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INTRODUCTION 

At the request of the Chairman of the 2013 IAA PDC organising committee an emergency response 

exercise was conducted during the conference.  This was facilitated by the convening of a planning 

committee which was formed to ensure the effectiveness of the scenario and instil reality in order to 

establish and maintain the engagement of those participating in the exercise. Axiom (Alderney) 

Limited conducted a discussion based, tabletop exercise which took place on the last session of the 

conference.  

 

The participants comprised Professors, PhDs, Planetary Scientists, Senior Scientists, Space Journalists 

and Researchers from Research Institutes, Astronomy Institutes, Astrophysics Institutes, 

Observatories, Space Agencies, Laboratories, Scientific Research Centres, Space News, Planetary 

Societies, Universities and Aerospace Organisations.  

 

The participants were, by the process of self-selection, assigned to a specific group, each one 

representing a particular perspective and expertise.  The assembly was presented with a scripted 

scenario which was updated at various times with the revised orbital information.  The exercise was 

half a day in duration and the participants responded according to their organisational role, skills and 

experience in relation to the associated activities of a hypothetical hazardous object, from detection 

and warning through to the disaster response and planning for, and executing, a mitigation mission.   

 

The specific hazard involved the discovery of a 300m stony asteroid, namely Asteroid 2013 PDC-E, 

which was predicted to collide with the Earth in 2028, in a designated region along a risk corridor 

which extended from Indonesia to Africa. The scenario was designed to emphasise the significance of 

international notification, co-operation and co-ordination which are considered to be the critical 

components for formulating the international response.   
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The stimulus for the exercise was informed by a number of observations and recommendations that 

had been made following the response to exercise, “2008 Innoculatus”, which was designed and 

delivered by Air Force Future Concepts (AF/A8XC).  

 

It was determined, from the commencement of the planning process, that the conclusions from the 

exercise would be collected and published as part of the conference White Paper. The exercise itself 

was intended to elicit the recommendations from the scientific and technical, consequence 

management, international, media and public perspectives and consequently a number of issues were 

illustrated which should be addressed by future planners and are discussed below. 

 

OVERVIEW 

This report summarises the issues garnered from the half day Asteroid 2013 PDC-E exercise, which 

was sponsored by Axiom (Alderney) Limited on 19
th
 April 2013, at the High County Conference 

Centre, Northern Arizona University in Flagstaff, Arizona. 

 

One hundred and forty one conference delegates from the United States, Mexico, Russia, China, 

France, Germany, Norway, the United Kingdom, Australia and New Zealand participated in a half 

day discursive table top exercise to determine:- the international decision making requirements in 

order to mitigate possible NEO impact events, and for consideration to be given to the determination 

of deflection strategies for mitigation;  the development of civil protection policies, such as 

evacuation and/or shelter; the co-ordinated arrangements for the international response;  the 

mechanisms for enhancing the governmental/political capability to respond to the hazard posed; the 

development of the educative and risk communication strategy to assist the public in understanding 

the hazard and to explain the probabilities in relation to its likelihood and consequences. 

 

The specific hazard involved the discovery of a 300m stony asteroid, namely Asteroid 2013 PDC-E, 

which was predicted to collide with the Earth in 2028, as a result of its passing through a 1.2 km key 

hole during a close approach with Earth in 2023. The risk corridor extended from Indonesia to Africa, 

across the Mediterranean Sea through France, the United Kingdom, across the Arctic Ocean and 

through to Greenland.  The scenario was devised in order to optimise the diverse nature of the hazard 

posed, with regard to the possibilities of both land and water impact site along with the requirements 

for an international response should several nations be affected, or a single nation be overwhelmed 

economically, environmentally and humanely as a consequence of  future impact events. 

 

The exercise participants were divided into ten groups which were:- NEO Discovery and Follow-up; 

NEO Characterisation; Mitigation Techniques and Missions; Impact Effects; Consequence 
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Management and Education; Media and Risk Communication; Single Nation Concerned; UN, 

International Organisations and NGOs; Space Agencies (with a launch capability); the General Public. 

Participants were given an initial warning time of fifteen years and asked to prioritise their initial 

actions, describing both their individual and organisational roles and responsibilities along with their 

notification protocols. The details from this activity will be reported separately. The discursive part of 

the exercise  provided the participants with a period of twelve years prior to impact, and five years 

from the possible key hole passage, to plan not only for mitigation missions for deflection but also for 

the contingency arrangements for civil protection. 

 

AXIOM (ALDERNEY) LIMITED, EXERCISE SPONSOR 

Axiom assists organisations to prepare for, and respond effectively to, high-impact, but low likelihood 

events in order to minimise the risk from loss of revenue, maintain reputation, prevent regulatory 

sanction and ensure that the organisations remain in business.  

 

Axiom supports our clients with horizon scanning activities in order to identify relevant hazards 

which have the potential to encumber organisations in both financial and resource terms.  

 

Axiom provides an assessment of future risks which have previously not been given cause for 

concern, such as Black Swan events - that have yet to be witnessed and experienced by mankind - and 

which have the potential to cause organisational chaos.  Axiom works to minimise the effects of their 

occurrence and suggests provisions which can be put in place in order to prepare and enable 

organisations to respond if they do.   

 

Resultantly, Axiom assists with the development of procedures, designs and hosts events, training and 

exercise programmes which enable organisations to become more resilient to the challenges posed by 

the future, enabling organisations to ensure their continued viability and adaptability in a dynamic and 

ever-changing environment. 

 

RATIONALE FOR THE EVENT 

In March 2012, at the first telecom meeting of the organising committee, the request was made by the 

Chairman of the organising committee for an emergency response table-top exercise to be conducted. 

Axiom, due to its expertise in designing, planning, creating and delivering training programmes and 

exercises was in an ideal position to be able to contribute to fulfilling the request in order to enhance 

international resilience for this hazard in the event of a future occurrence of an impact event. 
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In deciding the scope and requirements for this particular exercise, Axiom considered the 

observations and recommendations from the 2011 IAA Planetary Defence Conference and the 2008 

Natural Impact Event Interagency Planning Exercise, sponsored by AF/A8XC. 

 

SCENARIO 

The exercise began with the discovery of a fictitious asteroid 2013 PDC-E, which was discovered on 

April 16
th
, 2013.  The hazardous object was a 200-300 meter stony asteroid with an initial impact 

probability of 0.8% in 2028.  The impact velocity, if it were to impact, was ~ 12.4 km/sec and the 

energy release at impact would be ~300 MT of TNT. There was a 1.2 km keyhole during a close 

approach with Earth in 2023. If it passed through the keyhole, it would impact in 2028. As noted, the 

impact probability was 0.8% and not a certainty at this time. 

 

The first update was in 2019, and the impact probability had risen to 28% and the object’s size was 

known to be 300 metres. The risk corridor at that update is shown in Fig.1. Note that any point in the 

band defined by the red points shown in Fig.1, a region that extends from Indonesia to Africa, 

represents a possible point of impact. 

 

  
 

  Fig.1 Possible points of impact in 2028 based on the best information 

in 2019. The probability of impact in 2028 is 28% 

 

 

The next update was provided in 2022, and based on the most recent observations, the probability of 

impact has risen to 100% - impact is certain and will occur somewhere along the red line shown in 

Fig.2 
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The final update, which was presented at the conclusion of the exercise, represented information 

known in 2023, when radar tracking from Arecibo became available.  Impact would occur in the 

Mediterranean Sea at 07:40:48 on 21 November 2028. The final impact location is shown in Fig.3.  

 

 

Fig.2. Possible impact locations in 2028 based on the best information available in 2022. Note that the 

probability of Earth impact in 2028 is now 100% 

 

Fig. 3 Final impact location 

 

The specifics of the scenario selection were influenced by the following insights which were provided 

by Garretson (2008): 
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The Natural Impact Event Interagency Planning Exercise, sponsored by Air Force Future 

Concepts and Transformation Division (AF/A8XC) on 4 December 2008 was meant to be a 

top-level survey of broad-brush considerations. Future scenario planners for follow-up events 

might make significant progress by examining a much more constrained scenario, perhaps 

focusing in depth on response domestically or internationally, or in-depth mitigation, 

attempting to generate a very complete strawman plan for a specific body. 

 

While a heterogeneous binary object met the objectives of this seminar to introduce both 

national and international aspects, future planners should be aware that a binary object 

would likely be more homogeneous in composition (rubble & metal), would not strike so far 

apart (US & Africa), and would create significant complications and opportunities for 

deflection. 

 

While these products added significantly to our exercise, it is important to note that none are 

currently part of US disaster response infrastructure, and might not be immediately available 

to real decision makers. Some players also felt that in a single day seminar, the large amount 

of technical details left too little time to actually –“work the problem”. 

 

Future planners may wish to reconsider the above decisions regarding attendance: 

 

- Significant expertise in this area exists outside government, in industry, academia, 

and Government Support Organizations (for example Aerospace Corp, United Space 

Alliance, JHU/APL, Iowa State Asteroid Deflection Research Center). 

 

- The significant international component of some impact scenarios and ALL 

deflection scenarios suggests consideration of actual or simulated international 

components. 

 

- External interested organizations are highly knowledgeable, and likely to supply 

alternate and perhaps disruptive ―authoritative voices in the media. 

 

- Press / Media might provide very useful considerations and may be pre-educated. 

 

From player critiques, it was clear that the presence of high level individuals and their 

expertise, particularly Brig Gen Smith from NSC, and Mr. Gil Siegert from OSD Strategic 
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Policy significantly added to the event. A number of player critiques felt this exercise or one 

like it should be held at a higher level. 

 

As the intention was to examine both response and mitigation, but maximize the cross-talk 

and minimize confusion, the exercise was designed in such a manner as to split the players 

into two teams but keep a common scenario with the only difference being the available time 

to impact. In both cases, we provided what we thought was the minimum warning time 

available though we opted to just use a single scenario, but alter the time till impact as a 

variable. 

 

Players did not have available to them the current pipeline information or relevant 

information to gauge how much our industrial base could be ramped up.  (Concurrent 

Integration w/ In-Pipeline Products: The approach selected by the team was concurrent 

integration of in-pipeline spacecraft and space vehicles augmented with higher production, 

meaning that in-production spacecraft and vehicles would be diverted while industrial 

production would be increased). 

 

Consideration given to ocean impact, where the effects could be experienced by a long 

expanse of coast line and possibly affect several or many nations, or from a land impact.  

Simulation focus on effects of a 50-140m class NEO, a size threat that would likely impact 

without warning. 

 

Include local and national governments, military organisations, disaster responders and 

members of the press. 

 

Players consistently remarked that the complexities and overlapping nature of this 

contingency required advance delineation of responsibilities, formalization of the notification 

process, and clarification of authorities and chains of command, including authorities for 

delegation and supported/supporting relationships. Players thought it was important to think 

through and document this prior to any actual NEO emergency. 

 

Based on these considerations, Axiom concluded that the specific scenario which would have 

maximum benefit for the exercise would be a single asteroid, with no moons, consisting of a large 300 

meter stony asteroid destined to strike the Earth just off the southern coast of France in the 

Mediterranean Sea.  In order to avoid confusion and to ensure that the exercise object would not be 

mistaken for a real asteroid, the fictitious asteroid was named “2013 PDC-E”. 
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Axiom worked with William Ailor at The Aerospace Corporation,  Mr Lindley Johnson at NASA, Mr 

Don Yeomans and Mr Paul Chodas at NASA JPL in addition Leviticus Lewis at FEMA in order to 

construct scenario specifics and the timeline of information. 

 

EXERCISE FORMAT 

 

The discovery of Asteroid 2013 PDC-E was announced during the afternoon of the second day of the 

conference on Tuesday 16
th
 April, with a further update announced on Thursday 18

th
 April.  The 

conference delegates and exercise participants were then provided with a briefing during the last 

session [session 7] on that Thursday and presented with the scenario narrative that described the 

situation as it currently existed on Thursday 18
th
 April. Exercise play on the Thursday addressed the 

notification and response activities. The exercise timeline is shown in Table 2. 

 

The second part of the exercise was set in 2019, on Friday 19
th
 April and was initiated with a 

presentation which provided an update on further observations of the asteroid.  Exercise play on the 

Friday addressed the recommendations that would be made to the political leaders in response to the 

discovery of asteroid 2013 PDC-E and the probability of impact. 

 

The third part of the exercise was set for 2022 and the presentation took the format of a briefing to the 

UN which provided an update on the probability of impact, the certainty that the asteroid would pass 

through the key hole in 2023 unless it was deflected, and details of the shortened risk corridor.  

 

The exercise involved various international organisations and agencies responding to a scenario 

presented by Paul Chodas, a Senior Scientist from JPL/Caltech and the exercise injects were presented 

by the facilitator.   

 

Table 2. Exercise Timeline 

April 18th 

1710 

 

April 19th 

0830 

 

 

0930 

 

1030 

 

1130 

 

1230 

Scenario 

Briefing/Player 

Orientation 

Exercise #1 

2016 

Exercise #2 

2019 

Exercise#3 

2022 

Group Reports Hot Debrief LUNCH 
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At the end of the discussion part of the exercise, the exercise groups presented their recommendations 

in response to asteroid 2013 PDC-E. The exercise concluded with a hot debrief by the exercise 

facilitator.   

 

EXERCISE RECOMMENDATIONS 

 

1.1  NEO Discovery and Follow-Up 

 

Extremely precise tracking is required as the object needs to be tracked optically; however, 

additionally upgraded radar capability is also needed along with a space-craft mission with a 

transponder.  As an insurance programme, mitigation missions should also be prepared. Facilitate co-

operation amongst observers, and space agencies with upgraded ground based radar as physical 

observations are needed.  Results from the characterisation missions need to be used in order to 

ascertain what the object is made of, how dense it is, and to determine if it’s a binary object.  

Additionally, a risk communication strategy needs to be devised in concert with both scientists and 

communicators which will also take into consideration the implications for civil protection for a 

significant number of countries identified from the risk corridor, in the event that mitigation missions 

for deflection and destruction are not successful. 

 

 

1.2  NEO Characterisation 

 

As a result of the observatories in Germany, the Keck Observatory (in Hawai’i) and ESO (the 

European Southern Observatory) having provided the necessary observing time, a shape model has 

been produced from the light curve observations along with the rotation rate, the pole rotation, albedo 

and diameter.  This work was completed even though the impact probability was still relatively low.  

 

The observers proposed two fast reconnaissance missions to provide back up and redundancy. It was 

suggested that JAXA and NASA together would build one of them and the European Space Agency, 

together with the Russian Space Agency, ROSCOSMOS and the Chinese would build the second 

spacecraft.  The aim of the spacecraft missions was to obtain the mass, surface characterisation, shape 

model refinement, ablation and to observe the deflection attempt.  The instruments required, on board 

the spacecraft, for the missions are: 

 

 A wide-field camera to ascertain if a binary or single object 

 A narrow-field camera for surface observations 
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 LIDAR/Radio Science Package 

 

The design for the missions was based on previous spacecraft missions such as those from Rosetta 

and Osiris Rex. The design also included radiation protection, although more work needs to be 

undertaken in this regard. 

 

1.3  Mitigation, Techniques and Missions 

 

As a minimum, at least five kinetic impact launchers were recommended to be designed and launched, 

although twelve deflection missions would be necessary to assure success (Smith et al, 2004).  It is 

also possible to convert these missions by installing nuclear explosive devices. A nuclear response 

may be the only option available when the object has cleared the keyhole passage, as there would be 

insufficient time available to build and launch another kinetic deflection attempt mission. 

 

The National Nuclear Security Administration in the United States and the Russian Academy 

proposed a 2MT nuclear device for the nuclear deflection mission, which would be built in the United 

Kingdom. Options for two separate launches were proposed, either one at 2MT or two at 2MT each. If 

two missions were approved, these would be positioned on opposite sides of the asteroid and would 

use simultaneous detonation perpendicular to the asteroid’s path of the travel of trajectory.  The stand-

off distance will be a height of 50 metres, plus or minus 5.  Schweickart asserts that there may be a 

probability of Tunguska-sized impact debris (Schweickart, R., 2013), which will need to be tracked 

by the observer spacecraft.  

 

Delta-V is predicted, at the centre of mass, to be approximately 10cms per second, and the predicted 

last launch window is 240 (two hundred and forty) days prior to impact which will require a 50 day 

cruise to rendezvous with the asteroid. A ninety-five per cent confidence of achieving deflection is 

predicted. 

 

Although there were two last minute nuclear device options with a six days launch window before 

final impact, this recommendation was not made to international political leaders.  Whilst no reason 

was provided as to why this recommendation was not made, had the response to the other nuclear 

mission been more favourable and more clearly understood, then the appetite for these additional 

missions may have been more amenable amongst the scientific and technical community to reach a 

decision to make this recommendation to the political leaders. 
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1.4  Consequence Management and Education 

 

It is important to understand and establish the impact effects from this event in order to develop 

response and recovery plans as well as to engage with members of the public who are most likely to 

be affected were the impact to occur within the identified risk corridor.  Locally and nationally, 

community planning needs to reflect the potential damage expected as well as planning to protect 

critical national infrastructure.  Risk communication strategies need to include strategies for 

influencing positive behaviours and working in liaison with the UN Office of the Co-ordination of 

Humanitarian Affairs needs to be established and maintained. 

 

1.5 Impact Effects 

 

In determining the impact effects from the asteroid, reliance and dependence on the information 

provided from NEO Discovery and Follow-Up observations, as well as data received from 

characterisation observations and mitigation missions, is essential. This astronomical data is required 

in order to reduce the uncertainties surrounding asteroid impact events. 

 

A series of extensive and time consuming calculations of the impact effects were made along the 

entire length of the risk corridor to include impact sites on land and in the sea, as well as seas of 

different water depth and distances from the land. 

 

The effects from an asteroid with an impact energy of 524MT at sea a short distance from the coast of 

France produced a small crater at the bottom of the Mediterranean of about 40 metres in depth. The 

principal environmental consequences were tsunamis that radiated from the point of impact onto the 

coastlines.  The Tsunamis will be hitting the coastline between the first ten and twenty minutes from 

the time of impact, and the wave heights will vary between 0.4 metres and 200 metres.  It was 

recognised that this information clearly has consequences for civil protection preparedness. 

 

 

1.6  Single Nation Concerned 

 

Consideration was given to a number of issues as a result of an impact event from this asteroid such as 

the economic implications, civil protection and exploitation leading to price escalation.  A lack of 

adequate resources, was also identified which then led to requests for assistance to be made to the 

international entities (for example the UN and EU) as well as for the establishment for the Special 

Committee of the Affected Mediterranean Countries, as it is expected that significant economic 

assistance will be required both pre and post the impact event. A representation was also made to 
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NATO to enact the Article 5 of the Mutual Defence Treaty, (a copy of which is provided at Appendix 

A of this report). [However, it may not be apposite as it would appear that Article 5 has particular 

relevance for terrorist activities rather than scientific ones].  That said, the affected nations were not in 

favour, nor would they agree to the deployment of a nuclear response to either fragment or deflect the 

asteroid. 

 

Consideration had also been given to evacuation planning - where a conservative decision had been 

made to evacuate coastal areas inland to a distance of 50km- and the environmental impact due to the 

number of offshore oil and gas platforms in addition to the nuclear reactors which will be shut down 

in anticipation of the impact event. 

 

1.7  Media and Risk Communication 

 

It was recognised that there is a requirement for Risk Communicators to have access to good, accurate 

information, as well as to receive constant updates to information which will be provided over the 

years, in addition to scientific information and information on the different planning exercises within 

the space agencies. 

 

The aim is to provide the public, through the use of trusted sources, with basic information on 

asteroids, the nature of the hazard posed, civil protection arrangements and how families and 

individuals can plan their own responses to an impact event of this nature. 

 

Over the course of the intervening years the scientific information will continue to be provided along 

with the information on the possible impact effects from an asteroid strike on the affected countries 

along the risk corridor. As this type of event has, so far, not been experienced or witnessed in human 

history, the importance of using simple terms and adopting the simplest method to describe the 

situation is recommended. 

 

In relation to the failure of the mitigation missions, risk communication needs to reflect geopolitical 

discussions, the UN response and the approach to be taken by those countries affected, along with the 

space agencies in developing the missions. Additionally concerns need to be addressed in relation to 

the nuclear sites along the risk corridor which may be affected.  

 

Additionally it was realised that there needs to be broader understanding of the different forms of 

social media, including blogs, which could be utilised to communicate the geopolitical and 

humanitarian responses, evacuation procedures and the infrastructure recovery arrangements. 

 



13 
 

A further discussion is required to determine howrisk communication and media information is co-

ordinated with the other communication activities, such as humanitarian, economic and political 

initiatives. 

 

1.8  Space Agencies 

 

The space agencies’ group advised that it would be beneficial to start to produce a global inventory of 

launch capabilities, missions and had  identified the industries required to support these activities, in 

addition to obtaining a greater understanding of the various approaches being made by the space 

agencies. 

 

Communication is recognised as being critical to the success of the response and an exemplar of 

effective communication is that being utilised by the International Space Station, which is equally 

applicable and relevant for international co-operation in relation to multiple space craft approaching 

the asteroid. 

 

The need for a better balance between civil, social and military aspects of government has been 

identified, and to facilitate this, NASA will be working with the White House and the OSTP (Office 

of Science and Technology Policy). There is also the need to accomplish a combined technical and 

political response to this event. 

 

1.9  United Nations, International Organisations and Non-Government Organisations 

 

The UN Committee on the Peaceful Uses of Outer Space (UNCOPUOS) would be briefed on all the 

available options and will be kept informed and updated by the various governments. The Secretary 

General of the UN will convene a meeting of the UN Executive Committee which is comprised of 

senior representation from UNISDR (UN Office for Disaster Risk Reduction), UNESCO (UN 

Educational, Scientific and Cultural Organisation), UNICEF (UN Children’s Fund) and UNWFP (UN 

World Food Programme). 

 

If non- nuclear deflection missions were not successful, and the only option remaining involved the 

use of nuclear devices, then the Security Council would agree that nuclear deflection could be carried 

out on behalf of the international community. However the deflection option would need to be of 

sufficient transparency for the UN Security Council to make an exception to the Outer Space Treaty 

that this is not a permanent residence of nuclear arms in space.  Without the provision of such 

transparency then there would be unique concerns. 
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The UNISDR would be requested to alert all national civil protection and/or defence authorities that 

an impact event was certain and to request them to co-ordinate and provide assistance to those nations 

affected.  Additionally, the UN would also seek to secure pre-emergency funds for the affected 

nations. 

 

1.10  General Public 

 

The public are going to be heavily reliant and dependent on information provided by the various news 

organisations within each of the affected countries in order to be not only educated about the hazard 

posed from this asteroid but also provided with advice as to what preparations they need to make in 

response. 

 

Equally, expectations are going to be high in relation to the assurances the public will need that both 

national and local governments will have civil protection arrangements in place in order to keep them 

safe.  In terms of communication, the public want to be provided with clear, consistent information 

with full explanations provided for scientific and technical information, such as keyholes, size, mass, 

density and composition of the asteroid. In particular, for those domiciled within the risk corridor, 

clear information needs to be provided in relation to evacuation. 

 

In relation to deflection missions the nuclear device option would seem to be the most unpalatable. 

The group made the assertion that contingency arrangements need to be firmly in place, and 

effectively communicated and understood, should all the deflection missions not be successful. 

 

EXERCISE EVALUATION 

 

In order to evaluate the exercise effectively, the information was collected from the hot debrief, the 

evaluation checklists and the completed player handbooks and was collated and analysed. The major 

comments and recommendations are summarised below: 

 

1.11  Information 

 

Many of the participants, observed that they, would have benefitted from receiving clearer and more 

detailed information earlier, in relation to the characterisation of the asteroid, such as the ephemeris 

and the number of deflection missions which were launched in addition to explanations being 

provided as to why all the missions failed. In reality, however, this would not have been available to 
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be provided any sooner, and the gradual increase in knowledge and information about the asteroid 

was effective when it was provided during the exercise.   

 

The exercise would have benefitted from having fewer exercise artificialities and more realistic 

budgets in order to identify the resource and equipment requirements for the missions. Scientists and 

engineers will have to work within austere resource limitations when determining the design of 

mitigation missions. 

 

To conclude, it would have been preferable to have the information relating to the specific conditions 

for the various times to be provided not only orally to the participants, but also produced in a 

document and circulated. Furthermore, the information corresponding to the different events ideally 

needs to be provided to the groups in sealed envelopes or files to be uploaded. The intention is that 

these would then be opened simultaneously, by the different groups, for discussion on either the first 

or second day of the conference; the second at middle of the break and the final for the last day. This 

would also allow more time for the debriefing process. 

 

1.12  Instructions 

 

Clearer and more detailed instructions needed to be provided to the exercise participants such as 

communicating and working in liaison with other exercise groups and a clearer explanation as to what 

was required from the exercise participants. As a result of the fast pace of the exercise, the 

participants would have benefitted from greater clarity as to which year the exercise phase had moved 

to.  

 

The Player Handbooks would have benefitted from the inclusion of a set of templates for group 

solutions to be provided which would enable the groups to record specific implications, decisions and 

recommendations.  Additionally it would be extremely helpful if the Handbook contained PowerPoint 

slides and the data from the exercise scenario. Equally, if the Handbook was distributed earlier on 

during the conference it would provide more time for the participants to be able to read it and to 

determine how best they can be used.  Alternatively, each group could  be issued with a set of 

‘playing cards’ at the start of each time segment, in order to provide more clarity to each group with 

regard to the overall questions they were expected to answer. 

 

The participant experience could be enhanced in the future by having a clearer briefing before the 

start of the exercise in general, and for each group to be provided with a clearer set of instructions 

setting out the requirements and expectations for each group such as providing instructions for 
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designating group roles, namely the group lead and the scribe, need to be made much clearer and then 

reinforced during subsequent briefings. Additionally, there should be also be a date on the screen, or 

an exercise clock, or calendar in order to reduce confusion and to advise the participants as to which 

year they were in. 

 

1.13 Exercise duration 

 

It was asserted that, as the duration of the exercise was two hours, the exercise would have benefitted 

from more time being devoted to it.  This would have enabled group reports to be made at the end of 

each exercise part, instead of only taking place once, at the end of the exercise. The complexity of the 

scenario would also have benefited from the allocation of more time. As a result of the compressed 

timescales decisions, that required information and interaction between groups, were not best 

informed.   The allocation of more time would have allowed for more comprehensive group 

discussions to take place without too many interruptions. Additionally, more time was needed for 

interaction with the other groups.  As a result of the short discussion time, it was not possible to reach 

an agreement, and only general conclusions were reached and tentatively agreed. There also needed 

more time to be given to co-ordinating the more difficult aspects of the issues being identified. As 

such, it was also difficult to find common ground from which to start at the beginning of the exercise.  

 

More time may have made it possible for the divided opinion between those in favour of the nuclear 

device mitigation method and the kinetic deflectors to be discussed and resolved within policy-

making groups. This would have been particularly beneficial to the group representing the single 

nations concerned, as more discussions could have taken place and a better understanding of the 

nuclear mitigation mission obtained. 

 

Additionally, more time was needed to facilitate for more frequent reports to be received as a result of 

the astronomical observations without the sudden time leaps that occurred during the exercise. This 

would have led to more information being provided to the media and risk communication group who 

would have been able to provide regular updated information to the group representing the general 

public.  Equally, more time would have enabled the groups to make more comprehensive 

recommendations and to improve their record keeping practices, along with the completion of the 

mathematical calculations by the impact effects group. 

 

In conclusion, the majority of the exercise participants would have preferred to have a full day 

devoted to the exercise. Some expressed the opinion that an exercise of this nature needs two or three 

days to be most effective, and it should definitely take place at the end of conference, although 
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starting the exercise earlier during the conference will not be as effective, as some might suggest 

because people will not know each other well enough to allow for the interaction required and 

essential information from the various conference presentations would not yet be available to the 

exercise participants. 

 

Alternatively, it is possible that more interaction between the groups could be encouraged if the 

exercise commenced on either the first or the second day of the conference. The groups would then be 

able to meet every day for half an hour or so, and then the last day could be utilised to inform the 

inputs.   

 

The exercise could also be delivered during the entire conference, commencing with a thirty minute 

briefing on the first day, followed up by a thirty minute update on the third day and the entire session 

held on the last day. This would not only allow for more interaction but also quiet reflection and 

mutual feedback amongst the groups. 

 

If the exercise was initiated earlier in the week it would then allow for casual conversations and more 

informal discussions to take place during the coffee breaks.  These discussions during the exercise 

breaks would then complement the more formal, within exercise, discussions. 

 

Ideally, an exercise that takes place between four to five hours, with a break in the middle for lunch 

and a hot debrief afterwards, would provide more time for each exercise phase. 

 

Improvements made to the group reporting process could include the following: short, specific issue- 

related questions requiring responses from the groups before the date changes, provided in the format 

of a presentation after each day of conference along with, the possibility of receiving a written report 

from each group at the end of the conference. 

 

The exercise phases ultimately needed to have clearer transitions between them, with an interval, 

which would have enabled the participants to re-group and reflect on what had previously transpired 

and to prepare for the response to the next phase of the exercise. 

 

It would have been valuable to have had more time given to the consideration for other methods for 

mitigation and to allow participants to write down the deliberations from the discussions and the 

decisions and recommendations made. This would enable the focus for future exercises to follow up 

on the specific issues raised from this exercise. 
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1.14  Facilities 

 

As the exercise took place in one room, the environment became highly charged with increased levels 

of noise which made it difficult at times for exercise participants to hear people talking or to conduct 

within group conversations and discussions. Although, on the one hand, the associated chaos and 

noise were considered by many of the exercise participants to be one of the least effective aspects of 

the exercise, on the other it was considered to be effective as it added to the pressure and created a 

sense of reality to the proceedings. The time constraints were also considered to be effective in adding 

to the pressure. 

 

1.15  Exercise groups 

 

A number of the exercise groups would have benefited from having fewer members, with clearer 

structures and terms of reference and better communication, co-ordination and interaction within and 

in between groups, especially those working in the same subject area. Additionally, the groups 

required more interaction with representatives from the other exercise groups. 

 

Equally, the assumptions that were made by several group members, in relation to detection and 

follow-up activities (such as NEOCAM and the upgraded radars) would have benefitted from 

receiving the confirmation that these were indeed correct. 

 

The liaison officers within each of the groups needed to be identified much earlier in the exercise 

process and to be more recognisable by the other group liaison officers. This could be best achieved 

by, perhaps, the adornment of a red armband. 

 

Having several groups, with multiple perspectives, simultaneously responding to the same issues 

inserted a sense of reality in terms of the confusion and ambiguity that would arise in the response to a 

real impact event. Despite this, the exercise would have benefitted from more international 

perspectives being presented.  

 

The traditional way that the involvement of multiple groups was incorporated into the exercise 

mirrored reality as there would be a lot of people looking at different parts of the problem, and they 

are going to be responsible for those different parts, which are then going to require integration and 

co-ordination, which, for the exercise participants, was realistic. Having the diversity of skills and 

expertise participating in the exercise meant that the right people were in the room in order to respond 
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to this timely topic. Equally, having multiple mission and deflection groups stimulated various teams 

and diverse approaches which eventually managed to be reconciled and transpired to be constructive.  

Having subject matter experts in the various different fields all in the same room and all involved in 

the response to the same scenario was also considered to have been very good, as they are the people 

you would not normally have the opportunity to talk to.  

 

To conclude, some of the participants felt that the exercise would have benefitted from having fewer 

members and smaller groups, with clear terms of reference. Smaller groups might have been more 

effective, with a maximum of six to eight people per group, although several scenarios may need to be 

run concurrently. Smaller groups may be allocated to quieter rooms and be provided with more time. 

Equally, having fewer mitigation groups in future would make it easier to integrate.  

 

There needs to be a formal mechanism where the groups can request information from other groups in 

relation to their activities, methodology and recommendations, in order to enhance their own response 

and recommendations. Having a more formal process in place for requesting information from the 

other groups, such as memo templates - which can be delivered to the relevant group, and/or groups - 

would no doubt improve the process for sharing and exchanging information. The sharing of 

information could also be better facilitated by having a process in place to encourage more effective 

liaisons between the different groups such as a liaison table or environment which could 

constructively be created for this purpose. 

 

It is also important that the recommendations from the groups are obtained by being listed on flip 

chart paper, which can then be displayed permanently for the participants to refer to, before the 

exercise moves onto the next phase and before announcing new developments and advancing the 

timeline. These group recommendations could be supported by each group providing a summary 

report before moving on to the next phase of the exercise. This would assist in enabling the 

participants to know exactly where they are within the exercise timeline, and to be provided with 

specific information such as when characterisation spacecraft missions had been launched. 

 

In order to improve future exercises the information about the exercise ideally could be provide more 

in advance, and the participants encouraged to sign up to a syndicate group either before conference 

registration or at the start of the conference, prior to the commencement of the exercise. The syndicate 

lists can then be distributed which will present the participants with the opportunity to identify other 

participants with whom they can discuss issues with prior to the exercise.  
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1.16   Media and risk communication 

It would have been more beneficial for the subjects of Media and Risk Communication to be 

considered separately by two different groups. One group could concentrate on the requirements for 

risk communication and the other group could take into account the media perspective. Additionally, 

the regard for media liaison would also needs to be taken into consideration by the risk 

communication group. Both groups would then also need to liaise more with the general public in 

relation to the educative and informative processes for warning, informing and advising on the nature 

of the hazard and how members of the public can prepare for an impact event.  

 

The exercise has identified the need for producing a risk communication strategy which incorporates 

both scientific and lay opinion. Scientists are keen to remain in the areas in which they excel and to be 

able to make their contribution to communicating to a wider audience by interacting at future 

conferences and exercises. It was recognised by the participants that although the responsibility for 

communicating the risks to the public does not rest solely with the scientists, it is imperative that they 

are part of the process in order to present the scientific facts so that those who are tasked with decision 

making accountability are able to do so.  It became clear during the exercise that risk communication 

is more complex than just providing information on the science and technology involved with the 

detection and deflection missions. There is a multifarious combination of providing essential 

information for societal application. Warnings, in particular are going to prove to be particularly 

challenging as it will not be possible to issue a standard warning message and expect people to 

understand and respond to. Risk communication strategies therefore need to include an analysis and 

an explanation of numerical data, information from previous impact events, the definition and 

description of asteroids, along with the provision of more detailed information on the effects 

following an impact event and the creation and production of public outreach and education 

programmes. 

 

As a result of the exercise, the participants were provided with a better understanding of the evolving 

nature of the risk corridor in addition to acknowledging the need to convey the uncertainties when 

communicating with the public. As data from the observations are refined it is important that these are 

provided to the public as regular updates, and it is essential that those who have roles in 

communicating the risk all do so with one voice. 

 

1.17   Scenario 

 

Although some aspects of the scenario were considered to be ineffective and unrealistic by the 

participants, such as the timeline and the failure of the deflection missions, it was recognised that this 
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was a deliberate intervention to enable the other elements of the NEO response, such as civil 

protection, to be exercised. Alternatively, it has been suggested that, in future, other more realistic 

scenarios could be considered instead.  

 

The scenario provided by Paul Chodas and Don Yeomans was considered to have been suitable and 

appropriate for the conference exercise in addition to being regarded as very good, credible, very well 

paced, and believable.  The way in which it was organised was also deemed to have been excellent, as 

it enabled the relevant people, who would be involved in articulating the solution, the opportunity to 

reflect and deliberate on the occurrence of this type of event. In relation to the scenario, the exercise 

served as an eye-opener to the real issues facing planetary defence. 

 

The exercise injects provided a unique twist to see how effectively we can think in stressful situations 

and provided a valuable and excellent learning opportunity, in addition to providing an understanding 

of the different perspectives represented as well as being able to appreciate the needs of the other 

groups in order to conduct their activities and to make their recommendations accordingly. 

 

Concluding the exercise with an impact event was considered to be an effective mechanism requiring 

the participants to go beyond the point at which they would ordinarily have stopped, assuming 

success, and instead it challenged existing assumptions currently being made. Having the ability to 

‘time travel’ within the scenario also enabled the participants to see the whole thing as it provided an 

insight into issues that had previously not been identified and therefore considered. The exercise 

provided an excellent end to end scenario which provided a valuable insight into how everything 

would work in practice, in addition to the extremely complex decision process required to respond to 

this impact event; being able to go backwards in time to see what was missed and what should have 

done. 

 

Going through time with dramatically different data as the scenario evolved illustrated the difficult 

decisions as well as emphasising the variation required for the different groups of people and the data 

and information they needed, such as scientists requiring asteroid characterisation and trajectory, 

deflection planners in determining the method, number of launches, mission options and designs, 

international, national and local government agencies involved in making various decisions in relation 

to infrastructure, emergency management and civil protection arrangements. Whilst the scientific and 

technical perspective had initial dominance, the implications for informing the geopolitical decision 

making process and to provide societal advice in terms of evacuation were soon recognised by the 

exercise participants. 
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The exercise was deemed to be realistically chaotic, with a technically accurate scenario to which the 

participants enjoyed and responding to the scenario which elicited an extremely comprehensive set of 

solutions and recommendations. 

 

The scenario for future exercises can be improved by the inclusion of more frequent injects which do 

contain the political, humanitarian, industrial, commercial, financial and environmental perspectives. 

It needs to incorporate the cultural, political and economic aspects of the response.  This aspect could 

be facilitated through the invitation of government representation such as a Mayor, Governor, Senator 

from various locations and countries; more emergency organisations such as FEMA, Military, 

Department of Defence and NATO; intelligence agencies in connection with space-based surveillance 

assets; a psychologist experienced in dealing with outcomes from catastrophes in the world; 

economists, MDs, journalists and news anchor-men. If it is not possible to have this level of 

representation in attendance, perhaps written submissions from them could be obtained prior to the 

conference setting out their aims and objectives with consideration given to their availability through 

a teleconference facility. 

 

The exercise would also have been enhanced by the inclusion of simulated news media bulletins and 

pseudo interviews from governments, astronomers, emergency responders, rocket scientists, UN and 

space agencies. 

 

Future exercises could consider the utilisation of websites and chat rooms in order to further facilitate 

discussions between the participants.  Firstly, a website could contain the information for observers 

such as ephemeris, location, brightness of the object, as well as the information contained within the 

PowerPoint slides provided by Paul Chodas. Secondly, a chat room could be developed whereby 

representatives from each group could communicate in real-time, between the groups. Consideration 

could also be given to the utilisation of the DLR concurrent engineering approach in order to obtain 

accurate and substantiated analysis. If the information that would normally be available to the 

community, such as the orbital parameters, was provided the observation and mitigation planning 

could be more realistic and effective. 

 

Consideration could also be given to the inclusion of the following in designing future exercises: 

implications for mitigation and risk communication; NSF for agency co-operation; ISAF, UN 

meetings such as SMPAG; establishment of IAWN to be formalised within the PDC network; the 

convening of the disaster committee in order to determine media communications, public outreach 

and interface with disaster managers; translate megatons into disaster management language in 

relation to wind gusts, blasts, flooding and fires; establish and maintain a dialogue with disaster 

managers; organise workshops based on the recommendations from the conference and the Post 
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Exercise Report; hold media briefings; create three dimensional simulations in order to make an 

effective three minute communications video; explain the uncertainty and present a range of scenarios 

between the worst and the least worst impact effects as well as protecting the integrity of critical 

infrastructure in readiness for an impact event. 

 

The scenario should also consider making the exception to the Outer Space Treaty that the nuclear 

option is required, with the affected nation going to the UN Security Council, in order to request 

support. Consequently the international effort can then be used to construct and launch the nuclear 

device. An alternative plan needs to be determined and agreed should the decision be vetoed by a UN 

Council Member. 

 

More attention should be paid towards the smaller objects, for example those between 100 and 200m 

in diameter. The exercise NEO should be made smaller which would therefore be a far more realistic 

object with a longer, slower evolving impact probability. There needs to be a second, short-time 

scenario, as five years is too long, and one or two iterations could be introduced in each of the two 

main segments, such as, pre and post keyhole. Alternatively an approach for the next exercise would 

be just to provide the data from the observations and leave the scientists to compute the collision 

probability, and other factors for themselves. 

 

Finally, an assertion was made that it would have been more useful to ask the researchers to identify 

the gaps in their knowledge and a desire for the participants to be assigned roles and provided with 

background material to inform their contribution to the exercise. 

 

1.18   Communication 

 

Communication between the groups was eventually effective when it began – although it was 

recognised that it needed to have taken place earlier in the exercise- as some of the groups allocated 

people with liaison roles who were delegated to obtain information from the other groups.  This 

assisted with the decision making, formulation of the response and the determination of other 

activities required in the response.  

 

It was observed that interaction within the groups varied depending on the skill and experience of the 

individuals involved. Those more experienced found it difficult to communicate with those who are 

relatively new to this subject matter. Consequently, more work is required to improve 

communications in this regard as it will be an issue were an impact event like this to take place in the 

future.  
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The numbers and types of stakeholders who would be involved is far more extensive than previously 

thought, with engagement required from the media, the UN, the geopolitical perspective, local and 

national governments, the world banking system, real estate and other societal mechanisms. As a 

result it was recognised that communication amongst the different sub communities and NEO 

communities needs to be better co-ordinated along with the value of interdisciplinary communication 

to the response. 

 

1.19  Behavioural Facets 

 

Although, as a consequence of the exercise some of the participants obtained a greater understanding 

on the complexity of the subject and the diverse perspectives, it was recognised that those responding 

to impact events on an individual basis need to be more fully prepared to do so and attain a better 

understanding, along with an increased awareness of the interdisciplinary composition, both 

organisationally and individually, of those involved and how their organisations and institutions 

would need to work in concert with other organisations in the response to an impact event of this 

nature. 

 

A realisation emerged of the need for working to extremely tight deadlines, probably much tighter 

than previously thought, and the assertion that deflection missions would require a tremendous 

amount of logistical organisation in terms of building the equipment in order to obtain the specific, 

scientific data as quickly as possible. This will place scientists and engineers under a tremendous 

amount of pressure and stress which could be increased when decisions do not appear to fully 

consider the extent of the scientific advice and recommendations being presented. 

 

The challenge of this situation presented those involved with an acknowledgement that the process of 

achieving international co-ordination, communication co-operation and decision-making amongst the 

stakeholders required in response to this type of impact event cannot be underestimated. 

 

It would appear that there needs to be a clearer distinction between strategic and tactical level 

responses to the exercise scenario. There are decision-makers interspersed with the regular scientists - 

who do not have experience of decision making and planning – so it would be useful to separate the 

groups into strategic and tactical levels. 
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CONCLUSION 

 

Overall, the response to the exercise was extremely favourable, as, on average, seventy- three percent 

of those who completed the evaluation forms were very positive. However, sixty-seven percent 

considered that more time could have been allowed for the exercise and more than half of the 

participants deemed that the pace of the exercise was too fast. Repeating this exercise again at future 

conferences is highly recommended, as the participating communities were forced to think about 

issues that are not normally discussed and considered;  similar exercises can be used to assist those 

involved to be more prepared when a real impact hazard occurs. 

 

It would appear that the exercise provided a rich learning experience and a valuable insight into the 

variety of the associated perspectives, the multiplicity of the different roles required in the response, 

and those who would be directly affected by this impact event.  Additionally, there was an 

appreciation of the many inter-relationships which are required that had previously not been 

considered. As a result, the participants not only gained a better understanding of these different 

perspectives, an appreciation of the complexity of the problem and a greater knowledge of the 

technical mitigation required, but also they were in a position to realise and to understand how the 

consequences of their own decisions are viewed, interpreted and acted upon by other people. 

Therefore the value obtained from this exercise was not so much about the decisions made, but in 

raising the awareness and understanding of the issues and consequences of the choices made and the 

potential barriers to the decisions being implemented. The exercise also exemplified how important it 

would be to achieve consensus and how difficult it would be if the asteroid did actually strike the 

Earth. 

 

All the participants were engaged with the exercise scenario and immediately started to formulate 

their solutions to the discovery of the asteroid.  The five minute briefing sessions from all the groups 

at the end of the exercise provided a very interesting and insightful conclusion to the scenario, and 

highlighted some of the more sensitive issues; for example, proving that the use of nuclear devices for 

mitigation are not a weapons-related activity and that proliferation is not stimulated as a consequence, 

requires further consideration and much more detailed discussion. 

 

From this it would appear that the scope and breadth of the implications from an incoming asteroid 

were far greater than originally envisaged. It was also realised that this type of exercise not only has 

relevance to the scientific community, but also the emergency management and other communities. It 

is clear that more preparations are required to be in place in order to more effectively respond to this 

type of event and those that provide little or no warning.  A degree of chaos and confusion are likely 
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to be present, particularly for the first actual event of this nature. Responders and decision makers 

have not previously had to plan and prepare for such a hazardous event or for one that may have such 

a long interval between the initial identification and the eventual occurrence.  

 

Finally, an assertion was made that in order to assist with our understanding of the hazard that there 

would be tremendous value in having a (non-nuclear) deflection demonstration mission. 
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Annexe A:  ARTICLE 5 OF THE WASHINGTON TREATY  

The decision:  

Article 5 was invoked, for the first time in the Alliance's history, on 12 September 2001. NATO 

decided that, if it is determined that the attack against the United States was directed from abroad, it 

shall be regarded as an action covered by Article 5 of the Washington Treaty.  

Article 5 of the Washington Treaty: 

The Parties agree that an armed attack against one or more of them in Europe or North America 

shall be considered an attack against them all and consequently they agree that, if such an armed 

attack occurs, each of them, in exercise of the right of individual or collective self-defence recognised 

by Article 51 of the Charter of the United Nations, will assist the Party or Parties so attacked by 

taking forthwith, individually and in concert with the other Parties, such action as it deems necessary, 

including the use of armed force, to restore and maintain the security of the North Atlantic area.  

Any such armed attack and all measures taken as a result thereof shall immediately be reported to the 

Security Council. Such measures shall be terminated when the Security Council has taken the 

measures necessary to restore and maintain international peace and security.  

NATO's Strategic Concept recognises the risks to the Alliance posed by terrorism. 

What does Article 5 mean?  

Article 5 is at the basis of a fundamental principle of the North Atlantic Treaty Organisation. It 

provides that if a NATO Ally is the victim of an armed attack, each and every other member of the 

Alliance will consider this act of violence as an armed attack against all members and will take the 

actions it deems necessary to assist the Ally attacked.  

This is the principle of collective defence.  

Article 5 and the case of the terrorist attacks against the United States: 

The United States has been the object of brutal terrorist attacks. It immediately consulted with the 

other members of the Alliance. The Alliance determined that the US had been the object of an armed 

attack. The Alliance therefore agreed that if it was determined that this attack was directed from 

abroad, it would be regarded as covered by Article 5. NATO Secretary General, Lord Robertson, 

subsequently informed the Secretary-General of the United Nations of the Alliance's decision.  

Article 5 has thus been invoked, but no determination has yet been made whether the attack against 

the United States was directed from abroad. If such a determination is made, each Ally will then 

consider what assistance it should provide. In practice, there will be consultations among the Allies. 

Any collective action by NATO will be decided by the North Atlantic Council. The United States can 

also carry out independent actions, consistent with its rights and obligations under the UN Charter.  

Allies can provide any form of assistance they deem necessary to respond to the situation. This 

assistance is not necessarily military and depends on the material resources of each country. Each 

individual member determines how it will contribute and will consult with the other members, bearing 

in mind that the ultimate aim is to "to restore and maintain the security of the North Atlantic area".  

http://www.nato.int/docu/basictxt/treaty.htm
http://www.nato.int/docu/basictxt/bt-un51.htm
http://www.nato.int/docu/pr/1999/p99-065e.htm
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By invoking Article 5, NATO members have shown their solidarity toward the United States and 

condemned, in the strongest possible way, the terrorist attacks against the United States on 11 

September. 

If the conditions are met for the application of Article 5, NATO Allies will decide how to assist the 

United States. (Many Allies have clearly offered emergency assistance). Each Ally is obliged to assist 

the United States by taking forward, individually and in concert with other Allies, such action as it 

deems necessary. This is an individual obligation on each Ally and each Ally is responsible for 

determining what it deems necessary in these particular circumstances.  

No collective action will be taken by NATO until further consultations are held and further decisions 

are made by the North Atlantic Council. 
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B. Participant Evaluation 

To what extent have the exercise overall objectives been achieved, in your opinion? 

   Fully achieved 12 

 

18% 

To a good extent  33 

 

59% 

To an acceptable extent 12 

 

21% 

To a poor extent 1 

 

2% 

  

58 100% 

How would you rate the exercise structure and contents as a whole? 

   Very good 13 

 

21% 

Good  35 

 

58% 

Acceptable 11 

 

19% 

Poor  1 

 

2% 

  

60 100% 

How relevant was the scenario in relation to the purpose of the exercise? 

   Very relevant 37 

 

61% 

Relevant  18 

 

30% 

Quite relevant 4 

 

7% 

Not very relevant 1 

 

2% 

  

60 100% 

How highly would you rate the value of the exercise for you and your organisation’s operations/role? 

   Of very high value 21 

 

37% 

Oh high value 13 

 

23% 

Of reasonable value 20 

 

35% 

Of minor value 3 

 

5% 

  

57 100% 
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How highly would you rate the significance of the exercise for creating networks? 

Of very high value 13 

 

21% 

Oh high value 24 

 

39% 

Of reasonable value 15 

 

25% 

Of minor value 9 

 

15% 

  

61 100% 

How did you find the length of the exercise? Was it: 

   Too long 0 

 

0% 

Of an appropriate length 20 

 

33% 

Too short 40 

 

67% 

  

60 100% 

How did you find the pacing of the exercise? Was it: 

   Too fast 33 

 

56% 

Appropriate 25 

 

42% 

Too slow 1 

 

2% 

  

59 100% 
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C. Syndicate Structure 

 

 NEO Discovery & Follow Up  

 NEO Characterisation  

 Mitigation Techniques and Missions  

 Impact Effects  

 Consequence Management and Education  

 Media and Risk Communication  

 Single nation concerned (to include disaster preparedness roles) 

 UN, International Organisations and NGOs 

 Space Agencies (with launch capability) 

 General Public  

 Exercise Control  
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8  
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9  
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10  
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11  
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12  
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13  
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14  
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15  
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16  

Alan Fitzsimmons (QUB UK) 

17  
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18  
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MITIGATION TECHNIQUES AND MISSIONS 

1  

Jan Thimo Grudmann (DLR) 

2  

Dan Levack (PWR) 
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3  

Kirsten Levack (LLNL) 

4  
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5  
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6  

Rusty Schweickart 

7  
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8  
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12  
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IMPACT EFFECTS 

1  

David A. Kring 

2  

Marie-Agnes Courty 

3  
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4  

Dan Pless 

5  
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6  
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7  
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8  
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1  
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2  
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3  

Barbara Jennings 

4  

Daniel Hestroffer 

5  
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4  
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6  

Alex Karl 
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7  

Araba Molly Acquaisie 

8  

Margaret Race 

9  

David Trilling 

10  

Bruce Betts 

11  

Leonard David 

 

SINGLE NATION CONCERNED 

1  

Fabrizio Beranrdi 

2  

Cheryl Reed 

3  

Davide Perna 

4  

George Kuck 

 

UN, INTERNATIONAL ORGANISATIONS AND NGOS 

1  

Victoria Friedensen 

2  

Sergio Camacho 

3  

Ursulla Collie 

4  

Antonella Barucci 

5  

Jean-Yves Prado 

6  

Duncan Steel 

7  

Siegfried Eggl 

 

SPACE AGENCIES – LAUNCH CAPABILITY 

1  

Richard J. Tremayne-Smith 

2  

Ryan Blackman 

3  

Nic Kutsop 

4  

Jay Melosh 

5  

David Morrison 
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GENERAL PUBLIC 

1  

Linda Billings 

2  

Barbara Ailor 

3  

Anne Jordan 

4  

Jacob Miller 

5  

Alan Zucksworth 

6  

Hairoig Lai 

7  

Duncan Guarilo 

8  

Christopher Peckham 

9  

Emanuela Puccinelli 

10  

Mrs Clark Chapman 

 

ADDITIONAL PLAYERS UNASSIGNED: 

1 

 

 

Edward Lu 

 

EXERCISE CONTROL 

1  

William Ailor 

2  

Debbie Lewis 

3  

L. A. Lewis 

4  

Paul Chodas 

5  

Don Yeomans 

6  

Steven Chesley  

7  

Nahum Melamed 

 

 

 


