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Notional future integrated and dedicated Planetary Defense System (Zaitsev, Russia) 
 
A typical operation sequence could be as follows:  Once a threat NEO/PHA has been detected the 
appropriate Control Center would issue a prediction concerning the expected place and time of impact 
as well as expected damage.  Catastrophe prevention measures would be developed and an operations 
plan submitted to the hierarchy of nations/consortia/global entities comprising the management of the 
system.  Once the plan has been proved at that intergovernmental level, launches of reconnaissance 
spacecrafts on Dnepr or Zenit launch vehicles and then interceptor spacecraft on Zenit or Proton launch 
vehicles can proceed.  In the future multi-purpose launch/intercept systems could be developed and 
used. 
 
The reconnaissance spacecraft would approach the NEO as fast as possible and come to a minimum 
distance from the NEO.  It would define the NEO’s trajectory, velocity of rotation, mass, 
mineralogical content and dimensions, and acquire a detailed panorama of its surface and download 
these data to the Planetary Defense Centers.  A mission design would then be undertaken to 
determine the best means of intercepting and mitigating the NEO threat using nuclear or non-nuclear 
means as appropriate.  Nuclear devices with yield of 1.5 - 5 MT would suffice to mitigate a stony 
NEO with diameter up to a few hundred meters.  Several interceptor modules could be assembled in 
Earth orbit to implement a capability to mitigate substantially larger NEOs.   

 
A number of steps would be necessary for its implementation, including: 

 
1. Development of top-priority measures of population relocation and property recovery for 

potential areas subject to damage, including protection of property and cultural values.  This should 
be done even before a defense system is developed 

2. Perform experiments to understand the interaction between the interception means and the 
NEO to asses the practicality and effectiveness of the mitigation operation. 
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3. Demonstration projects to test methods and means of NEO interception and deflection, 
including development of kinetic and slow deflection interceptors.   

 
4. Deployment of the short term system tier to respond to smaller threat NEOs, including all the 

surveillance, launch, communications and command/control systems required.  This could use 
upgraded existing facilities, development of new ones, or both. It is estimated that the first such near 
term tier of a Planetary Defense System could be developed within 5-7 years from an international 
decision to do so.  

5. Creation of a plan for development, deployment, and operation of the longer term tier to 
respond to much larger NEOs later in time.  This could include development of new high energy 
launch vehicles and interceptors as needed.  This plan would not be implemented until later.  

6. Development of the legal regime addressing organizational, financial, political, juridical, 
ethical and other questions at national and international levels necessary to create and operate a 
Planetary Defense System.   

7. Definition of a list of technologies designated as necessary for its successful operation, and 
available without restriction to all parties for the purpose 
 
The problem of defense of the Earth against NEOs is common to all mankind and therefore it should 
be addressed as an international program of the whole world community. The importance of the 
problem and its global and complex nature require resources to be pooled and managed at the 
intergovernmental level.  One major step forward to be taken in this direction would be the creation of 
a “Mankind Insurance Fund” for financing the development and operation of such a Planetary 
Defense System.  Such a fund would be established by all the more developed countries of the world 
with participation of government resources, banks, organizations, and individuals.  In addition to 
financial, pooling of intellectual, technical, and other world assets would be required.  Specifically the 
objectives should include: 

1. Establishing an International Coordination Council of heads of leading organizations, 
scientists and specialists in the NEO defense field in order to coordinate efforts to define and develop 
a Planetary Defense System proposal. 

2. Drawing up a draft of constituent documents of the “Mankind Insurance Fund” intended to 
finance the project and forward them, together with the proposal, to major government organizations, 
banks, funds, individuals and others and solicit their participation in establishing the Fund. 

3. To create the Mankind Insurance Fund and when financial resources become available to 
proceed with development and operation of the first phase of the “Citadel” Planetary Defense System. 

4. Preliminary estimates for the costs of such a Planetary Defense System are USD 3-5 Billion.  
This equates to an annual cost of only 5-10 cents per human being on the planet. 

In summary, exploration and development work already carried out show that there is a good chance 
that a first operational system can be developed in 3-5 years, and that it could operate successfully 
based on current technical assessments.  The more difficult problems of organizational, political, and 
judicial problems need addressing, and hopefully can also be solved in this time frame.  Thus, while 
there is little doubt that the solutions exist or can be created we need to overcome the main problem 
which is a moral one: to understand that there is a necessity for all mankind to realize a responsibility 
for its own preservation and that of the Earth biosphere, as well as that of cultural, material and other 
values that have been created for millennia by billions of human beings. 

Thus the problem of NEO defense can be seen as a kind of test for mankind’s ability to solve global 
problems which it faces.  So this “Citadel” Planetary Defense System could become a model for the 
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first global project of mankind in the third millennium, which could turn the Earth into an unassailable 
fortress with protection from space threats.  This, in turn could become a catalyst for development of 
many industries and technologies that facilitate not only improvements in Planetary Defense but also 
further development facilitating unity of many nations.  But to make that happen many countries will 
be required to pool their resources, including financial as well as specialists in both natural-science and 
humanitarian fields. 
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Glossary 

 
AIAA American Institute of Aeronautics and Astronautics 
AU Astronomical Unit 
CNN Cable News Network 
COPUOUS UN Committee on the peaceful uses of outer space 
CSA Canadian Space Agency 
ECC Earth Crossing Comets 
ESA European Space Agency 
ESRIN European Space Research Institute 
GEO Geostationary orbit 
Gy Giga-years 
IAA International Academy of Astronautics 
IADC Inter-Agency space debris coordination committee 
IAU International Astronomical Union 
ICBM Intercontinental Ballistic Missile 
IEO Inner Earth Objects 
JAXA Japan Aerospace Exploration Agency 
JHU Johns Hopkins University 
JPL NASA’s Jet Propulsion Laboratory 
JSGA Japanese Spaceguard Association 
LHB Late Heavy bombardment 
LINEAR Lincoln Near-Earth Asteroid Research 
LONEOS Lowell Observatory Near-Earth Object Search 
LPC Long-period comet 
MIT Massachusetts Institute of Technology 
MPC Minor Planet Center 
MT Megatons of TNT 
My Mega-years 
NASA National Aeronautics and Space Agency 
NEA Near Earth Asteroid 
NEAR Near Earth Asteroid Rendezvous 
NEAT Near-Earth Asteroid Tracking 
NEO Near Earth Object 
NEODyS Near Earth Object Dynamics Site 
OECD Organisation for Economic Cooperation and Development 
Pan-STARRS Panoramic Survey Telescope and Rapid Response System 
PHA Potentially Hazardous Asteroid 
PHC Potentially hazardous long period comet 
PHO Potentially Hazardous Object 
SDT NASA’s Science Definition Team 
SPC Short period comet 
UN United Nations 
WHO World health Organization 

 



 127 

                                                                                                                                                                 

References 
 

Chapter 2:  The problem 

 
1 Z. Ceplecha, Meteoroids: an item in the inventory, in: T.W. Rettig & J.M. Hahn (Eds.), Completing 
the Inventory of the Solar System, Astron. Soc. Pacific Conf. Ser. 107, 1996, pp. 75-84. 
 
2 S.J. Weidenschilling, Formation of planetesimals and accretion of the terrestrial planets, Space Sci. 
Revs. 92 (2000) 295-310. 
 
3 Chambers, J.E., Wetherill, G.W. 1998.\Making the Terrestrial Planets: N-Body Integrations of 

Planetary Embryos in Three Dimensions. Icarus 136, 304-327. 
 
4 Canup, R.M., Asphaug, E. 2001. Origin of the Moon in a giant impact near the end of the Earth's 

formation. Nature 412, 708-712. 
 
5 Morbidelli, A., Petit, J.M., Gladman, B., Chambers, J. 2001. A plausible cause of the late heavy 

bombardment. Meteoritics and Planetary Science 36, 371-380. 
 
6 G. Ryder, Mass flux in the ancient Earth-Moon system and benign implications for the origin of life 

on Earth, J. Geophys. Res. 107 (E4) (2002), 5022, doi: 10.1029/2001JE001583. 
 
7 Gomes R., Tsiganis, K., Morbidelli, A., Levison, H.F., 2005. The cataclysmic Late Heavy 

Bombardment triggered by a delayed start of planet migration. Nature, submitted. 
 
8 W.K. Hartmann, Megaregolith evolution and cratering cataclysm models--Lunar cataclysm as a 

misconception (28 years later), Meteoritics & Planet. Sci. 38 (2003) 579-593. 
 
9 W.F. Bottke Jr., D. Vokrouhlick", D.P. Rubincam, M. Bro#, The effect of Yarkovsky thermal forces 

on the dynamical evolution of asteroids and meteoroids, in: W.F. Bottke Jr., A. Cellino, P. Paolicchi & 

R.P. Binzel (Eds.), Asteroids III, Univ. Arizona Press, Tucson, 2002, pp. 395-408. 
 
10 T.S. Culler, T.A. Becker, R.A. Muller, P.R. Renne, Lunar impact history from 

40
Ar/

39
Ar dating of 

glass spherules, Science 287 (2000) 1785-1788. 
 
11 H. Atkinson, C. Tickell, D. Williams (Eds.), Report of the Task Force on Potentially Hazardous 

Near Earth Objects, British National Space Centre, London, 2000, 54 pp. 
 
12 F. Watson, Between the Planets, The Blakiston Co., Philadelphia, 1941, 222 pp. 
 
13 R.B. Baldwin, The Face of the Moon, Univ. Chicago Press, Chicago, 1949, 239 pp. 
 
14 E.J. Öpik 1998, On the catastrophic effect of collisions with celestial bodies, Irish Astron. J. 5 
(1958) 36. 
 



 128 

                                                                                                                                                                 
15 E.M. Shoemaker, Impact mechanics at Meteor Crater, Arizona, in: B.M. Middlehurst & G.P. Kuiper 
(Eds.), The Moon Meteorites and Comets, Univ. Chicago Press, Chicago, 1963, pp. 301-336. 
 
16 R.B. Leighton, B.C. Murray, R.P. Sharp, J.D. Allen, R.K. Sloan, Mariner IV photography of Mars: 

initial results, Science 149 (1965) 627-630. 
 
17 L.W. Alvarez, W. Alvarez, F. Asaro, H.V. Michel, Extraterrestrial cause for the Cretaceous-

Tertiary extinction, Science 208 (1980), 1095-1108. 
 
18 A.R. Hildebrand, W.V. Boynton, Proximal Cretaceous-Tertiary boundary impact deposits in the 

Caribbean, Science 248 (1990) 843-847; see also, A.R. Hildebrand, W.V. Boynton, Cretaceous ground 
zero, Natural History (6) (1991), 47-53 and G.T. Penfield, Pre-Alvarez impact, Natural History (6) 
(1991), 4. 
 
19 Proceedings of the Planetary Defense Workshop, Lawrence Livermore Natl. Lab. CONF-9505266, 
Livermore CA, 1995, 513 pp. 
 
20 D. Morrison (Ed.), The Spaceguard Survey: Report of the NASA International Near-Earth Object 

Detection Workshop, NASA, Washington D.C., 1992, 
http://impact.arc.nasa.gov/reports/spaceguard/index.html. 
 
21 E.M. Shoemaker (Ed.), Report of the Near-Earth Objects Survey Working Group, NASA, 
Washington D.C., 1995, http://impact.arc.nasa.gov/reports/neoreport/index.html. 
 
22 T. Gehrels (Ed.), Hazards due to Comets & Asteroids, Univ. Arizona Press, Tucson, 1994, 1300 pp. 
 
23 C. Koeberl, K.G. MacLeod (Eds.), Catastrophic Events and Mass Extinctions: Impacts and Beyond, 
Geological Soc. America, Boulder CO, Special Paper 356, 2002, 746 pp. 
 
24 W.F. Bottke Jr., A. Cellino, P. Paolicchi & R.P. Binzel (Eds.), Asteroids III, Univ. Arizona Press, 
Tucson, 2002, 785 pp. 
 
25 Stuart, J.S. 2001. A Near-Earth Asteroid Population Estimate from the LINEAR Survey. Science 294, 
1691-1693.  
 
26 W.F. Bottke, A. Morbidelli, R. Jedicke, J-M. Petit, H.F. Levison, P. Michel, T.S. Metcalfe, Debiased 

orbital and absolute magnitude distribution of the Near-Earth Objects, Icarus 156 (2002) 399-433. 
 
27 P. Brown, R.E. Spalding, D.O. ReVelle, E. Tagliaferri, S.P. Worden, The flux of small near-Earth 

objects colliding with the Earth, Nature 420 (2002) 294-296.  
 
28 Wiegert, P., Tremaine, S. 1999. The Evolution of Long-Period Comets. Icarus 137, 84-121.  
 
29 Levison, H.F., Morbidelli, A., Dones, L., Jedicke, R., Wiegert, P.A., Bottke, W.F.2002. The Mass 

disruption of Oort Cloud Comets. Science 296, 2212-2215. 



 129 

                                                                                                                                                                 
 
30 Jedicke, R., Morbidelli, A., Spahr, T., Petit, J., Bottke, W.F. 2003. Earth and space-based NEO 

survey simulations: prospects for achieving the Spaceguard goal. Icarus 161, 17-33.  
 
31 C.R. Chapman, Space weathering of asteroid surfaces, Ann. Revs. Earth & Planet. Sci., 2004, in 
press. 
 
32 S.J. Bus, F. Vilas, M.A. Barucci, Visible-wavelength spectroscopy of asteroids, in: W.F. Bottke Jr., 
A. Cellino, P. Paolicchi & R.P. Binzel (Eds.), Asteroids III, Univ. Arizona Press, Tucson, 2002, pp. 
169-182. 
 
33 S.J. Ostro, R.S. Hudson, L.A.M. Benner, J.D. Giorgini, C. Magri, J-L. Margot, M.C. Nolan, Asteroid 

radar astronomy, in: W.F. Bottke Jr., A. Cellino, P. Paolicchi & R.P. Binzel (Eds.), Asteroids III, 
Univ. Arizona Press, Tucson, 2002, pp. 151-168. 
 
34 R.P. Binzel, D.F. Lupishko, M. DiMartino, R.J. Whiteley, G.J. Hahn, Physical properties of near-

Earth objects, in: W.F. Bottke Jr., A. Cellino, P. Paolicchi & R.P. Binzel (Eds.), Asteroids III, Univ. 
Arizona Press, Tucson, 2002, pp. 255-271. 
 
35 Morbidelli, A., Jedicke, R., Bottke, W.F., Michel, P., Tedesco, E.F. 2002. From Magnitudes to 

Diameters: The Albedo Distribution of Near Earth Objects and the Earth Collision Hazard. Icarus 
158, 329-342.  
 
36 Stuart, J.S., Binzel, R.P. 2004. Bias-corrected population, size distribution, and impact hazard for 

the near-Earth objects. Icarus 170, 295-311 
 
37 V.R. Oberbeck & M. Aoyagi, Martian doublet craters, J. Geophys. Res. 77 (1972) 2419-2432. 
 
38 C.M. Cook, H.J. Melosh, W.F. Bottke Jr., Doublet craters on Venus, Icarus 165 (2003) 90-100 
 
39 W.J. Merline, S.J. Weidenschilling, D.D. Durda, J.L. Margot, P. Pravec, A.D. Storrs,  Asteroids do 

have satellites, in: W.F. Bottke Jr., A. Cellino, P. Paolicchi & R.P. Binzel (Eds.), Asteroids III, Univ. 
Arizona Press, Tucson, 2002, pp. 289-312. 
 
40 E. Asphaug, W. Benz, Size, density, and structure of Comet Shoemaker-Levy 9 inferred from the 

physics of tidal breakup, Icarus 121 (1996) 225-248. 
 
41 D.C. Richardson, Z.M. Leinhardt, H.J. Melosh, W.F. Bottke Jr., E. Asphaug, Gravitational 

aggregates: evidence and evolution, in: W.F. Bottke Jr., A. Cellino, P. Paolicchi & R.P. Binzel (Eds.), 
Asteroids III, Univ. Arizona Press, Tucson, 2002, pp. 501-515 
 
42 C.R. Chapman, The evolution of asteroids as meteorite parent-bodies, in:  A.H. Delsemme (Ed.), 
Comets Asteroids Meteorites: Interrelations, Evolution and Origins, 
Univ. of Toledo Press, Toledo OH, 1977, 265. 
 



 130 

                                                                                                                                                                 
43 R.J. Whiteley, D.J. Tholen, C.W. Hergenrother, Lightcurve analysis of four new monolithic rapidly-

rotating asteroids, Icarus 157 (2002) 139-154. 
 
44 C.R. Chapman, W.J. Merline, P.C. Thomas, J. Joseph, A.F. Cheng, N. Izenberg, Impact history of 

Eros: craters and boulders, Icarus 155 (2002) 104-118. 
 
45 C.R. Chapman, What we know and don't know about surfaces of potentially hazardous small bodies, 
in: M.J.S. Belton (Ed.), Mitigation of Hazardous Comets and Asteroids, Cambridge Univ. Press, 
Cambridge, 2004, in press.  
 
46 Earth Impact Database, http://www.unb.ca/passc/ImpactDatabase/, accessed 12 Dec. 2003. 
 
47 K.A. Maher, D.J. Stevenson, Impact frustration of the origin of life, Nature 331 (1988) 612-614. 
 
48 N.H. Sleep, K.J. Zahnle, J.F. Kasting, H.J. Morowitz, Annihilation of ecosystems by large asteroid 

impacts on the early Earth, Nature 342 (1989) 139-142. 
 
49 N.H. Sleep, K. Zahnle, Refugia from asteroid impacts on early Mars and the early Earth, J. 
Geophys. Res. 103 (1998) 28529-28544. 
 
50 J.C. Armstrong, L.E. Wells, G. Gonzalez, Rummaging through Earth's attic for remains of ancient 

life, Icarus 160 (2002) 183-196. 
 
51 P.F. Hoffman, A.J. Kaufman, G.P. Halverson, D.P. Schrag, A Neoproterozoic snowball Earth, 
Science 281 (1998) 1342-1346. 
 
52 P.F. Hoffman, D.P. Schrag, The snowball Earth hypothesis: testing the limits of global change, Terra 
Nova 14 (2002) 129-155. 
 
53 D.H. Erwin, S.A. Bowring, J. Yugan, End-Permian mass extinctions: a review, in: C. Koeberl, K.G. 
MacLeod (Eds.), Catastrophic Events and Mass Extinctions: Impacts and Beyond, Geological Soc. 
America, Boulder CO, Special Paper 356, 2002, pp. 363-383. 
 
54 O.B. Toon, K. Zahnle, D. Morrison, R.P. Turco, C. Covey, Environmental perturbations caused by 

the impacts of asteroids and comets, Revs. Geophysics 35 (1997) 41-78. 
 
55 D.S. Robertson, M.C. McKenna, O.B. Toon, S. Hope, J.A. Lillegraven, Survival in the first hours of 

the Cenozoic, Geol. Soc. Am. Bull., 2004, in press. 
 
56 D.A. Kring, Environmental consequences of impact cratering events as a function of ambient 

conditions on Earth, Astrobiology 3 (2003) 133-152. 
 
57 C.R. Chapman, Impact lethality and risks in today's world: lessons for interpreting Earth history, in: 
C. Koeberl, K.G. MacLeod (Eds.), Catastrophic Events and Mass Extinctions: Impacts and Beyond, 
Geological Society of America, Boulder CO, Special Paper 356, 2002, pp. 7-19. 
 



 131 

                                                                                                                                                                 
58 D.M. Raup, Bad Genes or Bad Luck?, Norton, New York, 1991, 210 pp. 
 
59 J.G. Hills, C.L. Mader, Tsunami produced by the impacts of small asteroids, in: J.L. Remo (Ed.), 
Near-Earth Objects: The United Nations International Conference, Annals of the New York Academy 
of Sciences, Vol. 822, 1997, 381-394. 
 
60 S.R. Chesley, S.N. Ward, A quantitative assessment of the human and economic hazard from impact-

generated tsunami, Natural Hazards, in press 2005. 
 
61 D.M. Morrison, C.R. Chapman, D. Steel, R. Binzel, Impacts and the public: communicating the 

nature of the impact hazard, in: M.J.S. Belton (Ed.), Mitigation of Hazardous Comets and Asteroids, 
Cambridge Univ. Press, Cambridge, 2004, in press. 
 
62 C.R. Chapman, D. Morrison, Impacts on the Earth by asteroids and comets: assessing the hazard, 
Nature 367 (1994) 33-40. 
 
63 J.G. Hills, M.P. Goda, The fragmentation of small asteroids in the atmosphere, Astron. J. 105 (1993) 
1114-1144. 
 
64 P.A. Bland, N.A. Artemieva, Efficient disruption of small asteroids by Earth's atmosphere, Nature 
424 (2003) 288-291. 
 
65 D. Morrison, C.R. Chapman, P. Slovic, The impact hazard, in: T. Gehrels (Ed.), Hazards due to 
Comets & Asteroids, Univ. Arizona Press, Tucson, 1994, 59-91. 
 
66 R.P. Binzel, The Torino impact hazard scale, Planet. Space Sci. 48 (2000) 297-303. 
 
67 C.R. Chapman, The asteroid/comet impact hazard: Homo sapiens as dinosaur?, in: D. Sarewitz et 
al.(Eds.), Prediction: Science, Decision Making, and the Future of Nature, Island Press, Washington 
D.C., 2000, pp. 107-134. 
 
68 D. Rabinowitz, E. Helin, K. Lawrence, S. Pravado, A reduced estimate of the number of kilometer-

sized near-Earth asteroids, Nature 403 (2000) 165-166. 
 
69 K.O. Pope, Impact dust not the cause of the Cretaceous-Tertiary mass extinction, Geology 30 (2002) 
99-102. 
 
70 L. Clarke, Panic: myth or reality, Contexts (American Sociological Association, Univ. Calif. Press) 
v. 1 #3 2002 (http://www.contextsmagazine.org/content_sample_v1-3.php) 
 
 
Chapter 3: detection, orbit prediction, and warning 

 
1 Morrison, D., Chairperson: The Spaceguard Survey: Report of the NASA International Near-Earth-

Object Detection Workshop. Jet Propulsion Laboratory, Pasadena, CA, Jan. 25, 1992. 
 



 132 

                                                                                                                                                                 
2  http://neo.jpl.nasa.gov/faq, accessed December 23, 2008. 
 
3 http://neo.jpl.nasa.gov/programs, accessed December 23, 2008. 
 
4 http://sscws1.ipac.caltech.edu/Imagegallery/image.php?image_name=ssc2006-13a, accessed December 
23, 2008.  
 
5 Hildebrand A.R., et al., The Near Earth Object Surveillance Satellite (NEOSSsat) Mission Enables An 

Efficient Space-Based Survey (NESS Project) of Interior-To-Earth-Orbit (IEO) Asteroids. Lunar and 
Planetary Science XXXVIII, March 12-16, 2007, League City, TX. No. 2372. 
 
6 http://www.cfa.harvard.edu/iau/mpc.html, accessed December 23, 2008. 
 
7 http://cfa-www.harvard.edu/iau/NEO/ToConfirm.html, accessed December 23, 2008. 
 
8 http://ssd.jpl.nasa.gov/?horizons, accessed December 23, 2008. 
 
9  http://newton.dm.unipi.it/cgi-bin/neodys/neoibo, accessed December 23, 2008. 
 
10 Study to Determine the Feasibility of Extending the Search for Near-Earth Objects to Smaller  

Limiting Diameters: Report of the Near-Earth Object Science Definition Team (SDT), National 
Aeronautics and Space Administration (NASA) Office of Space Science Solar System Exploration 
Division, August 2003. 
 
11 Space Mission Priorities for Near-Earth Object Risk Assessment and Reduction: Recommendations to 

ESA by the Near-Earth Object Mission Advisory Panel (NEOMAP), European Space Agency (ESA), 
July 2004. 
 
12 http://pan-starrs.ifa.hawaii.edu/public/design-features/ps1-prototype.html, accessed December 23, 
2008. 
 
13  http://www.lowell.edu/media/content/general/DCT_fact_sheet_0307.pdf, accessed December 23, 
2008. 
 
14 Testimony of LSST Director J. Anthony Tyson, Hearing on Near-Earth Objects: Status of the Survey 

Program and Review of NASA's 2007 Report to Congress.  

http://democrats.science.house.gov/media/File/Commdocs/hearings/2007/space/08nov/Tyson_testimon
y.pdf, accessed December 23, 2008. 
 
15 Near-Earth Object Survey and Deflection Analysis of Alternatives - Report to Congress.  March 
2007. http://www.nasa.gov/pdf/171331main_NEO_report_march07.pdf, accessed December 23, 2008. 
 
16 Hirata, N., et al., Survey of Craters and Impact Structures on the Asteroid Itokawa. Lunar and 
Planetary Science XXXVIII, March 12-16, 2007, League City, TX. No. 1572. 



 133 

                                                                                                                                                                 
 
17 Shinsuke Abe, et. al., Mass and Local Topography Measurements of Itokawa by Hayabusa. Science, 
vol. 312, June 2, 2006, no. 5778, pp. 1344–1347. 
 
1 Gold, R. E., Principal Investigator: SHIELD—A Comprehensive Earth Protection System. A Phase I 

Report to the NASA Institute for Advanced Concepts. The Johns Hopkins University Applied Physics 
Laboratory, 1999. 
 
2 Ivan Bekey: “Very large yet extremely lightweight space imaging systems”.  Presented at the SPIE 
Astronomical Telescopes and Instrumentation Conference, Hawaii, 22-28 August 2002. 
 
3 Ivan Bekey: “Extremely large yet very low weight and low cost space-based telescopes for detection of 

140 meter diameter asteroids at 5.7 AU, and obtaining 6 year warning times for 1 km diameter 

comets”.  White Paper and presentation at NASA workshop on NEOs, Vail, Colorado, June 26-29, 
2006. 
 
4 Lodders, K. and Fegley, B., Jr.: The Planetary Scientist’s Companion. Oxford Univ. Press, New York, 
1998. 
 
5  http://seds.lpl.arizona.edu/nineplanets/nineplanets/kboc.html, accessed December 23, 2008. 
 
6 http://neo.jpl.nasa.gov/risk/doc/palermo.html, accessed December 23, 2008. 
 
7  http://neo.jpl.nasa.gov/risk/doc/sentry.html, accessed December 23, 2008. 
 
1 L.W. Alvarez, W. Alvarez, F. Asaro, H.V. Michel, Extraterrestrial cause for the Cretaceous-Tertiary 

extinction, Science 208 (1980), 1095-1108. 
 
2 David Morrison, Alan W Harris, Geoff Summer, Clark R. Chapman, & Andrea Carusi: Dealing with 

Impact Hazard, 2002 technical summary  
 
3 David Morrison, Is the Sky Falling?, Skeptical Inquirer 1997 
 
4 Robert B. Adams, Jonathan W. Campbell, Randall C. Hopkins and W. Scott Smith, et.al.,  “Near 

Earth Object (NEO) Mitigation Options Using Exploration Technologies.” Paper presented at the 2007 
Planetary Defense Conference, Washington, DC. 
 
5 D. Izzo, A. Bourdoux, R. Walker, and F. Ongaro; "Optimal Trajectories for the Impulsive Deflection 

of NEOs"; Paper IAC-05-C1.5.06, 56th International Astronautical Congress, Fukuoka, Japan, 
(October 2005) available in www.esa.int/gsp/ACT/studies_publications.htm  
 
6 Keith A. Holsapple “Existing methods of asteroid deflections will work: Impacts and nuclear 

bombs”, A white paper for NASA NEO Detection, Characterization, and Threat Mitigation 
Workshop, Vail, Colorado, June, 2006 



 134 

                                                                                                                                                                 
 
7 Dr Harry Atkinson, (Chair) Sir Crispin Tickell and Professor David Williams, “Report of the Task 

Force on Potentially Hazardous Near Earth Objects”, BNSC Sept 2000  
 
8 John S Lewis “Mining The Sky” Perseus Books 1996 
 
9 Ivan Bekey, “Obtaining long warning times on long-period comets and small asteroids:  extremely 

large yet extremely lightweight space telescope systems”, AIAA Planetary Defense Conference: 
Protecting Earth from Asteroids, Feb 23-26, 2004, Garden Grove, California, USA. 
 
10 Ivan Bekey, “Extremely large yet very low weight and low cost space-based telescopes for detection 

of 140 meter diameter asteroids at 5.7 AU, and obtaining 6 year warning times for 1 km diameter 

comets”. White Paper and presentation at NASA workshop on NEOs, Vail, Colorado, June 26-29, 
2006. 
 
11 Ivan Bekey, “Very short reaction time, low !V, non-nuclear mitigation of some NEOs: a case 

study”. Paper presented at the 2007 Planetary Defense Conference, Washington, DC. 
 
12 Russell L. Schweickart, Edward T. Lu, Piet Hut and Clark R. Chapman; "The Asteroid Tugboat"; 
Scientific American (November 2003).  
 
13 Roger Walker, Dario Izzo, Cristina de Negueruela, Leopold Summerer, Mark Ayre and 
Massimiliano Vasile, “Concepts for Near-Earth Asteroid Deflection using Spacecraft with Advanced 

Nuclear and Solar Electric Propulsion Systems” Journal of the British Interplanetary Society 
July/August 2005 Vol. 59 7/8  
 
14 Jonathan W. Campbell, MFS-31408 - Solar Wing And Tether Mechanisms For Asteroid 

Uncooperative Docking And Asteroid Orbit Adjustments  - U.S. Patent Awarded to NASA. 
 
15Ed Lu.  The Gravity Tractor.  Presentation at the Planetary Defense Conference, March 6, 2007, 
Washington, DC.  Also at:  http://www.b612foundation.org/papers/AT-GT.pdf 
 
16 Jonathan W. Campbell, Laser Prevention of Earth Impact Disasters, IAF-01-C.2.09 published in the 
proceedings of the 53d International Astronautical Congress, World Space Congress, Houston, TX, 
Oct. 2002 
 
17 Clark R. Chapman, Daniel D. Durda & Robert E. Gold (February 24, 2001) Impact Hazard, a 

Systems Approach, white paper on public policy issues associated with the impact hazard, at 
http://www.boulder.swri.edu/clark/neowp.html  
 
18  John Olds, SpaceWorks Engineering. Multiple Mass Drivers as an Option for Asteroid Deflection 

Missions.  AIAA Planetary Defense Conference, Washington, DC, March 6, 2007 
 
19 Donald W. Cox, and James H. Chestek. 1996. Doomsday Asteroid: Can We Survive? New York: 
Prometheus Books. ISBN 1573920665. 
 



 135 

                                                                                                                                                                 
 
Chapter 5: Organizing for the task 

 
1 Centre for Research on the Epidemiology of Disasters (CRED) World Disasters Report  Emergency 

Events Database (EM-DAT)  http://www.em-dat.net/documents/PRDISASTERS2005final.pdf 
 
2 http://www.moroccotimes.com/paper/article.asp?idr=2&id=14935 
 
3 For more details, see Steven Chesley, Potential Impact Detection for Near-Earth Asteroids:  The 

Case of 99942 Apophis (2004 MN4), Proceedings IAU Symposium No 229, 2005. 
 
4 http://www.cfa.harvard.edu/iau/mpc.html 
 
5 http://neo.jpl.nasa.gov/faq/#purpose 
 
6 http://131.114.72.13/cgi-bin/neodys/neoibo 
 
7  http://www.cfa.harvard.edu/iau/NEO/ToConfirm.htm 
 
8 See for example: http://131.114.72.13/cgi-bin/neodys/neoibo?objects_list:0;main 

 
9 See for example: http://131.114.72.13/cgi-bin/neodys/neoibo?quicksearch:0;main 
 
10

 http://neo.jpl.nasa.gov/cgi-bin/neo_ca 

 

11 National Response Plan, http://www.dhs.gov/interweb/assetlibrary/NRP_FullText.pdf, December 
2004, released January 6, 2005 
 

12 Federal Response to Hurricane Katrina, Lessons Learned, February 2006. 
 
13 http://neo.jpl.nasa.gov/missions/ 

 
14 http://www.lpl.arizona.edu/impacteffects/ 
 
15

 See for example, Galen Gisler, Robert Weaver, Charles Mader, Michael Gittings, Two- And Three-

Dimensional Simulations Of Asteroid Ocean Impacts Los Alamos, NM, USA 

 
16 NASA Research Announcement, Call For Papers: Near-Earth Object Detection, Characterization, 

and Threat Mitigation, Solicitation: NNH06ZAE001R 
 

17 The B612 Foundation and the Association of Space Explorers are vocal advocates of action to 
establish an internationally coordinated operational mitigation capability 
 



 136 

                                                                                                                                                                 
 
Chapter 6: Behavioral factors and planetary defense 

 
1 Helsloot, I., and Ruitenberg A., “Citizen Response to Disasters: A Survey of Literature and Some 

Practical Implications,” Journal of Contingencies and Crisis Management, Vol. 12, No. 2, 2004, pp. 
98-111. 
 
2 Auf der Heide, E., “Common Misconceptions about Disasters: ‘Panic’, ‘the Disaster Syndrome’, and 
‘Looting.’ In M. O’Leary, ed., The First 72 Hours: A Community Approach to Disaster Preparedness, 
iUniverse, New York, 2004, pp. 340-380. 
 
3 Dwyer, J., and Flynn, K., 102 Minutes: The Untold Story of the Fight to Survive Inside the World 

Trade Center, Times Books, New York, 2005. 
 
4 Dynes, R. R., “Finding Order in Disorder: Continuities in the 9/11 Response.” Invited Paper, Mid-
South Sociological Society, Memphis, TN, 2002. 
 
5 Quantrelli, E. L., “The Origins and Impact of Disaster Research,” In M. O’Leary, ed., The First 72 

Hours: A Community Approach to Disaster Preparedness, iUniverse, New York, 2004, pp. 321-339. 
 
6 Cross, J. A., “Megacities and Small Towns: Different Perspectives on Hazard Vulnerability,” 
Experimental Hazards, Vol. 3, 2001, pp. 63-80. 
 
7 Allen, B. P., “After the Missiles: Sociopsychological Aspects of Nuclear War,” American 

Psychologist, Vol. 40, No. 8, 1985, pp. 927-937.   
 
8 Taylor, A. J. W., “Value Conflict Arising from a Disaster,” The Australasian Journal of Disaster and 

Trauma Studies, Volume 2, 1999. http:www.massey.ac.nz/trauma/issues /1999-2/taylor.htm. Accessed 
4.3.2005. 
 
9 Chester, D. K., “Theology and Disaster Studies,” Journal of Volcanology and Geothermal Research, 
Vol. 146, 2005, pp. 319-328. 
 
10 Garshnek, V., Morrison, D. L., and Burkle, F.  M., Jr., “The Mitigation, Management and 
Survivability of Asteroid/Comet Impact with Earth.” Space Policy, Vol. 16, 2000, pp. 213-222. 
 
11 Birkland, T. A. After Disaster: Agenda Setting, Public Policy, and Focusing Events. Georgetown, 
DC: Georgetown University Press, 1997. 
 
12 Solecki, W. D., and Michaels, S., “Looking Through the Post disaster Policy Window,” 
Environmental Management, Vol. 16, No. 4, 1994, pp. 587-595. 
 
13 Janis, I. L., and Mann, L. Decision Making: A Psychological Analysis of Conflict, Choice and 

Commitment, The Free Press, New York, 1977  
 
14 Larson, E., Isaac’s Storm: A Man, a Time, and the Deadliest Hurricane in History, Vintage Books, 
New York, 1999. 



 137 

                                                                                                                                                                 
 
15 Beevor, A., Stalingrad: The Fateful Siege, 1942-1943, Penguin, New York, 1997.  
 
16 Kolata,, G. Flu: The Story of the Great Influenza Pandemic, New York, Touchstone, 1999. 
 
17 Mason, R. O., “Lessons in Organizational Ethics from the Columbia Disaster: Can a Culture be 
Lethal?,” Organizational Dynamics, Vol. 33, No. 2, 2004, pp. 128-142. 
 
18 Dynes, R. R., “Noah and Disaster Planning: The Cultural Significance of the Flood Story,” Journal 

of Contingencies and Crisis Management, Vol. 11, No. 4, 2003, pp. 170-177. 
 
19 Milleti, D. S., and Peek, L., “The Social Psychology of Public Responses to Warnings of a Nuclear 
Power Plant Accident,” Journal of Hazardous Materials, Vol. 75, 2000, pp. 181-194. 
 
20 Mulilis, J-P., Duval, T. S., and Rombach, D., “Personal Responsibility of Tornado Preparedness: 
Commitment or Choice?,” Journal of Applied Social Psychology, Vol. 31, No. 8, 2001, pp. 1659-1688. 
 
21 Dudley-Grant, G. R., Mendez, G. L., and Zinn, J., “Strategies for Anticipating and Preventing 
Psychological Trauma of Hurricanes Through Community Education,” Professional Psychology: 

Research & Practice,  Vol. 31, No. 4, 2000, pp. 387-392 
 
22 De Man, A. F., and Simpson-Housley, P., “Factors in Perception of Earthquake Hazard”, Perceptual 

and Motor Skills, Vol. 64, No. 3, Pt. 1, 1987, 64 pp. 815-820. 
 
23 Shalev, A. Y., “Debriefing Following Traumatic Exposure.” In Ursano, Robert J., et. al., Eds, 
Individual and Community Responses to Trauma and Disaster: The Structure of Human Chaos, 
Cambridge, Cambridge University Press, 1994, pp. 201-219. 
 
24 Ursano, R.J., Tzu-Cheng, K., and Fullerton, C.S., “Posttraumatic Disorder and Meaning: Structuring 
Human Chaos,” Journal of Nervous & Mental Disease, Vol. 180, No. 12, 1992, pp. 756-759. 
 
25 Ursano, R.J., McCaughey, B. G, and Fullerton, C. S., “Trauma and Disaster,” in R. J. Ursano, et. al., 
Eds, Individual and Community Responses to Trauma and Disaster: The Structure of Human Chaos, 
Cambridge, Cambridge University Press, 1994, pp. 3-31. 
 
26 Hodgkinson, P. E. and Stewart, M., Coping with Catastrophe: A Handbook of Post-Disaster 

Psychosocial Aftercare, Routledge, New York, 1998. 
 
27 American Red Cross, “Emotional Health Issues for Families of Disaster Workers,” 
http:www.trauma-pages.com/arcwkfm.html. Accessed 9/08/08. 
 
28  Swenson, C. et. al., “Impact of a Natural Disaster on Preschool Children: Adjustment 14 Months 
After a Hurricane,” American Journal of Orthopsychiatry, Vol. 66., No. 1, 1996, pp. 122-130.  
 



 138 

                                                                                                                                                                 
29 Ruestemli, A, and Karanci, A. N., “Distress Reactions and Earthquake-Related Cognitions of 
Parents and their Adolescent Children in a Victimized Population,” Journal of Social Behavior and 

Personality, Vol. 11, No. 4, 1996, pp. 767-780. 
. 
30 Ursano, R J., and McCarroll, J E., “Exposure to Traumatic Death: The Nature of the Stressor.,”  R. J. 
Ursano et al., eds., Individual and Community Responses to Trauma and Disaster: The Structure of 

Human Chaos, Cambridge University Press, Cambridge, 1994pp. 46-72. 
 
31 Keller, R.T., and Bobo, W.V. “Handling Human Remains Following the Terrorist Attack on the 
Pentagon: Experiences of 10 Uniformed Health Care Workers,” Military Medicine, Vol. 17, Suppl. 4, 
2002, pp. 8-11. 
 
32 Stehr, S., and Simpson, D., Victim Identification and Management Following the Collapse of the 

World Trade Center Towers, Quick Response Report # 148. Boulder, Colorado: Natural Hazards 
Research and Applications Information Center, University of Colorado. 
 
33 McCarroll, J. E., Ursano, R. J., Wright, K. M., and Fullerton, C. S.,  “Handling Bodies After Violent 
Death: Strategies for Coping,” American Journal of Orthopsychiatry, Vol. 63, No. 2, 1993, pp. 209-
214.  
 
34 Ursano, R. J., McCaughey, B. G., and Fullerton, C. S., Individual and Community Responses to 

Trauma and Disaster: The Structure of Human Chaos. Cambridge, Cambridge University Press, 1994.  
 
35 Chochinov, H. M., “Vicarious Grief and Response to Global Disasters.” Lancet, Vol. 266, 2005, pp. 
697-698. 
 
36 Kennedy, C., Charlesworth, A., and Chen, J-Y, “Disaster at a Distance: Impact of 9.11.01 Televised 
News Coverage on Mothers’ and Children’s Health,” Journal of Pediatric Nursing, Vol. 19, No. 5, 
2004, pp. 329-339. 
 
37 Myers, D, and Wee, D. F., Disaster Mental Health Services, Bruner Routledge, New York, 2005. 
 
38 Frykberg, E. R., “Disaster and Mass Casualty Management: A Commentary on the American 
College of Surgeons Position Statement,” Journal of the American College of Surgeons, Vol. 197, 
2003, pp. 857-859.  
 
39 World Health Organization, “Mental Health in Emergencies: Mental and Social Aspects of Health of 
Populations Exposed to Extreme Stressors,” Department of Mental Health and Substance Dependence, 
Geneva, 2003.  
 
40 Kaniasty, K., and Norris, F. H., “Mobilization and Deterioration of Social Support Following 
Natural Disaster,” Current Directions in Psychological Science, Vol. 3, 1995, pp. 94-98. 
 
41 Raphael, B., and Wooding, S., “Debriefing: Its Evolution and Current Status,” Psychiatric Clinics of 

North America, Vol. 27, 2004, pp. 407-423. 
 



 139 

                                                                                                                                                                 
42 Stuster, J. W., Bold Endeavors, Naval Institute Press, Annapolis, 1996. 
 
43 Harrison, A. A., Spacefaring: The Human Dimension. The University of California Press, Berkeley. 
2001. 
 
44 Harrison, A. A., “New Directions in Spaceflight Behavioral Health: A Workshop Integrating 
Research and Application,” Aviation, Space and Environmental Medicine, No. 6, Section II 
Supplement, 2005, B3-B12. 
 
45 Finney, B. R., and Jones, E. M., eds., Interstellar Migration and the Human Experience, Berkeley, 
University of California Press, 1984. 
 
46 Birdsell, J. B., “Biological Foundations of Small, Human Founding Colonies,” in B. R. Finney and 
E. M. Jones, eds., Interstellar Migration and the Human Experience, Berkeley, University of 
California Press, 1985, pp. 110-119.  
 
47 Wachter, K., “Predicting Demographic Contours of an Interstellar Future,” in B. R. and E. M. Jones, 
eds., Interstellar Migration and the Human Experience, Berkeley, University of California Press, 1984, 
pp. 120-133. 
 
48 Hodges, W. A., “The Division of Labor: A Response to Demographic Contours,” in B. R. Finney 
and E. M. Jones, eds., Interstellar Migration and the Human Experience Berkeley, University of 
California Press, 1984, pp. 134-151. 
 
 
Chapter 7: Policy implications 

 
1 Australia, Belgium, Canada, the Czech Republic, Denmark, the European Commission, France, 
Germany, Italy, Japan, Korea, Norway, South Africa, the United Kingdom, the United States 
 
2 Australia, Belgium, Canada, the Czech Republic, Denmark, the European Commission, France, 
Germany, Italy, Japan, Korea, Norway, South Africa, the United Kingdom, the United States 
 
3 ESA has 17 Member States; the national bodies responsible for space in these countries sit on ESA’s 
ruling Council: Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, 
Luxembourg, The Netherlands, Norway, Portugal Spain, Sweden, Switzerland and the United 
Kingdom. Canada also sits on the Council and takes part in some projects under a Cooperation 
Agreement. The Czech Republic, Hungary, Romania and Poland are participating in the Plan for 
European Cooperating States (PECS).  
 
4 The Inter-Agency Space Debris Coordination Committee (IADC) is an international governmental 
forum for the worldwide coordination of activities related to the issues of man-made and natural debris 
in space. The primary purposes of the IADC are to exchange information on space debris research 
activities between member space agencies, to facilitate opportunities for cooperation in space debris 
research, to review the progress of ongoing cooperative activities, and to identify debris mitigation 
options. The IADC member agencies include the following: ASI (Agenzia Spaziale Italiana), BNSC 



 140 

                                                                                                                                                                 
(British National Space Centre), CNES (Centre National d'Etudes Spatiales), CNSA (China National 
Space Administration), DLR (German Aerospace Center), ESA (European Space Agency), ISRO 
(Indian Space Research Organisation), JAXA (Japan Aerospace Exploration Agency), NASA 
(National Aeronautics and Space Administration), NSAU (National Space Agency of Ukraine), 
ROSCOSMOS (Russian Federal Space Agency) 
 
5 UN document A/AC.105/890 describes the guidelines adopted by the Scientific and Technical 
Subcommittee (STSC) of the United Nations (UN) Committee on the Peaceful Uses of Outer Space 
(COPUOS) in February, 2007. The guidelines were developed via consensus within the Scientific and 
Technical Sub-Committee and endorsed by the full COPUOS in June, 2007. These guidelines are 
consistent with the IADC Space Debris Mitigation Guidelines. 
 
Useful Links:  

 

ASE   http://www.space-explorers.org/committees/NEO/neo.html 
 

IADC   http://www.iadc-online.org/index.cgi?item=home 
 
UK   http://www.nearearthobjects.co.uk/report/resources_task_intro.cfm 

 

Council of Europe http://www.astrosurf.com/luxorion/impacts-resolution.htm 

 

ESA   http://www.esa.int/gsp/NEO/doc/NEOMAP_report_June23_wCover.pdf 
 
USA   http://impact.arc.nasa.gov/gov_asteroidperils_1.cfm 

 

http://impact.arc.nasa.gov/gov_earthasteroids_1.cfm 

 

http://impact.arc.nasa.gov/gov_cong_hearings_1.cfm 

 

http://www.hq.nasa.gov/office/pao/FOIA/NEO_Analysis_Doc.pdf 
 

http://impact.arc.nasa.gov/gov_threat_2002.cfm 
 

OECD   http://www.oecd.org/dataoecd/39/40/2503992.pdf 
 
UN   http://www.unoosa.org/oosa/COPUOS/stsc/2007/index.html 
 

http://www.unoosa.org/oosa/SpaceLaw/outerspt.html 
 




