƎ ŎƻƴǎƛŘŜǊŜŘΣ ŀƴŘ ŘŜǘŀƛƭǎ ƻŦ ǘƘŀǘ Ǉƻǎǎƛōƛƭƛǘȅ 

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-ǎŎǊƛǇǘŜŘ ŜȄŜǊŎƛǎŜ ŀǎǎǳƳŜŘ ǘƘŜ άƭŀǎǘ-ŘƛǘŎƘέ ŘŜŦƭŜŎǘƛƻƴ ŀǘǘŜƳǇǘ ǿŀǎ 

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. 
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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- 10. Third Inject. Orbit and encounter of fly-by mission to 2019 PDC. 

 

Figure 5- 9. Third Inject: Possible impact point (the Denver, Colorado, area). 
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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. 
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Figure 5- 17. Forth inject: Press Release #4. 


