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INTRODUCTION 
The present concept provides a brief description of the asteroid-comet hazard (ACH) 

and main approaches to creation of an international Planetary Defence System (PDS) 
“Citadel” for ensuring the Earth’s safety. 

The existence of the ACH was scientifically substantiated at the end of the 20th 
century.  It was shown that collision of a many-kilometre celestial body with the Earth will 
immediately destroy the civilisation or throw its development back for centuries.  Bodies of 
tens and hundreds meters size can generate tsunamis that will wash away settlements if 
they impact the ocean near a coast.  If they impact on land they can destroy a big city or 
even a state, disrupt telecommunication and energy services, destroy infrastructure, damage 
nuclear and chemical plants, storehouses for toxic waste products, etc. 

For this reason scientific, public, and governmental institutions in many countries of 
the world and also international organisations (United Nations Organisation, Parliamentary 
Assembly of the Council of Europe, Organisation for Economic Cooperation and 
Development, and others) pay increasing attention to this problem. 

Since the ACH is an extremely serious risk factor for civilisation, the development of 
measures for ACH prevention should become an important task for mankind in the 21st 
century.  The implementation of this task appears realistic since most PDS components – 
rocket and space technologies, hypervelocity impactors, nuclear explosives, 
communication, navigation, and control systems, etc. – have already been developed.  
Many of these components were developed for military purposes.  Now there is a unique 
opportunity to use them not for destruction but for protection of the mankind.  

It is clear that the PDS should be developed by joint efforts of all mankind.  Thus the 
Concept of the Creation of an International PDS “Citadel” (presented here in brief) is built 
on research and development made by specialists in different countries.  Detailed 
description of various aspects of the PDS development is presented in their reports. 
References to them are included in the list of publications in the Bibliography.  
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1. ASTEROID-COMET HAZARD 
1.1. Asteroid and Comet Characteristics 

Asteroids  
The name “asteroid” (“starlike”) comes from Greek words “aster” – star and “eidos” – 

like.  The name was given to small bodies in the Solar System which appear like stars even 
through a telescope because of their 
relatively small dimensions. 

Asteroids are stone, stone-iron, 
iron, or carbonaceous bodies of 
irregular shape and a few meters to 
1000 km in size (Fig. 1).  Their 
density varies from 1 to 6 g/sm3.  

Most asteroids are located in the 
Asteroid Belt that lies between the 
orbits of Mars and Jupiter (green dots 
in Fig. 2). 

However, some asteroids have 
orbits nearing the Earth orbit and 

even crossing it. They are named near-Earth asteroids 
(NEAs) (red dots in Fig. 2).  

Occasionally NEAs collide with our planet and 
this leads to catastrophes of various scales. 

The velocity of NEA collisions with the Earth is 
in the range from 12 to 50 km/s.  

The number of NEAs larger than 50-meters in 
size (close to the size of the Tunguska object that 
exploded above the Siberian Taiga in Russia in 1908) 
is about 2 million.  Only about 9000 of them have been 
discovered during the 17-year period of running the 
NEA Observation Programmes (Fig.3). The majority 
of them is discovered in the USA  
 

by the «Spaceguard Survey» 
program.  

Therefore, we know only the 
orbits of a very small number of all 
NEAs.  Consequently, there is a 
constant threat of a collision of an 
unknown asteroid with Earth.  

 
 

Fig.3. NEAs Detection Dynamics 

 
Fig. 2. Asteroid locations on 

11.11.2011 
        (Minor Planet Center Data) 

 

               
Fig. 1. Asteroid’s photos made by spacecrafts 
                                                      (Photo: NASA, JAXA) 
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Comets 
The name “comet” comes from the Greek word “kometes”, which means “star with a 

tail”.  It refers to small bodies of the Solar system, which consist of a nucleus, a gas and 
dust coma surrounding it, and typically a dust and a plasma tail.  A comet nucleus contains 
a mixture of water ice, dust, and frozen gases.  The ice and frozen gases start to evaporate 
when the nucleus, in its solar orbit, approaches the Sun 
and the coma (very thin atmosphere) develops around 
the nucleus.  Its diameter can reach 2 million 
kilometres (larger than the Sun).  

The nucleus and the coma comprise the comet 
head.  Under the influence of solar radiation, the gas 
and dust in the coma start to move away from the 
nucleus in the direction opposite to the Sun, forming 
the slightly curved “dust tail” (Fig. 4).  At the same 
time the fast moving ions from the Sun, the “solar 
wind,” interact with the coma gas and form the straighter plasma (ion) tail.  Its length can 
reach 200 million kilometres. 

Comet nuclei are bodies of irregular 
form (Fig. 5), from hundreds of meters to 
50 kilometres in size, possibly even larger.  
Their surface is covered by a crust of dust.  

The density of the nucleus substances 
is from 0.1 up to 1.5 g/cm3.  The densities 
of the head and tails are negligibly low.  
Thus it is the nucleus that makes an Earth 
collision dangerous. 

Most comet nuclei are located beyond 
the Planetary System in the Oort cloud, in 
the Kuiper belt, lying beyond the Neptune 
orbit and also between the massive outer 

planets (Fig. 6). The Oort cloud and Kuiper belt include more than one hundred billion 
comet nuclei.  

Comet nuclei change orbits and 
move towards the Sun because of the 
gravitational perturbation caused by 
massive planets and close stars and also 
because of comet collisions.  Some of 
them, named near-Earth comets (NECs), 
are nearing the Earth.  These comets can 
collide with the Earth at velocities from 
about 10 to over 70 km/s.  

About 90 NECs have been 
discovered.  The number of NECs of more 
than 100 meter mean diameter can exceed 
20 thousand.  

 
Fig. 6. Areas of comet nuclei concentration 
within the Solar System and orbits of some 

comets 

 
Fig. 5. Comet nuclei photos made by spacecrafts 

(Photo: IKI RAS, NASA) 

 
Fig. 4. Hale Bopp comet 
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1.2. Consequences of an Asteroid or Comet Nucleus Collision  
with Earth 

Collisions with the Earth cause catastrophes of global, regional, or local character 
depending on the object’s size, composition, and velocity. 

Global Catastrophes  
During the last 600 million years, about 60 collisions with celestial bodies of more 

than 5 km diameter have taken place and led to global catastrophes. One of them occurred 
in the area of the Yucatan Peninsular 65 million years ago.  The Chicxulub crater was 
formed as a result of the impact of a 10 km size celestial body.  This impact caused the 

extinction of 75% of animal and plant species 
including the dinosaurs. 

There is a theory that Noah's Flood could be the 
result of a celestial body falling in the ocean, which 
caused a giant tsunami that swept across continents.  

 
 

 
Regional Catastrophes 

Collisions with bodies of hundreds of meters to kilometres in size, which take place in 
the periods from tens to several hundred thousand years lead to 
regional catastrophes. One of them took place 12,900 years ago 
when a comet nucleus of several kilometres in diameter 
exploded above North America.  As a result of the explosion, 
the biosphere of the continent was destroyed and the ancient 
Indian (Clovis culture) was terminated. 

 

Local Catastrophes 
Local catastrophes caused by objects of tens to hundreds meters in size take place in  

periods from tens to several thousand years.  The destructed area can exceed territories of 
the largest megalopolises and even small countries.  The events of the Arizona and 
Tunguska meteorites might serve as examples of this phenomenon. 

There is the Barringer Crater in Arizona (USA) is 
1.3 km in diameter and 170 m deep.  It was formed 
about 50 thousand years ago after the impact of an iron-
nickel asteroid, which was 40-60 m in size and had a 
mass of 300 thousand tons.  

The explosive energy of the Tunguska Meteorite 
was from 10 to 100 megatons (Mt) in trotyl equivalent.  
It levelled about 2000 km2 of forested taiga.  This 
exceeds twice the territory of the City of Moscow.  It 
also caused the taiga conflagration that continued about 
two years.  

 

 Fig. 7. Global catastrophe 65 million years ago. 
                      (A. Kring and D. D. Durda, 2003) 

Fig. 8. Regional catastrophe 12,900 year ago. 
                                          (www.boulder.swri.edu)  

  

 

 

 
Fig. 9. Barringer Crater. 
            (Photo D. Roddy) 

http://www.boulder.swri.edu
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Impacts in the Last 100 Years. 
During the last 100 years four Earth impacts on continents of 40-60 m celestial bodies have 

been recorded.  If an even distribution of impacts over the Earth’s surface (including oceans) is 
considered, then Earth impacts take place 
about every 10 years. Up to 1 Mt 
explosions in the upper atmosphere occur 
every month.. 

Explosions of celestial bodies over 
military units could be misinterpreted as an 
act of aggression and impacts on nuclear 
power or chemical plants, toxic waste 
facilities, etc., can cause significant human 
losses and material damage. They can also 
become a “trigger” for a global ecologic 
crisis or a military conflict.  

 

Impacts in the 21st Century 
Already seven noticeable events related to the Earth impacts by celestial bodies took 

place at the beginning of the 21st century.  
5 July 2002: An atmospheric explosion 

of a small asteroid (bolide) near 
Dnepropetrovsk in Ukraine, was erroneously 
interpreted as a rocket attack against a civil 
aircraft. 

24 September 2002: An explosion of 
about 0.2 Mt took place in the Vitim river 
basin. It levelled nearly 100 km2 of forested 
taiga. 

28 September 2003: Sudusudia, a 
village in India, was burned as a result of 
impacts by large bolide fragments. One 
person died and 20 persons were injured. 

7 June 2006: An explosion of a 
celestial body took place in the Norwegian 

highlands. Its explosive energy was equivalent to about 500 tons of TNT. 
15 September 2007: As a result of an impact near the village of Karankas in Peru, a 

crater 30 m in diameter and 6 m deep was formed. 
7 October 2008: A meteoroid was tracked for 20 hours as it approached Earth and 

impacted in Sudan. This was the first time that an object was detected before it reached the 
Earth. Hundreds of meteorite pieces were recovered from the desert. 

15 February 2013: An explosion of about 0.5 Mt of the Chelyabinsk meteorite 
injured 1613 people. The damage was 1 billion rubles. 

The asteroid-comet hazard is a serious risk factor for our civilization because 
any moment a catastrophe ranging from local to global scale can take place.  

FOR PROTECTION FROM ASTEROID-COMET HAZARD AN INTER-
NATIONAL PLANETARY DEFENCE SYSTEM SHOULD BE CREATED 

 
Fig. 10. Main well-known events for  

the last 100-year period 

 
Fig. 11. Six of the seven events in the 21st 

century. 
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2. INTERNATIONAL PLANETARY DEFENCE SYSTEM “CITADEL” 
International PDS “Citadel” is designed for prevention of collision of asteroids and 

comet nuclei with the Earth.  
PDS “Citadel” should include two echelons: 
- echelon 1 for short-term (operative) reaction (ESTR) “Citadel-1”; 
- echelon 2 for long- term reaction (ELTR) “Citadel-2”. 
The creation of the ESTR is necessary because it is impossible to detect in advance all 

dangerous celestial bodies (DCBs).  Most DCBs are small and difficult to detect.  For 
instance, approximately 99.5% of NEAs 
are from ten to hundreds meters in size 
(Fig.12).  The detection of such bodies is 
most likely when they are already too 
close to the Earth – from several days to 
months before the impending collision.  
For timely protection from this hazard an 
ESTR permanently ready for action is 
needed.  

If needed, the ELTR may be 
developed on the ESTR’s basis for 
protection from larger DCBs. 

 

2.1. Echelon for Short-Term Reaction “Citadel-1” 
The ESTR is designed for protection from DCBs that can be detected several 

days/weeks/months before the impending collision.  

2.1.1. Structure and Function of the ESTR Components 
An ESTR should include (Fig.13):  
- Ground- and Space-Based Surveillance Service (GSBSS) for DCB detection and 

characterization;  
- two Segments of the Reconnaissance and Interception Services,  “East” and “West,” 

for DCB identification and 
characterization, and for applying 
countermeasures  against DCBs; 

- two Regional Planetary Defence 
Centres (PDC) “East” and “West” for 
managing ESTR services.  

In addition, the ESTR may 
include auxiliary (reserve) services: 

- regional defence services based 
on anti-missile missiles; 

- services for forecasting the 
impact regions and consequences of 
DCB impacts.  

 

 
Fig.12. Distribution of NEAs in size. 

 
Fig.13. Composition of the echelon for short-term 

reaction “Citadel-1.” 
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2.1.2. ESTR Operations Scheme  
The ESTR “Citadel-1” operation will include the following functions. 

DCB detection 
DCB detection will be provided by the GSBSS.  The Space Observation Segment 

(SOS) will comprise the main part of the GSBSS.  It will include the observational 
spacecrafts (SCs), equipped by optic and 
infrared telescopes.  These SCs will be located 
on near-Earth and interplanetary orbits and, in 
the future, maybe on the Moon. 

The SOS will guarantee detection of DCBs 
nearing the Earth even from the side of the Sun 
at least several days before the collision.  This 
cannot be done with Earth-based telescopes. 

 

Investigation and Reconnaissance 
After the detection of a DCB, the ground- and space-based surveillance facilities will 

join when appropriate the study of its 
characteristics.  This will be done with optic 
telescopes and ground-based radars.  More 
detailed study of the DCB characteristics will be 
performed by small reconnaissance SCs (mass 
100-200 kg). 

An engineering model of the DCB will be 
built in the PDC as a result of complex 
processing of obtained information and the best 
option for protection from the DCB will be 
chosen. 
 

Interception 
Iintercepting SCs with appropriate devices to deflect a DCB from its impact 

trajectory will be launched.   Mainly devices of short-term (impulse) action will be used – 
kinetic hypervelocity impactors and nuclear explosive devices, if needed.  The choice of 
counteraction will depend on the warning time (time of realization that a DCB will impact 

Earth and the predicted time of impact).   
Modern rocket-and nuclear technologies 

allow creating the countermeasure for protection 
from DCBs of sizes up to several hundred 
meters, i.e. about 99.5% of NEAs.  Defence 
against the remaining 0.5% of NEAs and NECs, 
which can be detected many years before the 
collision, will be performed by the ELTR. 

 
Fig.14. DCB detection 

 
Fig.15. DCB investigation and 

reconnaissance 

 
Fig.16. DCB interception 
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2.1.3. ESTR Auxiliary Services 
ESTR auxiliary (reserve) services are needed to support the main ESTR means in case 

of:  
- threat of large fragments of a DCB (tens of meters in size) after DCB was destroyed 

near the Earth;  
- short  warning time reserve before a DCB collision with the Earth that prevents 

using main LSTR means for the interception. 
Regional Defence Services 

For defence of some territories from an impact of a DCB of several tens of meters in 
size, it may also be possible to use missile-space defence (MSD) systems in the regions of 
their disposition after an appropriate modification of these systems.  For this purpose the 

following means can be used:  Ballistic Missile 
Early Warning Systems (BMEWS), Space 
Control Systems (SCS), and Missile Defence 
Systems (MDS).  In particular, the DCB tracking 
can be performed by high-potential phased-array 
radars of the BMEWS and the interception can 
be carried out by MDS missiles. 

The LSTR role in this case will be limited 
to transferring of the discovered DCB to the SCS 
for tracking. 

 
Forecast Services 

If the prevention of DCB impact with Earth is impossible, it will be necessary to take 
measures for the minimisation of the space catastrophe damage.  This includes evacuation 
of population, materials, objects of cultural value, and dangerous products and objects from 
the expected impact areas.  For implementation of these measures, it is necessary to 
establish a service for forecasting regions to be targets by DCBs and consequences of these 
impacts. 

The service will forecast potential impact regions on the basis of information from the 
GSBSS of the LSTR “Citadel-1”and from the 
SCS.  After complex processing of the data, a 
forecast of conditions for the DCB entry into the 
Earth atmosphere will be provided.  Calculation 
of the DCB motion in the atmosphere, 
forecasting of the regions to be hit, simulation of 
the DCB explosion process and assessment of 
possible consequences will be performed.  On 
the basis of these data a set of emergency actions 
will be taken for prevention and reducing 
possible losses by means and efforts of national 
and international emergency services.  

 
Fig.18. Forecasting of the region to be hit 

and evacuation 

 
Fig.17. Interception by MDS means. 
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2.2. Echelon for Long-Term Reaction “Citadel-2” 
The level for long-term reaction is designed for protection from DCBs that can be 

detected many years before their collision with the Earth.  

2.2.1. Structure and Function of the ELTR Components 
The structures and functions of the ELTR can be identical to those of the ESTR.  

Since the ELTR is intended for protection from collisions with many-kilometer sized 
bodies which happen extremely seldom, some ELTR components may exist in a “virtual” 
form.  Corresponding projects for these ELTR components should be included into the 
framework of the “Mobilisation Plan for the Earth Protection.”  They should be 
implemented quickly in a dangerous situation.  

2.2.2. ELTR Operations Scheme 
Similar to the ESTR the ELTR operation will include the following main functions.  

DCB Detection 
DCB detection will be provided mainly by the GSBSS of the ESTR.  Whole celestial 

sphere surveys in periods from several months to several years will be needed for detection 
of comets many years before their possible collision with the Earth.  This service can be 
based mainly on astronomic observatories located all around the world and equipped by 
powerful telescopes.  
Investigation and Reconnaissance 

Similar to the ESTR, ground- and space-based surveillance means and reconnaissance 
SCs will be needed for studying DCBs.  In some cases the most powerful launch vehicles 
of the world will be needed for launching these SCs.  
Interception 

Interception schemes will be similar to schemes of interplanetary flights to asteroids, 
comets, and other bodies of the Solar System, that were implemented many times in the 
past.  As a rule, deflecting DCBs in their orbits will be the goal.  Depending on DCB 
characteristics, parameters of their orbits, and available time, a wider spectrum of means 
for countermeasures can be used.  For DCBs with large orbital inclination with respect to 

the ecliptic plane or large eccentricity that make 
orbital rendezvous impossible, devices of short-term 
(impulse) action will be used, similar to those for the 
LSTR.  In other cases, methods of gentle long-time 
action can be used.  These can be divided into 
methods of direct and distant action.  The direct-
action methods are rocket propulsion systems of 
various types (using chemical propellant; electric 
nuclear engines, using a substance from other celestial 
bodies, and so on) and methods for changing the 
DCB’s albedo, etc.  The distant-action means are laser 
facilities, solar concentrators, “gravitational tractor,” 
and so on. 

The interception area accessible for modern 
means is located approximately between orbits of 

Mars and Mercury (Fig. 19).  In the course of time, it will expand with the development of 
new more efficient means. 

 
Fig. 19. Areas of DCBs interception. 
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2.3. Basic Means for the PDS “Citadel” Establishment  
The development of the ESTR will be based mainly on the existing technologies.  The 

creation of the ELTR will need elaboration of some new technologies.  This refers mostly 
to launching, interception, and impact means. 
Space means for Monitoring (Detection) 

For creation of observational SCs, experience of space agencies in designing various 
telescopes can be used.  These are “IRAS” (NASA/SERC/NIVR), “Astron-1” (IKI of 
RAS), “Hipparcos”, “ISO”, and “Herschel” (ESA), “COBE”, “Spitzer”, “Kepler”, and 
“WISE” (NASA), “HST” (NASA/ESA), “AKARI” (JAXA), “COROT” (CNES/ESA) and 
others. 
Ground- and Space-Based Investigation and Reconnaissance Means 

The tracking and study of discovered DCBs can be performed by telescopes of the 
world network of astronomy observatories.  For more precise determination of their 
characteristics, planet radars (Yevpatoria, Ussurijsk, Russia; Goldstone, USA and Aresibo 
Puerto Rico), together with the world network of radio-telescopes, can be used.  For these 
purposes, SCs optic and radar means belonging to military forces of some countries can 
also be used for these purposes.  

For creation of reconnaissance SCs, experience in design of equipment and SCs for 
study of asteroids, comets, and planets of the Solar System will be used.  These are “Vega-
1 and 2” and “Fоbos-2” (IKI of RAS), “Giotto” and “Rosetta” (ESA), “Galileo”, “NEAR 
Shoemaker”, “Deep Space-1”, “Stardust”, “Deep Impact”, and “Dawn” (NASA), 
“Clementine” (BMDO/NASA), “Cassini” (NASA/ESA/ASI), “Hayabusa” (ISAS), and 
some others. 

The design of reconnaissance SCs should allow various countries to use their launch 
vehicles, equipment for SC control, communication systems, and so on. 
Interception Means 

For creation of SC-interceptors, experience in designing the above mentioned SCs 
and also experience in developing the MDS will be used. 
Means for action 

The development of kinetic and nuclear means for action will be based on the 
experience of similar devices created for military purposes.  The ELTR creation will 
require the development of new super powerful means for action and other new 
technologies. 
Launch vehicles and Ground-based Infrastructure 

For launching SCs to the operational orbits, a wide spectrum of launch vehicles 
available to space agencies can be used.  This refers also to the ground-based infrastructure 
for preparation and launching SCs and  to SC control, communication, etc. 

Experience in design of launch vehicles “Saturn-5” (USA), “Energia” (Russia), and 
nuclear rocket engines should be used for creation of super powerful launch vehicles for the 
ELTR.  The development of a space transport module based on a nuclear power reactor of 
megawatt class in Russia will also be useful. 

Mankind has all necessary basic technologies for creating the 
ESTR and, partially, the ELTR of the PDS  
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3. ORGANISATIONAL, FINANCIAL, AND INTERNATIONAL-LEGAL 
FOUNDATIONS  

In addition to dealing with serious scientific and technological problems, the PDS 
creation will require solving a wide spectrum of organisational, legal, financial, ethic, and 
other problems of international character.  For this purpose, corresponding legal 
foundations need to be elaborated.  They can be presented in the form of an International 
Treaty “On the Principles of Ensuring the Earth’s Defence Against Asteroid and Comet 
Nucleus Impact Hazards” (below in the text – Treaty). 

The following principles should govern the elaboration of the Treaty text:  
1. The formation of the Treaty should be based on a concept of the PDS preliminary 

agreement by the international community.  The PDS “Citadel” Conception can be used as 
an option.  

2. International status should be given to the legal basis of the PDS formation and 
maintenance.  

3. The highest priority should be given to international activities in the PDS creation.  
They should be performed on the basis of specially elaborated international management 
mechanisms.  

4. The legal basis must have binding juridical character for states taking part in the 
PDS creation. 

5. The legal basis can be structured with reference to areas of tasks (scientific, 
technological, organisational, financial, and others) or stages of the PDS formation. 

6. The Treaty must provide a series of measures to guarantee protection of any state 
or object from DCBs (to exclude “the non-use dilemma”, which means cancelled protection 
of some countries for putting pressure on them in order to change the geopolitical situation 
or even destroy them).  Possibility of creating the PDS by a set of countries united in a 
single military and political association or other blocks should be eliminated.  

7. The Treaty should include main principles for establishing and using of an 
international fund - Mankind Insurance Fund - for financing, developing, maintaining, and 
modernizing of the PDS.  

8. The Treaty should include regulations for operation of planetary defence regional 
centres.  

9. The Treaty should define mechanisms for technological and legal integration of 
current and future missile-space and other means (PDS components), which are under 
national jurisdiction, into a global international infrastructure. 

In addition, the following principles should be built into the Treaty draft in 
accordance with the tasks for stages of implementation. 
Stage of Developing the PDS Project 

1. The PDS should be formed on the basis of specially created international 
components and national means including space industry branches, military establishments, 
and emergency services.  

2. Measures should be defined for preventing creation of new weapons under the 
pretext  of PDS; for example, use of small asteroids for bombing objects on the Earth 
(“asteroid weapon”). 

3. The status of “Patrimony of Mankind” should be attributed to technologies used for 
the PDS in order to guarantee the PDS integrity and “permanent readiness” status until 
replacements of the technologies by new ones (modernisation) takes place. 
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4. Provisions should be made for utilisation of the PDS means after their warranty 
periods expire.  

5. “A Mobilisation Plan for the Earth Defence” should be developed in order to 
engage all necessary resources of mankind in case of a global catastrophe threat.  If the 
catastrophe avoidance is impossible, the plan should anticipate an escape of a small part of 
the population.  
Stage of Building and Testing the PDS Components 

1. Revision of some international space laws may have to be adopted to check 
proposed methods of defence and possible consequences of their application. The same 
refers to the PDS operation. 
Stage of “a Standby Alert”  

1. Measures for guaranteeing prompt provision of information about emerging space 
threat to respective institutions should be developed.  The “dilemma of reporting” – the 
possibility to delay or conceal information about a DCB discovery – should be eliminated.  

2. Regulations on warning the population about a space threat should be elaborated in 
order to avoid mass panic (“notification dilemma”). 
Stage of Application of the PDS Components 

1. Mechanisms to guarantee timely decisions on the use of the PDS methods at the 
international level should be elaborated.   The “no-use dilemma” should be eliminated. 

2. The possibility of using military means, for instance,the MSD, for the planetary 
defence should be anticipated. 

3. Using the PDS for military purposes should be prohibited (“dilemma of use”). 
Stage of the PDS Application Consequences 

1. Measures for compensating possible damage to some countries or regions in case 
of debris impacting as a result of a near-Earth DCB destruction should be elaborated. 

Together with drafting the Treaty additional agreed upon understandings of 
existing international treaties and agreements, which include provisions relating to 
protection from asteroid and comet nucleus impact hazards, need to be adopted. 
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4. PHASES FOR FORMATION OF THE PLANETARY DEFENCE SYSTEM 
“CITADEL” 

Main stages of the PDS are presented in the Table. 

Years  Phases  
1 2 3 4 5 6 … 10 

1. Organisational          

2. System project         

3. Development of the ESTR for the PDS          

4. Development of the ELTR for the PDS          

These stages will include the following activities: 
Phase 1. Organisational 

- forming the Mankind Insurance Fund; 
- elaboration of international legal foundations 
- establishing of the Planetary Defence Centres – “East” and “West”; 

Phase 2.  System Project 
- the development of the international PDS System Project;  
- more precise identification of the PDS establishment costs. 

Phase 3.  Development of the ESTR for the PDS 
- development of ESTR project; 
- development and testing of ESTR components; 
- putting the ESTR into the “standby alert” condition. 

Phase 4.  Development of the ELTR for the PDS 
- development of ELTR project; 
- development and testing of ELTR components; 
- putting the ELTR into the “standby alert” condition. 

In Stage 3, observational, reconnaissance, and intercepting SCs will be developed on 
the basis of the best world astronautics practice.  Their design should allow various 
countries to use their launch vehicles, equipment for SC control, communication systems, 
and so on.  At this stage, simulation experiments for testing interaction schemes for DCB 
detection and tracking and demonstration projects for testing means and methods for DCB 
investigation and interception will be carried out 

At Stage 4 main attention will be paid to the development of new super powerful 
launch vehicles and means for action. 

At following stages, modernization of the PDS components will be carried out as new 
technologies become available.  

Expenses for the creation of the ESTR for the PDS will amount to 15-20 
billion USD. 

The creation of the ELTR will require much higher expenses.  They will be identified 
at the project development stage.  
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CONCLUSIONS 
The following conclusions can be made on the basis of research and development 

conducted by international experts: 

1. The possibility of catastrophic collisions of asteroids and comet nuclei with the 
Earth makes necessary the implementation of measures for prevention or minimization of 
consequences of these collisions.  

2. Modern technologies allow to start the practical development of means for defence 
against the asteroid-comet hazard.  

3. The development of the International System of Planetary Defence “Citadel” is one 
of the possible ways to secure the planetary safety.The echelon for reaction at the short-
term level “Citadel-1”will comprise the basis of this system.  

4. The short-term reaction echelon can be built in 5-7 years. This will guarantee 
protection of the Earth from asteroid and partially from comet threat. 

5. The Planetary Defence System must be developed by efforts and means of all 
mankind including the financial input. A Mankind Insurance Fund must be established for 
this purpose. 

6. The defence against asteroid-comet hazard requires the development of 
international legal instruments. They might be presented in the form of an international 
treaty “On the Principles of Ensuring the Earth’s Defence Against Asteroid and Comet 
Nucleus Impact Hazards”.. 

7. Coordinating functions for the establishment and maintenance of the Planetary 
Defence System might be taken by the UN, with the International Centre for Planetary 
Defence specially established under the aegis of the UN and the Centre’s Regional 
Departments.  

8. Providing planetary defence can be regarded as a test for the mankind in its ability 
to meet global challenges. The proposed project of Planetary Defence System “Citadel” can 
become the first global project of the third millennium, which will defence the Earth from 
cosmic threat.  

9. Implementation of the project demands first of all overcoming the main moral 
barrier – all people and particularly state leaders must realise their mutual responsibility for 
preserving the mankind, the biosphere and all cultural, moral and material values created 
by billions of people living on our planet. 
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ABBREVIATIONS 
 

ACH - asteroid-comet hazard 
ASI - Italian Space Agency  
BMDO - Ballistic Missile Defense Organisation, USA  

BMEWS - Ballistic Missile Early Warning System 
CNES - National Center for Space Studies, France  
DCB - dangerous celestial body 
ELTR - echelon for long-term reaction 

ESA - European Space Agency  
ESTR - echelon for short-term (operative) reaction 
GSBSS - Ground- and Space-Based Surveillance Service 

IKI of RAS - Space Research Institute of the Russian Academy of Sciences  
ISAS - Institute of Space and Astronautic Science, Japan  
JAXA - Japan Aerospace Exploration Agency, Japan  
MDS - Missile Defence System 

MSD - Missile Space Defence 
NASA - National Aeronautics and Space Administration, USA  
NASU - National Academy of Sciences of Ukraine 

NEA - near-earth asteroid 
NEC - near-earth comet 
NIVR - Netherlands Agency for Aerospace Programmes  
PDC - Planetary Defence Centre  

PDS - Planetary Defence System 
RAC - Russian Academy of Cosmonautics by K. E. Tsiolkovsky 
RAS - Russian Academy of Sciences 

SC - spacecraft 
SCS - Space Control System 
SEC ESR - Science-Educational Center of Emergency Situations Research, RF  
SERC - Science and Engineering Research Council, UK  

SOS - Space Observation Segment  
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