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1. INTRODUCTION AND CONTEXT
A hundred times every day I remind myself that my inner and outer life depend on the labors of
other men, living and dead, and that I must exert myself in order to give in the same measure as [

have received and am still receiving.

Albert Einstein

1.1 Space Debris: The Problem

On 11 January 2007 a Chinese ground-based missile was used to destroy the Fengyun-1C
spacecraft, an aging satellite orbiting more than 500 miles in space since May 1999. Although
the test was hugely successful from a military point of view, demonstrating China’s ability to use
very sophisticated weapons to target regions of space that are home to various satellites and
space-based systems, it caused great concerns to both the military and scientific communities.
Indeed, the event is a real danger in the sense it may fuel an arms race and weaponization of
space, with some countries being tempted to show they can easily control space as well. From
the scientific perspective, the Chinese destruction of Fengyun-1C gave a new dimension to the
space debris i1ssue.

In shattering the old weather-watching satellite into hundreds of large fragments, the Chinese
created a large “debris cloud.” The debris is now spreading all around the earth; the majority
resides in very long-lived orbits. The debris cloud extends from less than 125 miles (200
kilometers) to more than 2,292 miles (3,850 kilometers), encompassing all of low Earth orbit. As
of 27 February 2007, the U.S. military’s Space Surveillance Network had tracked and cataloged
900 debris fragments greater than 5 centimeters in size, large enough to create potentially serious
collision problems. The total count of objects could go even higher based upon the mass of

Féngyun-lc and the conditions of the breakup, which could have created millions of smaller
pieces.

The Chinese test has demonstrated that the actual system for preventing the creation of space
debris is still weak—with a single test threatening to put in shamble the long-term efforts made
by other countries. In particular, questions are now raised as to the extent to which the existing
organizations working on space debris could take measures to protect the orbital space from
pollution. The test also shows that the various existing treaties and conventions regulating outer
SPace activities do not play a significant role in preventing such an incident because they lack
coverage on such issues or are impossible to enforce.

1.2 Space Debris: Managing the Future

It is time to recognize that while space may be infinite, Earth orbital space is a finite natural
I€source that must be managed properly. The outer space environment should be preserved to
€nable countries to explore outer space for peaceful purposes, without any constraints. It has
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environment and

become obvious that space debris poses a danger to human life as well as to the
the economic activities of all nations in space.

The problem we face is complex and serious; the danger posed by the human-made debris to
operational spacecraft (pilotless or piloted) 1s a growing concern. Because debris remains in orbit
for long period of time, they tend to accumulate, particularly in the low earth orbit. What 1s
certain today is that the current debris population in the Low Earth Orbit (LEO) region has
reached the point where the environment is unstable and collisions will become the most
dominant debris-generating mechanism in the future. The tremendous increase in the probability
of collision exists in the near future (about 10 to 50 years). Some collisions will lead to breakups
and will sow fragments all over the geosynchronous area, making it simply uninhabitable and
unreliable for scientific and commercial purposes.

mankind was concerned primarily with conquering space. The
process of placing an aircraft in Earth’s orbit and targeting the moon was such a challenge that
little thought was given to the consequences that might arise from these actions. Space debris has
thus been created at the time of the cold war, when the military and space race between the two
great powers of the time was at its peak. Not much can be done to change what has been done

during the last decades of the 20™ Century.

In the early years of the space era,

As with many aspects of Earth-bound pollution, it is taking time
effects of what we call now “space Jjunk”
increasing concern. The scientific and engineering communities
catalogued. The increased pace of small debris has also been studied using sophisticated models.
Although space debris has been extensively studied by
around the world since the 1980s, its implications have
specialists at international conferences.

1.3 Advocating for a Global Space Debris Convention

The time is right for addressing the problem posed by orbital debris and realizing that, if we fail
to do so, there will be an increasing risk to continued reliable use of space-based services and
operations as well as to the safety of persons and property in space. We have reached a critical

threshold at which the density of debris at certain altitudes is high enough to guarantee collisions
thus resulting in increased fragments. In a scenario in which space launches are more frequent, 1
is likely that we will create a self-sustaining, semi-permanent cloud of orbital “pollution” tha
threatens all future commercial and exploration activities within certain altitude ranges. Th
debris and the liability 1t may cause may also poison relations between major pOwers.

that may impact any country deciding to develo
space activities, the issue cannot be resolved among a few countries. This is why I am advocatin
that a global convention on space debris is a requirement for preserving this special environmen
for future generations. Following the logic of the Brundland Report, we need development tha

“meets the needs of the present without compromising the ability of future generations to mee
their own needs.”’

Because space debris 1s a global challenge

to recognize the damaging
or space pollution. Space debris is a source of
have studied the problem of

space debris for decades and warned of the dangers. Large space debris has been tracked and

public and private research institutions
only been discussed in narrow circles of

—
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A global convention is needed for the simple reason that the successful approval of vol

guldehnes has. not been consistent over the last years. For instance ‘chfl:3 pChin o o u'ntary
gxample of fallur_e to enforce mitigation standards for space debris ,If rightl 3?6 eced and
1mtpl<??16n.ted, an 1ntedrn§tional convention would increase mutual un;ierstar%din}é ollfceltlcs(f:}(jtai)rﬁ
activi ies in space and thus enhance stability in space ikeli icti

conflict. It would also provide the mz:hanil:ms atr(l)d (sitelfcrlilaszﬁieggfhzggd " fﬂgFIOH -
consequences posed by space debris. More importantly, the)conventio’n woulzleme e
agreem@nt betweep the different countries and would be legally binding to the con‘crasfc:'rve SaS .
Other 1mp9rtant 1ssues would also need to be addressed. For instance, the d Ctlng i N
spacecraft is presently not covered. The liability and dispute mechanism an’d compiiggggnofoaf

2. SPACE POLLUTION, A REALITY

2.1 Space Debris: Definition

Sg:;: ti}IlleC rls;lgig of ipu:nik I. ig 1957, space activities have created an orbital environment that
risks to existing space systems, including hum i
ses . : . , an space flight and roboti
missions. It is crucial to understand what is me o in : et
ant by debris in the context of I
I am only concerned with man-made debri s oy e baer
- ebris and not the natural fast-movi ' |
meteoroids. It is true that meteoroids ca P o i
n also be a source of great conc i
very large, with a mass of several thousand 1 e e s
large, metric tons. Every day Earth’s atmosphere i
_ ere 1S stru
by millions of small meteoroids but most never reach the surface because they arg vaporized gl;

the intense heat generated when the i
rub a t .
beyond the scope of this paper. Y gainst the atmosphere. Non man-made debris is

2.2 Source of Debris

2.2.1 Categories of Space Debris

is article “Space Debris: Legal and Policy Implications,”> Howard Baker divides space debris

5 L . M : d art]c]]late

1 I . 0 . .
} () S:taeifséz gfl)tflgads or inoperative objects: Inactive payloads are primarily made up of
at have run out of fuel for station-keeping o '
tions or have malfuncti
and are no longer able to ma e wse of 1 e paslonder
: neuver. However, the use of the term “i I ”
requires clarification. Because satellite ’ 1 ot e
. . s can be deactivated f i i
o : . or periods of time and then
I reactivated, and because debris may include objects manufactured in outer space and

not just payloads, the term i i '
. ) , moperative objects” may be more corr i
objects which entities can no longer control. ¢ et when refering fo

(2) O erati s, . .
W:S : :;;(;I;laii debris: Ope.ratlonal debris includes any intact object or component part that
S typ; f(()ir rel'ea.se.d Into space duripg normal operations. The largest single category
of debris is intact rocket bodies that remain in orbit after launching a satellite
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(3) Fragmentation debris: Fragmentation debris 18 created when a space object breaks
apart. This type of debris can be created through explosions, collisions, deterioration, or
any other means. Collisions are another source of fragmentation debris. Debris of this
type may result from collisions between space object and either natural or artificial

orbital debris.

(4) Microparticulate matter: Surface degradation is also a cause of space debris. Surfaces
of spacecraft are exposed to the deleterious space environment of ultraviolet radiation,
atomic oxygen, thermal cycling, micro-particulates, and micrometeoroids. This can lead
to degradation in the optical, thermal and structural integrity of surfaces and coatings
with subsequent shedding of materials into the space environment. Indeed, debris can be
created as the result of the gradual disintegration of the surfaces on a satellite due to
exposure to the space environment.

2.2.2 Examples of How Debris is Created
Debris in space is composed of various elements from various space missions. From 1957

through 2006, the total number of space missions to reach Earth orbit or beyond was 4,477. The
types of debris are manifold. For example, many upper stages from launch vehicles have been
left in orbit after they are spent. Many satellites are also abandoned after the end of their useful
life. Another source of debris is spacecraft and mission operations, such as deployments and
separations. A major contributor to the orbital debris background has been object breakup.
Breakups generally are caused by explosions and collisions. According to a recent paper by the
IAA,3 it is noted that, as of 2005, more than 180 in-orbit explosions have occurred, generating
about 40% of the orbital debris population. For instance, on 29 June 1961, the Able Star upper
stage used to launch the Transit 4A satellite exploded and produced 296 catalogued pieces of
debris, 181 of which were still in orbit in 1 January 2007.

Let’s consider some recent cases. In 2006, in February, the 45-year-old Vanguard 3 (1959-007A)
released a single piece of debris with very low velocity while in an orbit of 510 km by 33 10 km.*
The likely cause was the impact of a small (untracked) particle or surface degradation of the
spacecraft. In November of the same year, shortly after reaching an orbit of approximately 850
km circular on 4 November 2006, a Delta IV second stage unexpectedly released more than 60
debris in a retrograde direction with velocities mostly in the range of 0-50 m/s. In December, a
17-year-old Delta second stage (1989-089B) released as many as 36-tracked particles from an
orbit of 685 km by 790 km. The debris exhibited orbital decay rates higher than normal and all
but three have already reentered the earth’s atmosphere.

There is also unusual debris. Galaxy 3R, a U.S. geosynchronous satellite launched in 1995,
suffered a failure of its spacecraft control processor in January 2006. Attempts to recover control
of the spacecraft were unsuccessful and the spacecraft operator was unable to boost the vehicle
into a disposal orbit above the geostationary arc, so Galaxy 3R remains where it failed. There
also exists celebrated space debris such as Ed White’s spacesuit glove that drifted out of Gemini

during the first U.S. spacewalk in 1965, and the loss of a powered screwdriver during the repait

of the Solar Max in 1984.

ﬁ
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2.3 Tracking and Cataloguing Space Debris

More than 30,000 objects had been officially cataloged by the U.S. Space Surveillance Network’
(SSN) by the end of January 2007. SSN is the main comprehensive debris monitoring syst WO;
space debrls_. It has been tracking space objects since 1957 when the Soviet Uniongo yeni:r(ri1 tl?r
space age w1.th the launch of Sputnik I. The system was originally designed to detect Sb' t ?f
military significance, but it is capable of monitoring many other types of space objects e

Approximately, 8% qf the catalogeq population is operational spacecraft, while 50% can be
attnbpted to Odecomm1851oned satellites, spent upper stages, and mission related objects. The
remainder 43% originates from 160 on-orbit fragmentations that have been recorded since '1961

(The bigger debris is well-tracked as shown in the images below).® o
satellite breakups by 1 January 2007 was 189, ges below).” The total number of identified

Figure 1: Space Debris Pollution Models

PR

Image generated from a distant oblique
vantage point to provide a good view of the
object population in the geosynchronous
region (around 35,785 km altitude). Note the
larger population of objects over the

northern hemisphere. Source.  NASA orbital Debris Program

- Office

Image of the low Earth orbit, the region of
space within 2,000 km of the Earth's
surface. It is the most concentrated area for
orbital debris.

i\ndc?:: ‘;)/fllsrl))ic‘li deblr_ls Iclla7s a mean altitude .of 528 mules (850 kilometers) or greater. This means
ot Vs and ?}fllg- ved. qut space debris will not fall to earth for thousands or even millions
et at;nos hee V%it IIl.a_]OI‘l.ty of what does.fall 10 'earth will incinerate itself when it hits the
Sk Ea re.t 1? situation at some specific orbits can be described as a crowding problem.
Sl Thoss al:e;u eti altitudes between 700 apd I,OOQ km, around 1,400 km, and in geostationary
synchronous mli 1es COHCSP_Ond to appropriate orbits for specific missions: Remote-sensing sun-
E ssions are primarily between 700 and 1,000 km, communication satellites in low

arth orbits are typi :
o 36,0006 kgfl}':ncally above 700 and below 1,500 km, and geostationary satellites are in orbit
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2.4 Assessing the Threats: A Scientific and Economic Perspective Figure 2: Debris Simulations from LEGEND
2.4.1 The risk of Collision: A Scientific Problem ‘ e
. . . o . . . . . . = Tata
Collisions at orbital velocities can be highly damagng to functioning satellites and space 5 — ntacts an mission-elated debris SN 220 —
. . . .. B —t - gxplogion fragments s

manned missions. At orbital velocities of more than 28,000 km/h (17,500 mph), an object as £ 1000 Z Cotiton nsgmets T e

. . . . . . pie 4608
small as 1 cm in diameter has enough kinetic energy to disable an average-size spacecraft. 7 =
Objects as small as 1 mm can damage sensitive portions of spacecraft, but these particles are not g e 2 b0
tracked.® At a typical impact velocity of 10 km/s, a 1 cm liquid sodium-potassium droplet would z /,wf“ z g
have the destructive power of an exploding hand grenade. A fragment that is 10 cm long 1s 2 2w
roughly comparable to 25 sticks of dynamite. g L 4 e

g B e LE-08f ) L
= i
The chance of a collision and substantial damage is not insignificant. The Space Shuttle has e b
maneuvered to avoid collisions with other objects on several occasions. Regarding satellite R RERRER gegg8gggggegesgeggssses
constellations, if a potential collision will lead to the creation of a debris cloud that may resultin , e Ntode Gy TR
. . . . . . Effective number of LEO objects, 10 cm and la Spati ; SRR R
damage to other constellation members, it may be worthwhile to perform a collision avoidance . . ’ rger  Spatial density distributions, for objects 10 d
from the LEGEND simulation. o J cm an
larger, for three different years.

maneuver. Large particles obviously cause serious damage when they hit something. Part ofa
defunct satellite or any large debris resulting from a space launch would almost certainly destroy

a satellite or kill a space explorer on impact.

Source: J.-C. Liou and N. L. Johnson

2.4.2  An Increasing Space Market with Higher Risks of Economic Disruptions

The market for commercial space launchers has witnessed rapid growth over the past s 1
years. If more space debris accumulates, the business is at risk. Today, more and moI;e a t'ev':'ra
rely on we}l functioning communication equipment in space. Any ciisruption can hawC major
consequential losses. World geopolitics has dramatically changed since the 1960’s racZ g)la‘g}(l)é

moon. At the time, the U.S. and the Soviet Uni ;
: > s on compet
in space. peted with one another, both on Earth and

A source of risk is found in the likelihood of a chain of collisions in the coming years. Under
such a scenario, space debris would grow exponentially as they start to collide. As a result,
collisions would become the most dominant debris-generating mechanism in the future. Several
studies demonstrated, with assumed future launch rates, the production rate of new debris due to
collisions exceeds the loss of objects due to orbital decay.’ As a result, in some low Earth orbit
(LEO) altitude regimes, where the density of objects is above a critical spatial density, more
debris would be created. The growth of future debris populations is shown in the following two
graphs (See Figure 2). They show the effective number of LEO objects, 10 cm and larger, from

the LEGEND simulation.'

Today, the space market is again on the upward trend. By the end of la
;?ggéhltle market genergted revenues of about $11 billion. Inyterms of satellisge (izel?l?llgl'}l/éstht;ew }(l)é:i
marketasailo:f; ;EZ h;ﬁlegtlréurgﬁleir of li}l;lnch}fs \{V}ilth 2f89. Today, the worldwide revenu’es for the
' on. The health of the global telecommunicati
glrfs‘tteanm;nes ft(t)ha glreat extent the sustainability, and therefore the continuity, of space ilr?criljstrnylférli(s;
- Cour,s : > _e; 55 sat;lhtes successfully launched.by Ariane-4, the French space launcher, in
. bl S ngpderza(‘;loosn,zl” are telecommu_nwgﬁons satellites. Of the 39 satellites launched
o 'y mid- , 26 are telecon'lmumca‘gon satellites. It is estimated that 90% of the
of satellite payloads launched by Ariane-5 will be telecommunications-related. '?

A detailed analysis conducted by NASA specialists J. C. Liou and N. L. Johnson (2006)
indicates that the predicted catastrophic collisions and the resulting population increase are non-
uniform throughout LEO. They conclude that it is probable that about 60% of all catastrophic
collisions will occur between 900 and 1000 km altitudes, with the number of objects 10 cm and
larger tripling in 200 years, leading to a factor of 10 increase in collisional probabilities among
objects in this region. They argue: “Even without new launches, collisions will continue to occu
in the LEO environment over the next 200 years, primarily driven by the high collision activitie
in the region between 900- and 1000-km altitudes, and will force the debris population t
increase. In reality, the situation will undoubtedly be worse because spacecraft and their orbita
stages will continue to be launched.” H

Several trends are positi 1 1
positively impacting on the commercial satellite i
a . ' market. First, new needs ha
Sf}l;’:éllrl;:da I;Ietworks of thjcle LEOs, Big LEOs, LEO broadband systems, MEOs and GEOs a\rlz
ed for launch within the next seven years. With improvements in satellite components

SeC()nd’ the S
M
N

. havepicei (r)nnellrkgt is also gaining prominence in many countries. For instance, Brazil and
TS e }Erxlpoﬁapt’ operators of space systems. Today, the Brazilian Instituto
e quisas Espaciais (IN?E) has an gmbltlous and visionary space program dating

- Since 1992, Argentina’s space activities have been considerably developed. In
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1994, a Space Plan for 1995-2006 was drawn and a U.S.$700 million budget allocated, for the -
launch of science and telecommunication satellites. South Korea, India, China and Japan all have i
strong space programs capable of integrating and launching satellites. As pointed by Frost and
Sullivan, the “space systems market is encouraged by a new space race among Asian rocket and
satellite builders vying for commercial customers on the global market.”"

Figu11~5e 3: Growth in Number of Objects in Orbit, by Country/Organization, from 2000 to
2006
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At this pace, incidents are likely to occur. As a result, in case of damage and consequential
business interruption for the commercial operators, there must be a compensation instrument put
in place for recovering the cost of the loss. Typically, in the space industry, there are about 10-15
large insurers (called underwriters). There are about 13 international insurance underwriters that
provide about 75% or so of the total annual capacity. However, none of them provides coverage
for space debris damages. Because damages and losses caused by space debris are difficult to
cover from a traditional insurance perspective, it is important to draft an international convention |
that would define the extent of national jurisdiction in outer space. In the following pages, I
discuss how a liability and compensation mechanism can be implemented. ‘
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2.5 Efforts Made by Space-faring Countries and International Organizations Source: Futron Corporation, 2006

Many space-faring nations have started to realize the problem posed by space debris and have
adopted various measures to mitigate it. Today, there is a wide interest in the problem from the
scientific community and various initiatives and organizations have been set up to debate and
promote various guidelines or codes of conduct.

Although at this time the U.S. Government does not see the need or benefit for a new legal
regime to address the topic of space debris, the U.S. has played a crucial role in tracking
ca_tglogpmg, and modeling space debris. NASA has been at the forefront of orbital debri;
mitigation efforts in the U.S. government. With authority over all civil government space

missions, the agency has developed a policy and specific procedural requirements for orbital

2.5.1 Space Debris Activities in a Global Context SR
debris mitigation.

Space debris activities started to display momentum in the 1960s with initial interest by the
U.S.A. In the mid-1970s, the problem was first raised at the international level when the IAF
started to organize the Safety and Rescue Symposia congresses. But we have to wait until the
early 1980s to bring space debris issues to the forefront of scientific agenda. In July 1982, NASA
conducted the first dedicated conference on orbital debris. In September 1985, as a response to i
the decays of Skylab and Cosmos 1402, ESA organized a workshop on the re-entry of space :
debris. In April 1993, ESA also organized the first European conference on space debris with
participants from the major space-faring nations. Since the mid-1990s, space debris research has
gained considerable interest. According to Klinkrad,' regular NASA/ESA coordination
meetings have taken place since 1987. Starting in 1989, NASA also created coordination
initiatives with the Russians. At the same time, the International Academy of Astronautics (IAA)
published its position paper on space debris, produced by an international ad-hoc group of
experts.

A NASA Orbital Debris Program Office, located at the Johnson Space Center,'® is recognized
worldwide for its leadership in addressing orbital debris issues. The NASA’ Orbital Debris
Progam Office has taken the international lead in conducting measurements of the environment
and in QCveloping the technical consensus for adopting mitigation measures to protect users of
the_orbltal environment. Researchers at the center develop an improved understanding of the
orbital debris environment and devise measures that can be taken to control its growth. The
Office plays a key role within the Scientific and Technical Subcommittee of the UN Comrﬁittee
on the Peaceful Uses of Outer Space in promoting mitigation guidelines.

%)ace debris has been cl;arly identified in the new National Space Policy of the U.S. signed on

August 200§ by Pr_es1dent George W. Bush. The document flagged the progress made both
Zlatlonally and 1ntemat10nal_ly regarding proliferation of orbital debris over the past decade but
“S?biltl;dgr%cgred the worrisome nature of space junk. The White House document stated:
e safe ris poses a risk to contlnueq reliable use of space-based services and operations and
s :ltly of persons and‘ property in space and on Earth. The United States shall seek to
] e creation of orbital erns by government and non-government operations in space

preserve the space environment for future generations.”'’

2.5.2 The Role of the U.S.
Tt is worth noting that the debris problem has its origin in the space competition between the
former USSR and the U.S. Since 2000, the number of in-orbit objects larger than a bowling ball
has increased by nearly 10 percent, with the United States and Russia each contributing
approximately 40 percent of the total debris. The following graph illustrates the origin of space
debris and clearly it becomes obvious that the role of the U.S. in dealing with this problem
cannot be marginal.

D
P

ajor step but the intentions have to be followed b 1 1 joi
@ - ste y actions. For instance, joint
. t/iI;IeAiA guldellpes kn.own as the U.S. Government Orbital Debris Mitigation Standard
o cons ' datVe beeg 1s§ued in 2OOQ for mitigating the growth of orbital debris. However, they are
Sidered binding regulations and responsibility and accountability is not legally
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enforceable. More importantly, national security and other government programs can be granted
orbital debris waivers today, demonstrating that the current regulatory regime contains loopholes
in terms of applicability of standards.'®

forum of governrpeptal bodies for the coordination of activities related to the issues of man-mad
and natur.al. debrls. In space. It 1s composed of the following members: Italian Space Agen. .
(ASD), BrlFlSh National Space Centre (BNSC), the Centre National d’Etudes Spatiales (CI%IESCy
China National Space Administration (CNSA), Deutsches Zentrum fiir Luft- und Raumfahrt e \3’
(DLR), the European Space Agency (ESA), the Indian Space Research Organisation (ISR(')).
Egag ’ ;?e;r:spa(c;A}SEz;))klrﬁtti? Agency (JAXA), the National Aeronautics and Spacé
ministration , the National Spa i i
B are Agency (ROSCOSMOS). pace Agency of the Ukraine (NSAU) and the Russian

2.5.3 The Role of Russia :1
The Federal Space Agency of Russia is active in the field of space debris problems. The Agency

is mostly concerned with the safety of spacecraft and International Space Station (ISS). The
activity on debris mitigation is presently being carried out within the framework of Russian
National Legislation, taking into account the dynamics of similar measures and practices of other
space-faring nations. Since 2000, designers and operators of spacecraft and orbital stages have
been asked to follow the requirements of Federal Space Agency’s standard entitled, “Space
Technology Items, General Requirements for Mitigation of Space Debris Population.”

The primary purpose of the IADC is to exchange information on space debris research activities
between membe? space agencies, to facilitate opportunities for co-operation in space debris
reggarch, to review the progress of ongoing co-operative activities and to identify debris
mmgatpn options. Generally speaking, the organizations reached a consensus of adopting th
mlt_lgat}on guidelines as proposed by the IADC. The “IADC Space Debris 1\/%& it' :
Guxdelmesl” wa.s'drafted in 2002 as the first international document that is specialized in ﬁ%:ld1 Ofé
space debr}s mitigation and based on a consensus among the IADC members. In Februar 2002
at the fortieth session of the Scientific and Technical Subcommittee of the. UNCOPUCy)S thé
IADC presented the “IADC Guidelines” as its proposals on debris mitigation. This docu;rlent
serves as the baseline for the debris mitigation in two directions: 1) toward a noh—bindin li
document, and 2) toward applicable implementation standards.*® 5P

The Russian Federation is now working on a set of mitigation measures. A national standard
called “General Requirements to Spacecraft and Orbital Stages on Space Debris Mitigation” 1s
being developed and shall provide general space debris mitigation requirements to design and
operate spacecrafts and orbital stages. At this time, the implementation of requirements remains
voluntary. In terms of international cooperation, and similar to the U.S. position, the Russian
Federation is convinced that development of space debris mitigation guidelines of the Scientific
and Technical Subcommittee of the UN Committee on the Peaceful Uses of Outer Space is the
essential input in developing an internationally approved set of measures to protect near-Earth
space environment. For the disposal of satellite at geosynchronous altitude, Russia also proposes
to base the standard on IADC Space Debris Mitigation Guidelines.

One criticism of the IADC Space Debris Mitigation Guidelines is that they remain voluntary and
are .not 1§gally binding under international law. Still, IADC is an ideal forum on space debrri}s/ d?le
to its Wlde membership among the leading space agencies and providés a basis for furth
1ntemat1qgal cooperation when elaborating a space debris convention. Indeed, IADC standa gr
have facilitated the discussion on space debris mitigation guidelines and op’ened the doorrts
further research related to the cost of mitigation measures. Thus, recently, various studies hawO
been _conducted on the pffectiveness and the costs of debris mitigation méasures. These studie:
Z);;rrlil;n:ela;arslumb(eir of important problems: prevention of on-orbit explosions and operational
e e, reduction .of slag debr.1s 'eJe'cted from solid rocket motor firings, de-orbiting of
ystems in LEO with various limitations on the post-mission lifetime, and re-orbiting of
space systems to above the LEO & GEO protection zones (graveyard orbitings. ¢

2.5.4 The Role of the European Union
ESA has a long history in tracking space debris. In 1986, the Director General of ESA created a

Space Debris Working Group with the mandate to assess the various issues of space debris. The
findings and conclusions are contained in ESA's Report on Space Debris, issued in 1988. In
1989, the ESA Council passed a resolution on space debris where the Agency’s objectives were
formulated as follows: 1) Minimize the creation of space debris; 2) reduce the risk for manned
space flight, 3) reduce the risk on ground due to reentry of space objects, 4) reduce the risk fo
geostationary satellites. ESA’s Launcher Directorate at ESA Headquarters in Paris als

coordinates the implementation of debris mitigation measures for the Arianespace launcher.
2.5.6 The Role of the United Nations

(S);’izg;tihgcpasé years, .the United Na1.:ions On Peaceful Use of Outer Space (UNCOPUOS) and its
L 1?:5 "[Fjel\cllénécal Subcommittee (STSC) have played an important role in debating space
XV, At thg-lt ) }IZUOS was set up by the Genera¥ Assembly in 1959 in resolution 1472
- e me, the Commlttc?e had 24 r.nembers.. Since then, it has grown to 67 members--

¢ largest Committees in the United Nations. In addition to states, a number of

Over the last few years, ESA developed debris warning systems and mitigation guidelines
Following the publication of NASA mitigation guidelines for orbital debris in 1995, ESA
published a Space Debris Mitigation Handbook, issued in 1999, in order to provide technica
support to projects in the following areas: Description of the current space debris and meteoroi
environment, risk assessment due to debris and meteoroid impacts, future evolution of the spac
debris population, hyper-velocity impacts and shielding, cost-efficient debris mitigatio
measures. The Handbook has already been updalted.19

The C i i

L ﬁi’lmlrlrsl;‘fstesfh;st the following gpals: 1) revie\y thg scope of international cooperation in

Nb e %) er space, 2) d§V1se programs in this field to be undertaken under United

. , 3) encourage continued researgh and the dissemination of information on outer
S, and 4) study legal problems arising from the exploration of outer space. The

2.5.5 The Role of the Inter-Agency Space Debris Coordination Committee (IADC)
The Inter-Agency Space Debris Coordination Committee (IADC) is one of the world’s leadin
technical organizations dealing with space debris. ESA is a founding member of IADC, togeth
with NASA, the Russian Aviation and Space Agency, and Japan. IADC is today an internation
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resolution establishing UNCOPUOS also requested the UN Secretary-General to maintain a
public registry of launchings based on the information supplied by states launching objects nto
orbit or beyond. Those terms of reference have since provided the general guidance for the
activities of the Committee in promoting international cooperation in the peaceful uses and
exploration of outer space. The Committee is divided in two standing subcommittees: the
Scientific and Technical Subcommittee and the Legal Subcommittee. The Committee and its two
Subcommittees meet annually to consider questions put before them by the General Assembly,
reports and issues raised by the Member States.

The agenda of the Committee is quite large. For instance, the forty-fourth session of the
Scientific and Technical Subcommittee of the Committee on the Peaceful Uses of Outer Space

was held from 12-23 February 2007 at the United Nation Office at Vienna. The session covered
a wide array of issues, including space debris; matters relating to remote sensing of the Earth by
satellite, including monitoring of the Earth’s environment; use of nuclear power sources in outer
space; near-Earth objects; space-system-based disaster management support; physical nature and
technical attributes of the geostationary orbit; etc. The Committee has also been concerned with
space objects with nuclear power sources on board and problems relating to their collision with

space debris.

The United Nations Office for Outer Space Affairs (UNOOSA) implements the decisions of the
General Assembly and of UNCOPUOS. The office has the dual objective of supporting the
intergovernmental discussions in UNCOPUOS and of assisting developing countries in using
space technology for development. The Office is the focus of expertise within the United Nations
Secretariat. It serves as the secretariat for the intergovernmental Committee (UNCOPUSOS),
and implements the recommendations of the Committee and the United Nations General
Assembly. The Office is also responsible for organization and implementation of the United
Nations Programme on Space Applications (UNPSA).

UNPSA is part of the Office for Outer Space Affairs. Tts mission is stated as follows: “Enhance
the understanding and subsequent use of space technology for peaceful purposes in general, and
for national development, in particular, in response to expressed needs in different geographic
regions of the world.”?! Tts primary function is the organization of a series of 8-10 annual
seminars, workshops, and conferences on particular aspects of space technology and
applications. These activities are organized primarily for the benefit of the developing countries
and emphasize the use of space technology and applications for economic and social
development. In the past years, the space debris issues have not been part of the curriculum of
the workshops and seminars. The Programme also provides technical assistance to Member
States of the United Nations in organizing and developing space applications programs and

projects.

2.6 The Corporate and Civil Society Perspective
2.6.1 The Corporate Responsibility

The role of space corporations is seen as important because commercial activity in space 1

increasing and thus potentially creating more debris. Until recently, space debris was a subject
fraught with uncertainties, usually shunned by aerospace corporations around the world and
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inadequately .addressed by many space agencies. As the issue gained prominence in the mid-
1990s, the .prlvate sector has been seeking to find the most appropriate response to address the
space debris problem. However, the space industry has been struggling to provide the required
solutions. As competition has increased and profits have shrunk, many of the space corporations
have adopted “lean” approaches, the “better, faster, cheaper” concept resting on the
interconnection of decreased mission costs and increased risk. Most of the time, the prudent
vehicle design and related operation that may decrease the level of debris are corrling at a cost
that is perceived too high by the industry.

At a time when there 1s so much talk about the commercialization of space and space tourism, it
is important to raise the awareness of the space industry that it is in the interest of all paﬁiesyto
find the best and most acceptable solution to the problem. Today, space corporations around the
world are r_igh.tly considered the first line of defense for preventing debris to accumulate. As
space activity increases, the accumulation of debris 1s also on an upward trend. Over the re.cent
years, companies have been facing new demands to engage in public-private partnerships and are
under growing pressure to be accountable not only to shareholders, but also to society-at-large.

When gddressing the problem posed by space debris, it is thus time to include the space industr

in the 1pt§mati0nal effort to tackle this pressing issue. The space industry does not bear thz
responsibility for leveling the playing field and ensuring that space free of pollution. However
government and the private sector must construct a new understanding of the balance of public;

and. private ggsponsibility and develop new governance for activity in space and thus creating
social value.

2.6.3 The Role of Civil Society
Thp number Qf non-profit organizations in the area of space 1s considerable. Many of them have
gained prominence. I can mentioned the following: the American Astronautical Society that
gffers soglety overview, news, publications, schedule of events, member services and scholarshi
1nformgt10n; the British Interplanetary Society; the International Space Business Council; thl;
Commlqee on Earth Observation Satellites (CEOS) which provides newsletters events’ and
pubhcajuons related to space agencies responsible for earth observation. More s’cientiﬁc and
grofesspnal associations are also very powerful, i.e. the Forum for Aerospace Engineers or the
O(;lgiiimoré g)r Internatlogal Dev‘elopment. of .Space. In the area of space debris, the Center for
aVoidangrel Zentry Debris Studies contains 1.nformation in the areas of space debris, collision
corporati()’n a:r : Feeﬁtry bre.akup. The Center is part.of the Aerqspace Corporation, a nonprofit
i iginally serving the U.S. government 1n'the. scientific and technical planning and
gement of its space programs. Web-based organizations are also a source of diffusion of

various space information, i.e. S i 1
, 1.e. Space-Talk, which provides message forums about s
astronomy, and related topics. : e

itl)gm:;felr),l ;heisz rtllcl)n—gor—proﬁt and npn-govemmental organizations (NGOs) have had a limited
Organizatiogs » eh 1614 of space in the recent years. .Unli'ke the representatives of citizen
e » which are 1ncrefls1ggly active 1n.p011cy making in the traditional field of expertise

man rights, women’s right, the environment, and sustainable development, the space

NGOs ) . i
are not the most effective voices when it comes to space pollution. Although we see many
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NGOs working closely with the United Nations departments and agencies, the civil society

real estate In space, the treaty was virtually ignored by t ' :
groups are not involved with UNCOPUOS’ space activity and debris mitigation work. y ignored by the world community. Only nine

countries have ratified and just five others have signed it.

I conclude this chapter by saying that the evolving spacecraft technologies, together with stricter
enforcement of orbital debris mitigation regulations, present significant challenges but also
opportunities for forward-looking satellite and launch vehicle operators and manufacturers. It 1s
obvious that private sector corporations have everything to gain by equipping themselves with
strong mitigation tools to prevent an accumulation of space debris. Together with the civil
society organizations, they must participate vitally in the international system that will draft a
space debris legal regime. They have the capacity to contribute valuable information and ideas,
advocate effectively for positive change, provide essential technical capacity, and generally
increase the accountability and legitimacy of the global governance process.

Other tregties have been presented and ratified, including treaties on the registering of objects
launched into Outer Space, agreements on the rescuing of astronauts, and rules on international
Jiability for damage caused by man-made space objects.

(See Table 1 summarizing the five most important space treaties and conventions.) The treaties
all elaborate on provisions of the Outer Space Treaty. The Treaty Banning Nuclear Weapon
Tests in the Atmosphere, in Outer Space and Under Water (5 August 1963) is targeted to control
nuclear weapon proliferation. This treaty recognizes that space can be used for undesirable
military projects. It bans the carrying out of any nuclear weapon test explosion or any other
nuclear explosion in the atmosphere and beyond its limits, including outer space.

3. POLITICAL AND LEGAL FRAMEWORK GOVERNING SPACE ISSUES 3.1.2 Failure to Recognize Space Debris in Legal Regimes

There is a critical weakness in the international law on space debris. Existing space law is related
to the use of space and not to debris regulation. Most of existing treaties have been overtaken b
techpology advancement. While the rules developed by the Outer Space Treaty or thz
Reg1strat1.on Convention are useful, it does not apply to the space debris issue. This means that
gommermal and government-sponsored space launches can still create more debris without
limits. Today, any country or corporation can launch a rocket and/or place equipment into orbit

without permit. The only constraint is that the 1 i i
' ; y are required to record the launching as sti
under the Registration Convention. ¢ pulated

3.1 Review of Existing Treaties, Conventions and Agreements Regulating Space Activities

3.1.1 Space Law Infancy
Before turning to the modalities of a space debris convention, I will review some of the existing
conventions regulating space activities. One of the main problems of existing space law is that it {
does not address issues of controlling and limiting the proliferation of space debris. Furthermore, .
satellite and launch-vehicle manufacturers are not presently legally bound to employ mitigation
measures.
Furthermore, nothing 1s said about the destruction of satellites in space and the creation of space
Flebns resulting from it. In international law, nothing can prevent a nation from destroying one of
its own satellites. In the end, China was free to target one of its old weather satellites with an
ASAT weapon and blow the spacecraft apart because 1) it can; and 2) ASAT testing is not
forblddqn under international law. The arms control provisions of the Outer Space Treaty forbids
the placing of nuclear weapons or any other kinds of weapons of mass destruction in orbit. The
treaty also forbids establishment of military bases, installations and fortifications, the testiﬁg of
any type of weapons and the conduct of military maneuvers on the Moon and ’other celestial

It is important to note that the field of the space law is still in its infancy. The inception of this
field began with the launching in October of 1957 of the world's first satellite by the Union of .
Soviet Socialist Republic. In 1958, United States and Soviet leaders each asked the United |
Nations to consider the legal issues associated with space activity. The United Nations:
subsequently created the previously discussed UNCOPUOS.

Many conventions have been enacted, but the main treaties and conventions were drafted at the
beginning of space exploration in the 1960s and 1970s, and under the political and military
pressure of the space race between the U.S. and the former Soviet Union. They fail to account for
the rapid changes in today’s field, where commercial space transportation is becoming widely
available with substantially lower launch costs and new countries are becoming active I space
exploration. The market for commercial space launchers has witnessed rapid growth over the
past several years. The exiting treaties and conventions fail to account for this reality.

Rec i

Fuidlns and dopred e However.all of e oxing Euideines vy etomers s o
o sdopted themm, Hower 1, g guidelines remain voluntary and are
o g er international law. A't the UN level, some nations have expressed the
S a legally noq—bmdmg set of. guidelines was not sufficient. Some delegations at the
L and Technical ' Subcomn-nt.tee (UNCOPUOS) expressed the view that the
resomtfinolrllllttfeehshould consider submitting the space debris mitigation guidelines as a draft
- ;  the General Assembly rather than as an addendum to the report of the Committee.
. 11ng lof [JNCOEUOS on February 2007 in Vienna, the view was also expressed that
G, tartgi y re;pons1ble for the creation _of the ‘present situation and those having the
. a0 ake .aCtI.OI‘l on space debris mitigation should contribute to space debris mitigation

more significant manner than other States.

The first key treaty, the Outer Space Treaty, was established in 1967. The Treaty has 96 state
parties signed on and contains a measure to not place in orbit around the Earth, install on the
Moon or any other celestial body or otherwise station in outer space, any weapons of mass
destruction, nuclear or otherwise. It limits activities on the Moon and other celestial bodies
exclusively to those for peaceful purposes and forbids the development of military bases,
installations, fortifications or weapons testing of any kind on any celestial body. In 1979, @
similar treaty was published, and opened for signatures. It aims to achieve the same rules for

other celestial bodies. However, probably because of its provisions prohibiting the ownership of
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Indeed, the adoption of voluntary guidelines 1s a major step for proposing a cooperative approach
to solving emerging problems related to space debris. However, non-binding guidelines may not
prove sufficient. This is why some countries are proposing a set of rules and calling for a legal
regime to be implemented.

present outer space regimes have no coverage of the space debris problem. The paucity or
outright absence of law regarding certain key subjects such as liability and dispute resolution is
causing concerns for the future. Under the scenarios discussed in Chapter 2, some regions of
space are not safe anymore. Some governments and private sector actors a;e unsure of their
rights and have no assurance that their efforts to go to space will be legally protected. This is

why an international legal regime is proposed with new laws that would encourage a peaceful
use of space for all.

3.1.3 Weakness of the Space Liability and Dispute Settlement Mechanism
The 1972 Convention on International Liability for Damage Caused by Space Objects,
commonly known as the “Liability Convention,”** sets forth the rules for personal injury and

property damage and for resolution of those issues at the international level. Articles I and Il of  Taple 1 - Outer Space Treaties, Conventions and Agreements

the agreement, for instance, provide that a country which launches or procures the launching of a Name of Treaty/ Short Name Date of Signature Main Objective(s)
space object or from whose territory a space object is launched, is liable for damage caused by its Convention and ratification/

space object on the surface of the earth or to aircraft in flight. With respect to damage caused signature (As at 1

clsewhere than on the surface of the earth, however, the notion of lability is not clearly  Treaty on Principles r'Spacé | Adopted on 19

established. December 1966.

The notion of direct damage is established under Article VII of the Outer Space Treaty. It say:
that each “State Party to the Treaty that launches or procures the launching of an object int
outer space, including the moon and other celestial bodies, and each State Party from whos
territory or facility an object is launched, is internationally liable for damage to another State . o L ol |
Party to the Treaty or to its natural or juridical persons by such object or its component parts on isg:::x:gi:: Oti'l:l;fel:::s‘z‘;"f /T\I;::fj;‘: (ARRA) gdopted on 19 Call for the rendering of all possible
the Earth, in air space or in outer space, including the moon and other celestial bodies.”™  Astronauts and the Return of Eﬁtceerr:(lij gt?fiée on assistancc to asimonauts in the event of
However, there is a terrifyingly large legal gap when it comes to dispute resolution and . Objects Launched into Outer 3 December 1968

compensation mechanisms. The issue of liability protocols in case of a commercial disruption by

Space
debris is also not covered by any convention.

Ratified by 98 !
nations and signed by

accident, distress or emergency landing.
Establish a procedure for returning space
. objects found beyond the territorial limits
Rat}ﬁed by 88 of the launching authority.

nations and signed by

25

Right now, the dispute resolution mechanism is informal. Article III Outer Space Treaty says that
parties to the treaty shall carry on activities “in accordance with international law, including the i
Charter of the United Nations.”2® Article 33 of the UN Charter says that parties shall first “seeka P e Objects A Bntered into force on
solution by negotiation, enquiry, mediation, conciliation, arbitration, judicial settlement, resort to _ : : ‘ 1 September 1971

regional agencies or arrangements, or other peaceful means of their own choice.””” In the event
that such means fail to achieve a resolution of the issue, Article 36(3) indicates “legal disputes
should as a general rule be referred by the parties to the International Court of Justice.” '

Adopted on 12 The Convention provides that launching
November 1974. States shall maintain registries of space
Entered into force on  objects and furnish specified information
15 September 1976 on each space object launched, for
inclusion in a central United Nations

COI‘lvention on Registration of | The Registraﬁon
In the absence of an agreement establishing binding procedures for the field of space law, it is g:;::ts Launched Into Outer ~ Convention (REG)
likely that most national governments will seek to continue to resolve their disputes through the '

existing diplomatic channels. Private parties to a dispute, i.e. a commercial firm, would therefore

be at a disadvantage under the existing regimes. For this reason, it is advocated that an Ratified by 45 register.
international convention set up the mechanism for resolving disputes, both public and private. Zaﬁoﬂs and signed by

G’(‘)verning‘ the . TheMoon Treaty
Statesonthe . | :
ther Celestial

3.2 The Five Main Treaties Regulating Outer Space
There are five international treaties negotiated and drafted under the United Nations auspice at

the COPUOS and adopted by the United Nations General Assembly. However, because some
space-faring nations are not signatories to all treaties, there is no fully international agreement t0
abide by this body of law. They are summarized in the Table 1.%*

Before I turn to the discussion on the proposed convention on space debris, I conclude that the
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4. A PROPOSAL FOR AN INTERNATIONAL CONVENTION ON SPACE DEBRIS military practices at sea, on the ground, and in the air. As such, the 1989 Prevention of
Dangerous Military Bractices Agreement signed by Washington and Moscow continues to have
great.value and provides “rules of the road” to help prevent incidents and dangerous military
practices. However, codes of conduct are indeed very difficult to implement among nations.

They have no binding or enforcement mechanisms and it is very difficult to have all powers
agree on the scope of such codes.

The questions thus become: What to do to prevent the further increase of space debris?
How to reconcile the military and public policy dimensions and especially avoid a new weapons
race in the space? How to negotiate a convention leading to the implementation of appropriate
orbital debris mitigation policies and guidelines?

On the other hand, a convention is a legally binding agreement. Once a convention has been
“adopted” (mganing that it is open for countries to join), countries can choose whether or not to
join a copveptlon. When they choose to join, they become “States Parties” and must comply with
their obligations as described in the convention. When enough countries become StatespPZrties
then the convention “enters into force,” meaning that it becomes active and parties must act t(;
implement their obligations under the convention. The convention must be ratified at the national
level before 1t 1s in force. A convention that has been signed but not ratified has little value. Only

by signing apd ratifying the convention are governments legally required to follow the
recommendations of those documents.

4.1 Opportunity of a Legal Regime for Spa‘ce Debris
I advocate the necessity to draft and negotiate an international convention on space debris.

However, I do recognize that negotiating a comprehensive convention with legal status is a long
and intense process. Furthermore, the regime governing space debris to be created by this
instrument would have significant legal and political consequences. The main issues are how to
decide on the scope of such a convention and attach to it a proper monitoring and dispute

settlement mechanism.

In the past, these issues have proven to be problematic. Treaty negotiators have revisited many
issues that have been a source of debate for years, even centuries. Who has the right to
participate in the drafting of such an instrument and how should nations insure implementation
of the convention by all signatories? Should a new convention be developed from scratch or
would a Memorandum of Understanding or some other informal agreement suffice? If a new
convention is needed, should it be framed on a global scale? From a technical and political point
of view, who should be part of such a treaty-making process? What organization can take the
lead and how should compliance and monitoring be insured in a fair and equitable basis? These
are the main questions that the negotiators have to answer before reaching a compromise.

Whatever the type of instrument chosen, the recognition and enforcement of one legal system to
another. has long been understood as a fundamental requirement for dealing satisfactorily with
global issues. Fpr many countries, the enforcement of international treaties is not a ma?c,ter of
geperal 1ntemat19na1 law but 1s addressed through national negotiations, issues of sovereignty
bemg of prime importance. This i1s why public awareness is so critical in dealing with space
debris. If the general public is not aware of the situation, it is unlikely that politicians will put the
}Satrr(;ligle{n on the top of their agenda. Without public awareness, the ratification process will be a
gle.
4.2 Memorandum of Understanding, Code of Conduct or Convention?
Experts and policy-makers diverge on the types of instrument and scope for dealing with space
debris. Various proposals have been suggested, including: a Memorandum of Understanding
(MOU) among space-faring nations; a code of conduct; or a broader convention. When the
current work at UNCOPUOS is taken into account, one realizes that the scientific community
would likely be satisfied with a framework that would seek to mitigate debris in space. Some
nations would also prefer to have a set of binding instruments with a wide coverage, including
registration of debris, mitigation, and dispute settlement.’’ From interviews with various experts,
however, I realized that the questions relating to liability, system design, and compensation of
damages caused by debris are not included in the present discussions on space debris.
One approach advocated by the Henry L. Stimson Center's Space Security Project is the
negotiation of a code of conduct between space-faring nations to prevent incidents and
dangerous military activities in space.31 Key activities to be covered under such a code 0
conduct would include avoiding collisions and simulated attacks; creating special caution and
safety areas around satellites; developing safer traffic management practices; prohibiting anti
satellite tests in space; providing reassurance through information exchanges, transparency,
notification measures; and adopting more stringent space debris mitigation measures.

4.3 Eraming and Drafting a Convention: Challenges and Opportunities

I bfsheve thajc the way to limit the impact of space debris is to adopt a new convention that can be

ratified gnd implemented by all space powers. The need for an international convention is based

on the view that. a set of international rules is needed to reduce the growth of orbital debris along

Wgtél a l_egal regime under. which liability and compensation can be assigned. Given the amount

2an ebris in orbit, the entire space community is ready to take initiative because debris impacts
severely affect space operations and threaten the occupants of manned spacecraft. Indeed, it

iS Cm gl . - - .
- cial to internationally }ntroduce new rules and to involve the space powers in generating a
mmon framework governing space debris.

;S:loi’r;icz rpi)nvye_rs _have ;nuch to gain from a strong, Well-crafted multilateral instrument that
" ;E;mlzel: 1the many procc?dural and techmgal obstacles that can delay efforts to
. 1p em. Although 1ptematlogal cooperatlop in the space debris field is substantial,

JOr players need to recognize that circum-terrestrial space is a strategic resource that must

be better mana -
ed. All reasonabl -
L generatiogn N onable and practicable efforts must thus be taken to preserve it for

Codes of conduct have already been used in international relations. These codes gained currency I propose that the convention have the following broad purposes:

when instituted to deal with the threats posed by arms proliferation. During the Cold War, th
United States entered into executive agreements with the Soviet Union to prevent dangerou
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1. Increase the visibility of space debris problems, within the scientific community and civi
society in general;

Europe has itg own Space Debris Advisory Group (SDAG) and the French military ship Monge
can detect objects of about 2 cm in size at a range of 1000 km. ESOC, ESA Space Operations
Centers, is also coordinating all space debris research activities within ESA and maintaining a
database on .known space objects called DISCOS. ESA’s activities are harmonized with
European national space agencies with specialists from national organizations and institutes in
Europe (via the Space Debris Advisory Group SDAG) and outside Europe (via the Inter-Agency
Space Debris Coordination Committee IADC). A space-debris-monitoring-center was opened in
China in March 2005. The CAS Space Object and Debris Monitoring and Research Center have
been founded at the Purple Mountain Observatory (PMO) in Nanjing and it will build a security
warning system in China’s spaceflight field against space debris.

2. Clarify the obligations of governments with respect to space debris and ensure that
governments who become States Parties to the convention make legislative and
programmatic changes at the national level to implement their legal obligations under the

convention; and

3. Establish systems for international cooperation through which governments, space
organizations, and other actors can share knowledge and ideas and work together to
reduce space pollution and the dangers now posed by existing pollution.

Debris below 1 cm can be mitigated, i.e. by developing new spacecraft design and shielding

systems. However, the objects between 1 cm and 5 cm are numerous and difficult to detect. As a

result, an effort should be particularly targeted at smaller debris (less than 5 cm) that are thé most

difficult to identify and track. Debris above 5 cm is currently catalogued and tracked, but still, a

consensus must be achieved in doing the quantification work under a sin,gle agre,ed

methodological approach.

4.4 Defining the Scope of the Convention
I am advocating a focused approach to increase the likelihood of success of a convention on

space debris. The wider the scope, the more difficult it will be to implement a convention. This is
why a proposed convention should be aimed at making progress in the area of risk and liability -
by: (1) requiring signatory countries to make certain substantive commitments for limiting space
debris and providing compensation if they are deemed liable; (2) requiring Parties to adopt
domestic procedures to match international standards and guidelines; and (3) providing a solid
basis for international compliance and cooperation for limiting the level of space debris.

Indeed, there is a need to construct a uniform database from existing catalogues of space objects
and pegg tools and models must be developed to deal with the risk of exponential growth of space
debris.”” This uniform database will be maintained by the UNOOSA secretariat. Specific
procedurgs will need to be drafted and enforced to ensure that UNOOSA collects information
and data in a timely and exhaustive manner. In addition, the UNOOSA secretariat will need to
recoup the data from the different nations and ensure their veracity. It is proposed that UNOOSA
make this information available on-line for full access by the space industry, civil society, and
the general public. ‘ ’ g

The overall purpose of a convention can be organized around four main objectives:

Objective 1: Independent Tracking and Cataloguing of Space Debris
Before determining the most effective measures that should be taken to solve the space debris
problem in Earth orbit, it is essential to quantify the problem not only in terms of the current
orbital debris environment, but also in terms of future growth potential absent remedial action.
Such initiative cannot be solely carried out independently by states. In doing so, there will be a
risk that data are not made available or manipulated in case of major disagreement and

international litigation if a major incident occurs.

Objective 2: Adoption of Enforceable Space Debris Mitigation and Disposal Standards

I gdvocate the need for international standards that can enforce appropriate debris mitigation and
leposal measures for spacecraft and launch services providers. Although the voluntary
lmplem§ntat1on of debris mitigation and disposal measures by many space operators have shown
a changing trend toward a safer environment in the LEO and GEO region, competition and new

[ propose that internationally independent and harmonized procedures for data quantification of
entrants in the market may change this reality.

space debris be the first objective. The convention should also encourage the tracking of small-
size debris. An official register of space debris must be maintained and operated by an
independent agency (i.e. the UN), and has the capacity to catalogue debris and make the
information available to the entire community. Today various tracking and monitoring initiatives
have been implemented by space-faring nations and it is important to put in place a common
effort to quantify the problem. In doing so, signatory members of the convention would have the
means of reducing the gaps in space situational awareness. More importantly, I advocate that an
independent tracking system be implemented under the auspice of the United Nations or another
independent body. At present, too many nations have tracking capabilities for space debris. The
leading authority for debris tracking is the U.S. Space Surveillance Network (SSN). The USSSN
publishes the Satellite Catalog and tracks objects in LEO at least 10 cm in diameter. New.
entrants have made the case for developing their own capabilities. '

; c?oop ;lecg be.tlie\lf.e tha}t a pledge to avoid f:reating persistent space debris by following voluntary-
i de%u.l elines is sqfﬁment. The Chlgese. test has proven that international efforts to mitigate
o éls cfan be easily challenged. Still, in re_cent years, China has made several proposals to
Weaponizat(')n erence on 3]_;))1sarmarnentt on possible elements for a future treaty banning the
o 10n o_f space.” In 2002, China glso expressed its intention to follow the IADC
gation guidelines. Enforceable space debris mitigation measures are therefore much needed.

i;‘;ez;laféztiréal' anq 1.nter‘national organizations of the space-faring nations have established their
. NASAHS [rjnltlgatwn standards or handbooks to promote efforts to deal with space debris
e (h Sﬁ), CNES (Pranpe), NASDA (Japan), RASA (Russia) have elaborate
- shou be.harmomzefl into a single framework. Although most states agree that it

0 comply with some mitigation standards, there are however different expectations
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on various technical issues, i.e. reorbiting of satellites, passivation (deactivating equipment), end-
of-life operations and development of specific software and models for space debris. Today, due
to the lack of global conventions, there are no legal means for forcing the adoption of a uniform

set of rules by state members.

I am aware that the adoption last February 2007 of the UNCOPUOS STSC “Space Debris
Mitigation Guidelines” sets in motion a means of achieving the goals of reaching an agreemen
on mitigation guidelines. The endorsement of these guidelines by the full UNCOPUOS 1
expected in June 2007, followed by a possible endorsement by the UN General Assembly befor
the end of the year. This is a major step forward for creating a uniform set of mitigatio

guidelines at the UN and the Working Group on Space Debris has successfully developed draft

space debris mitigation guidelines.

However, a more comprehensive and binding system is needed to account for the existing space
pollution and new space-faring countries and international corporations entering the market. This -
is why I support the idea of a framework convention that would provide this set of binding
procedures agreed to by a large consensus. Under the convention, a mechanism would facilitate
coordination and implementation of the guidelnes. I would strongly stress the need for a high-

level intergovernmental mechanism to ensure compliance and monitoring. Despite the various
efforts to avoid debris, the situation is unlikely to improve unless concentrated, coordinated, and
systematic steps are taken to mitigate the risks that are now so clearly understood. As a result,
the convention must urge that every user of the various space orbits remove its space object from
orbit after its work is completed to eliminate danger to other users. This is why the space
industry and professional associations have to be associated with the drafting of a space debris

legal regime.

Objective 3: The “Space Preservation” Provision
A convention should also propose that some orbital regions be protected because of their
scientific and economical importance. Examples here might include the Low Earth Orbit (LEO),
ranging up to 2,000 km altitude, and Geostationary Earth Orbit (GEO), about 36,000 km altitude.

The international convention would ensure that no orbital debris creation takes place within these
protected regions. To do so, the convention regulating space debris must incorporate a “Space
Preservation” clause that would prohibit the creation of major pollution in such zones. Within the
Space Preservation Provision, parties to the convention would be compelled to follow the
internationally agreed standards for debris mitigation. Any party to the convention infringing on
the agreed mitigation guidelines would have a penalty to pay. At the same time, the convention
would implement a mechanism of conditional launch license issuance for space operators,
depending on the acceptance of space debris mitigation procedures. The same measures would
apply to military activities in space.

The idea of “Pollution permits” could also be developed. Under the convention, a cap would be
set that reduced on a declining scale the amount of space debris being generated. Nations and
operators would be issued tradable certificates that matched their share of the cap. Parties that cu!
space debris below their cap would have extra certificates to sell to other parties that could no
meet their goals. This policy would encourage the development and adoption of space debrt®

’é
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mitigqtion and disposal measures. It should be noted that emissions trading for reduci

pollution has been successful i the context of various environmental programs. Ex ucing
shows that 3aroperly designed emissions trading programs can reduce com ‘lia perience
significantly.” The mechanism for trading debris could work as follows: phiance costs

Table 2: Pollution Permit Mechanism for Space Debris

Pollution Permit System and Emission Trading™

Pollutl'on ptermltskwork by obligi.ng polluters to pay for their noxious emissions. Consequently, they have a clear
incentive to make real reductions. A Space Debris emission trading system would b67 set up to allow

stakeholders to the convention to define the overall lev i i
: ‘ el of space pollution t i ;
issue tradable permits corresponding to that amount. pacer s socially acceptable, and then

Corlpiorzilonf1 and space agencies‘ who wish to pollute must hold permits equal to their pollution quotas. This
market-based approach to pollution control would therefore provide firms and space agencies with ecoﬁomic

incentives to minimize pollution as they can sell unused 1
‘ ) permits to other firms or agenci i
charged regulatory penalties, which tend to have high costs. gencies rather than being

Therefoye, tge ﬁ;ms anq agencies adopting mitigation guidelines would be given financial incentives. Cleaner
;;);253;1;22 : ;:tnﬁ lti< whltl;: .pollqters are forced to pay to acquire additional permits. This puts thém under
ack on their emission levels in order to maintain their ¢ 1ti : i

pr¢ : : : ompetitiveness and their tation;

it is a social benefit to the entire environment if th s e
: ey can. If the nature of the production i

or very expensive for them to reduce emissions, the i i ‘ e o dont it ot
. , they can only continue doing so by striking a deal wit

firms or agencies that have already made cuts. So the overall environment gains, either way ¢ h other

g: tlh9e9 ISJr;lltlzi/ i:iates, the §miision :irading systems have been quite successful. The Acid Rain Program launched
companies to trade permits in sulfur dioxide, which is mainl
burning high-sulfur coal. The results have been b , e it 5y e SEnerato®
ung h . etter than planned. So far the initiative is ahead i
participating firms reducing compliance costs b i in Program PO
pati y up to 50 percent. The U.S. Acid Rain Program is b
key criteria that encourage successful emissions trading: first, there needs to be an estabf?;hedlreggflz(tlo(r);l SZZ

monitoring regime that pursues explicit i ; i
tr P plicit reduction targets; and secondly, the source of pollution must be clearly

aceable.

Iggvéi:inﬁcgnzeg?‘ifs of cl.eamng up the space envirqnment must also be addressed by a
o equil.)ment . € most }:mpoﬁant measures to adopt is _the removal of inactive satellites and
et om1 earth orbit. Although sqch an initiative has cost implications, it is
L Fthp set cllc?ar recommendatmqs of d1spo§a1 of dangerous objects. Proposals for the
. e satellite-crowded geostationary region may include the use of special towing

0 detect, capture, and transfer defunct objects to storage orbits, the establishment of

space platforms with se i in
: parable one-time towing modules and the transfi
: . ansfer of
objects to higher orbits to prevent their descent to Earth. uncontrollable

These i

enfori ;:;lll:sf?;; gom}i(lexs gnd can only. be addressed if space powers are committed under an
L recommew(ollrt.. 1g;1atory pgrtles could create a sub-committee to make on- going
L oy Cr;l ai 101}3 hIcl)r cleampg up pqllutlon from the most hazardous material. As
L o e 0 aﬁ ohnson, Chief Scientist at NASA, the success of any environmental
e t\yl gmb?bly be. dependent on the development of cost-effective, innovative
L ing erelict -Vehlcles. The development of any new technology to remediate
: Space certainly requires both governments and the private sector working together

Without i
. €nvironment remediation and definiti

. = ] n and definition of protected zones, the risks to s

1018 m near-Farth orbits will continue to climb. pace system
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Objective 4: Liability, Compensation, and Dispute System Design
Disputes are a reality of modern life that can be costly and painful if not addressed quickly and
fairly. With the rise of private activities in space, questions of the control of such activity arise,
especially those of responsibility and liability.”” Even if nations can easily agree on tracking and
mitigation measures, there is still the question of liability in specific situations and how to

resolve disputes.

insurance. ‘In terms of damage coverage, space equipment is usually covered by insurance polic
Coverage is usually split into the launch and in-orbit phase. The launch part is particularl risky .
and includes transport of the satellite through the Earth’s atmosphere into space, the posit};oniny
of the satellite in orbit followed by commissioning and testing of all systems. Thé n-orbit polic ;
usually rer_lewed yearly, covers damage to the satellite caused by technical failures thephars}ﬁ
space environment with extreme temperatures, high solar ‘radiations and solar hares and
exposure to meteoroids. Orbital debris is usually covered as well. On the other hand ; ace
equiprr:lent beyond normal years of operation but still providing a service is not necéssgrily
covered.

For instance, if a debris cloud from one satellite causes damage to another, whose responsibility
is it? Imagine that the recent Eutelsat satellite equipped with 64 transponders to be part of a fleet
transmitting up to 950 television channels and 600 radio stations to 110 million cable customers
in Europe, North Africa, and the Middle East is lost due to a collision. The impact would be
immense from a societal and business perspective. Who pays for the damage? What abou
consequential losses, i.e. loss of business due to a major disruption in satellite

Because Insurance gompanies are risk-adverse, it is likely that they will discontinue their
coverage when the risk posed by space debris becomes unbearable for them. This is the reason
WhY the proposed convention needs to incorporate a specific mechanism for settling disputes
While geveral mechanisms can help parties reach an amicable settlement (for example th¥r)ou h
medig‘aon), all of them depend, ultimately, on the goodwill and cooperation of the membergs
This 18 why the convention must establish a method to reach a final and enforceable decision in E.l
cost—effe;ctwe manner. I propose the creation of a Dispute Board, set up at the outset of the
convention. In Section 4.5, I provide the details of a proposed dispute mechanism.

owners be fully covered under specific insurance policies, if possible?

The space debris convention needs to consider the question of liability. First, the cost o
equipment is important in the space industry and any destruction could lead to massive loss o
assets and business. Second, some debris present serious hazards, i.e. nuclear powered satellites
Thus, the convention should also be aimed at defining a liability and compensation regime fo
damage. As commercial space activities increase with new space powers entering the field, it 1
crucial to ensure that the space equipment on which we rely on for communication and othe
purposes can be safely operated while in orbit. In case of damage, loss and major disruption, it i
crucial to have a dispute handling mechanism in place to determine liability and claim

compensation.

4.5 A Space Debris Convention: Implementation Strategies

The complex interactions and procedures by which a space debris convention must be
formulated, ratified, and implemented are cumbersome. In order to guarantee improvements, it is
important to have a clear sense of purpose, with objectives clearly defined in the begim’ﬁn
However, such.an organization imposes new financial burdens on member states and thu%
requires a pooling of financial and technical resources, rather than relying on individu;ll (i
national initiatives that currently duplicates one another. -
It is also important to consider the liability issue for re-entry debris. For instance, in 2006, a tota
of 237 spacecraft, launch vehicle orbital stages, and other cataloged debris reentered during th
year. No instances of injuries or property damaged were reported. Of this 237, the total numbe
of uncontrolled reentries was 223, including 13 payloads and 31 launch vehicle orbital stage
with a total mass of about 70 metric tons.®

4.5.1 -Timing of the Space Debris Convention

There is the question of when: “Why worry about space debris and why propose a multi-lateral
ICrcl)(rilven‘u‘on now?” Drafting,. implementing, and ratifying a convention is a lengthy process
~ - relzd, 1}; :}af’es t1rnia1 to organize, especially with delegate_:s working in various groups all over the
speakérs ; 1melan place have to be agreec_i upon Well in advance and then delegates, sponsors,
therefore’ pcimg guests, anq others can arrive to discuss proposals. A successful convention is
- a o_g1stlcal exercise that depends on starting with a precise and detailed plan. I

Vocate drafting a plan for a space debris convention as soon as possible.

A few victims are said to have been injured in the past. Lottie Williams is on record as the fir
and only person ever to be hit by man-made space debris. While walking in a park in Tuls
Oklahoma, on January 22, 1997, she noticed a light in the sky that she said looked like a meteo
Minutes later, she was hit in the shoulder by a 6-inch blackened metal object that was lat
confirmed to be part of the fuel tank of a Delta II rocket that had launched a U.S. Air Forc
satellite in 1996. On October 10, 2006, a cottage in Germany was burned down by a fire that wa
believed to be started by a small debris (no more than 10mm) and a 77-year-old man was injure

by the fire.

gglgecf;‘c/tors make %t ‘necessary to consider a convention now. First, from a commercial
P ael, 1spaceha.lctlvnles are on an upvyard trajectory and new space powers are entering the
L alipc ing and space explor'atlon market. As a result, most experts agree that space
L ontinue to grow in the coming years. It should also be noted that space debris®® will
ponentially as compared to payloads.
As a result, compensation for damage and injury or death caused by space debris should b
governed by an international regime claborated under the auspices of the UN. I suggest that th
“Convention on International Liability for Damage Caused by Space Objects” be extended
cover space debris and define the dispute handling mechanism in more details. The conventio
would lay down the principle of strict liability and create a system of compulsory liabili

S ‘ : :

e\:gnri,o rf;oglaa technical perspec‘t‘we,'random collisions will soon start to occur and produce

o o grrieﬁt.:s.h Under the 'busmegs—as—uspe_ll” scenario for future space flight activities,

o pect higher lev-el of 1nteract1ve_ collisions among larger, catalogued objects. Thus
§ from collisions will grow to dominate the man-made debris that are larger than 1 crr;
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in diameter. When orbiting debris collides, it usually does so at such a speed that it is more tha
pulverized; it is liquefied and turned into not one or two, or even dozens--but millions of new -
fragments. All of them are hazardous. This process of “collisional cascading” will result in a
non-linear growth (collisional fragments that will trigger further collisions). ‘

452 Mobilizing and Finding Sponsoring States and/or Organizations

Obviously,. an idea that eventually becomes an international convention on space debri
originated in the brain of one person, though in retrospect it may be impossible to identif th1S
origiréal a_lutl_lor. IThe creative process may also have been a substantially collective one fron}n/ thz

eginning. In any ca .

Third, a convention is needed to reduce hazardous objects in space. A less well known threat is Z}fzonsgciousr%ess of t}llle irslic’a:r?ar‘?izzzf gsr;?nn:lii%;(mp has to put forward a proposal that will enter
that posed by earth satellites and equipment carrying hazardous materials. As a notorious case, )
the Radar-equipped Ocean Reconnaissance SATellite or RORSAT is an example. These nuclear-
powered satellites were launched between 1967 and 1988 by the Soviet Union to monitor NATO
and merchant vessels using active radar. Many incidents have occurred. As mentioned in Chapter
3, the satellite Cosmos 954 failed to boost into a nuclear-safe storage orbit as planned. Nuclear
materials re-entered the Earth's atmosphere in 1978 and left a trail of radioactive pollution over
an estimated 124,000 km? of Canada's Northwest Territories. Cleaning up the environment
remains a technical and economic challenge but guidelines will at least start the process under

the convention.

Existing groups can lead the process, i.e. IADC or members of UNCOPUOS. The lead for
proposing a convention on space debris may also come from a few space-faring ﬁations 1.e. the
ones creating th; most debris today. However, it should be noted that, to date, the U.S }laé Bee

reluctant ‘Fo part1c1pate in the drafting of such an international convention. i"he ma.in. reason "
that a majority of the debris has come from the U.S. since the 1960s. The country prefers tlis
adoption of voluntary guidelines, instead of a more stringent binding regime (See also Ilzigulre 3) )

New entrants to the space market also have a crucial role to play and may wish to seize the
. ‘ . _ . . . opporcur.nt'y .to forward their agenda by creating a consensus and speaking with one voi

It will take time for the international community to draft a convention on space debris. The  Indeed, it is important for the convention not be limited to just the maj o
negotiations process itself may span several years. Negotiations on such a convention should JOT pOWers.

begin soon so that countries can get down to the business of implementing the convention and
mitigating the global problem of space debris.

It should include the rapidly developing societies such as China, India, Korea, Brazil, Ukrai
and many others. Most of these countries are now developing space pro’grams ,The or ’anizat'lge
and draftmg Qf the convention has to be as democratic as possible and a;llow br%)ad-ba;elcll
0wn§r§h1p of i1deas. Many countries without space activities claim that they want to have th
posglblhty to use space in a safe manner in the future. Therefore, the convention should not be
limited to existing space powers. It should encourage the participation of all interest grou y
Rather than a “treaty of scientific specialists,” the convention has to encouragegactipvse;

One example of a convention which was drafted and implemented effectively and swiftly is the
“Ottawa Convention on the Prohibition of the Use, Stockpiling, Production and Transfer of Anti-
Personnel Mines and on their Destruction.” The work started in October 1996 at a conference in
Ottawa, Canada by 50 participating countries, 24 observer states and dozens of international and
non-governmental organizations. In the months following the conference, a 111 states’ meeting
was held in Vienna, Austria, in February 1997 for the first discussion of a draft convention. In
June 1997, at a follow-up meeting, 97 countries signed the Brussels Declaration announcing their

support for a convention to ban anti-personnel mines no later than December 1997. I propose that the convention go through the UN General Assembly; first, specific countri "
; ) untries wi

have to put the idea of the convention on their political agendas. The members of the STSC
%}ré)urf at UNCOPUOS constitute a referepce group that could take the lead. This group must

arly 1n§lude the most visible space-faring nations that are at the source of the space debri
problem, including but not limited to Europe, China, and Russia. ’ o

The Convention was then negotiated over the course of three weeks in Oslo, Norway, I
September 1997, with international and non-governmental organizations continuing to play a
unprecedented role in the process by joining government delegations at the negotiating table. In
December 1997, representatives from 150 governments attended the convention signin
conference. One hundred and twenty two countries signed. By signing, countries signaled thei
intention to adhere formally to the instrument at a later date once the ratification at the nationa
level was completed. They also promised to do nothing to undermine the objective and purpos
of the convention. Less than nine months after the 1997 signing ceremony, 40 states ha
formally agreed to be bound by the convention by ratifying or acceding to the Convention — th
number required for the Convention’s entry-into-force. With this milestone having bet
achieved, the Convention entered into force on March 1, 1999 %° This was a two and a half yea

process.

‘11:}?'3U Entry po‘int for the space debris convention
¢ United Nations Office for Outer Space Affairs (UNOOSA) and its Committee on the

Peaceful Uses of Outer S i
. pace (UNCOPUOS) are ideally suited to be th iti
entry point for the space debris convention. g ° the naral and legiimate

Be .

Un(i:?eliis;g:ieo I?;)nzf)entlolrll must be global, it thus needs to be drafted under the auspice of the

Bromoting 1 co.h ver the lgst few years, UNCOPUOS and its secretariat at UNOOSA has been

satellite into s ZSIV@ a}?d integrated response to space challenges. Since the first launch of a

Organization %Ce’ the UN has PTOVl'ded. a unique forum for countries, international
s and non-governmental organizations to discuss issues related to the peaceful uses

Ihe Ottawa Conventio p 0Cess ﬂhlStlatCS that the dl ai ting, negOtiatiIl& and iIIlplGIIlEIlti g 3.Dd 1 :
n proce ~ eX[) orati
tion of outer Space. MOI‘COVGI‘, to date, the UN has organized three United Nations

convention can be done under a tight time frame. This is particularly true for a well-focuse
convention arising within a context of mounting political pressures.
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