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Abstract 

A brief summary of main areas of current research in space debris is foliowed by a 
discussion of the role of main actors on the international scene: the UN Committee on 
the Peaceful Uses of Outer Space, the emerging lnter-Agency Orbital Debris Coordi
na.ting Committee and the International Telecommunication Union. The concluding 
sectionon !ega! problems is meant rather as asking provoking questions than providing 
answers. 

Areas of scientific 
developments 

What are space debris? 

The basic question which objects are to 
he understood under the term space debris 
and which objects do not fall into that cat
egory has been answered in the Position Pa
per on Space Debris prepared by the Inter
national Academy of Astronautics1 . The dis
tinetion is based on physical, in partietdar 
dynamical, properties of space debris. In the 
first place, only artificial objects can become 
space debris. Natural objects, i.e. mete
oroids, are not considered space debris be
cause their origin, their veloeities and their 
trajectories in the atmosphere are different 

from those of man-made objects. In the sec
ond place, in spite of the fact that "debris" 
suggests something like fragments, also in
tact objects may qualify as space debris. The 
condition is that they are non-functional and 
not likely to assume any fundion in the fu
ture. In the third place, scientific satellites 
whose only function is not to perform any 
activities but to move without any distur
bance in the gravitational field of the Earth, 
are not considered space debris, although 
at first glance they cannot he distinguished 
from non-functional objects. 

Another point has to be added: The 
IAA Position Paper deals with orbital debris 
which, as the term suggests, are those de
bris which are in an orbit around the Earth. 
Space debris, which are on the agenda of the 

*Copyright @1995 by L. Perek. Publisbed by the AIAA, Inc., with permission. Released to lAF j AIAA 
to publish in all forms. 
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Scientific and Technica! Subcommittee, how
ever, may, but for a decision of the Subcom
mittee to the contrary, encompass debris dur
ing their decaying phase up to their impact 
on the ground or into the ocean. 

Many scientific and technica! papers on 
space debris have been published in the last 
years. Their number may have exceeded one 
thousand. Among the main results or direc
tions of research let us mention the following: 

Completeness of data. 

The availahle catalogues are not com
plete. E.g., the NASA Satellite Situation 
Report2

, one of the most important cata
logues of objects in space, has rather strict 
con di ti ons for listing ob jects. Only those 
are included which have been repeatedly de
tected and which can he attributed to a spe
cific launch. Thus, a certain percentage of 
debris, not meeting the criteria, does not ap
pear in the catalogue. 

Special observing programmes of unlisted 
objects, in partienlar of those which are too 
small to he detected with present day instru
mentation, have been initiated. It seems that 
real population of smallobjects exceeds pre
vious estimates. 

Models of the debris population. 

Important work3 is going on at several re
search institutes on rnadelling of space de
bris environment. A space debris model is a 
mathematical description of the current and 
future distribution in space of debris of dif
ferent sizes, of the distribution of their direc
tions of motion, and of their average veloci
ties. Such a model, if it is detailed enough, 
will permit a more accurate calculation of 
risks encountered by an active satellite in a 
specific orbit. Models of the debris popula
tion may become available soon. 

Access to data. 

Another recent development is the im
proved accessibility of orbital and other data. 
The NASA Satellite Situation Report, the 
NASA Two Line Elements, the Spacewarn 
Bulletin and other lists and data have be
come accessible through the INTERNET 
computer network. The access is rnuch faster 
and the distribution of data much wider than 
it used to he with the previously used mailing 
of paper copies. We understand that also the 
data contained in the governmental launch
ing announcements, submitted in conformity 
with the Registration Convention, will even
tually become accessible through a computer 
network. 

Removing orbiting debris. 

The maximum of solar activity which oc
curs with a period of 11 years, cleans outer 
space of some 30% of space debris at altitudes 
of 200 - 500 km. This is, however, not sufR
eientand the number of debris at all altitudes 
is constantly growing. Therefore some scien
tists have become interested in methods of 
removing orbiting debris. Among the meth
ocis under consideration are the use of laser 
beams of high energy which could change the 
orbit of a debris. A suitable selection of direc
tion and timing would result in reducing the 
lifetime of the object in question. Another 
methocl, suita.ble for large del)l·is, requires a 
tether between the piece of clebris to he re
moved ancl a scavenging spacecraft. A clever 
use of the tether would bring the clebris into a 
lower orbit by reducing its momentum. And 
a lower orbit implies a shorter lifetime. 

An important aspect in this connexion 
is the cost of the operation. Retrieval by 
a direct approach of the space shuttle may 
he justified for a valuable satellite, not for a 
worthless piece of clebris. Also the use of a 
tether woulel he rather expensive, leaving the 
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ground-based laser as the most promising -
if as yet untested - method. Evidently, re
stricting the generation of debris and other 
preventive measures are relatively inexpen
sive if compared with methods of removing 
objects which already are in orbit. 

N eed for additional research. 

It is frequently stressed that additional 
research of space debris is required. This 
is absolutely true because we still do not 
know the debris population which is below 
the limit of detection by available radars and 
telescopes. Even these small objects, in the 
range of 1-10 cm or proportionally larger at 
higher altitudes, can severely damage or de
stroy an active satellite in case of a colli
sion. Moreover, average values of the colli
sion probability are used. These may he con
siderably exceeded by actual collision proba
hilities in a specific orbit. 

A closer look shows, however, that re
search has been lately providing mainly 
quantitative improvements. Most of the gen
eral features of risks, required for legal con
siderations, have been known for many years, 
some dating back to the 1970's. Thus the 
first transfer of a geostationary satellite into 
a disposal orbit was carried out by INTEL
SATin May 1977, the reduction of the num
ber of mission-related debris and the decreas
ing of lifetimes of inactive satellites were dis
cussed at the lAF Congress in Munich in 
19ï94 and at almost all subsequent lAF Con
gresses. The cause of Delta second stage 
explosions has been recognized as early as 
I !-l81 5 . 

Authoritative studies of debris 

Scvcral authoritative studies on space de
bris appcared in tbc last years. Thcy have 
been revicwed at past congrcsscs of the lAF 

and/or put before the UN Committee on the 
Peaceful Uses of Outer Spacé. 

The most recent study of Orbital Debris7 , 

prepared by an international team of ex
perts for the US N ational Research Council, 
presents the most recent and very detailed in
formation. It putsits authority bebind previ
ously recommended measures, in g~neral con
firming the conclusions of the IAA Position 
Paper. It makes several recommendations 
for improving knowledge of the debris envi
ronment, for improving spacecraft proteetion 
against debris, and for reducing the future 
debris hazard. In the last area, it advocates: 

• Rednetion of debris on a multilateral 
basis in order not to penalize those en
gaging in mitigation measures, 

• Prevention of explosions; 

• Minimizing of mission-related debris, 

• Minimizing the unintentional release of 
surface materials, such as paint, 

• Avoiding intentional breakups, in par
tienlar those producing debris with 
long lifetimes, 

• Reorbiting of spacecraft and roeket 
boclies in LEO after their functional 
lifetime and achieving an international 
consensus on the magnitude of such 
maneuvers, and 

• Until a verifiably superior strategy is 
produced, reorbiting spacecraft and 
roeket boclies in the geostationary or
bit to disposal orbits at least 300 km 
bcyond that orbit. 
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Space Debris at the UN 

In 1989, a proposal was put forward, at a 
session of the UN Committee on the Peace
ful Uses of Outer Space (COPUOS), by a 
group of states to consider space debris as 
an agenda item. A consensus was reached 
a few years later and in 1994 the Scientific 
and Teehuical Subcommittee of the COP
UOS started the consideration of the item. lt 
was agreed that a work plan should he pre
pared which would cover scientific and teeh
uical aspects of space debris and would ex
tend over a number of years. The Subcom
mittee, at its meeting last February adopted 
a concrete work plan, ext.ending over three 
years, from 1996 to 1998. The measurements 
of space debris, understanding of data and ef
fects of the debris environment on space sys
tems would be discussed in 1996. The fol
lowing year would be devoted to a critical 
review of models of the debris environment, 
to its evolution and to risk assessment. Fi
nally, in 1998, mitigation measures would be 
addressed. Mitigation camprises reduction 
of the space debris population growth and 
proteetion against particulate impact. Im
portant aspects are debris prevention, de
bris removal, physical proteetion of spacc
craft with shielding and proteetion through 
callision avoidance. 

The UN Committee on the Peaceful U ses 
of Outer Space, at its 38th Session in June 
1995, expressed its satisfaction at having the 
subject of spa.ce debris as priority item on the 
agenda of its Scientific a.nd Teehuical Sub
committee. It approved the Work Plan which 
would form a firm scientific and teehuical ba
sis for future a.ction. It a.lso stressed the im
porta.nce of na.tiona.l research into spa.ce de
bris a.nd of information on va.rious steps being 
taken by spa.ce a.gencies a.nd international or
ganiza.tions for reducing the growth of space 
debris. Some delegations proposed to start 

the discussions on spa.ce debris a.lso in the Le
gal Subcommittee but other delega.tions con
sidered it premature at present time. The 
view was a.lso expressed tha.t spa.ce debris is 
only a part of a la.rger problem of preser
vation and proteetion of the spa.ce environ
ment, or even of the rather wide question of 
management of outer spa.ce. The latter sub
ject would encompass also ways how to main
ta.in pea.ceful, rea.sona.ble a.nd beneficia! outer 
spa.ce aetivities. 

The ambitious Work Plan will lead to a 
thorough discussion of all important scientific 
a.nd technica! aspects of space debris. vVe 
ma.y anticipa.te that the Scientific and Tech
nica.l Subcommittee will present its findings 
to the Lega.l Subcommittee after the comple
tion of its work plan. But, it appears that 
the UN COPUOS is not the only actor on 
the stage. 

The Inter-Agency Orbital 
Debris Coordination 

Committee 

Lea.ding spa.ce a.gencies such as NASA, 
ESA, NASDA of Japan a.nd RKA of Rus
sia. formed in 1993 the Inter-Agency Orbital 
Debris Coordina.tion Committee (IADC) for 
exchange of information on space debris a.c
tivities, for crea.ting opportunities for coop
eration in spa.ce debris research and for the 
identification of debris mitigation measures. 
The Committee, being composed of launch
ing agencies, will be in a. good position to 
suggest teehuical steps for the implementa.
tion of mitigation measures, while keeping 
a.n eye on their cost, technica.! fea.sibility, a.nd 
compa.tibility with the pla.nned functions of 
spa.ce missions. The Committee might come 
up with important initiatives a.nd with con
crete recommenda.tions to the COPUOS. 

Important input could come a.lso from 
still a.nother side which is deeply involved 
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in spacc communications and which has re
cently become fully aware of the risks posed 
by space debris: 

The International 
Telecommunication U nion 

The mandate of the ITU is the imprave
ment and 'l'af'ionaluse of telecomrnunications 
of all kinds. An object in space constitutes, 
in the ITU terminology, a space station if it 
transmits radio signa.ls. All other aspects, 
such as the fate of a satellite after it has ter
minateel its transmissions, were rarely con
sicicred in thc past, if at all. Howcvcr, the 
growing risk of collision of a communication 
satellite in the geostationary orbit "'ith a 
piece of debris prompted the ITU to deal 
with the problem. It is also possible that the 
recent reorganization of the ITU8 speeded 
up its response. The ITU Radiocommunica
tion Assembly adopted a recommendation9 

in 1993 on debris in the geostationary orbit. 
Specifically, it was recommended: 

1. that as little debris as possible should 
be released into the geostationary orbit 
(GSO) during the placement of a satel
lite in orbit; 

2. that every reasonable effort should be 
made to shorten the lifetime of debris 
in the transfer orbit; 

3. that a geostationary satellite at the end 
of its life should be transferred, be
fore complete exhaustion of its propel
lant, to a supresynchronous graveyard 
( =disposal) orbit that does not inter
seet the GSO; 

4. that the transfer to the disposal or
bit should be carried out with partie
nlar caution in order to avoiel radiofre
quency interference with active satel
lites. 

The document also stated that further 
studies were required to define what consti
tutes an effective disposal orbit. That ques
tion, i.,e. the minimum distance of a dis
posal orbit beyond the geostationary orbit, 
was dealt with in the IAA Position Paper ( see 
reference 1). It was concluded that, depend
ing on spacecraft characteristics, 300 to 400 
km are necessary to remove a chance of an 
object in the disposa.l orbit to cross the geo
stationary belt even at distant future times. 

An annex to the above recommenda
tion, entitled "Environment al proteetion of 
the geostationary-satellite orbit", deals with 
physical aspects of objects in the geostation
ary orbit. It contains also a definition of the 
GSO: "For purposes of consiclering environ
mental measures, the GSO may bedefinedas 
the mean Earth radius of 42,164 km ± 300 
km and extending to 15° N /S latitude or a 
elistance of approximately 10,000 km". 

Even if that recommendation, as well as 
the definition of the geostationary orbit, are 
not binding, they will probably be widely 
adopted. They have to be stuclied and con
sidered carefully. In fact, such a document 
could have been expected to come from the 
COPUOS after the condusion of discussions 
in both subcommittees. It shows that the 
ITU realized that there was a danger in de
lay and that the COPUOS, as at previous 
occasions, neecis a long time to come to a 
concrete result. 

And this may not be the end of the story. 
Proposals have been put forward to use 
low Earth orbits for communication satellites 
such as the Iridium project 10 or the MEGA
LEO satellite system11 calling for large num
bers of satellites in low orbits. And if the ITU 
is prepared to act fast and to deal with the 
safety of communication satellite systems, we 
should not be surprised to see one day an
other recommendation dealing with space de
bris at low Earth orbits. This development 
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may affect the relative roles of the UN and 
of the ITU in making space law. 

The International Law 
Association 

The activities of the International Law 
Association have been covered by another pa
per in this session. 

Legal questions 

Space Debris and Space Object. 

One of the first questions to he asked, 
may he the establishment of a relation be
tween space debris and related legal terms 
which appear in one or other of the in
struments of space law. The term, near
est at hand, is space object. Space objects, 
however, are protected by the Outer Space 
Treaty12 , Artiele VIII, in the sense that a 
State on whose registry an object launched 
into outer space is carried retains jurisdic
tion, control and ownership of such an ob
ject. 

This makes sense for intact objects or 
their valuable parts which can he identified 
from inscriptions or markings or from orbital 
elements in case they are still in flight. But 
what about space debris? Even if the legal 
community decides that they are to he con
sidered as space objects, it may not he pos
sibie to reeover and inspeet them. Even if 
recovered, it may not he possible to identify 
them if they contain no markings. And their 
orbital elements -- a good guideline for idcn
tification of objects in orbit - may not he 
available after a collision. 

The well documented, well observed col
lisions with no doubt which objects partic
ipated in the collision will he rather excep
tions. The typical case of a callision may be 
a damagcd satellitc wit.h the time of the col
lision known only approximatcly, causcd by 

a piece of debris of unknown origin and the 
piece of debris not available for examination. 
What legal provisions would he useful in such 
a case? 

The task which lies before space lawyers 
is not simple and is not an easy one. 

Abandonment of Space Debris. 

As Professor Martin13 noted, it would he 
useful to create a procedure regulating the 
act of abandonment of a space object by the 
State which retains jurisdiction and control 
over it. Without attempting to solve this Ie
gal problem, a practical difficulty needs to 
he pointed out. There are many thousands 
of objects which States might like to aban
don, many of them unlisted or unidentified, 
smaller ones unknown. Moreover, their num
ber is constantly changing. There is no StJ.ch 
thing as an up-to-date list of all space debris 
that might cause damage. It is not likely that 
our knowledge will ever he as detailed as to 
allow the setting up of such a list. 

On the other hand, the number of ob
jects which are of value and interest is rel
atively short. The total number of active or 
otherwise interesting satellites is estimated at 
about 5% of the total amount of space objects 
which is currently 7800. Thus lists of objects 
of interest of alllaunching states would have 
a total of only 350 to 400 entries. 

The setting up of a list of satellites of in
terest and value should not he difficult. It 
would contain quotations from governmen
tallaunching announcements made in confor
mity with the Registration Convention14

. In 
addition, it would have to contain updated 
orbital elements to make t.he identification 
and proteetion against scavenging or disposal 
possible. Fora vast majority of satellites and 
trackable spacc dcbris these clemcnts are ac
ccssible through computer nctworks. Diffi
culties. hopefully surmountable, might arise 
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in thc case of a few special objects, whose or
bital elements are not accessible, such as the 
"national means of verification". 

The main purpose of the abandonment 
procedure woulel be to legalize scavenging or 
other clisposal of space clebris, i.e. of objects 
uot on the list of satellites of value ancl inter
est. As a consequence, it woulel stimulate the 
scientific ancl technica! development of meth
oels for removing debris from orbit and thus 
contribute significantly to reclucing the num
ber of space debris. The abandonment pro
cedure would, of course, have to retain the 
liability of launching states for possible dam
age causecl by space objects as far as it is 
coverecl by the Liability Convention 15 . 

Are there any perspectives for this or a 
similar procedure? 

Level of Generality. 

Compared with the Radio Regulations of 
the ITU - which contain a large number of 
very cletailed provisions and of numerical val
nes depencling on the state of technology -
the instruments of space law are very brief 
ancl generaL A similar level of generality is 
shown, e.g., by the ITU recornmendation on 
the clisposal orbits (see reference 9). The 
question arises what level of generality can 
he expected of an instrument resulting from 
future cleliberations of the COPUOS. It may 
he assumed that such a document, if and 
when it sees the light of the day, will be of a 
general character and will hardly contain too 
many technica! details dependent on the ac
tual state of technology. On the other hand, 
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technica} guiclelines and numerical values of 
some parameters will he highly important for 
designers of spacecraft. The design of space
craft becomes more and more sophisticated 
in order to meet the requirements for per
formance and cost effectiveness. It will have 
to meet an adclitional requirement for gener
ating few debris and no explosions. In order 
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Coneinsion 

In any case, the years up to the end of the 
millenium will he very important for the fu
ture fate of space activities. The task before 
us is to preserve the outerspace environment 
- not perhaps quite unchangecl - but still fit 
for successful activities of many satellites and 
probes. Outer space has become indispens
able for research, for many practical activi
ties and finally for the ultimate goal, for the 
survival of homo sapiens. 
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