2019 IAA Planetary Defense Conference:
29 April - 3 May 2019, Washington, DC Area, USA

http://pdc.iaaweb.orq/

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, Mamigdas tb

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, BughRogsania in 2011, Flagstaff, Arizona in
2013, Frascati, Italy in 2015, and Tokyo, dp2017. The conference became associated with the IAA in
2009. Summary reports from conferences beginning in 2009 are available at http://pdc.iaaweb.org.

Individuals fromfive space agencies, government agencies, universities, several nonprofits, and
commercial companieserved on the Organizing Committee for the 2019 confereraoed several
members also served on thiocal OrganizingGommittee. Members of both groups are noted in
ATTACHMENT. The Organizing Committee met monthly via telecon and deeel 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 dayo-day details of the conference infrastructure, and managed
registration. Sponsoring organizations (s&d TACHMEN) provided funds to help keep the registration

costs low and make scholarships available for students and invited experts.

The conference was attended 381 individuals which included®22 students and 33 members of the
press ATTACHMENIprovides a list of attendee§ig. lis agroupphoto.

Figure 1. Conference Attendg@sage credit: JHUAPRL)



As the Program given inTAACHMENZ shows, he 5-day conference followed asingletrack format,
meaning that all presentations were sequential, and all were presented in a plenary seBsmgoalvas

that all attendees would receive the latest information on all aspects of planetary defimchedingwhat

we know about asteroids and comethiow a threatening objectmight be deflected or otherwise
mitigated, designsof deflectionmissiors and campaigis; and consequences if an asteroid were to strike
our planetand how a disaster might be manage8essions conaed with discussions of how the public
should be notified of a threaand kept informed as the threat evolved, amdso consideregbolitical and

policy issues that might affect the decisiortéie timely actionA total of100authors @ve presentations

on their work, and there were 94 poster presentations, as well. Papers, detailed abstracts and
presentation materials aravailable at the conference website, http://pdc.iaaweb.org.

As with the2013, 2015, and 201@onferences, the 2019 conference incldda 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 evol¥&ohls of the exercises are to
illustrate how an actuathreat of impact by an asteroid or comet might look and might evaine relp
understand

1 Reactions and responses of the public, leadership, disaster responders
1 How information should be presented and made understandable to the pahtiteadership
1 Threattimelines and dcisions leaders must be prepared to malsea threat evolvege.g.,
commit resources for missions to assess and respond to the thisaster preparednesand
possibledisaster response)
T a1 20 odzid2yaé GKIFG Ywmkhgd | FFSOG GAYSEe& RSOA&AZR
9 Opportunities for internationatoordination anctollaboration on threat mitigation.
The2019exercise included ap@®2 Yy FSNBEY OS G LINBaa NBfSIFasSé¢ IAGAYy3IT R
fictional object and the threat it posed when the conference de¢ihere was a 1/100 chance the object
might impact Earth in eight yegrd'he press release was posted on the conference webpage before the
conference to provide the opportunity for advance work by analysts, lmaakground information and
detailson thethreatwere presented to all conference attendees the afternoon of the first @hg. 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 seond day,the threat was updated based on new tracking dtiat showed the probability of
impact of the asteroidhad increased to 10%. After presentation of information behind the new
prediction, attendees participated in discussiafswhat should be doa giventhis information. Their
recommendations were passed to the decision maker for that day, who agreed that a mission should be
launchedfor a fast flyby of the oncoming object to collect information on its size, shape, and other
informationto 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%, andeflection campaign using kinetic impactors
was launched. @the final day of the conference, participantssdussedtie outcome of the exercise.
Details on the threaaind the exercisare presened iNnATTACHMENT

Conference highlights included the keynote address presented by The Honorable James Bridenstine, the
Administrator of the National Aeronautics arfspace AdministratiofNASA) who emphasized the
importance of preparindor i KS S@Syiddzrfte 2F Fy | Aa0dSNRPAR GKNBI GO
presentation, andavideosof each speakeris available at the conference website.



At the conclusion bthe conference, prizes were awarded for what were judged to be the best papers
submitted by students. These were:

FirstPrizez: W2S 5Sal NIAYAX ! aiAy3da I 5Aa0NBGS 9fSYSyi
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NEXT CONFERENCH1e United Nations Office of Outer Space Affairs (UNOOSA) wiltHeoaext
confererce, which will be held on Ap&-30, 2021 in Vienna, Austria.

SESSION HIGHLIGHTS:

As noted, the conference was a singlack conference, meaning that all presentationere given in a
plenary session.

Session 1Key Developmeat

Speakers in Sessionptovided 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 (NASAg, lsrnakiSpace Agency (ISA).
Highlights were presentations on:

I Recent United Natiagactivities that included 2013 resolution that led testablishment of two
UN-endorsedorganizations that will inform the United Nations of credible threats

0 International AsteroidWarning Network IAWN (http:// www.iawn.ne) is a virtual
network linking together the institutions performing functions such as discovering,
monitoring and physically characterizing the potentially hazardous NEO piopuldts
work includes searchand-characterization of NEQgroviding input to emergency
management organizationand communications with the media and general public.
IAWN aimdgo serve the global community as the authoritative source of accurataupnd
to-date information on NEOs and NEO impact riskformation that is available to all
countries.

0 Space Mission Planning Advisory Group (SMR®®G)//www.smpag.ne) islaying out
the framework, timeline and optiomfor initiating and executing space missiesponse
activitiesand promoting opportunities for international collaboration on research and
techniques forNEO deflection Membershipin SMPAG ispen to all national space
agencies or governmental or intgovernmentakentities that coordinate and fund space
activities and are capable of contribution to@arrying out espacebasedNEO mitigation
campaign

1 Recent accomplishments of IAWN and SMPAG include:

o A recommendation by SMPA&upporting asteroid orbit deflection demonstration
missiongsuch as the DART mission dissed later)

o Criteria and thresholds for actiorSpecifically
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A 1AWN shall warn of predicted impacts exceeding a probabilitysfiat all objects
characterized to be greater than 10 meters in size, or roughly equivalent to
absolutemagnitude of 28 if only brightness data can be collected.

A 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 threaing 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.

A SMPAG should start mission option(s) planning when warned of a possible
impact: Predicted to bwithin 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 wouldrpsume an albedo of approximately 3 %; i.e., a
possible dark object).

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 emergegy, and associated aspects of planetary defense.

A roadmap for future work on planetary defense

1 UN General Assembly resolution 71/90 grants UNOOSA role as the secretariat to SMPAG
declared30 June International Asteroid D&y raise awareness globalgbout the NEOs, their
potential harmful impactsand effortsin planetary defense

1 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 wolllaraigoy
defense.

9 European Space Agency (ESA) plans to

(0]
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Finish installation of Flyeye Telescope #01 and start its operation

Start full operations of Tedted Telescopes, install #02 in La &illd begin its operation
Enhance cooperation with existing telesesp

Build a fireball camera for a hosted payload

Continue establishing international protocols for impact threat warning and response
Implement Hera asteroid mission to validdtdSA DARKinetic impactortest.

1 The planetary defense program of the United Statelsich includes;

(0]

(0]

(0]

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 astémpact

hazard.
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significant impact of planet Earth by natural objects, appraise the range of potential

effects by any possible impact, and develop strategies togat# impact effects on

human welfare.
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Plans for the launch of the Double Asteroid Redirection Test (DART) mission, which will

be launched in Julyd21 and impact the moon of asteroid 65803 Didymos in September

2022 (more information on DART was included in session presentations).

1 The Israel Space Agenws joined SMPAG and IAVXda representativeoresented a summary
of its activities supportinglpnetary defense and related missions.



Session 2: Advances in NEO Discovery and Characterization:

l dz K2 NB LINBaAaSY(iSR Hdop LINBaSyidalridizya Ay GKAa aSaaiz
being dameto discoverand characterize potentially tbatering asteroids and cometskKey topics

included

f  Migrationof the NEO Dynamic Site (NEOD§® 9{ ! Q& b9h r(e2NEQRSY I GA2Y [/
computes the impact probability for NEOSs just discovered or with recently updated astrometric
data and includes impacisk data for the next 100 years.
1 NEMO, a system thabllects data from multiple sources on objects that regularly impact the
9 NIKQ& FiY2ALKSNBE: INB G22 avlrftf G2 0SS RSGSO(
1 A new impact monitoring system buby the Institute of Applied Astronomy of the Russian
Academy of Sciences
1 Estimates that approximately 95%0Méar Earth Asteroids larger that 1 km have been discovered
(and do not pose an impact threat in this centutyy R G KIF 4 GKS 1 ad ¥Sg € N
hiding behind the sun in resonant orbjtthus will notgtrike out of the blu€but instead will
Y2@3S Ayi2 RAA020OSNIofS NBIA2ya 2F aile f2y3 o0ST
1 About 70% of objects greater than 140 m in size remain undetected.
Tunguskesized impacts occur abbance in three quarters of a millennium
1 New discovery and followp capabilities afCatalina Sky Survethe Asteroid Terrestriaimpact
Lastalert System(ATLAS)PanSTARRNEOWISEhe 4.1:m Southern Astrophysical Research
(SOAR) Telescope ! { ! .@ma Infrared Telescope (IRTF) facilttye 4.3m Discovery Channel
TelescopelLas Cumbres Observaténd 3t 20 | £ StheDaDnltdRscepiiied-2 NJ
metertelescopeat Pic du Midi, Francéwo smaller telescopes in Romanandthe comingLarge
Synoptic Survey TelescoflesSSfandNEOCansystemgsee below)
1 Arecibo radar observations of PHAs
The role and plamed upgrades of the Minor Planet Center
9 Estimates thathere are6100 bolide events that result in meteorite fallgith 1800 of thesdalls
over land. Estimates are that ¥ of the falls over land result in darfilagees is no clear indication
of an excess in thdistribution of falling meteorites and fireballs with date or solar longitude.
1 Manx (nearly tailless) cometdll approach theriner solar systemat high velocities Theyappear
to be made of rocky material like asteroidad have highedensities than longperiod comets
Manxcometswould likely have short warning times ancowld impact hard
9 Usingthe boulders on the surface afsteroids Ryugu and Bemas clues to the formation of top
shaped morphologies.
1 The proposedNearEarth Object Camera (NEOCamhich would beplaced in a Suiarth L1
orbit. NEOCanis optimized to ihd and characterize the risks posed by potentially hdaas
objects (PHOSs), both as individual objects and as populatiodghousands of shorand long
period comets NEOCam is expected to see hundreds of thousands of NEOs smaller than 140
meters. (At the end of the conferenceparticipants approved a re&dtion supportingthe
development and launch of the NEOCam mission)

=
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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 191 2@8s than 10 years away. Apophis

has a mean diameter of 34040 meters will pass within the geosynchronous ring where many television
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relay and weather satellites resideyt will not impact Earth during this pass pass through a keyhole
that will place it on a resonant return trajectarfdighlights from this session inckid
1 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 fram extensive sebf astrometric data to provide a
better constraint on the size of the acceleration and ascertain whether Apophis remains an impact
threat in 2068.
1 The close approach will provide an opportunityS8& G A Y §S 2F | LRLIKAAQ Y2YS
center of masgproviding insight on interior structure
9 Possible structural changes on Apophis dughe gravitational pullEarth producesnay be
measurable
An Apophis rendezvous mission is conceivable
There are many possible encounter missions that include plesfiijbys, orbit andpossible
placement of landing of small devices, possibly includisgismometerto detect and measure
tidal interactions with Earth and the Sun
1 Goldstone and Arecibo deldyoppler radar images obtained before and after the flyby(da®
should reveal changes to the asteroid's spin state and might reveal subtle changes on the surface.
1 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 sessiondhin addition tothe Apophisflyby, there are six very close flybyisy other
potentially hazardous objects the late 2028. The largestof these is by2001 WN5 on June 26, 2028
That object will pasgEarthat 0.65 Lunar Distances and has a size of kn®3

= =

Session 4: Deflection and Disruption Models and Tests
This session focused on how a threatening object might be deflected or disraptedecent testing of
mitigation approaches Highlights were:

91 Detailed impact modelling in preparation for the Dxde&1 Asteroid Redirection Test (DARJART
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.

1 The DART mission will measure the momoen transferred by the impact of DART on the moon
of Didymos, DidymeB, via its effect on the orbit of Didymd&@saround Didymaos.

1 Impact modellingshows that Impact angle, controlled both by local topography and broader
asteroid shape, makes a major cdbtrtion to themeasurable deltar imparted to Didymo$ by
the DART impatnd toBeta(b is momentum transferred to the objebly the spacecraf® impact
divided by momentunof the impacting vehiclethe momentum transfer can be enhanced by
ejecta leaving the impact arga

9 Porosity, strength, and composition effecté the deltav may be small compared with impact
geometry effects

1 A more diffuse spacecraft with voids will probably be less effectivepemetrator, altering the
resultsandmost likely reducing ejecta and

1 Models including realistic spacecraft shapes and internal density profiles result in different
predicted craters ant than simplified projectiles.

1 The type of porosity in the target affects the momentum transferred and resultant velocity change
followingimpact Impacts into matrix/regolith may cause local disruption of boulders, adding to
ejecta and momentum enhancement.



1

9{! Qa | S wauldafrivéiai DidyyiosB several years after the DART impact armalld
perform detailed measurements thatould enalde validaton of numericalpredictions Hera
would collect data on the morphology and size of the DART crater, make bulk density
measurements, conduct an asteroid surface survey, thedreturned data wouldhelp derive a
surface cohesion estimatdGiventhe 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 discusskgbign of ntigation 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 detecteomd characterizatioof objects approaching
Earth from the direction othe sun.

T
1
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Adapting flightproven 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 asterodd 2 PDC using a mostéy-sized nuclear explosive
device

Concepts for using a8 CubeSat for the Hera mission, which would characterize the effects of
the DART impact on Didym@sand collect the first detailed investigation of a binary asteroid.
Arendererand cameraemuiatNJ F2 NJ b! { ! Qa 5! w¢ YAaaAzy o
Detailed overview and challenges of the DART mission

The design of the Nedfarth Object Camera (NE&1), an instrument optimized for detecting
moving objects that has no moving parts save for the aperture cover. &gQGpacebased
telescope with infrared NEO detection capabilitigsuld greatly accelerate completion of the
search for aget undiscovered potentially hazardous objeatsd also provide enhanced remote
characterization of those objects.

A concept where two loveost satellites would orbit L1, which would enable detechilear Earth
Asteroids (NEAsEoming from the Sun up to one day before possible collision with the Earth and
provide warning time of 40 10 hours.

Session 6: Impact Consequences and Disasteoidesp
Presenters in this session discussemdelling of airbursts and impact effects and potential
consequencesf large object entries and of resources that detect entries of large metddis Office
of Outer Space Affairs suppat planetary defense antelated disaster management plannings
also described.

)l
T

1

1
)l

Overview of tmospheric injection of materials following impacts of kilomeséred asteroids and
suggesibns forfuture work tocharacterize these effects.

Ongoing work to characterize how astét properties affect breakup, resulting energy
deposition and potential damagen the ground.

Comparing output from ser@nalytic asteroid airburst models to hydrocode predictiongth
conclusions that individual models have several uncertain param#tatsre poorly defined and
make a noticeable difference on the outcomes. Initial testing shows that the initial mass loss is
faster in hydrocodes than seranalytical models anthat the spreading ratio is far smaller.

Good agreement with Tunguska obsatiensis achievable using semianalytical model.

There is no single effectideight of BurstfloB for an asteroid entryAsuperposition of multiple

1 2. Qa o0Fa&aSR 2y FdzZ f wlidSoEmemor®k ddciRade Ahéurigighin O dzNIJ S
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approximation thatuses static burst at altitude at peak energgposition (or 50% energy loss)
may overestimate damage in sornases and underestimate it in others.is recommended that
a probabilistic asteroid impact risk model should be recalculated to account foeffieist to
determine if it makes significant difference in the bottdime risk assessment.

1 Evaluation of detections by th€omprehensive NucledrestBan Treaty Organization (CTBTO)
International Monitoring Sstem (IMS), which fuses and screens infrasoumdasurements
collected from worldwide sensors, found that only 12% of all JPL firdbalis>0.08 kTroughly
meter-sized) are recorded by CTBTO in the Reviewed Event Bulletin4B®&B)f all JPL fireballs
for E>1 KT (~£n sizes) are recorded in REBd more than 90% of all4T fireballs are detectable
by the current network.

1 An analysis o& glassstrewn field in Chile indicate that a SupBunguska fireball(s) over Chile
~12500-13,000years agagenerated widespread glassasd strong winds. The obgt was likely
a rubble pile with trapped grains indicative of a primitive body consistent with a volaitile
carbonaceous or comet. Humans likely witnessed the event.

1 Advantages of sing parallel Graphics Processing UsniGPU)for computationally intensive
applications, such as modelling hypersonic flow around an asteroid.

1 Given a predicted asteroid entry, parameterizations may enable fast predictions of energy release
in the atmosphere, overpressures on the ground, wind speeds, radiation, and ngat§vihere
parameterizations are not accurate enoughpsk physics code resultancover the range of the
input space The authors suggest thaaccuracy of this approach be tested against observed
meteors.

1 Using initial baseline values, the disintegoatialtitudes 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, respectivel{dncertainty of input parameters will have a large influence on the
initial disintegration altitude, airburst altitudeetc, 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 lcmied that the damage radius of
4-psia overpressure for Earth impact by the asteroid 2019 RDfGom 30 to 84 km, while the
damage radius ahird-degree burns is from 6 to 135 km. The study notes that input parameters
are uncertain,and airburst is regeded as a point explosion at the altitude of maximum energy
disposition.

1 An overview of theUnited Nations Platform for Spad&ased Information for Disaster
Management and Emergency Response-GMDERINd how the UN Office of Outer Space Affairs
supportsplanetary defensand related disaster management planning

Session 7: Issues Affecting the Decision to Act
Presenters discussed legal issues associated with planetary detbesienportance of developing a
decision process before a real threat is disa@d, and elements of a mandate for States that might
undertake planetary defense actions.
1 Severainternational law rules are applicable to the conduct of planetary defense missgome
additional steps could be taken:to
0 Ensure that planetary defese missions are carried out in conformity with international
lawand
o0 Enhance legal certainty, diminish political concerns, and increase international
acceptance for proposed planetary defense measures
1 In the case of a NEO impact threat emergency sitmatthere will be limited time to make
decisions and take actioand nstruments for potential future planetary defense missions could

8



be developed in advance to address important points that should be considered before action is
taken to mitigate a NEO jpact threat
1 Elements of a mandate for State(s) carrying out the planetary defense m&woid include

(0]

(0]

o O

A draft agreement by the potentially affected State(s) and the State(s) capable and willing
to conduct the mission

Modalities for the cooperation ammy States participating in the mission as well as
common procedures to undertake the mission

Modalities for the dissemination of information regarding NEO impact threats

Generally agreed criteria for the selection of planetary defense methods

Parameters fo the authorization for certain planetary defense technologies, most
importantly nuclear explosive devices (NgD

Safety standards for the conduct of planetary defense missions

Session 8: Communications to the Public
Communications to the public will beritical in the event an actual threat is discovered. Presenters
summarized recent developments:

1 The International Asteroid Warning Network (IAWBIan UN-endorsedpartnership of scientific
institutions, observatories, space agencies and other interespedties that perform
observations, orbit computation, modeling and other scientific research related to the impact
potential and effects of asteroidand comets

(0]

(0]

(0]

IAWNendeavors to foster a shared understanding of the NEO hazard and optimize the
scientific return @ these small celestial bodies.

IAWN is specifically tasked with developing a strategy usingdegfied communication
plans and protocols to assist Governments in the analysis of asteroid impact
consequences (and in the planning of mitigation respojses

IAWN has prepared a guideline template in the event of a pending, crediblevosi
impact event. The rationale for these communications guidelines is to provide correct,
clear, and concise information on the nature of an impact hazard. The prpdmdgties

a dplaybook templaté that IAWN (and SMPAG) can quickly referenneluding the
thresholds and criteria already outlined $assion 1

An IAWN website has been created (http://www.iawn.net).

1 Arecent IAWN communications workshop recommends

= =
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Estalishment of a Syear plan and midterm actions for becoming the global trusted and
credible source of NEO information, notification and warning

Employment of dull-time communications officer to oversee the development of Bie
yearplan.

Define more con@te cooperation between UNOOSA andAWN in areas of
communicationwith the general publi¢c dissemination of NE®elated information (early
warning) to Member States and @pacitybuilding activities (througlthe UN-SPIDER
network).

Recommendation to estaish IAWN a¢hoc working group on communications

Asteroidsearch campaigns amthming campaignprovide opportunitesto educate the public.
The PDC threat exerciseould be used to bring students all age bracketsfrom multiple
disciplinesandeven fran multiple universitiesogether to collect data to determine whether and
how age andcultural behavior differences might affect how decisions are made.



o0 Academic material could be developtat all age bracketbased on existing resources,
includingWt sNED 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) 2axador in
parallel to the 2021 PD@wvolving the pblic in schools in the US and around the world
could usehis material for citizen science exercises

1 Pertinent information about detecting, characterizing and mitigating NEO threats is dispersed
throughout different organizations. Scattered and unorgadiggormation 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 dispersedjiverse pieces of information residing at different organizations
across the world.The gateway includes:

o0 A stateof-the-art smart search discovery engine based on PD knowledge base,
information mining, and reasoning;

0 A document archiving and understand mechanism for managing and utilizing the
results produced by the PD science community

0 An evolving PD knowledge base accumulated from existing literature, using natural
language processing and machine learning

o0 A3D visualization tool that allows viewes analyze NeaEarth approaches in a three
dimensional environment.

MediaPanel Session
Discussion by apanel of invited journali provided the following gecific thoughts and
recommendations:

f Reporters can live with uncertaintiR 2 y Qi F dzR T8 Re2yy QAiK |y Rep® &F 2MY aldaNBa

@2dz R2y Qi (y26d
1 Reportersexpect patience from sources and a willingness to provide background in terms
understandable to laymen.
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b! {! Qa tf I ySil Nibn GfisercdudipBddude 2 ADdRitE yideo on planetary
defense for broadcast meteorologists smaller townsnationwide as a way to make the general
LJzof AO F6FNB 2F 6KIFI(iQa 06SAy3d R2ySo

Experts should be careful with graphics (e.g., the risk corridortamddaning).
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1 The media are particularly interested in breaking news, fundamental breakthroughs, and
G o 2NIRdza GKAy3Iaodé

T 9ELISNIa akK2dzZ R a¢3Sd 2@SN¥ i IKSK yBEIR stianBiy2y Gk 2 v

languagdi K 6 Qa y20d dzyRSNAUOFYRIFI0tS (2 GKS 3ISYSNIf

f We should consider using a bulletized fornmatt LINS &a NXf SFasSaé¢ FadN 2 dzNJ

possibly for real events. And possilityee levels of announcemesitfor. 1) national/general
media, 2) emergency managers, 3)-hlbwn scientific informatiorior experts

1 The media prefers talking directly with experts in a timely fashion, notiagRR folks often get
in the way.

9 Technical experts should avasgealingin too much technical jarggrbut if they use technical
terms, they shouldranslate. For example, explain what a risk corridor is/meand why a
member of the public should care.
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1 Ateleconference could be a good way to get a consistent message out for a big event

RESOLUTIONS ARECOMMENDATIONS

Resolutions
At the end othe conference, participants voted to accept astdonglysupport three items:

1. DevelopPlarsfor the Apophis Clee ApproachThe PDC 2019 recognizes the April 13, 2029 close
encounter(inside the distance of geosynchronous satellitasthe potentially hazardous asteroid
(99942) Apophis is a onger-thousandyear natural event that will provide a unique opportunit
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. SupportDeve? LIYSY (i I YR [ Heday@sion PDT rezdgniz@sithe 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 Julya202h and
September 2022 encounter with DidymBs 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 DidymeB. The community gathered at the PDO1® conference encourages all
9{! aSYoSNI {dGFrGSa G2 FdzZ & adzZIR2NI 9{! Qa | SNI
Spacel9+ conferenceéhis action willhelp understand the effectiveness of and gain confidence
in kinetic impactors as a means tofidet a threatening object anddvance worldwide planetary
defense capabilities

3. SupportNEOCanbevelopment and LaunciThe PDC2019 conference participants are excited to
see the progress of the NEOCam team in developing their design. Multiple studiesippart
the finding that the NEOCam spaoased telescope, with its infrared NEO detection capabilities,
will greatly accelerate completion of the search forya$ undiscovered potentially hazardous
objects. At the same time, NEOCam will also provide ecéd 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 oppuanities 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
1 More gudy of the legal aspects of planetary defense and incorpiorabf legal provisions into
planetary defense planning and preparatisnwarranted(e.g., during the hypothetical tesoid
threat exercise, a goothith 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 impgdetv York. This example raises questions about
the associated liabilities, legalities, etisoth domestically and internationally

Deflection uncertainties

9 The uncertainties associated with the deflection imparted to a NEO via a nuclear device need to
be studied (similar to the way that "bet#& studied for kinetic impactors).
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1 Uncertainty in how much applied deflection "DeNd (changen-velocity) an NEO can absorb
without accidental fragmentation continues to cause difficulties in designing and sizing NEO
deflection missions; e.g., Whentise DeltaV too high? Will dividing the Deld 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, complexityand 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

1 Develop improved designs for documentation, imagery, etc., intended foligpcommunications
(e.g., improved ways to communicate scenario status with uncertainty, the concept of the "risk
corridor," etc.).

1 The planetary defense community should assess and enhance the capabilities -bhsezb
services likely to see large incees in traffic during a real scenario.

1 The community shouldevelopproactiveapproaches to counteract conflicting information from
unreliabke sources.

Mitigation

1 Nuclear device deflection modeling capabilities should be incorporated into the CNEOS NEO
Deflection App.

1 While aa 8year warning time is long enough to offer a wide range of space mission options to
mitigate the impact of a ~200n asteroid similar thresholds should be developed for shorter
warning times.

w 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 advangepropulsion techniques (e.g., nuclear thermal propulsion) could
enable faster response times.

w An early, fastesponse characterization mission is highly recommended may be key to a
successful deflection campaign.

w Great progress has been made rimodeling impact effects; more work seems warranted in
modeling the physics of asteroid deflectifng., aé&flection vs. fragmentation vs. total disruptipn

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

© LGQa AYLERNIFYyG G2 YFAYGFEAY |y 0088aar06fS8 yR

oprecoverg 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 ATTACHMEBIT
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ATTACHMENT 1: ORGANG COMMITTEE

NAME
William Ailor
Brent Barbee*
Gerbs Bauer*
Bruce Betts
Mark Boslough
Marina Brozovic
Jual Cano
lan Carnelli
Nancy Chabot*
Clark Chapman
Andy Cheng*
Paul Chodas
JeanMichel Contant
Fabrice Dennemont
Gerhard Drolshagen
Victoria Friedensen
Mariella Graziano
Alan Harris (DLR)
Alan Harris (US)
Curtis Iwata
Barbara Jennings
Lindley Johnson
Tom Jones
Alex Karl
Romana Kofler
Detlef Koschny
Rob Landis
L.A. Lewis
Ed Lu
Amy Mainzer
Nahum Melamed
Patrick Michel
David Morrison
Jan Osburg
Mariusloan Piso
Gisela Poesges
Andy Rivkin*
Margaret Simon*
Michael Simpson
Angela Stickle*
Megan Syal
Marco Tantardini
Giovanni Valscchi
Karel van der Hucht
Makoto Yoshikawa

AFFILIATION
The Aerospace Corporation CoChair
NASA Goddard Space Flight Center CoChair

University of Maryland

The Planetary Society

Universty of New Mexico

JPL

Deimos Space

European Space Agency (ESA)

APL

Southwest Research Institute

APL

NASA Jet Propulsion Laboratory
International Academy of Astronautics (I1AA)
International Academy of Astronautics (I1AA)
Carl von Ossietzky University Oldenburg, Germany CoChair
NASA Headquarters

GMV Aerospce

German Space Agency (DLR)

More Data!

The Aerospace Corporation

Sandia National Laboratories

NASA Planetary Defense Officer
Association of Space Expes

Space Generation Advisory Council

United Nations Office of Outer Space Affairs
European Space Agency, ESA/ESTEC
NASA Headquarters

Federal Emergency Management Agency (FEMA)
LeoLabs

NASA Jet Propulsion Laboratory

The Aerospace Corporation

Cote d'Azur Observatory

NASA Lunar Science Institute

RAND Corporation

Romanian Space AgencyORA)

Ries Crater Museum

APL

APL

Secure World Foundation

APL

Lawrence Livermore National Laboratory
ARM Study, Keck Institute for Space Stadi
IAPS, INAF

International Astronomical Union (IAU)
Japan Aerospace Exploration Agency (JAXA)

*Member of Local Organizing Committee
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ATTACHMENT 2: SPORSO

Primary Sponsors

Airbus Defense and Space

European Space Agency

International Academy of Astronautics

W2Kya | 2L0Aya ! YABSNEAGEQa ! LILIX ASR
Lockheed Martin

National Aeronautics and Space Administration

Northrop Grumman

The Aerospace Corpation

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 Aemautics and Astronautics (AIAA)
Space Generation Advisory Council
United Nations Office of Outer Space Affairs (UNOOSA)
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ATTACHMENT 3: ATTERB

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 dtudes 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 Catatrophic Risk Institute
Jacques Bedel SaintThomas Productions

Jim Bell Arizona State University

Harel BenrAmi 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 A®nomy, 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 Researchdt. (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
lvan Couronne Agence Franc®resse

Roc Cutri Caltech/IPAC
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Terik Daly JHU/APL

Doris Daou NASA

Andrey Degtyarev Voice of America

Jakob Deller MPI for SolarSystem Research

Joseph DeMartini University of Maryland, College Park

Larry Denneau University of Hawaii

Joshi Dileepkumar International Astronomical Search Collaboration (IASC) / Poornil
Yogeshkumar University, Jaipur

Jessie Dotson NASA Ames ResealcCenter

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 Populsion 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 AXxios

Darren Garber NXTRAC

Deborah Gembara Reuters Television

Alessandro Gianolio TU Delift

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 Haddaiji Harvard Business School

Alan Harris MoreDatad

Christine Hartzell University of Maryland

George Helou Caltech/IPAC

Alain Herique UGA /IPAG / CNRS

Daniel Hestroffer IMCCE/Paris ObservatoryCNRS

Masatoshi Hirabayashi Auburn

Catherine Hofacker Aerospace America

Matthew Holman Center for Astrophysics, Harvard & Simiionian
Carrie Holt University of Maryland College Park

Harry Horton Feature Story News

Kirsten Howley Lawrence Livermore National Laboratory
Nikolay Ivanovich SRIAM

Venkataramaiahl Jagannatha Jan University, Bengaluru

Scott Janzwood University of Wagrloo

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 Associdion 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 ath 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 Universty 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 Astirogo
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 Unersity Applied Physics Laboratory
Bertrand Loyer ST THOMAS PRODUCTIONS

Edward Lu Asteroid Institute

Robert Luther Museum fiir Naturkunde / Freie Universitat 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 Martin Avila 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 Researh, 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 Ecole Seondaire 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
JangHyun Park Korea Astronomy & Space Science Institute
Ryan Park Jet Propulsion Laboratory

Anand Patel The University of Maryland College Park
Matthew Payne Smithsonian Astrophysical Obsatory
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 Labotary

JeanYves 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 HawaiManoa (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 Researcenter & 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

Fade 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 Scien
Flaviane Venditti Arecibo Observatory

Peter Veres HarvardSmithsonian Center for Astrophysics
Bruno Victorino Sarli NASA - Goddard Space Flight Center

Anne Virkki Arecibo Observatory/Univ. dEentral 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 Yeomars 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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2019 IAA Planetary Defense Conference:

29 APRIL -3 May 2019

Page 3

DAY 1 Monday 29 April 2019
0800 REGISTRATION
0850 OPENING REMARKS: Conference Organizers
0900 WELCOME: Jason Kalirai, Civil Space Mission Area Executive, JHUAPL
0905 WELCOME: Welcome - GSFC
0910 KEYNOTE: The Honorable James Bridenstine, NASA Administrator
0940 BREAK |
SESSION 1: KEY DEVELOPMENTS
SESSION ORGANIZERS: Detlef Koschny, Lindley Johnson
1000 | IAA-PDC-19-01-01 The United Nations And Planetary Defence: Key Developments Following UNISPACE+50 In 2018 Kofler, DOSA
1012 | IAA-PDC-19-01-02 Planetary Defence India: Capability, future requirements, and Deflection Strategy for 2019 PDC Singh, ISRO
1024 | IAA-PDC-19-01-03 Planetary defence activities at the European Space Agency Jehn, ESA
1036 | IAA-PDC-19-01-04 Planetary Defense Program of the United States Johnson, NASA
1048 | IAA-PDC-19-01-05 Israel Space Agency & Planetary Defense Harel Ben-Ami,
ISA
SESSION 2: ADVANCEMENTS IN NEO DISCOVERY & CHARACTERIZATION
SESSION ORGANIZERS: Alan Harris (US), James (Gerbs) Bauer, Giovanni Valsecchi, Amy Mainzer
1100 | IAA-PDC-19-02-01 Recent Evolutions In ESA’s NEO Coordination Centre System Cano, Italy
1112 | IAA-PDC-19-02-02 NEODyS services migration to ESA’s NEO Coordination Centre: the effort and the improvements Bernardi, Italy
1124 | IAA-PDC-19-02-03 Building the Reference Small Body Population Model Spahr, USA
1136 | IAA-PDC-19-02-04 NEMO - a global near real-time fireball monitoring system Drolshagen &
Ott, Germany
1148 | IAA-PDC-19-02-05 Observational Activities At ESA’s NEO Coordination Centre Micheli, Italy
1200 | IAA-PDC-19-02-06 Impact Monitoring System of the Institute of Applied Astronomy of the Russian Academy of Sciences Vavilov, Russia
1212 | IAA-PDC-19-02-07 Update Of NEA Population And Current Survey Status Harris, USA
1224 | IAA-PDC-19-02-08 Catalina Sky Survey’s Increased Discovery and Follow-up Capability Christensen,
USA
1236 LUNCH
SESSION 2 (CONTINUED)
1400 | IAA-PDC-19-02-10 Detection Of Small Impacting Asteroids With The ATLAS Telescope System Denneau, USA
1412 | IAA-PDC-19-02-11 The PAN-STARRS Data Archive — An Invaluable Resource Of Faint Near Earth Object Detections Wainscoat, USA
1424 | IAA-PDC-19-02-12 The Minor Planet Center Data Processing System Holman, USA
1436 | IAA-PDC-19-02-13 The Digest2 — NEO classification code Veres, USA
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1448 | IAA-PDC-19-02-14 Is There A Prefered Date For A Possible Impact? Tancredi
Uruguay
1452 | IAA-PDC-19-02-15 The Contribution Of Intermediate- And Long-Period Asteroids To The Overall Large-Body Impact Steel, New
Hazard Zealand
1504 | IAA-PDC-19-02-16 The Earth-Impact Risk From Manx Comets Ramanjooloo,
USA
1516 | BREAK
1546 | IAA-PDC-19-02-17 The Impact of Small Near-Earth Asteroid 2018 LA Farnocchia, USA
1558 | IAA-PDC-19-02-18 Identifying Short-Term Impactors With LSST Naidu, USA
1610 | IAA-PDC-19-02-19 Recent Results In Characterization Of Near-Earth Objects By The Neowise Mission Masiero, USA
1622 | IAA-PDC-19-02-20 Rapid Response Characterization of Potential NEO Impactors Moskovitz, USA
1634 | IAA-PDC-19-02-21 Arecibo Radar Observations Of Potentially Hazardous Asteroids Taylor, USA
1646 | IAA-PDC-19-02-22 The LCO Follow-up Network for NEOs Lister, USA
1658 INJECT: PRESS RELEASE #1
1730 ADJOURN DAY 1
WELCOME RECEPTION (18:00 to 20:00, accompanying persons invited)
DAY 2 Tuesday 30 April 2019
0820 INTRODUCTORY REMARKS
Session 2: Continued
0830 | IAA-PDC-19-02-23 The boulders on asteroid Ryugu: clues to the formation history of the top-shaped morphology Cheng, China
0842 | IAA-PDC-19-02-24 Faint NEO Observations Using The UH-2.2m Telescope Fohring, USA
0854 | IAA-PDC-19-02-25 Discovering and Studying Near Earth Objects with The Large Synoptic Survey Telescope (LSST) Jones, USA
0906 | IAA-PDC-19-02-26 The Near-Earth Object Camera: Overview Mainzer, USA
0918 | IAA-PDC-19-02-27 NEOCam Survey Cadence and Simulation Grav, USA
0930 | IAA-PDC-19-02-28 The NEOCam Science Data System Cutri, USA
0942 | IAA-PDC-19-02-29 Near-Earth Asteroids Monitoring for Hazard Assessments Birlan, France
0954 | IAA-PDC-19-02-30 Find_Orb: Orbit Determination and Analysis Software Gray, USA
1006 BREAK
SESSION 3: APOPHIS
SESSION ORGANIZERS: Marina Brozovic, Davide Farnocchia
1036 | IAA-PDC-19-03-01 Apophis 2029: Planetary Defense Opportunity Of The Decade | Binzel, USA
1048 | IAA-PDC-19-03-02 Yarkovsky Acceleration Of (99942) Apophis | Tholen, USA
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1100 | IAA-PDC-19-03-03 Abrupt Alteration of Apophis” Spin State Redux Scheeres, USA
1112 | IAA-PDC-19-03-04 Using a Discrete Element Method to Investigate Seismic Response and Spin Change of 99942 DeMartini, USA
Apophis During its 2029 Tidal Encounter with Earth
1124 | IAA-PDC-19-03-05 Trajectory Concepts For An Apophis Rendezvous Mission Siddique, USA
1136 | IAA-PDC-19-03-06 Asteroid Prabe Experiment: Mission To Apaphis Plescia, USA
1148 | IAA-PDC-19-03-07 Al3: The Asteroid In-Situ Investigation — 3 Ways to measure the interior of asteroid Apophis Deller, Germany
1200 | IAA-PDC-19-03-08 A Cubesat Mission to Asteroid Apophis Based on M-ARGO? Koschny,
Germany
1212 | IAA-PDC-19-03-09 Science and Planetary Defense Priorities for Spacecraft Encounter Mission Concepts at (99942) Bell, USA
Apophis During its 2029 Close Encounter with Earth
1224 | IAA-PDC-19-03-10 Six Very Close Potentially Hazardous Asteroid Flybys in the Late 2020s Benner, USA
1236 | LUNCH & SPEAKER - Mr Dennis Andrucyk, Deputy Associate Administrator, NASA
1400 | IAA-PDC-19-03-11 Lessons From The 2012 TC4 Campaign: First Global Planetary Defense Exercise Reddy, USA
1415 INJECT #2
1500 EXERCISE GROUPS DEVELOP RECOMMENDATIONS
1600 BREAK
1630 GROUPS FEEDBACK RECOMMENDATIONS
1700 DECISION MAKER RESPONSES
1730 ADJOURN DAY 2
1730 POSTER RECEPTION (5:30 to 7:30 PM)
DAY 3 Wednesday 1 May 2019
0820 INTRODUCTORY REMARKS
SESSION 4: DEFLECTION & DISRUPTION MODELS & TESTS
SESSION ORGANIZERS: Patrick Michel, Tom Jones, Andy Cheng
0830 | IAA-PDC-19-04-01 Simulation Of The Dart Impact: Effects Of Impact Conditions And Target Properties Bruck-Syal, USA
0848 | IAA-PDC-19-04-02 Progress At Los Alamos National Laboratory (LANL) On The Inter-Agency Agreement On Planetary Plesko, USA
Defense
0906 | IAA-PDC-19-04-03 Modeling the DART kinetic impactor and crater formation using realistic spacecraft shapes Owen, USA
0924 | IAA-PDC-19-04-04 Exploring Effects of Spacecraft Geometry and Target Structure on the DART Impact Stickle, USA
0942 | IAA-PDC-19-04-05 Understanding the Effect of Rubble Pile Structures on Asteroid Deflection Graninger, USA
1000 | IAA-PDC-19-04-06 Applications Of Dart Impact Simulation Results Rainey, USA
1018 | IAA-PDC-19-04-08 BREAK (30 minutes)
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1048 | IAA-PDC-19-04-09 Numerical modelling of the DART impact and the importance of the Hera mission Raducan, UK
1106 | IAA-PDC-19-04-10 Impact simulations of the Double Asteroid Redirection Test (DART) - Results from the HERA Impact | Luther, Germany
Simulation Group
1124 | IAA-PDC-19-04-11 Deflection Of A Small Object Using A Kinetic Impactor Remington, USA
1142 | IAA-PDC-19-04-12 Size Scaling of Mamentum Enhancement during Hypervelocity Impact of Porous and Consolidated Walker, USA
Rock
1200 LUNCH
SESSION 5: MITIGATION CAMPAIGN DESIGN
SESSION ORGANIZERS: Nahum Melamed, lan Carnelli, Marco Tantardini
1330 | IAA-PDC-19-05-01 Double Asteroid Redirection Test Reed, USA
1342 | IAA-PDC-19-05-02 Observations of Didymos in Support of AIDA/DART Thomas, USA
1354 | IAA-PDC-19-05-03 Proximity Observations by the Didymos Reconnaissance and Asteroid Camera for OpNav (DRACO) Ernst, USA
1406 | IAA-PDC-19-05-04 Double Asteroid Redirection Test: Technology and Engineering Challenges Adams, Usa
1418 | IAA-PDC-19-05-05 Renderer and Camera Emulator (RCE) for NASA’S Double Asteroid Redirection Test (DART) Mehta, USA
1430 | IAA-PDC-19-05-06 HERA: European component of the Asteroid Impact & Deflection Assessment (AIDA) mission to the | Michel, France
binary asteroid Didymaos
1442 | IAA-PDC-19-05-07 Hera planned mission and payload operations at close proximity of the Didymos binary asteroid Karatekin, Belgium
system after DART impact
1454 | IAA-PDC-19-05-08 Autonomous GNC and data fusion for the HERA mission Graziano, Spain
1506 | IAA-PDC-19-05-09 Asteroid Prospection Explorer (APEX) CubeSat for Hera mission Kohout, Finland
1518 | IAA-PDC-19-05-10 A Method for Defending Against Long-Period Comets Eismaont, Russia
1530 BREAK
1600 | IAA-PDC-19-05-11 Spacecraft Mission Design For The Mitigation Of The 2019 PDC Hypothetical Asteroid Threat Barbee, USA
1612 | IAA-PDC-19-05-12 Characterization and deflection missions of the fictitious asteroid 2019 PDC Roa, USA
1624 | IAA-PDC-19-05-13 See a New World in 17 Hours — First Results, Design and Mission of the Mobile Asteroid Surface Ho, Germany
Scout (Mascot) on Ryugu
1636 | IAA-PDC-19-05-14 More Than One For All — The Synergy of Modularity and Re-Use in Nanolander Developmentin the | Lange, Germany
Continuation of the Design of Mobile Asteroid Surface Scouts (MASCOT)
1648 | IAA-PDC-19-05-15 NEOCAM Instrument Design and Performance Model Trangsrud, USA
1700 | IAA-PDC-19-05-16 System of Observation of Daytime Asteroids: trajectory and orbit design Kovalenko, Russia
1712 | IAA-PDC-19-05-17 BIRDY — Potential use of SmallSat for NEO reconnaissance and exploration Hestroffer, France
1724 INJECT: PRESS RELEASE #3
1800 ADJOURN DAY 3

PUBLIC EVENT
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DAY 4 Thursday 2 May 2019
0820 INTRODUCTORY REMARKS
SESSION 6: IMPACT CONSEQUENCES & DISASTER RESPONSE
SESSION ORGANIZERS: David Morrison, Mark Boslough. L.A. Lewis
0830 | IAA-PDC-19-06-01 Atmospheric Injections from Impacts of Kilometer Scale Asteroids Robertson, USA
0842 | IAA-PDC-19-06-02 Strength and Breakup Factors in Impact Scenario Risk Assessment Wheeler, USA
0854 | IAA-PDC-19-06-03 Next Steps in Impact Risk Assessment Mathias, USA
0906 | IAA-PDC-19-06-04 Asteroid to Airburst; Comparing Semi-analytical Airburst Models to Hydrocodes McMullan, UK
0918 | IAA-PDC-19-06-05 Modeling Thermal Radiation from Asteroid Airbursts Stern, USA
0930 | IAA-PDC-19-06-06 “Effective Height Of Burst” Revisted Boslough, USA
0942 | IAA-PDC-19-06-07 Airburst Detection Capability of the Infrasound Segment of the CTBTO International Monitoring Brown, Canada
System
0954 | IAA-PDC-19-06-08 Recent Glass Strewn Field From Fireball Over Chile Schultz, USA
1006 | IAA-PDC-19-06-09 GPU Parallel Algorithm for Hypersonic Flow Around Asteroid Bai, China
1018 | IAA-PDC-19-06-10 The Impact Effects Knowledgebase: Fast Prediction of the Consequences of NEO Collisions with Luther, Germany
Earth
1030 BREAK
1100 | IAA-PDC-19-06-11 Simulation of PDC 2019 Asteroid Land and Ocean Impacts: Consequences on US Major Cities for Ezzedine, USA
Disaster Response and Management
1112 | IAA-PDC-19-06-12 Hazard Estimate Of 2019 PDC Impact Scenario Dang, Ghina
1124 | IAA-PDC-19-06-13 Coordinated Disaster Preparedness And Response For Near-Earth Object (NEO) Threats — Ravan, Q0SA/UN-
Experiences From The "United Nations Platform For Space-Based Information For Disaster SPIDER
Management And Emergency Response (UN-SPIDER)
1136 | IAA-PDC-19-06-14 Intelligent Surge: Improving Healthcare Preparedness In Times Of Disaster Loschen, USA
1148 | IAA-PDC-19-06-15 Role of Space Technology for Disaster Management: Agenda and Action Plan Jagannatha, India
1200 | LUNCH & SPEAKERS

* Dr Aaron Miles, National Security Division, Office of Science and Technology Policy, Executive Office of the President
* Mr Damon Penn, Assistant Administrator, Emergency Response Directorate, Federal Emergency Management Agency, Department of
Homeland Security
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SESSION 7: ISSUES AFFECTING DECISION TO ACT
SESSION ORGANIZERS: Mariella Graziano, Victoria Friedensen

1330 | IAA-PDC-19-07-01 Legality of Planetary Defense Missions and Considerations for International Decision Bodies Marboe, Austria
1345 | IAA-PDC-19-07-02 Sustainability of International Planetary Defense Decision-Making: What Can Go Wrong Even if We Bohacek, Czech
Deflect an Asteroid? Republic
1400 | IAA-PDC-19-07-03 International Liability and Responsihility Issues in Planetary Defense Soucek, The
Netherlands
1415 | IAA-PDC-19-07-04 Responsibility System on the Defense of Near-Earth Objects Wang, China
1430 | IAA-PDC-19-07-05 The U.S. National Near-Earth Object Preparedness Strategy and Action Plan: Summary of Progress Friedensen, USA
to Date
1445 | IAA-PDC-19-07-07 Accounting For Violent Conflict Risk In Planetary Defense Decisions Baum, USA
1500 BREAK
SESSION 8: COMMUNICATIONS TO THE PUBLIC
SESSION ORGANIZERS: Alex Karl, Jan Osburg
1530 | IAA-PDC-19-08-01 A Suggested Communications Standard For Asteroid Impact Alerts Landis, USA
1545 | IAA-PDC-19-08-02 An analysis of IAWWN communication audiences and recommendations to increase publicity among Karl & Wolfson,
the NEO community and the general public Belgium
1600 | IAA-PDC-19-08-03 Planetary Defense In The Classroom, A Social Science Perspective Haddaji, USA
1615 | IAA-PDC-19-08-04 Planetary Defense Mitigation Gateway: One-5top Gateway for Pertinent PD- Related Contents Shams, USA
1630 Poster Presentations
1645 INJECT #4
1730 ADJOURN DAY 4
CONFERENCE BANQUET
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