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Abstract

The aims of this study were to (1) highlight the importance of orbital debris as an environmental
and green criminological issue, (2) build on recent work in astro-green criminology and (3)
analyse orbital debris from an astro-green perspective with a focus on social and ecological harms
consistent with green-critical criminologies. Human-made active and defunct debris continues
to accumulate in Earth orbit littering near-Earth orbital space. There are a small number of
key drivers, including accidental collisions between objects, in-orbit explosions and anti-satellite
missile testing. Such activities pollute Earth orbit causing problems for astronomy, space travel
and human and non-human populations on Earth. This is a theoretical, literature-based analysis
of orbital debris from an astro-green criminological perspective. Criminology has had little to
say about space debris because its creation is not a criminal offence. This article makes a unique
contribution to criminological literature by applying the emerging perspective of astro-green
criminology to orbital debris.
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Introduction

While the environmental crises of climate change and biodiversity loss are topics of
criminological inquiry, criminology has yet to sufficiently turn its gaze beyond planet
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Earth. The primary aim of this article is to further address this oversight by highlighting
current problems regarding anthropogenic space debris in Earth orbit and critiquing this
from an astro-green criminological perspective. Despite important implications for the
environment and public health, the accumulation of human-made objects in Earth orbit
is an issue that has barely received any recognition in the criminological literature (for
some minor exceptions, see Carrabine, 2018; Lampkin, 2021; Takemura, 2015 and
Wyatt, 2016).

A further aim of this article is to direct criminological scrutiny towards a previously
unconsidered research area (space debris), whereby escalating levels of human activity
risk serious environmental consequences for terrestrial and extraterrestrial settings, and
for future generations of humans. Consequently, this article will draw the attention of the
criminological and, more specifically, the green and critical criminological communities;
and will initiate an area of study that seeks to build an understanding of the nature of
human actions that lead to the accumulation of orbital space debris (OSD). Without legal
and criminological engagement with this issue, debris accumulation will continue
unchecked and unchallenged. This presents risks to future space-related activities and
space exploration through the inability to safely launch rockets and satellites into space.
Furthermore, the continued accumulation of matter in Earth orbit creates a dangerous
LEO! region where debris could impact the functioning of important satellites that are
vital for the functioning of everyday life. As Pelton (2015: 1-2) denotes,

Space systems have become so very vital, that if we were suddenly denied access to our space-
based infrastructure for weather forecasting and warning, for space-based navigation and
timing, for civil and military communications, and for remote sensing and surveillance from
space we would be in danger. We would suffer almost immediately — economically, militarily,
and socially. Many of our transportation and communications systems would go down along
with our weather and rescue services and defense systems. Internet would . . . (lose) its
synchronization, credit card validation would no longer work, we would not be alerted to major
storm systems, air traffic control, shipping navigation, and trucking routing services would be
lost.

We argue that criminologists and, in particular, green criminologists should be con-
cerned with OSD because such items constitute a form of litter and space junk.
Groombridge (2013: 396) helpfully imagines litter as a continuum ranging ‘from the
accidental individual littering incident to widespread deliberate organized transnational
pollution’. This conceptualisation of litter places OSD at the latter end of the continuum,
as debris creation is always the result of the actions of nation states or large corporations
(such as SpaceX and BlueOrigin). Although there are national policies and regulations
that attempt to mitigate the impact and build-up of OSD, such as the Inter-Agency Space
Debris Coordination Committee s Mitigation Guidelines, there is no legally binding
international framework that prohibits debris formation or punishes polluters for contrib-
uting to the orbital debris population. Consequently, orbital litter continues to accrue in
Earth orbit with no consequences for contributors.

Carrabine et al. (2020: 3) loosely define criminology as the study of ‘crime, criminals
and criminal justice’. Although criminological definitions are contested (Wolfgang,
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1963), crime is, perhaps unsurprisingly considering the discipline name, almost always a
feature of criminological definitions. This means that a core focus of mainstream crimi-
nology is both crime and criminal justice systems. Due to this fixation on the criminal
law, and the absence of a formal criminal mechanism for managing OSD, it is green and
critical criminologists who are best placed to study space junk. This is because critical
criminologists take a zemiological approach to the study of criminology, where both
crime and social harm are considered useful to the study of ‘socially injurious behaviour’
(Schwendinger and Schwendinger, 2013: 115). This thought is shared by Green and
Ward (2004: 4) who consider criminology to be the ‘study of deviance and social con-
trol’. Green criminology emerged out of the longer established paradigm of critical crim-
inology (Sollund, 2021) and focuses specifically on environmental harms as well as
crimes (Lampkin, 2020). Therefore, if one is to conceptualise OSD as a form of harmful
litter that develops in the absence of formal criminal mechanisms, this falls comfortably
within the remit of a green criminology: the study of ‘crimes, harms and offences related
to the environment, different species and the planet’ from an interdisciplinary, open and
evolving perspective (Brisman and South, 2020: 40).

This article will debate these issues using the following structure: Introducing astro-
green criminology; Sources of OSD; The marine impacts of debris re-entry; and Applying
AGC to OSD.

Introducing astro-green criminology

Although it is well recognised that academic engagement with environmental problems
well preceded the emergence of a specifically green criminological perspective (Goyes
and South, 2017), green criminology has been influential in exposing instances of envi-
ronmental harm since its conception. The term ‘green criminology’ was coined by
Michael Lynch in 1990 ‘at a time when people were becoming increasingly troubled
about large-scale environmental disasters’ (Lynch et al., 2017: 2). Due to the narrow
concentration of orthodox criminology on distinctly criminal behaviours only, green
criminology emerged as a response to the failing of mainstream criminologists to take
environmental harms seriously. This is because many environmentally destructive prac-
tices were — and still are — /awful. Green criminologists fill this academic void by
researching human behaviours that are both legal and illegal. The justification being the
fact that environmental laws and regulations often fail to prevent environmental harms,
and much destructive behaviour continues within society unabated. As such, green crimi-
nology fits well with other criminological offshoots that critique this crime-harm nexus,
such as zemiology (Brisman and South, 2018) and critical criminology (Sollund, 2021).

Astro-green criminology (AGC) is a perfect example of a criminological sub-disci-
pline that has arisen as a result of this complex crime-harm relationship and is best situ-
ated within the green-critical criminological paradigm. The term was only coined very
recently, by Takemura (2019) in his pioneering work on Space Capitalism. This article
can be seen as an extension of Takemura’s (2012, 2015) earlier work on OSD, and these
were the first two texts to discuss outer space and green criminology in unison. Since
then, a few key publications (Lampkin, 2021; Lampkin and Wyatt, 2022) have emerged
expanding on the notion of AGC, adding to Takemura’s seminal works.
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One of these publications offered the very first definition of AGC. This was expli-
cated as

the theoretical and practical study of space-related environmental harms and crimes that are
facilitated by human actions. These harms can be Earth-based, atmospheric, or extraterrestrial
and may create human victims, non-human victims, and ecological victims both on Earth and
in outer space. (Lampkin, 2021: 242)

While definitions are often critiqued, they can also provide a starting point from which
to theorise, problematise and debate a new perspective or area of study. It was from this
basis that Lampkin (2021) expanded the remit, purpose and subject area of AGC. This
was done by, following the first definition of AGC, providing an outline of what some of
the key issues are. Specifically, Lampkin (2021) identified five quintessential areas
which were OSD, extraterrestrial mining, space industry—related emissions pollutions,
the protection of heritage sites on celestial bodies and the future usages of outer space
that could have an environmental impact (such as space travel, tourism or colonisation).
However, Lampkin (2021) only provides brief analysis of these areas to lay the founda-
tions of astro-green areas of study. As a result, this article expands on these foundations,
critiquing only one issue, orbital space debris, in significantly more detail.

Sources of OSD

OSD refers to ‘any object in Earth orbit that does not have a useful purpose’ (Australian
Space Academy, 2010: no page) such as defunct satellites and fragments from previous
in-orbit collisions (Pelton, 2015). Prior to the launch of the first artificial satellite
Sputnik-1 in 1957, there were no human-made objects orbiting Earth. Today, humans
have lost track of the number of items in Earth orbit.

There are a vast number of individual pieces of debris currently orbiting the Earth,
many of which are extremely small. The exact number of pieces is currently unknown
because objects smaller than 10-20cm are not usually catalogued (Chobotov, 2002),
creating an unknown — dark figure — of OSD. This has led to the LEO region being
described as ‘the World’s largest garbage dump’ where “close to 6,000 tons of materials
occupy the area’ (National Aeronautics and Space Administration (NASA), 2019a: no
page). Of this debris, the majority is no longer of any use to humans and continues to
orbit Earth due to the expense involved with collecting or destroying it. In addition, there
is a complete absence of binding law regarding the clean-up of existing OSD, and a lack
of a law enforcement presence requiring its removal. As a result, much of the anthropo-
genic matter in LEO now serves no useful purpose. As Stakem (2018: 6) suggests, ‘of the
7,000 or so satellites placed into Earth orbit so far, 1,500 are still functioning. The rest
are zombie-Sats’. Although pollutions of varying kinds on Earth have been subject to
much green criminological scrutiny in recent years, including problems surrounding lit-
ter (Groombridge, 2013) which has close connections to OSD, the issue of anthropo-
genic pollution in outer space remains virtually unexplored within criminology.

Anthropogenic matter accrues in Earth orbit for a variety of different reasons. As
Stakem (2018: 5) recalls, ‘known space debris includes Astronaut Ed White’s outer
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glove, lost on his spacewalk; Michael Collin’s camera from Gemini-10; a wrench, pair of
pliers, and a toothbrush’. These items are clearly the result of humans physically occupy-
ing Earth’s orbit in space stations. However, most OSD is the result of a small number of
major satellite collisions ensuing from the ‘catastrophic destruction of three intact satel-
lites (Fengyun-1C, Cosmos-2251 and Iridium 33)’ (Pardini and Anselmo, 2017: 23) (see
Table 1). These events alone increased catalogued orbital debris by approximately 50%
(Pardini and Anselmo, 2013).

Despite the enormous impact of these collisions on the accumulation of OSD in Earth
orbit, there have been several other significant collision events, which usually take place
every 5-9years (Stakem, 2018: 5). To demonstrate the contribution of these events to the
accumulation of OSD, Table 1 categorises both the specific event and the approximate
amount of debris generated according to academic literature.

Table 1 presents a compilation of the most catastrophic and commonly cited debris
creation events within academic literature. However, it does not represent every debris-
creating event and, therefore, many more pieces of debris exist that are not quantified in
Table 1.3 This is because only objects of at least 10 cm are documented by the US Space
Surveillance Network (SNN)* fragment cataloguing process (Wang, 2010: 89).
Nevertheless, objects and particles smaller than 10cm still represent a major threat to
existing active satellites, spacecraft and space stations. This is because the size of an
object has little impact on the speed with which it orbits and so even small objects can
collide with enough force to cause a damaging impact, due to their high speed of travel.
As Truitt and Hartzell (2020: 876) suggest, sub-centimetre ‘orbital debris is currently
undetectable using ground-based radar and optical methods. However, pits in space shut-
tle windows produced by paint chips demonstrate that small debris can cause serious
damage to spacecraft’. Thus, while Table 1 highlights some of the major events that have
resulted in a large quantity of debris creation, it only establishes part of the overall pic-
ture of debris creation.

What Table 1 does demonstrate effectively, though, is that OSD is generally attribut-
able to a small number of causes. These include accidental collisions between existing
satellites, the intentional destruction of satellites (ASAT testing) and other unintended
events (such as malfunctions, break-ups and explosions). To more thoroughly understand
OSD, it is pivotal to explore these issues in further detail.

Accidental collisions between existing satellites are extremely rare, to the point that
only one catastrophic event has ever occurred. This was between the Cosmos-2251 and
Iridium-33 satellites in 2009. While unintentional, this event created a massive amount
of OSD and highlights the imperfect nature of human scientific and technological
endeavour. Accidental collisions with existing orbital debris are more frequent, in part
because of the significantly greater number of pieces of debris compared with that of
artificial satellites. Furthermore, it is much more difficult to alter the direction of a piece
of debris or defunct satellite, as opposed to a functioning satellite where the orbit can be
remotely adjusted to avoid a potential collision (Welti, 2012). However, the intentional
destruction of satellites may represent an even more serious problem in terms of OSD, as
well as in terms of space warfare and weaponization.

To date, the intentional destruction of satellites is more common than two satellites
colliding accidentally. Table 1 highlights the four countries known to have engaged in
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Table 1. Significant events creating OSD.

Year Major event creating orbital debris Source Original quantity of debris
generated
1962 ‘An early satellite experiment involving Experiment 350 million short copper

the intentional creation of space
debris was “West Ford,” a 1961-62
program involving the launch of
some 350 million short copper
filaments into an orbital belt, in an
attempt to produce an artificial
ionosphere which could be used for
reflecting microwave transmissions
over long distances’ (Swenson, 1985:
71).

1968—-1985 The Soviet Union conducted at least
20 anti-satellite (ASAT)? tests in this
period (Shackelford, 2014), but in
1987 (along with the United States),
they signed the Intermediate-

Range Nuclear Forces Treaty to
eliminate missiles with ranges of
5000-5500 km after 8 years of
negotiation (Druckman et al., 1991).
Recently, Russia has failed to abide

by the terms of the treaty, leading to

its demise when the United States
withdrew in August 2019.

A US ASAT test was ‘used to destroy
an aging US weather satellite’
creating orbital debris that took
19years to burn up in Earth’s
atmosphere (Krepon and Black,
2009: 22).

In June 1996, the small Pegasus
launcher exploded. Pegasus was
an Ecuadorian cube satellite that
originally stopped working after
colliding with debris ‘from fuel
containers of rocket S14, launched
by the Soviet Union in 1985’ (Yulin
and Zhaokui, 2015: 1189).

2007-2012 In February 2007, the Briz-M satellite

exploded creating c.1000 pieces of
debris. A similar event occurred

in 2010 and again in 2012. Briz-M
refers to a type of Russian rocket
which became stranded in orbit with
fuel on-board (Hall, 2014).

1985

1996

filaments.

Russian ASAT Not quantified.

tests
US ASAT 300 pieces of trackable
test debris (Krepon and

Black, 2009), but possibly

‘thousands of pieces

of greater than | cm’

(Stakem, 2018: 5).
Collision and Added 700 observable

explosion objects increasing debris
in the ‘600 km altitude by

at least a factor of two’

(Schildknecht, 2007: 49).

Explosions  Originally 1000 fragments

were detected, but only
92 catalogued (Liou and
Anz-Meador, 2010). In the
2012 explosion, ‘700 large
debris’ were detected
(Matney et al., 2013: 2).

(Continued)
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Table 1. (Continued)

Year Major event creating orbital debris Source Original quantity of debris

generated

2007 Similar to the US ASAT test of 1985, Chinese 917 pieces of debris 10cm
China intentionally destroyed a ASAT test  or greater. Tens of
non-functioning weather satellite thousands of pieces too
(Fengyun-1C) as part of their own small to track (Lieggi and
ASAT test. It has been suggested Quam, 2007: 21).
that ‘most of the Fengyun-1C debris
will stay in orbit for several decades;
some is expected to remain in space
for centuries’ (Liemer and Chyba,

2010: 149).

2008 The Cosmos-2421 Satellite broke Unknown Approximately ‘500 large
apart in three significant events breakup of  debris and an unknown
between March and June 2008, the satellite number of smaller debris’
reasons for which are still unknown (NASA, 2008: 1).

(Reddy et al., 2011).

2009 In February 2009, a defunct Accidental ~ Approximately ‘8 million
Cosmos-2251 Russian Satellite collision fragments smaller than
collided with the US Iridium-33 between | cm in size were formed,
satellite which represented ‘the first  two but only about 1,800 were
accidental catastrophic collision satellites catalogued’ (Adushkin
between two intact objects’ et al, 2020: 4).

(Anselmo and Pardini, 2009: 1).

2019 In March 2019, India intentionally Indian ASAT 83 new fragments were
destroyed one of its own satellites, test registered as a result of
Microsat-R. Tan et al. (2020: the ASAT test (Akhmetov
3) found that ‘several hundred et al,, 2019), but as many
fragments spread . . . into higher as 400 were originally
orbits,” preventing them from identified by NASA
burning up in Earth’s atmosphere. (2019b: 1).

2021 In March 2021, China’s YunHai 1-02  Accidental 37 new trackable fragments
meteorological spacecraft accidentally  collision created, four of which
collided with a piece of debris that between decayed very quickly
originated from the deployment of debris (NASA, 2021).

a Russian launch vehicle from the object and
Cosmos-2333 spacecraft in 1996. satellite
2021 In November 2021, shortly before the Russian ASAT ‘At least 1,500 pieces of

attempted invasion of Ukraine, Russia  test
intentionally destroyed their own
satellite Kosmos-1408.

trackable debris’ (Wang
etal, 2022).

NASA: National Aeronautics and Space Administration.
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anti-satellite testing thus far: Russia and the former Soviet Union, the United States,
China and India. ASAT capability is important in terms of the accumulation of space
debris, but also from a criminological viewpoint. This is because ASAT technology pre-
sents powerful governments and organisations with the ability to drastically impact satel-
lites from another nation who may rely upon them as part of their critical infrastructure,
military or otherwise. Therefore, ASAT missiles serve as a powerful political tool due to
the potentially severe consequences of satellite destruction as depicted by Pelton (2015)
in the introduction.

Despite such risks, intentionally destroying another nation’s satellite would be viewed
as an act of aggression and could result in counter measures against the instigating coun-
try (such as a retaliatory attack on its own satellites), which arguably lessens the likeli-
hood of future targeted ASAT missile attacks. However, while such weapons remain a
potential threat, it is likely that other global powers will look to achieve a similar level of
capability, both to maintain a strong conflict deterrent and to avoid being at a strategic
disadvantage should such conflict occur (in much the same way that nuclear weapons
can be seen to act as a deterrent). Hence, it is likely that the current proliferation of
advanced space weapons will continue. This may explain why ASAT testing is still a
feature of contemporary human society, despite the Intermediate-Range Nuclear Forces
Treaty (see Table 1). ASAT testing, therefore, is not solely of interest to green criminolo-
gists studying environmental harms and crimes, but also to criminologists studying
crimes of the powerful (Tombs and Whyte, 2003) and war crimes (Gr¢ar, 2018).

Other than collisions and ASAT testing, Table 1 pinpoints other debris-creating events
deriving from technological failure. These include malfunctions, the unknown ‘breakup’
of satellites and explosions. Mission-related debris, such as leaving payloads and rocket
bodies’ in orbit after their useful life, also contributes a significant amount to OSD
(Kessler et al., 2010). While the exact amount is unknown, recent calculations suggest
that the total mass of space objects in Earth orbit totals more than 6000 tons (NASA,
2019a) and consists of over 128 million objects of 1 mm or greater (European Space
Agency, 2020b).

One fear of such dramatic increases in OSD is Kessler syndrome. This is the theory
that OSD may become a chain reaction whereby more debris means a greater probability
of accidents and collision events, leading to evermore debris pieces and a ‘cascading
chain activity’ (Larsen, 2018: 475). This could eventually create an impassable debris
belt that obscures the night-sky for astronomers and renders space travel impossible.
However, Kessler syndrome is not the only concern regarding OSD. Large objects some-
times reenter Earth’s atmosphere posing a risk to humans (if land is struck), or marine
environs (if a splash-landing occurs).

The marine impacts of debris reentry

Large objects that do not burn up in Earth’s atmosphere must crash down somewhere.
Point Nemo (or the pole of inaccessibility) is the point on Earth farthest from any Island
and, therefore, the most remote and least likely place to have a human impact. As a result,
when re-entering the atmosphere, this is the safest place to aim for to safeguard human
life.
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Point Nemo has accumulated over 260 pieces of space debris, including the remains
of several space stations (Stakem, 2018). These splashdowns clearly generate moral and
ethical concerns pertaining to the anthropogenic use of Earth environments for outer
space exploration and as a location for debris disposal. Furthermore, they pose challeng-
ing legal questions. Point Nemo, for instance, is part of the Aigh seas, far from the juris-
diction of any nation. Therefore, there is no legal responsibility or international law
requiring a nation or private company to clean-up space junk that lands there. As a result,
Point Nemo has been colloquially dubbed the space cemetery in acknowledgement of the
final resting place of dead satellites, spacecraft and other large OSD (De Lucia and
Tavicoli, 2019).

Such space debris reentry is problematic for a variety of reasons. First, it poses a risk
to the aviation sector as the object races towards Earth’s surface. Second, when it gets
there, marine vessels are in jeopardy of being struck. These are described as kinetic risks
by De Lucia and Iavicoli (2019: 369—370) due to the debris experiencing motion as it
moves through Earth’s atmosphere. It is important to note that small changes in the
descent trajectory of large objects, while far above the Earth, can change the final land-
ing location by many hundreds of miles. Consequently, reentry needs to be meticulously
planned and executed. Even so, operations do not always go as planned.

There are also other potential environmental implications for end-of-life reentry of
OSD. An obvious implication is the impact that material burnt up upon reentry may have
on Earth’s atmosphere. A further consequence results from the larger pieces of debris that
do not fully burn up and therefore contaminate environments on Earth’s surface. It has
already been suggested that large object reentry is relatively rare as a proportion of the
total mass of debris objects re-entering the atmosphere. However, when this does occur,
it has the potential to have a large environmental impact. This is best demonstrated
through a series of events provided in Table 2.

As with Table 1, Table 2 does not represent a complete list of all large object re-
entries. It does, however, provide an account of the most cited re-entries in the academic
literature which serves to highlight the scale of the problem. Although these events are
unlikely to create human casualties, they do present a risk to human life, particularly in
uncontrolled events. Furthermore, the chemicals aboard large objects present a threat to
human and non-human life. As Luchinski et al. (2003: 665) highlight,

A danger to people and property on the ground is present in an uncontrolled reentry of large-
scale objects and objects containing incombustible, heat-resistant, or hazardous (e.g.
radioactive) materials. The large size of a spacecraft means that large pieces of it would survive
any reentry and impact Earth, endangering people.

The impacts of OSD on Earth orbital and marine environments demonstrate the con-
nection between OSD issues and green criminology.

Applying AGC to OSD

Takemura (2012, 2015, 2019) is the only author to have discussed space debris from a
criminological perspective in any significant detail. However, there has been some other
(albeit limited) criminological engagement. For example, South (2017) has recognised
that pollution of Earth’s atmosphere does not just stop at fossil fuel combustion,
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Table 2. Case studies of significant large object reentry events creating pollution.

Year Large debris object Reentry type Event
1978 Cosmos-954 Uncontrolled The Cosmos-954 satellite launched by the
Satellite following USSR in 1978 (and carrying a nuclear reactor
satellite containing uranium-235), was intended to

malfunction  orbit Earth for a few weeks before being
raised to a higher orbit (a feat successfully
achieved by the Cosmos-952 satellite
previously). Unfortunately, Cosmos-954
malfunctioned and was drawn by gravity
towards Earth, eventually disintegrating and
scattering radioactive debris over northwest
Canada (in an area the size of Austria)
(Galloway, 1979: 401-402).
1979 Skylab Space Station Uncontrolled In July 1979, the 80 megaton Skylab space
station ‘re-entered and rained debris in
a footprint more than 1,000 km long and
nearly 200 km wide in southwest Australia’
(Luchinski et al., 2003: 665).
1991 Salyut-7 Space Uncontrolled In February 1991, the 43 megaton Salyut-7
Station Space Station ‘made an uncontrolled reentry
over Argentina’ (Luchinski et al., 2003: 665).
Despite much of the debris landing near the
town of Capitan Bermudez (approximately
190 miles from the Capital Buenos Aires),
there was no loss of life or property damage
reported (Powell, 2017: 167).
1996 Mars-96 (Russian ~ Uncontrolled Initially intended to orbit and then land on Mars

Orbiter and following to conduct scientific experiments, the ‘rocket
Lander) failed Mars carrying Mars-96 lifted off successfully, but as
mission it entered (Earth) orbit the rocket’s fourth

stage ignited prematurely and sent the probe
into a wild tumble. It crashed into the ocean
somewhere between the Chilean coast and
Easter Island. The spacecraft sank, carrying
with it 270 grams of plutonium-238’ (Garber,

2015: 1).

2000 NASA’s Compton  Controlled In June 2000, NASA’s 17 megaton CGRO
Gamma Ray splashed down ‘over a region in the Pacific
Observatory Ocean southeast of Hawaii’ (Luchinski et al.,
(CGRO) 2003: 665).

(Continued)
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Table 2. (Continued)

Year

Large debris object

Reentry type

Event

2001

2011

2011

2012

2020

Mir Space Station

Controlled

Launched in 1986, Mir replaced the Salyut
series until it was de-orbited in 2001. Of the
original mass of 130 megaton, approximately
40 megatons survived reentry, breaking up
at various levels of altitude (Luchinski et al.,
2003: 665). Those pieces of debris that
survived reentry were either large enough
to avoid burn up in the atmosphere, and/or
consisted of material with very ‘high melting
temperatures including steel, titanium, high-
temperature alloys, illuminators, and optical
equipment lens’ (Luchinski et al., 2003: 665).

Upper Atmosphere Uncontrolled UARS was a NASA satellite deployed in 1991

Research Satellite
(UARS)

ROSAT Satellite

Phobos-Grunt
Spacecraft

Long March 5B
Rocket

Uncontrolled

Uncontrolled

Uncontrolled

to study ozone depletion in the Antarctic
region. Prior to being decommissioned, it was
hit by a piece of existing orbital debris in 2007
creating new debris (Yulin and Zhaokui, 2015).
In 2011, it re-entered Earth’s atmosphere
landing in the Pacific Ocean and, of the
original 5668 kg of dry mass, ‘a total surviving
mass of 532 kg concentrated in 26 objects
(survived reentry). The heaviest surviving
component, an aluminium box, had a mass of
158kg’ (Pardini and Anselmo, 2012: 4).

One month after the UARS splash-landing, a
German x-ray satellite, Roentgen Satellite
(or ROSAT), crashed into the Bay of Bengal
near the populated countries of India and
Bangladesh. ROSAT was about half the size of
the UARS with a dry mass of 2426 kg (Choi
etal, 2017).

Orriginally intended to study one of Mars’
moons (Phobos), the Phobos-Grunt
‘spacecraft failed to exit the Earth’s orbit
and fell into the Pacific Ocean’ (Durrieu
and Nelson, 2013: 242). Phobos-Grunt was
carrying ‘about | | tons of unused highly toxic
propellant’ (Durrieu and Nelson, 2013: 242).

After | week in LEO, the core of the rocket

made an uncontrolled reentry. The majority

of the (approximately 20-ton) core crashed

into the Atlantic Ocean off the coast of Africa;

however, some debris fragments were found

scattered across the Ivory Coast (Maley, 2020).

USSR: Union of Soviet Socialist Republics.
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deforestation and industrial activities, but extends to wastes left in human orbit. Similarly,
when discussing the impact of hazardous wastes on future generations, Wyatt (2016: 2)
considers space debris as a problem that we are only just beginning to experience, but
one that will continue to cause problems ‘unless active removal programmes are under-
taken’. Carrabine (2018: 455) has also recognised the impact of space debris on future
generations:

Since the 1960s, hundreds and thousands of objects have been launched into space, many of
which are now defunct but are destined to stay there as a belt of debris. This distant layer of
debris will become the major ruins of our times, potentially drifting around the Earth for
billions of years, outlasting the great pyramids of Giza and the cave paintings of Lascaux.

Lampkin (2021) went further than these works by explaining the link between space
debris and criminology, suggesting OSD would be one of the primary areas of study for
AGC research.

This article not only suggests that space debris is a problem worthy of criminological
attention, but it makes a significant contribution to the (astro) green criminological litera-
ture. Table 3 identifies six key areas of focus for green criminologists regarding the issue
of OSD, the aim of which is twofold. First, it identifies some of the key problems attrib-
uted to OSD with a specific focus on both human and non-human harms and victimiza-
tions. Second, it provides a structure and six areas of focus for any future astro-green
criminological work in this area.

It is clear from Table 3 that only a critical or radical criminological perspective could
adequately address the harms associated with space debris because they are legal activi-
ties. While some institutions and organisations have produced guidelines intent on pre-
venting and mitigating against the accumulation of debris (such as NASA’s (2018)
Handbook for Limiting Orbital Debris), these are not legally binding. Furthermore,
although there have been several important developments in international space law such
as the Outer Space Treaty (OST) of 1967 and the Committee on the Peaceful Uses of
Outer Space (COPUOS) established in 1959, these deal ‘almost exclusively with politi-
cal and diplomatic issues, which is reasonable as. . . (they) were written during the Cold
War’ period (De Paula and Celestino, 2019: 1). Consequently, they have been criticised
as outdated and unfit in dealing with contemporary OSD accumulation issues (Ferreira-
Snyman, 2013).

The problems surrounding both preventing and disposing of orbital debris can there-
fore be seen as issues that lack “political, legal and economic’ will (Stakem, 2018: 23),
rather than technological impossibilities. As a result, it can be argued that Earth orbit has
thus far been regarded by humans as a frontier to exploit, rather than a wilderness to
protect (Takemura, 2019). The lack of legal accountability and enforcement of guide-
lines for creating and removing OSD should be a concern to criminologists due to the
impacts that debris can have on humans, non-human animals and ecosystems, as outlined
in this article. Until more substantial international laws and enforcement practices are
implemented, OSD will continue to accrue. Criminologists could play a vital role in
instigating such discussions and building a body of academic research calling for more
to be done to protect planet Earth from the build-up of anthropogenic orbital pollution.
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Table 3. The harms of space debris.

Human harms

Non-human harms

Humans in Space

Orbital debris presents risks to humans
who inhabit off-Earth space stations.
Debris may strike the station (Truitt
and Hartzell, 2020), tear an astronaut’s
spacesuit (Castronuovo, 2011), or
otherwise damage essential equipment.

Humans on Earth

Pieces of debris that too large to burn
up in Earth’s atmosphere present a
threat to human life and property
(Durrieu and Nelson, 2013). This is
particularly concerning for uncontrolled
re-entries that may impact land rather
than ocean (Luchinski et al., 2003).

Future Generations of Humans

The more orbital debris generated, the
greater the problems become for future
generations of humans in terms of
continued space exploration, but also in
terms of the above two points (risks to
humans in space, and humans on Earth,
from reentry events).

Oceanic Environments

Large objects that re-enter Earth atmosphere are
targeted at oceanic regions (such as Point Nemo).
Therefore, orbital debris presents a hazard for
marine life and ecology, particularly if it contains
wastes or hazardous substances that could harm
marine life (De Lucia and lavicoli, 2019) or enter
the food chain.

Atmospheric Harm

Launching spacecraft and satellites (that may one
day end-up as orbital debris) involves atmospheric
pollution through emissions of harmful chemicals
into various stages of the Earth’s atmosphere
(Ross and Vedda, 2018). Harmful elements are also
generated when debris re-enters the atmosphere,
most of which burns up creating chemical and
radiological risks (De Lucia and lavicoli, 2019).

Higher Orbit Pollution

High Earth orbits are problematic because debris
may reach a height where it will not re-enter the
Earth’s atmosphere (and will therefore continue to
orbit indefinitely). The more of this type of debris
generated, the more problematic it becomes to
dispose; and the more challenging it becomes to
engage in future space exploration.

It is clear that the natural sciences (engineering, physics, cosmology) have placed a

greater priority on the commercial development of Earth orbital space than they have on
prevention, mitigation and removal strategies. This is due to the continued mass accrual
of OSD in Earth orbit and a failure, thus far, to address the issue. Consequently, the criti-
cal and green criminological traditions are particularly well placed to lead discussions
relating to the human and environmental impacts of OSD, and this is the best place for
an AGC to be situated.

There are a number of reasons for this. First, as has been noted, green-critical notions
of crime are rooted in a zemiological paradigm where social and ecological harm is
observed to be a more inclusive way to approach unwanted deviant behaviours (as
opposed to purely criminal notions that are customary in the classical criminological
tradition). Second, green-critical criminologists emanate from a place that is usually far
removed from academics and practitioners working in the natural sciences. As such, the
focus of an astro-green criminologist is not foremost on the technicalities of rocket
launching or satellite capability, but on the impact that those activities have on both
social life and the natural world. The impact of space exploration and satellite
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technologies has historically been construed from the effect that it may have on other
technologies and other satellites, and how this might impact future technological suc-
cesses. An example is the historical focus placed by the space exploration community on
managing and manoeuvring objects within and between orbital spaces, rather than
assessing the impact that the activities are having on human life, atmospheric health and
ecological conditions on Earth’s surface (for instance, those harms outlined in Table 3).
Consequently, green-critical (or astro-green) criminologists can use their expertise in
social research to contribute to OSD discussions, filling the current void in the social,
atmospheric and ecological impacts of rocket launching and satellite technologies.
Contributing to the research and debate on orbital space debris from this critical research
mindset may help to inform the future policy directions of orbital debris prevention and
mitigation. Doing so is, arguably, in the best interests of both public health and ecosys-
tems, and also the scientific community. In terms of the former, astro-green analysis of
OSD will give a voice to human and non-human victims (see Table 3), concerns for
which may have otherwise been ignored at best, or not brought to the table at worst. In
terms of the latter, the scientific community have much to gain from the inclusion of
criminologists. Successfully preventing, managing and mitigating OSD will, inevitably,
contribute to a safer and cleaner orbital environment for current and future generations.

Conclusion

This article has highlighted the harmful effects of OSD, issues which have received scant
attention from the scientific community, and virtually no attention from the criminologi-
cal community. It is clear, however, that OSD is a social phenomenon worthy of greater
academic consideration due to the risks posed to humans and non-humans.

Like many human scientific and industrial endeavours, the formation of space debris
appears to have accrued despite the harmful consequences, rather than instigating pre-
cautionary and preventive measures at the outset. At some point, we (as humans) will
need to prevent or recycle debris rather than disposing of it in graveyard orbits or oceanic
environments. Currently, OSD can be seen as a self-created nuisance for the space indus-
try, produced by a series of significant events that have exponentially increased the num-
ber of pieces of debris (see Table 1). However, due to the expense associated with debris
mitigation, ‘we probably won’t see any action until there is a “major event” (Stakem,
2018: 23). Debris capture and reuse is an expensive mitigation option for what is already
a costly industry, often relying heavily on public money. Therefore, the initial prevention
of debris formation may be the most effective approach to address the problem.

Finally, this article has argued that orbital debris is a concern for green criminologists
due to the harms associated with its creation. However, the astronomical community
should also be concerned with the environmental impact of space operations, including
the generation of space debris, because it is in their best interests. As Andersen (2000:
443) suggests, ‘accelerating man-made degradation of the environment is making the
sky and astronomical objects harder to see. Light pollution, radio frequency interference,
space debris, and activities in outer space are restricting astronomy, remote sensing, and
telecommunications’.
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Notes

1. ALEO is usually less than 1000 km but can be as low as 160 km above the Earth’s surface and
up to 2000 km.

2. An ASAT is a form of weapon test used to destroy a satellite in the event of space warfare
(due to the huge dependency of some nations on working satellites, particularly for military
purposes).

3. There have, for example, been more than 170 explosions recorded in LEO (Schildknecht,
2007: 48).

4. The US Space Surveillance Network (SSN) ‘is a network of sensors located at two dozen sites
worldwide and operated by U.S. Army, Navy, and Air Force personnel’ (Kelso, 2019).

5. Payloads and rocket bodies are parts of structures (i.e., rockets) used to launch other objects
(such as satellites) into LEO.

ORCID iDs
Jack A Lampkin https://orcid.org/0000-0001-5104-8758
Tanya Wyatt https://orcid.org/0000-0002-5191-7607

References

Adushkin VV, Aksenov OY, Veniaminov SS, et al. (2020) The small orbital debris population and
its impact on space activities and ecological safety. Acta Astronautica 176: 591-597.

Akhmetov V, Savanevych V and Dikov E (2019) Analysis of the Indian ASAT Test on 27 March
2019. Available at: https://arxiv.org/abs/1905.09659 (accessed 19 June 2020).

Andersen J (2000) Astronomy and the degrading environment. Science 288(5465): 443-445.

Anselmo L and Pardini C (2009) Analysis of the consequences in low earth orbit of the collision
between cosmos 2251 and Iridium 33. In: Proceedings of the 21st international symposium
on space flight dynamics. Paris, September.

Australian Space Academy (2010) A guide to orbital space debris. Available at: https://www.
spaceacademy.net.au/watch/debris/gsd/gsd.htm (accessed 15 June 2020).

Brisman A and South N (2018) Green criminology, zemiology, and comparative and inter-
relational justice in the anthropocene era. In: Boukli A and Kotzé J (eds) Zemiology:
Reconnecting Crime and Social Harm. Cham: Palgrave Macmillan, pp. 203-221.

Brisman A and South N (eds) (2020) Routledge International Handbook of Green Criminology,
2nd edn. Oxon: Routledge.

Carrabine E (2018) Geographies of landscape: Representation, power and meaning. Theoretical
Criminology 22(3): 445-467.

Carrabine E, Cox A, Cox P, et al. (2020) Criminology: A Sociological Introduction. Oxon:
Routledge.


https://orcid.org/0000-0001-5104-8758
https://orcid.org/0000-0002-5191-7607
https://arxiv.org/abs/1905.09659
https://www.spaceacademy.net.au/watch/debris/gsd/gsd.htm
https://www.spaceacademy.net.au/watch/debris/gsd/gsd.htm

16 Criminology & Criminal Justice 00(0)

Castronuovo MM (2011) Active space debris removal — A preliminary mission analysis and
design. Acta Astronautica 69(9—-10): 848-859.

Chobotov VA (2002) Orbital debris hazards assessment and mitigation strategies. In: Smirov NN
(ed.) Space Debris: Hazard Evaluation and Mitigation. London: Taylor & Francis, pp. 1-24.

Choi EJ, Cho S, Lee DJ, et al. (2017) A study on re-entry predictions of uncontrolled space objects
for space situational awareness. Journal of Astronomy and Space Sciences 34(4): 289-302.

De Lucia V and Iavicoli V (2019) From outer space to ocean depths: The spacecraft cemetery and
the protection of the marine environment in areas beyond national jurisdiction. California
Western International Law Journal 49(2): 345-389.

De Paula MB and Celestino CC (2019) The impact of space law and space debris mitigation meas-
ures on the debris scenario around the earth. Journal of Physics: Conference Series 1365(1):
012022.

Druckman D, Husbands JL and Johnston K (1991) Turning points in the INF negotiations.
Negotiation Journal 7(1): 55-67.

Durrieu S and Nelson RF (2013) Earth observation from space — The issue of environmental sus-
tainability. Space Policy 29(4): 238-250.

European Space Agency (2020b) Space debris by the numbers. Available at: https://www.esa.
int/Safety_Security/Space Debris/Space_debris_by_the numbers (accessed 23 June 2020).

Ferreira-Snyman A (2013) The environmental responsibility of states for space debris and the
implications for developing countries in Africa. Comparative and International Law Journal
of Southern Africa 46(1): 19-51.

Galloway E (1979) Nuclear powered satellites: The USSR cosmos 954 and the Canadian claim.
Akron Law Review 12(3): 401-415.

Garber S (2015) A chronology of Mars exploration. Available at: https://history.nasa.gov/mar-
schro.htm (accessed 28 July 2020).

Goyes DR and South N (2017) Green criminology before ‘Green criminology’: Amnesia and
absences. Critical Criminology 25(2): 165-181.

Gréar S (2018) Peacetime activities of the military as a source of threat to the environment in
context of green criminology. In: Lobnikar MG, Prislan B K. and Hacin R (eds) Criminal
Justice and Security in Central and Eastern Europe. Maribor: University of Maribor Press,
pp. 332-348.

Green P and Ward T (2004) State Crime: Governments, Violence and Corruption. London: Pluto
Press.

Groombridge N (2013) Matter all over the place: Litter, criminology and criminal justice. In:
South N and Brisman A (eds) Routledge International Handbook of Green Criminology.
Oxon: Routledge, pp. 394-408.

Hall L (2014) The history of space debris. In: Space traffic management conference.
Florida, 6th November. Available at: https:/commons.erau.edu/cgi/viewcontent.
cgi?article=1000&context=stm

Kelso TS (2019) Space surveillance. Available at: https://celestrak.com/columns/v04n01/
(accessed 2 July 2020).

Kessler DJ, Johnson NL, Liou JC, et al. (2010) The Kessler syndrome: Implications to future space
operations. Advances in the Astronautical Sciences 137(8): 1-15.

Krepon M and Black S (2009) Space Security or Anti-Satellite Weapons? Washington, DC:
Stimson Centre.

Lampkin JA (2020) Uniting Green Criminology and Earth Jurisprudence. Oxon: Routledge.

Lampkin JA (2021) Mapping the terrain of an astro-green criminology: A case for extending the
green criminological lens outside of planet earth. Astropolitics: The International Journal of
Space Politics and Policy 18(3): 238-259.


https://www.esa.int/Safety_Security/Space_Debris/Space_debris_by_the_numbers
https://www.esa.int/Safety_Security/Space_Debris/Space_debris_by_the_numbers
https://history.nasa.gov/marschro.htm
https://history.nasa.gov/marschro.htm
https://commons.erau.edu/cgi/viewcontent.cgi?article=1000&context=stm
https://commons.erau.edu/cgi/viewcontent.cgi?article=1000&context=stm
https://celestrak.com/columns/v04n01/

Lampkin and Wyatt 17

Lampkin JA and Wyatt T (2022) Widening the scope of ‘earth’ jurisprudence and ‘green’ crimi-
nology? Towards preserving extra-terrestrial heritage sites on celestial bodies. In: Gacek J
and Jochelson R (eds) Green Criminology and the Law. London: Palgrave Macmillan, pp.
309-329.

Larsen PB (2018) Solving the space debris crisis. Journal of Air Law & Commerce’ 83(3): 475—
519.

Lieggi S and Quam E (2007) China’s ASAT test and the strategic implications of Beijing’s mili-
tary space policy. The Korean Journal of Defense Analysis 19(1): 5-27.

Liemer R and Chyba CF (2010) A verifiable limited test ban for anti-satellite weapons. The
Washington Quarterly 33(3): 149-163.

Liou JC and Anz-Meador D (2010) An analysis of recent major breakups in the low earth orbit
region. In: 61st international astronautical congress. Prague, 27 September—1 October.

Luchinski V, Murtazin R, Sytin O, et al. (2003) Mission profile of targeted splashdown for space
station Mir. Journal of Spacecraft and Rockets 40(5): 665—671.

Lynch MJ (1990) The greening of criminology: A perspective on the 1990°s. The Critical
Criminologist 2(3): 1-4, 11-12.

Lynch MJ, Long MA, Stretesky PB, et al. (2017) Green Criminology: Crime, Justice, and the
Environment. Berkeley, CA: University of California Press.

Maley PD (2020) History of space and launch debris recoveries. Available at: https://pauldmaley.
com/sd1/ (accessed 24 November 2020).

Matney MJ, Hamilton J, Horstman M, et al. (2013) Characterization of the 2012-044C Briz-M
upper stage breakup. Available at: https:/ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.
gov/20130013504.pdf (accessed 22 June 2020).

National Aeronautics and Space Administration (NASA) (2008) Orbital debris quarterly news.
NASA Orbital Debris Quarterly News 12(4): 1-12.

National Aeronautics and Space Administration (NASA) (2018) Handbook for limiting orbital
debris. Available at: https://standards.nasa.gov/standard/nasa/nasa-hdbk-871914 (accessed 2
July 2020).

National Aeronautics and Space Administration (NASA) (2019a) Space debris. Available at:
https://www.nasa.gov/centers/hq/library/find/bibliographies/space debris (accessed 15 June
2020).

National Aeronautics and Space Administration (NASA) (2019b) Orbital debris quarterly news.
NASA Orbital Debris Quarterly News 23(3): 1-14.

National Aeronautics and Space Administration (NASA) (2021) Orbital debris quarterly news.
NASA Orbital Debris Quarterly News 25(4): 1-14.

Pardini C and Anselmo L (2012) Reentry predictions of three massive uncontrolled spacecraft. In:
23rd international symposium on space flight dynamics. Pasadena, CA.

Pardini C and Anselmo L (2013) Impact risk repercussions on the iridium and cosmo-skymed
constellations of two recent catastrophic collisions in space. Progress in Propulsion Physics
4:749-762.

Pardini C and Anselmo L (2017) Revisiting the collision risk with cataloged objects for the iridium
and COSMO-skymed satellite constellations. Acta Astronautica 134: 23-32.

Pelton JN (2015) New Solutions for the Space Debris Problem. Cham: Springer.

Powell J (2017) Cosmis Debris: What It Is and What We Can Do about It. Cham: Springer.

Reddy DS, Reddy NG and Anilkumar AK (2011) Modeling spatial density in low earth orbits
using wavelets and random search. Advances in Space Research 48(8): 1432—1440.

Ross M and Vedda JA (2018) The policy and science of rocket emissions. Available at: https://
aerospace.org/sites/default/files/2018-05/RocketEmissions_0.pdf (accessed 26 June 2020).


https://pauldmaley.com/sd1/
https://pauldmaley.com/sd1/
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20130013504.pdf
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20130013504.pdf
https://standards.nasa.gov/standard/nasa/nasa-hdbk-871914
https://www.nasa.gov/centers/hq/library/find/bibliographies/space_debris
https://aerospace.org/sites/default/files/2018-05/RocketEmissions_0.pdf
https://aerospace.org/sites/default/files/2018-05/RocketEmissions_0.pdf

18 Criminology & Criminal Justice 00(0)

Schildknecht T (2007) Optical surveys for space debris. The Astronomy and Astrophysics Review
14(1): 41-111.

Schwendinger H and Schwendinger J (2013) Defenders of order or guardians of human rights? In:
Taylor IR, Walton P and Young J (eds) Critical Criminology. Oxon: Routledge, pp. 113-146.

Shackelford SJ (2014) Governing the final frontier: A polycentric approach to managing space
weaponization and debris. American Business Law Journal 51(2): 429-513.

Sollund R (2021) Green criminology: Its foundation in critical criminology and the way forward.
The Howard Journal of Crime and Justice 60(3): 304-322.

South N (2017) Environmental crimes and harms: A green criminology approach and socio-
legal challenges. In: Bergin T and Rolando E (eds) Forging a Socio-Legal Approach to
Environmental Harms: Global Perspectives. Oxon: Routledge, pp. 20-36.

Stakem P (2018) Orbital Debris: The Problem and the Mitigation. London: Amazon.

Swenson RT (1985) Pollution of the extraterrestrial environment. Air Force Law Review 25(1):
70-86.

Takemura N (2012) Floating space debris contaminating the beach of earth: Toward the time/space
theory for complexity green criminology. Research Bulletin 27: 59—64.

Takemura N (2015) Dynamic complexity of environmental crime: Some aspects of applied green
criminology. Thirteenth United Nations Congress on Crime Prevention and Criminal Justice,
Doha, India. Available at: https://www.unodc.org/documents/congress/background-informa-
tion/Individual Experts/2015 UN_Congress_report IE N.Takemura.pdf

Takemura N (2019) Astro-green criminology: A new perspective against space capitalism outer
space mining may Make the same mistakes in space as we have on earth. Toin University of
Yokohama Research Bulletin 40: 7-17.

Tan A, Reynolds RC and Ramachandran R (2020) Posthumous analysis of the Indian anti-satellite
experiment: Puzzles and answers. Advances in Aerospace Science and Applications 10(1):
1-10.

Tombs S and Whyte D (2003) Unmasking the crimes of the powerful. Critical Criminology 11(3):
217-236.

Truitt AS and Hartzell CM (2020) Simulating plasma solitons from orbital debris using the forced
Korteweg—de Vries Equation. Journal of Spacecraft and Rockets 57(5): 1-22.

Wang C, Chen D and Liao W (2022) Autonomous obstacle avoidance strategies in the mission of
large space debris removal using potential function. Advances in Space Research. Epub ahead
of print 11 April. DOI: 10.1016/j.asr.2022.04.013.

Wang T (2010) Analysis of debris from the collision of the cosmos 2251 and the iridium 33 satel-
lites. Science & Global Security 18(2): 87-118.

Welti CR (2012) Satellite Basics for Everyone: An Illustrated Guide to Satellites for Non-Technical
and Technical People. Bloomington, IN: iUniverse.

Wolfgang ME (1963) Criminology and the criminologist. Journal of Criminal Law, Criminology
& Police Science 54(2): 155-162.

Wyatt T (2016) The brownness of green crimes. In: Wyatt T (ed.) Hazardous Waste and Pollution:
Detecting and Preventing Green Crimes. London: Springer, pp. 1-7.

Yulin Z and Zhaokui W (2015) Space traffic safety management and control. /EEE Transactions
on Intelligent Transportation Systems 17(4): 1189-1192.

Author biographies

Jack A Lampkin lectures in criminology at York St John University in the United Kingdom and is
a leading figure in the development of space criminology.

Tanya Wyatt is a green criminologist specialising in research on wildlife trafficking, non-human
animal abuse, and the intersections to organised crime, corporate crime, and corruption.


https://www.unodc.org/documents/congress/background-information/Individual_Experts/2015_UN_Congress_report_IE_N.Takemura.pdf
https://www.unodc.org/documents/congress/background-information/Individual_Experts/2015_UN_Congress_report_IE_N.Takemura.pdf

