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FOREwWORD BY APDC

This publication is a product of Project ASTERIA, a collaborative
research initiative between the Air Power Development Centre (APDC)
and the Australia New Zealand Space Law Interest Group (ANZSLIG) on a
global issue that has complexity when studied from different perspectives.
The collaboration between the different subject matter experts who have
accepted the challenge to look at the shared problems of space debris, space
traffic management and space sustainability, helps to promote a better
understanding and awareness.

Orbital space missions are essential to the critical infrastructure of many
states, as modern life is critically dependent on space. However, access to
space and space-based systems are being increasingly challenged by the
growing risks of artificial space debris. Popularly used orbits are congested
with resident space objects that are space junk or fragments of junk that
cannot be manoeuvred or controlled. Furthermore, collisions between and
with space debris are generating even more orbital space debris.

This research project has encouraged guests from APDC and ANZSLIG
to share their thoughts on the space debris issues from their different
professional backgrounds. The result is this compilation of papers that
highlight the risks of space debris to current and future space access and the
need for a rules-based order for the sustainable use of space.

I hope that this publication will inform readers of the significance of
Australian operated space situational awareness sensors and that it will
encourage further research and discussion on how space debris affects space
operations.

Andrew Gilbert

Group Captain

Director

Air Power Development Centre

September 2019



FOREwWORD BY ANZSLIG

A broad range of people throughout Australia and New Zealand, with a
broad range of experiences, knowledge and background come together regularly
to share a common interest in space law, under the banner of a group known as
the ‘Australia New Zealand Space Law Interest Group’ (ANZSLIG). Drawing on
those broad experiences, knowledge and backgrounds, ANZSLIG has been able
to make a substantive contribution to raising awareness of space law within the
space community as well as the public, to contribute to legislative development
for the regulation of space activities and to understand space law education
options in Australia and New Zealand.

Project ASTERIA 2019 is the first time that the ANZSLIG has been invited
to contribute written research to published volumes. It is an honour to join the
Air Power Development Centre (APDC) in a project that is intended to lead and
develop space policy through public discourse. The collaboration reflects the
importance of the policy issues in question not just to civil society, but also to
those who bear responsibility for the security of their nation.

It is especially pleasing that the ANZSLIG has contributed to such topical
issues as space debris, space traffic management and space sustainability. These
exigencies are the unfortunate consequences of the growing pace of human
endeavours in outer space — much more by commercial entities in recent times
and into the foreseeable future, than by the military and governmental entities
that dominated space activities in the past. Space infrastructure has delivered
convenience, efficiency and growing prosperity to our world and our nations,
but only so long as space activities can be managed sustainably. The means of
such management is the crux of the policy challenge and the papers collated in
this publication lay some conceptual foundations to address the policy challenge.

[ thank those members of ANZSLIG who have made such a strong
contribution to this publication. I recommend the publication as a whole to other
ANZSLIG members (and beyond) and encourage them to consider building on
this foundation in their own various fields of work within the Australian and New
Zealand space communities, as well as in similar publications in the future.

Project ASTERIA presents a model for collaborative thought leadership
between military and civil institutions. The ANZSLIG commends APDC for the
initiative and looks forward to making future contributions in a similar way to
other space policy endeavours, including with the APDC.

Duncan Blake
Wing Commander
Space Advocate & Chair, Australia New Zealand Space Law Interest Group

September 2019



ABouT ProOJecT ASTERIA

Asteria was born during the Golden Age of Greek mythology, the period
when the Titans ruled the cosmos. The Greek name aotépix (Asteria)
can be translated to mean “of the stars” or “starry one” Thus, the ancient
Greeks named Asteria as the Titan goddess of shooting stars. Asteria was
an inhabitant of Olympus and beloved by Zeus. In order to escape from
his unwanted pursuits, she turned into a quail and threw herself from the
heavens, falling into the Aegean Sea where she was metamorphosed into the
island of Asteria — also known locally as the Greek island which had fallen
from heaven like a star.

The visual spectacle of ‘shooting stars’ are the result of artificial and
cosmic debris re-entering and burning up in the Earth’s atmosphere.
ASTERIA was therefore an appropriate name for a cooperative project
between the Air Power Development Centre (APDC) and the Australia New
Zealand Space Law Interest Group (ANZSLIG) that called for the research
and submission of papers on the topical problems of space debris and space
traffic management.

Selected papers have been edited and compiled for use as a research
reference to be shared publicly with like-minded professionals interested
in the design and conduct of orbital space activities, including the launch,
operation, and expiration of orbiting space objects in an increasingly
congested orbital environment.




ABOUT THE AIR POWER DEVELOPMENT CENTRE,
RovAL AUSTRALIAN AIR FORCE

The Air Power Development Centre (APDC) was established by the Royal
Australian Air Force in 1989. The APDC provides practical and effective
analysis and advice on the strategic development of air and space power to
the Chief of Air Force, the Royal Australian Air Force, and its partners.

The APDC mission is to support strategic decision-making about the
future of air and space power for Air Force and its partners.

Air and space power is a cornerstone of Australia’s security, and
Australia’s unique strategic geography means that will always be so. As the
principal provider of Australia’s air and space power, the RAAF is tasked with
the conduct of air and space operations in pursuit of the nation’s security
and defence. As exponents of air and space power, all members of the RAAF
have an inherent responsibility to be knowledgeable regarding the theory and
doctrine of air and space power.
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ABOUT THE AUSTRALIA NEW ZEALAND
SrACE LAW INTEREST GROUP

The Australia New Zealand Space Law Interest Group (ANZSLIG) was
informally established in 2018 as a group of approximately 70 people from
Australia and New Zealand, meeting monthly (in-person and remotely) on
the basis of a common interest in space law, both domestic and international.

The ANZSLIG membership is drawn from the ‘space community’ broadly,
in Australia and New Zealand, not just from what might be more narrowly
described as the ‘space industry’ That is, the membership reflects partisan
interests in each of those sectors in how the uses of outer space are regulated,
but the members of ANZSLIG are bound by a common interest in the law
as a means of unifying effort in pursuit of the interests of Australia and New
Zealand.

ANZSLIG brings together numerous professions with different areas
of experience and expertise in international space law, domestic space
legislation in Australia and New Zealand, intellectual property, regulation
of the electromagnetic spectrum, export control laws, liability, contracting,
military, government procurement, ethics, and other areas.
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SPACE DEBRIS:
WHAT IS IT AND WHY SHOULD WE CARE?

ANDREW EARL

INTRODUCTION

The Earth orbital space environment, and the artificial machines deployed
into those orbits, have together incrementally become strategically significant
to the vast majority of the global population and the critical infrastructures
they need to assure the functioning of their modern societies. The societal
‘need’ for safe and assured access to the near earth environment has created
a new market that is proliferating space based services. Coupled with the
step-change reduction in the cost of space launches, and small satellite buses,
recent years have seen an escalation of interest by new actors to participate
and operate in the space environment.

The United Nations Treaty on Outer Space was ratified in 1967.! At
that time only large government bodies were able to fund the expertise and
technologies necessary to launch an object beyond the Earth’s atmosphere;
in 2019 ‘Space as a service’ is the new accepted and affordable reality, which
now includes in excess of thirty five private corporations manufacturing
launch vehicles for government and commercial use.> Space activities have
proliferated and one hallmark of the accumulating and increasing effects of
human activities in space is orbital debris.

The purpose of this paper is to inform readers on the fundamental
scientific and operational issues surrounding space debris in the Earth orbital
environment.

ORBITAL MECHANICS 101 — THE FUNDAMENTALS

The altitude required to keep an object in an orbital trajectory is governed
by Earth’s gravitational field. An object travelling overhead at approximately
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100kms above the Earth’s surface, with a speed of approximately 7 to 8 km/
sec will have adequate kinetic energy to continually freefall over the Earth’s
horizon but never hit the Earth; it is continually being pulled back towards
the Earth by its gravitational pull but misses and will naturally continue along
a circular trajectory around the Earth.? It is essentially ‘falling” with a forward
velocity at the same rate as the curvature of the earth falls away beneath it.

While this paper is a discussion on space debris, it’s worth first discussing
the most commonly used orbits, and what objects are generally launched to
fill these orbits, since there is a myriad of reading resources on the intricacies
of orbital mechanics. However, some of the orbits are more popular for space
missions than others and this is reflected in the distribution of space debris
across the different orbit altitudes. There is not an internationally accepted
standard for orbit designations.

Low EARTH ORrBIT — LEO

LEO is the range of orbital altitudes that are spread from approximately
160km up to about 1000 km above earth, with a repeating orbital period of
about 90 minutes to conduct a single orbit.* Because of these orbital altitudes,
the field-of-view of LEO satellites have a relatively small sensor footprint on
the ground which moves as quickly as the satellite passes overhead.

A single satellite might eventually cover the entire surface, after a few
days of satellite passes, as the Earth rotates beneath the orbit. However, if
global coverage is required concurrently all over the globe, as is needed with
communications systems, then a large number of satellites are required to be
spread throughout an orbiting constellation.”

LEO is the cheapest of these three orbits for a space launch rocket
to access due to its proximity to the ground; it requires the least energy to
propel a satellite into orbit, needs less power to transmit data back over
the short distances to Earth, and provides high resolution imaging through
its optical and radar sensors at a lower cost for the same reasons.® These
characteristics are exploited by the design of the NOAA Search and Rescue
Satellite Aided Tracking (SARSAT) to provide 24/7 continuous global
coverage for monitoring the emergency beacons carried by travellers, aircraft,
and ships, etc, and activated when in distress.”

The human spaceflight mission with the International Space Station is
situated in a LEO orbit at about 400 km.> Owing to the characteristics of
LEQ, this orbit is ideal for cheaper space launches for its extensive program
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of lifting many heavy payloads, for recovering the astronauts to Earth, and
for the constant and necessary telecommunications to Earth. However,
it is notable that SpaceX Starlink’ and Amazon.com Project Kuiper'® are
planning to inhabit this orbital region with new mega constellations, raising
concerns for the safety of the ISS and its human occupants.

MEeDIUM EARTH ORBIT — MEO

The MEO region sits above the LEO orbital region and reaches out to
approximately 35,000 kms. The footprint for sensors deployed into MEO is
superior to LEO allowing for less satellite buses to achieve more of a global
coverage (eg the GPS constellation operates with 31 vehicles! to provide
continuous global coverage). The dwell time for a MEO satellite is measured
in hours, generally the higher the altitude the longer the dwell time. MEO is
also commonly used for communication satellites in polar orbits. The most
significant uses of MEO are for global communications relay systems (eg
INMARSAT") and global navigation satellite systems (eg GPS).

GEOSYNCHRONOUS EARTH ORBIT - GEO

The GEO orbital region sits above MEO at 35,786 kms above the earth’s
surface and is a fixed altitude rather than a large band of space.”® The key
characteristic of the GEO orbit is that, to a user on Earth, a GEO satellite
appears to be stationary overhead, since the GEO satellite is orbiting around
the Earth at the same rate as the Earth is turning about its centre. In order to
achieve this a GEO orbit must be on the equatorial plane, which is aligned
with the Earth’s equator.

The GEO orbital period length is almost 24 hours (matching the rotation
of the Earth). At this distance, a GEO sensor has a field-of-view that is almost
able to capture the whole visible side of the Earth. Compared to MEO, only
three GEO satellites, spread around the geostationary belt are needed to
provide coverage to locations between 81 degrees north and south'*, within
with which the majority of the Earth’s population exists. Because the satellite
does not appear to move, the infrastructure required in ground stations
is simplified as antennas aren't required to track moving targets. GEO is
commonly used for communication and Earth observations, including
weather satellites.'



Project Asteria 2019

Figure 1: Example of various orbital trajectories’®

KESSLER SYNDROME

In 1978 Kessler and Cour-Palais published a paper titled Collision
frequency of Artificial satellites: The creation of a debris belt" , this paper
postulated that if past growth in the numbers of space debris (remember this
was 1978, the first satellite was orbited in 1957) continued at the same rate,
then the growth of small debris would rise exponentially, and disastrously
on its own, even without the additions of new objects from additional space
launches and missions. This rapid increase in space objects was postulated
on the basis that collisions occurring between space objects on orbit will
break them up into a larger number of smaller objects, which then continue
on to collide with other objects to create even more smaller objects. The
postulation of a natural phenomenon that could increase the numbers of
space objects was a concern for the increasing risks and hazards associated
with on-orbit collisions with valuable space missions and human spaceflight.

Up until 1978, only state actors were adding to the space catalogue
with large and expensive launches, the paper’s authors could not predict
the current availability and cost point of orbital assets and 40 years later,
academics agree that ‘Kessler syndrome’ has played a significant part in the
current debris on orbit.!® In 2018 the number of space launches exceeded 100
many of these hosting multiple payloads.”” This number is set to increase as
the likes of SpaceX and Amazon.com look to establish massive constellations
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Chinese Anti-Satellite (ASAT) weapons test, January 2007

In January 2007 the Peoples Liberation Army launched a modified DongFeng-21
ballistic missile with a kinetic kill vehicle from Xichang launch centre.

The payload reached a terminal velocity of approximately 8 kilometres per second
towards an aim point of a defunct 750 kilogram Chinese weather satellite, the
FengYun-1C, which was in polar orbit at an altitude of approximately 865 kilometres.2

The subsequent kinetic impact
resulted in two orbital bodies (kill
vehicle and satellite) multiplying
into approx. 2000 trackable
objects (golf ball size or bigger)
and up to 35,000 debris particles
all within low earth orbit.?

Personnel in the International
Space stations have on two
occasions been forced to take
shelter in the Soyuz module and in
2012 the ISS was forced to alter
its orbit to avoid debris as orbital
debris from the FY-1C breakup has
come within dangerous proximity
to the station.c

ISS orbit in green, orbital debris from the
Chinese weapons test against FY-1C in red

a Kelso, T (2007). Analysis of the 2007 Chinese ASAT Test and the Impact of
its Debris on the Space Environment. Technical Papers, 8th Advanced Maui
Optical and Space Surveillance Technologies Conference, Maui, HI (Vol. 7).
Online at https://celestrak.com/publications/AMOS/2007/AMOS-2007.pdf.
Accessed 22 August 2019.

b ibid.

¢ Spark, J (2012). ISS Dodges Chinese ASAT Debris. Space Safety Magazine.
Online at www.spacesafetymagazine.com/news/iss-forced-dodge-chinese-
asat-debris/. Accessed 22 August 2019.
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in LEO which, if not actively managed the exponential aspect of ‘Kessler

Syndrome’ becomes even more significant when ‘debris begets debris’*
Satellites are delicate, precision objects and launch cost is calculated by
weight.” The addition of these potential hazards in the space environment
will require satellite buses to install additional shielding in order to protect
the precious payload from damage caused by debris fields. This will serve
to complicate the satellites, leading to the inevitable downstream cost to an

organisation’s bottom line.?

THE RAPIDLY FALLING PRICE OF SPACE LAUNCH

The 2011 cost to launch NASA’s space shuttle into LEO was
approximately US$54,500 per kilogram. In 2018, the price quoted for a
SpaceX Falcon launch was US$2,720 per kilogram.* This represents a
step change in the availability and affordability of launching an object
into low earth orbit, which as a result has allowed private corporations to
seriously consider the use of space based systems in their business planning.
Historically, when technological advancements become more affordable
they become more prolific. The space environment is not unique in this
compounding phenomena (as the price of mobile technology decreased the
increase in e-waste has become a global problem).*

Figure 3: Tracked debris from 1963 (L) to 2013 (R)*
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Amazon.com: Project Kuiper

Amazon.com has published plans to launch and sstain a constellation of approx-
imately 3,000 low earth orbit satellites in order to provide high-speed broadband
internet to the entire globe — ‘The goal here is broadband everywhere’.2

The planned constellation will consist of three layers of satellites:

e 784 satellites at 585 kilometres altitude,
e 1296 satellites at 609 kilometres altitude,
e 1156 satellites at 629 kilometres altitude,

This will also include a network of twelve earth stations across the globe for satellite
control and downlink.®

This plan represents an enormous capital outlay, Amazon is currently one of the
biggest companies on the globe, and one of the few that can afford this expendi-
ture, Morgan Stanley have suggested that this project represents a $100 billion
dollar opportunity for the company.¢ Corporations that take on this investment will
be the catalysts to generate a step change in the provision of internet services to
the world.

a Bezos, ] (2019). Re: MARS 2019. Online at www.geekwire.com/2019/jeff-
bezos-explains-amazons-bet-project-kuiper-satellites-copes-onstage-protest/.
Accessed 22 August 2019.

b Porter, ] (2019). Amazon will launch thousands of satellites to provide
internet around the world. The Verge. Online at www.theverge.
com/2019/4/4/18295310/amazon-project-kuiper-satellite-internet-low-earth-
orbit-facebook-spacex-starlink. Accessed 22 August 2019.

¢ Zacks Equity Research (2019). Amazon Sees $100 Billion Opportunity in
Project Kuiper. Yahoo! Finance. Online at https://finance.yahoo.com/news/
amazon-sees-100-billion-opportunity-125212837.html. Accessed 22 August
2019.
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Running parallel to cheaper launch capability is the ever increasing
miniaturization of electronics® and mechanical systems to perform similar
functions as the traditional but larger, more expensive 2-tonne class satellites.
This dual phenomena has proliferated the interests and deployments into
space of small-sized, high-resolution, near real time cubesat missions.” It is
now becoming commercially viable to launch large constellations of low earth
orbit and networked satellites, using disposable cubesats and the more that
companies invest in this technology, the lower the launch cost will become
and the more it will be used and proliferated.?

SpaceX has US FCC approval to deploy a 12,000 satellite constellation
into LEO, commencing with the first sixty prototype satellites launched in
2018.# Just Amazon.com and SpaceX alone represent an increase of up to
15,000 additional objects in LEO, and there are a number of other companies
exploring near earth orbit for commercial use (Google, Planet Labs etc). As
discussed above in examining the Kessler syndrome, particularly in LEO,
unregulated business represents a danger to all users of this orbit and risks
the commercialization of space with the associated complication of the UN
Outer Space Treaty text of ‘space shall be free for exploration and use by all

the states)*°

How LONG DO THEY STAY IN ORBIT?

Vanguard 1 is listed in the US Space Surveillance Network catalogue as
SSNID #00005.>" It was only the fifth satellite, when launched in 1958 to be
inserted into the big clear sky that was outer space. It remains as the longest
orbiting man-made object and seems to dwell in an orbit that Goldilocks
would have liked — not too high, not too low; not too much unbalanced
pushing and shoving from Earth’s gravity, Sun and Moon; and positioned
to comfortably ride out big and little space weather events and still remain
comfortably in orbit — all without station-keeping manoeuvres because its
on-board systems expired in 1964.

Current prediction calculations estimate that the lifetime for Vanguard
1 to remain in orbit is only about 240 years®, after which current known
atmospheric drag effects and orbital perturbations are likely to drag it down
for re-entry and atmospheric burnup, or not.

Vanguard 1 orbits alongside derelict and operational satellites, and
trackable orbital space debris. Objects are listed in the US Space Surveillance
Network catalogue and include sensor lens caps, spent rocket boosters,
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fragments resulting from catastrophic satellite failures or collision, exploding
pressurised rocket fuel containers, satellite collisions, and anti-satellite
weapons tests and hand tools dropped by astronauts servicing the ISS.

WHAT CAN WE DO ABOUT IT?

There is a growing body of research looking at ways to minimise and
mitigate the space debris problem. These are generally split into two groups.
The first approach is ‘space situational awareness’ (SSA) - this being our
understanding of what’s in our near space environment. SSA is the more
evolved of the two approaches to identify space objects with a large number
of sensors spread throughout the globe resulting in a comprehensive space
catalogue, there are both private and government organisations adding to the
global knowledge base.*

Generally, ground based systems consist of radar and/or electro-optic
sensors, space based sensors are usually electro-optic, and function more
efficiently than ground based electro-optic sensors due to their altitude and
lack of atmosphere to look through. The second approach (and one that
should run concurrently) to mitigate space debris is active recovery and
deorbiting, this is nascent technology at the time of writing with a University
of Surrey consortium orbiting an experimental satellite as part of exploring
removal technologies.* This satellite is hosting 3 technologies, a harpoon,
a net and a drag sail, and successfully deployed its net in September 2018.%
While still in early development, the implications for this technology are
wide reaching, the ability to remove or deorbit space debris, particularly if
it poses a risk to life, represents the next phase in the evolution for human
management of the near space region.

There have also been a number of experiments using laser energy to
irradiate orbital particles (generally up to 10cm in diameter) in order to
nudge them into a decaying orbit in order to create the conditions for re-
entry and subsequent burn up, several companies have tested ground based
models of this technology.*

11
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CONCLUSIONS

The conundrum of space debris has hitherto been an unseen issue for the
wider community - as long as mobile phones continue to stream content,
ATMs continue to dispense money and vehicles can navigate cities, the issue
of assured access to the space environment has not been a headline grabber.

Current plans for mega constellations launched and maintained by
corporations rather than sovereign nations will generate significant legal and
responsibility disputes.

*  Who is responsible for making a company clean up its debris in an
environment no-one ‘owns’?

e Ifit’s not cost effective for shareholders, why would they bother?

*  Who's responsible for Space traffic management, who has ‘right of
way’ on orbit?

The extrapolation of Kessler syndrome and its cumulative effect on
particles in orbit, if not carefully considered as the availability of launch
capabilities increases exponentially will eventually lead to a tipping point
where the expectation and safety of an orbital slot is not guaranteed.

The issue of space debris is a global one and one that will require space
faring nations to come together to ‘protect the commons. If there is a less
than global approach, then the chances of success are significantly reduced
and inevitably the assured use of the space environment will be denied to all.

At this stage the academic modelling for space debris is centred on the
peaceful use of space. This paper has not included any discussion on counter
space programs, nor the implications of belligerent (or worse, nefarious)
space faring entities acting in a hostile manner. Needless to say that in that
instance the free and guaranteed use of space while currently congested,
would be exponentially harder to manage and assure.
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SOME THOUGHTS ON THE IMPACT OF
LARGE SATELLITE CONSTELLATIONS ON
SPACE TRAVEL AND OPERATIONS

WiLLIAM P. SCHONBERG

INTRODUCTION

The modern Space Age arguably began in 1957 when the USSR launched
Sputnik, the first man-made satellite, into Earth orbit. The US followed
shortly thereafter with its own rocket-launched satellite, Explorer 1. Since
that time, the number of space-faring nations has steadily increased. Table 1
shows the year in which various countries could be said to have joined this
rather exclusive club. To be included in this list, the rocket used to launch the
satellite must have been produced by the launching country.

Country Satellite Rocket Location Date

Soviet Union  Sputnik 1 Sputnik-PS  Baikonur, USSR 4 Oct 1957
United States Explorer 1 Juno | Cape Canaveral, US 1 Feb 1958
France Astérix Diamant A Hammaguir, Algeria 26 Nov 1965
Japan Ohsumi Lambda-4S  Uchinoura, Japan 11 Feb 1970
China Dong Fang Hong | Long March 1 Jiuguan, China 24 Apr 1970
England Prospero Black Arrow  Woomera, Australia 28 Oct 1971
ESA CAT-1 Ariane 1 French Guyana 24 Dec 1979
India Rohini D1 SLV Sriharikota, India 18 July 1980
Israel Ofeq 1 Shavit Palmachim, Israel 19 Sept 1988
Ukraine Strela-3 Tsyklon-3 Plesetsk, Russia 28 Sept 1991
Russia Kosmos 2175 Soyuz-U Plesetsk, Russia 21 Jan 1992
Iran Omid Safir-1A Semnan, Iran 2 Feb 2009
North Korea  Kwang- Unha-3 Sohae, North Korea 12 Dec 2012

myongsong-3

Table 1. List of First Orbital Launches by Country’
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The rate at which rockets are launched into space has remained relatively
constant between 1960 and 1990, at approx. 150 launches per year; fiscal
contractions and geo-political realignments undoubtedly contributed to a
drop in the annual rocket launch rate to approx. 100 launches per year for the
next 20 years or so. Following after the year 2010 or so, however, there has
been a marked increase in the number of private satellite launches, which has
resulted in a significant net increase in the annual rocket launch rate. In total,
since 1957 there have been approx. 9,000 rocket launches delivering a variety
of payloads to various altitudes above the Earth. Figure 1 below shows a
summary plot of the annual number of launches per year from 1957 to 2017.
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Figure 1. Number of Spacecraft Launched, 1957-2017>

As of the writing of this paper, of these approx. 9,000 satellite launches
there remain 2,062 operational satellites in Earth orbit.® Figures 2 and 3
show the locations of these satellites and their general functions. It can be
seen from these figures that approx. 2/3 of these satellites are in low earth
orbit (with an additional 1/4 in GEO), and that the purpose of about 1/3 of
the currently still operational satellites is some kind of communication, with
another roughly 1/3 for earth observation.
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Operational Satellites By Orbit

ELI; 45; 2%
MEO; 125; 6%

GEO; 554;27%

LEO; 1338; 65%

Figure 2. Location of Operational Satellites by Orbit as of April 2019
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Figure 3. Function of Operational Satellites as of April 2019
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Traditionally designed satellites typically carry a price-tag of several
USD$million, and take many years to build and ultimately launch. By
necessity, then, to make these investments of time and money worthwhile,
these satellites have very long life-spans. Interestingly enough, it is very
likely that satellites designed and built this way could become obsolete
before they are even launched! Furthermore, if one of these satellites suffers
a malfunction or collides with a defunct satellite or spent rocket booster,
that satellite could be lost, rendering its operator/owner completely without
the benefits and services that were provided by the satellite. Alternatively,
constellation satellites are expected to be much cheaper, can be built a
lot quicker, and if one is lost, a replacement can be inserted to fill the void
relatively easily and quickly.

This paper provides an overview of some of the possible impacts that the
deployment of large satellite constellations might have on space programs
and operations. Pros and cons of such constellations are discussed, including
their use in disaster relief, bringing information to parts of the world that
is currently not able to access the internet, increased close encounters with
other functional space assets, and a much expanded catalog of tracked
objects in Earth orbit. Whether we are space travelers or space scientists, we
will all have to increase our space situational awareness if all of the planned
satellite constellation deployments come to fruition. Of course, in the end, I
believe that we should strive to take advantage of this inevitable technological
development for our benefit — we should be pro-active, be smart and be
involved!

SATELLITE CONSTELLATIONS

Individual satellites provide limited coverage areas — either narrow
bands (if in LEO) or small circles (if in GEO) — whereas a satellite system,
or constellation, provides a much more extended coverage area. Furthermore,
the demand for ever-faster broadband internet connections is maxing out
the capabilities of today’s satellites. This demand is fueled by a variety of
commercial, personal, military applications, including Netflix, streaming
video games, HDTYV, etc. The proliferation of inter-connected satellites in the
form of constellation addresses both of these issues.

Of course, small satellite constellations already exist — about 15
companies and/or programs have placed into earth orbit approx. 175
satellites for communication, weather-monitoring, disaster management, and
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navigation purposes. However, according to plans made public as of this year,
we can expect approx. 22,000 new satellites in earth orbit sometime in the
next decade! SpaceX expects to launch over 12,000, Boeing around 3,000, and
OneWeb around 2,000 new satellites into the ever more crowded regions of
earth orbit. Table 2 below summarizes the satellite launch plans announced
by various companies and organizations over the past few years.

Company Launch Plans
SpaceX 4,425 satellites in Phase |
7,518 satellites in Phase ||
Samsung up to 4,600 in LEO
Amazon up to 3,236 LEO satellites
Boeing up to 2,956 satellites to LEO
OneWeb up to 1,320 LEO satellites, 720 to MEO
China Aerospace Science & Tech up to 320 satellites
Russian Space Systems up to 288 satellites
Sky & Space Global up to 200 satellites
China Aerospace Industry Corporation up to 156 satellites
Telsat two constellations of 117 satellites each
LeoSat Enterprises up to 108 satellites
Planet at least 67 satellites in LEO

Table 2. Satellite Constellation Launch Plans as of April 2019°

Thus far, OneWeb launched its first six satellites in February, 2019;
SpaceX its first 60 in May, 2019. The question naturally arises regarding what
potential benefits can these new large satellite constellations can provide, as
well as what are some of the potentially detrimental side effects they may
have as well.

Just how many satellites are needed for a constellation? For global
coverage, several satellites will be needed at different orbits, including LEO,
MEO, and GEO. After all, GEO satellites cannot “see” Polar Regions. The
number of satellites needed can be approximated using non-overlapping
spherical hexagons, and depends on planned orbital altitude, coverage area,
and other considerations.®

Figure 4 below shows what a satellite constellation might look like for a
relatively small number of satellites in the constellation.
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Figure 4. LeoSat Data Network Constellation’

While the function of many of the satellites will be communications, there
are indeed a number of benefits that can be derived from such constellations.
For example, to name a few:

1.

The basis for many of the benefits lies in the capability of a satellite
constellations to provide a space-based world wide web. No longer
limited by fibre capacity of hampered by repeated atmospheric
interference, a space-based world wide web will be able to provide
improved internet access and communication to places where now
the internet is slow or non-existent and reliable communication
is difficult, at best. The huge expense associated with fibre-based
communication infrastructure will be absent as well in a space-based
system.®

A variety of satellites with different capabilities will provide better
assistance with disaster management. No single satellite can gather,
process, and provide information for all types of events - different
situations need data collected in different wavebands. For example,
agricultural droughts require optical and near infrared sensors, while
tracking a hurricane or monitoring flooded areas beneath clouds
require microwave sensors. Landslide investigations require accurate
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high-resolution digital elevation models, while thermal imagery
is needed for fires or volcanoes. Disaster managers need satellites
with sensors that collect data in all regions of the electromagnetic
spectrum, a capability that a sensor network distributed across a
suite of satellites should be able to provide.’

Astronomical studies can be performed without atmospheric
interference, leading to more reliable information obtained without
a need for significant signal or image processing or correction.
For example, the BRITE (BRIght-star Target Explorer) / CANX-
3 (Canadian Advanced Nanosatellite eXperiment-3) project,
comprised of scientists from the University of Toronto, TU Graz,
Universitdt Wien, University of British Columbia, and I'Université de
Montréal, has as its objectives as:

(@)  photometric observations brightest stars in the sky, and

(b)  the study of low-level oscillations & temperature variations
in such starts. The anticipation is that the precision of
observations made from beyond the Earth’s atmosphere will
exceed that of ground based observations by a factor of ten
or more."

There is also the potential that the deployment of 22,000+ satellites could
negatively affect space travel and either on-going or otherwise planned space
operations. For example:

1.

There will be an increase in the possibility of on-orbit impact,
either by a piece of space junk on a constellation satellite, or by a
constellation satellite on another satellite (functioning or not). As a
first-of-its-kind data point, 5% of the SpaceX Starlink satellites failed
to deploy or function properly (ie 3 out of the launched 60)." These
are now part of the catalogued of space junk that is tracked by North
American Air Defense (NORAD) and other organizations that have
space situational awareness and traffic management as part of their
charter. An untold number of studies performed by investigators all
over the world continue to demonstrate the highly destructive nature
of such impacts, and the highly deleterious effects such impacts have
on space travel and space operations.

There will be more clutter in the catalogue of space objects,
resulting an increase in the number of close-approach warnings.
Figure 5 shows the growth in the NORAD catalogue of trackable
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space objects. At present, there are approx. 19,000 such trackable
objects — the addition of 22,000+ satellites in the various planned
constellations will effectively double the number of tracked objects
in Earth orbit. Using today’s warning thresholds, more than 25,000
warnings could be issued each day, all of which must be adjudicated
by the operators that receive them. At that rate, decisions regarding
orbital adjustment firings may need to be every 3 to 4 seconds every
24 hours.

Monthly Number of Objects in Earth Orbit by Object Type
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Figure 5. Increase in the Population of
Tracked Space Objects, 1957-2019">

There proliferation of new radio and other band telemetry signals
will undoubtedly result in signal interference in radio astronomy
programs. The greatest potential for interference is from those
satellites having downlink frequencies near those of prime interest
to radio astronomers. Some of the proposed LEO-based satellite
constellations are also of particular concern because their lower
orbit allows their transmissions to reach radio astronomy receivers
at high relatively power levels.”® This, of course, can wreak havoc
on equipment that is designed and built to receive exceedingly faint
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signals from the far reaches of the universe. Figure 6 below shows the
effect of a passing satellite on the radio imagery of a nearby start.

IMPLICATIONS FOR FUTURE
SCIENCE AND ENGINEERING ACTIVITIES

Much like the “mini’-satellite constellations already in earth orbit, the
planned “mega’-satellite constellations are likely to be game-changers for
future earth-based and space-based science and engineering operations.
On earth, for example, as a result of the much wider coverage afforded by
future satellite constellations, it will be much easier to develop, implement,
and maintain a round-the-clock engineering design operation, whether it
be for buildings or bridges or whatever. Global coverage would also allow for
subsidiaries to not have to be located within a relatively narrow equatorial
band of land; rather, they can be located pretty much on any land mass that
has satellite coverage. This will certainly spawn new commercial “tax-free”
zones as new nations compete to be a part of such engineering enterprises.

NRAQ Follow ) v
@TheNRAO

Here's an example of how a satellite’s
transmissions can block radio data. On
the left is a #VLA image of a star. On the
right is a VLA image of the same star
when a satellite was passing within 25
degrees of the star's position on the sky.
Credit: G.B. Taylor, NRAO/AUI/NSF

Figure 6. Image from NRAO’s Twitter Feed Showing the
Effect of Satellite Transmissions on a Star’s Radio Imagery
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Of course, much like for earth-based operations, space-based operations
will need to have redundancies and contingencies in place in the event that
a satellite is lost due to either natural or human activities. Of course, human
activities that result in the loss of a satellite could be either accidental (e.g.
collision with a meteoroid or a piece of space debris) or deliberate (e.g.
a hostile action by another company or country in order to cripple the
operation of a particular network). Entirely new legal frameworks, most
of which will by necessity be international in scope, will likely need to be
developed to accommodate such possibilities, and to ensure that the rights
and assets of all participants are protected.

It is also incumbent on satellite constellation owners and operators to be
mindful of their legacy in space. Such constellations will need to be designed
(and costed) to either operate in perpetuity (with scheduled replacements,
etc), or to have a graceful exit from the orbital stage upon completion of
their missions. The population of earth-orbiting space debris, despite the
good intentions and the improvements in spacecraft design of the space
faring community as a whole, has continued to increase almost unabatedly.
The presence of tens of thousands of new satellites in earth orbit has a great
potential to make things seriously worse for everyone, including the owners
/ operators of those satellites. Great care must be taken to properly design,
launch, track, and operate each and every satellite in any given constellation,
and then to dispose of it when no longer needed.

Finally, the implications of the presence of such constellations on other
space-related or space-based operations (e.g. space science, earth science,
astronomy and astrophysics, to name a few) must be not only recognized
by their owners/operators, but actively protected so as to not interfere with
their activities. The quest for knowledge regarding the origins of life, our solar
system, galaxy and universe remain, but can be severely hampered by the
presence of thousands of earth orbiting satellites.

Constellation owners/operators must be prepared to share sufficient
information about their networks (not only positions, etc but also broadcast
frequencies, for example) so that astronomers can plan around them when
making their observations. Additionally, satellite constellations can actually
be of great service to the scientific community thanks in part to their
location. As such, the owners/operators of these constellations can engender
much good will throughout the scientific community if partnerships and
collaborations develop across discipline and application boundaries.
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CoNcLUDING COMMENTS

In recent years, several companies have announced plans to launch
several thousand satellites of their own, mainly for communication purposes,
but also to provide a sort-of space-based world wide web. According to
plans made public, we can expect approx. 22,000 new satellites in earth orbit
sometime in the next decade.

This paper has discussed some of the benefits can these new large
satellite constellations can provide, and what possibly deleterious effects
they might have on other space activities and operations. Possible benefits
include delivery of the internet and more reliable communications in parts
of the world where both are limited, at best, improvements in disaster relief
planning and operations management, and improved scientific observation
capabilities.

Negative effects include an increase in the likelihood of impacts by space
objects, and increasingly cluttered catalog of trackable space objects, and
interference with ground-based radio astronomy investigations. However,
good engineering and good science that is properly exercised in the design,
construction, and deployment of satellite constellations should be able
to lessen these negative effects and allow more and more of the world’s
population to benefit from their proper operation.
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SUSTAINABLE MIDDLE POWER
MILITARY SPACE OPERATIONS

PETER LAYTON

‘Space is big. Really big’
—The Hitchhiker’s Guide to the Galaxy, 1979

It turns out The Hitchhiker’s Guide to the Galaxy was wrong, at least as
regards near-Earth space. This zone between about 160-40,000km above the
earth’s surface is not limitless at all. This area is better conceptualised as a
‘commons; an area others can't be excluded from accessing or using.? This
near-earth space commons offers benefits so compelling that some 60 nations
now operate more than a thousand military and civilian satellites there, and
growing. In 2017, there was a 100% increase in the total number of spacecraft
deployed; in 2018 there was a record-setting 114 orbital launch attempts.?

Such exploitation generates problems. Orbits are not just crowded by
increasing numbers of functioning satellites but also by debris arising from
earlier space missions and accidents. The debris problem is acute with
some 23,000 man-made objects larger than 10cm in orbit, and another 100
million pieces of less than 1mm.* Worse, the quantity grows about 10%
a year” This debris is orbiting at extremely high speeds meaning that even
collisions involving a very small object can cause a satellite to fail and must
be avoided whenever practical. Indeed, the manned International Space
Station is actively manoeuvred to avoid space debris impact when necessary.
In addition, there is also congestion in the electromagnetic spectrum with
satellites operating too close together interfering with each other’s radio
signals.®

Such issues simply reflect typical ‘tragedy of the commons’ concerns. In
these common-pool resource situations, where users are self-interested,
governance is ineffectual and there are no incentives to restrict usage, over-
exploitation leading to environmental degradation is to be expected.” The
real fear is that on earth such a process leads to long-lasting environmental
damage that seriously impacts all users. Such a scenario now seems to be
emerging in near-earth space. The sustainability of space operations over the
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longer term is becoming threatened, particularly in the well-used, in-demand
Low Earth Orbit (LEO) between 160-2000km.®

This article aims to develop a strategy that middle powers like Australia
could potentially use to achieve sustainable military space operations over the
longer term. The first section examines the emerging difficulties to sustaining
military space operations, the second discuses the implications of these
difficulties, the fourth some conceptual changes necessary and the conclusion
a possible middle power military space strategy. The article addresses military
not civilian space operations, focuses on the space segment operating in
space rather than ground facilities or terrestrial military forces, and only
considers unmanned satellite systems.

EMERGING PROBLEMS

Advances in technology are dramatically lowering the costs of space
operations. This new affordability is democratising space, at least in the sense
of allowing many more countries and commercial entities to become directly
involved. In Australia this development is often labelled Space 2.0.° Under
this nomenclature, Space 1.0 is seen as the domain of great powers and large
companies with advances shaped mainly by strategic concerns. In contrast
Space 2.0 is seen as involving most nations, new start-up companies and
universities, and shaped mostly by commercial imperatives.

In general Space 2.0 technologies are those associated with the fourth
industrial revolution with its stress on continual innovation.® The Space
2.0 approach has lead to lower cost launch systems and an emphasis on
developing ever-smaller satellites that are ever-more capable. With small
satellites more can be inserted into orbit in a single launch. The current
record set in 2017 involved India’s PSLV-C37 inserting 101 nano-satellites
into orbit, 96 for two US companies, one each for Dutch and Swiss
companies and one each for universities in Israel, Kazakhstan, and the UAE."

This launch reflects the conceptual shift away from large, expensive,
long-life satellites operating in geosynchronous orbits (35,786km) to the
‘small, cheap and many’ approach using smallsats (< 500kg) operating in
LEOs.” Two examples of this approach are the planned OneWeb and SpaceX
broadband communications satellite constellations. OneWeb plans to have
some 600 smallsats (each 150kg) in orbit, replacing each every five years and
building some 40 each month."® SpaceX has its first 60 smallsats (each 230kg)
in orbit, initially growing to 400 but with regulatory approval for 12,000."
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Smallsats are themselves getting smaller. Nano-satellites are typically
hand-sized, weigh less than 10kg and can do much that traditional large
satellites once did.*® They are typically quick to build, launched into LEO,
have a short life of 3-4 years and have a cost of less then US$1m. Accordingly,
about half the satellites now operational are nano-satellites, some 580
overall.'®

New Zealand’s Rocket Lab, a start-up company presently launching
from Mahia Peninsula on the North Island, offers an indication of how
the various factors combine. The company-designed two-stage rocket is
constructed using carbon-composites and includes ten engines built using
additive manufacturing; the rocket can insert about 220kg into orbits of 300-
700km for about $5m.” A June 2019 mission delivered seven satellites, the
56kg BlackSky Global-3 and six nano-satellites: two US Special Operations
Command Prometheus’s, two Swarm Technologies SpaceBEEs, the
University of Melbourne’s educational program’s ACRUX-1 and a classified
package.®

Such performance at an affordable cost means middle powers are
increasingly interested in space-based systems. Strategically, military
space activities are simply a continuation of terrestrial politics by other
means.” Accordingly, military forces seek to achieve their assigned political
objectives through using the space commons to the extent necessary, while
simultaneously denying it to adversary forces to stop them achieving their
political objectives. In so mimicking earthly military practice, space becomes
simply a location in which during conflict friendly activities are protected
and hostile ones attacked. Achieving this may be usefully conceptualised
as involving: space situational awareness (SSA), space control and assured
access to space.”

SSA provides an understanding of the space environment. In peace or
war, SSA is crucial to allow warning of approaching debris in sufficient time
to allow friendly satellite orbits to be adjusted to avoid a collision. The RAAF
has an embryonic SSA capability that includes a C-band space surveillance
radar and a Space Surveillance Telescope.”> There are plans for a 5-6 station
Optical Space Surveillance SSA network across Australia with the initial
facilities at Mount Stromlo and Exmouth Gulf already completed.”> Beyond
national SSA coverage, Australia has a partnership with Canada, New
Zealand, France, Germany, the United Kingdom and the United States in the
Combined Space Operations Initiative that shares SSA data.”

Space control involves both defensive and offensive measures. Defensive
measures involve actively or passively protecting friendly space capabilities
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from attack or interference. These measures can include making satellites
difficult to detect and track, hardening them from electronic or physical
attack, manoeuvring them away from approaching threats and building
redundancy by having multiple satellites in orbit.

Offensive measures involve attacking adversary space capabilities. Soft
kill measures can include lasers to blind a satellite’s imaging sensors, high-
power microwave transmissions to interfere with a satellite’s electrical
systems or jamming ground communications’ links.?* Soft kill systems are
much cheaper and easier to develop and employ than hard kill systems but
their effectiveness is difficult to predict, varying greatly with the satellite
being engaged.”

Hard kill measures are not just technically more difficult but their use
is also problematic. Modern Anti-Satellite (ASAT) weapons are either exo-
atmospheric Ballistic Missile Defence missiles (US, Russia and Israel) that
have a secondary anti-satellite capability or optimised direct ascent ASAT
systems (China and India). China’s 2007 and India’s 2019 ASAT missile tests
highlight the problems using such weapons pose.

China’s ASAT test destroyed the 750kg FY-1C polar orbiting weather
satellite at an altitude of 865kms. This created the largest ever manmade
loud of debris comprising some 2000 trackable fragments and about 150,000
debris particles; many will remain in orbit for several decades.”® In 2011,
some passed within 6km of the International Space Station.”” The Indian test
targeted the 740kg Microsat-R at an altitude of 280km created about 400
fragments (60 trackable) and another 6000 debris particles; most will de-orbit
within three years.”®

A small space war that involved destroying 30 satellites is estimated to
increase overall orbital debris by about a factor of four; a major war with 100
satellites destroyed might lead to an increase of over 1250 percent.” The
small war case then would see about 80,000 fragments larger than 10cm in
orbit, and another 400 million pieces of less than 1mm, most in LEO. A large
war case would create an immense debris problem.

The debris created directly by the ASAT tests is only part of the
predicament. Space debris continually increases due to the Kessler Syndrome
where debris collides with other debris and there is a cascading effect
creating ever more. An example was the 2009 accidental collision between an
operational Iridium 33 satellite and the defunct Cosmos 2251 at an altitude
of 789km and a velocity of 42,120 km/h. More than 2,000 pieces of debris
measuring at least 10 cm in diameter were created along with thousands of
smaller pieces.®®* The anticipated deployment of large smallsat constellations
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into LEOs will further exacerbate existing Kessler Syndrome concerns were
already more debris is created each year than de-orbits.

Moreover, ASAT technology could quickly proliferate. The Space 2.0
concept of smallsats and low cost launches suggests that middle-powers
could now feasibly develop and employ their own ASATs. Smallsats could
be deliberately crashed into adversary satellites in orbit or be orbited nearby
and electronically jam them. Some consider the 2007 close fly-by of the
International Space Station by China’s 40kg BanXing smallsat a test of co-
orbital ASAT interception technology where the satellite catches up to its
target after several orbits.*!

The final piece of the doctrinal mix is assured access to space. This
requires having a national launch capability or ready access to an allied one.
Space 2.0 technologies now make this practical for example with the New
Zealand Rocket Lab facility already in service and plans underway for an
Australian austere launch capability on the Gove Peninsula.®

IMPLICATIONS

Paradoxically, while Space 2.0 technologies are making space more
affordable they are also making space-based systems increasingly vulnerable.
Satellites in LEO can no longer rely on their location for protection. They
can be made more robust and resilient but their survival is not guaranteed in
peace or war. In peace, accidental collisions with space debris are a constant
concern; in war, adversaries may now try to deliberately damage satellites.
Satellites are like sand castles: ‘difficult to build but easy to destroy’*

Major powers can already intercept satellites. In the near future, given
Space 2.0 technologies, middle-powers will be able to field similar capabilities
if they wish. Crucially the debris caused by any satellite interceptions during a
conflict is unlikely to be able to be contained or be limited to the combatants
only. This debris can be expected to adversely affect impact all nations’ use
of space for military and civilian purposes. In a space war, neutrality will
provide no protection.

The issue of guaranteed satellite survivability becomes even more
problematic when the Kessler Syndrome is taken into account. LEO
congestion is now reaching a stage in terms of debris quantity that,
considered mathematically, random collisions could already set off a cascade.
Dr Ben Greene, Chief Executive of the Space Environment Management
CRC worries that:
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A catastrophic avalanche of collisions that would quickly destroy
all satellites is now possible.... In the worst case, two satellites would
collide and the debris from those satellites would be directly in the
path of more satellites in a very short space of time. They would then
generate more debris and very quickly the avalanche would grow until
everything was colliding with everything and space would become
uninhabitable for satellites for hundreds of years.**

In today’s LEOs this is a low probability, high consequence event.
However, the probabilities increase as more satellites are launched, and if
there is a conflict involving deliberate satellite destruction. An approach to
try to avoid the latter is through agreeing appropriate international laws that
proscribe physical attacks on satellites.

Russia and China have proposed a treaty banning weapons in space but
this has floundered on definitional precision, as any satellite can be a weapon,
and the difficulties of verification. Australia and others prefer Transparency
and Confidence Building Measures that construct norms of responsible space
behaviour.® Neither approach appears likely to provide a high probability
that satellites will be inviolate in time of conflict.

Moreover, there is an underlying fundamental problem with governing
a commons: the difficulty of enforcing compliance. Elinor Ostrom’s Nobel
prize-winning work on commons governance devised several criteria
associated with enforcement. This included monitoring of compliance, self-
enforcement by the groups using the commons, graduated sanctions for non-
compliance with the severity of sanctions varying with the offense’s severity
and context, and access to rapid, low-cost arenas to resolve conflict.?

Space activities reflect terrestrial politics, as noted earlier. Accordingly,
in the contemporary anarchical international system with its underlying
assumption of increasing great power competition and conflict, it seems
improbable that Ostrom’s criteria can be meet in terms of space commons
governance. It seems unlikely that the more than 60 nations using space will
agree to be bound by such rules or approve a rigorous enforcement regime.

As an example of the difficulties of sole reliance on legal constraints, the
People’s Republic of China is a party to the Outer Space Treaty. However,
China did not warn the space community nor consult internationally before
destroying the FY-1C satellite in 2007. Indeed, China did not even admit
to the ASAT test for about a month. On the other hand, the international
community did not enforce sanctions against China for its actions albeit
some used diplomatic channels to protest.”
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CoNceErPTUAL CHANGES

The sustainability of space-based systems over the longer term is
questionable. Instead, satellites are perhaps best considered as expendable
systems with an unpredictable life span. In times of peace, normal satellite
reliability uncertainties would apply combined with the debris dangers
elaborated. However, during a crisis, satellites may now be considered
potential targets for soft or hard kill attack as part of a measured approach to
signalling national intent and concern.

The recent destruction of a US Global Hawk unmanned air vehicle by
an Iranian Surface-to-Air Missile system may be a portent. The US did not
forcibly respond because destroying an unmanned system had much different
connotations to engaging a manned platform. Such considerations suggest
that a satellite failing during a crisis will create some uncertainties; is the
failure due to an engineering problem, a debris impact or a deliberate attack?
If the latter, does this foreshadow a sudden widening of hostilities? Is it a
casus belli?

Surprisingly, in actual conflicts between middle-powers satellites are
probably safer in that both sides will have incentives to demonstrate restraint.
The middle powers will both wish to continue using space-based systems and
also be trying not to expand the conflict by undertaking actions detrimental
to the international community. However, this mutual deterrence may not
hold in circumstances where one or both sides have great power allies keen
to provide support in a less provocative but still militarily effective manner.

In large wars involving great powers and their attendant allies, outcomes
darken. There will be strong incentives to attack others’ satellites using soft
or hard kill systems. Mutual deterrence may hold initially but as one side
perceived it was losing, military escalation to regain the strategic initiative
would be inevitable. As unrestricted submarine warfare erupted in both
World Wars, so a similar process could be anticipated to lead to widespread
attacks on satellites.

Over all these abstract discussions of peace and war hangs the spectre
of the Kessler Syndrome. The probability of such an occurrence is low but
steadily increasing. Mathematics may yet impose a reality of its own for, in
highly dynamic systems, improbable events sometimes occur.

Middle-power space activities need to be undertaken cognizant of the
uncertainties surrounding their long-term sustainability. In particular,
robustness and resilience need to be included as important criteria when
designing military space systems. Various possibilities exist.
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Instead of having one large satellite, a constellation of many smallsats
would be more robust. Even if some are successfully attacked, the
constellation will gracefully degrade not catastrophically fail. In so doing,
it seems sensible to also harden the individual satellites against soft-kill
systems, such as laser dazzle weapons or electronic jamming, able to engage
multiple satellites. Another approach would be inserting satellites into higher
orbits beyond the crowded LEOs; this would give longer warning times of
approaching debris or interceptors allowing manoeuvring.

In this, manoeuvrability appears an important general design requirement
to improve sustainability. Manoeuvring a satellite reduces its vulnerability
to debris and soft and hard kill systems and is useful in all circumstances.?
Furthermore, having a manoeuvre capability means that during a crisis,
satellites can be quickly moved so as to delay any adversary attacks while new
orbital parameters are determined. The trade-off for including propulsion
systems on a satellite is that this reduces the space and weight available for
sensor or communication payloads but this appears necessary.

In terms of resilience, the key system design criterion appears being able
to quickly replace damaged satellites. Rapid reconstitution implies assured
access to space with a launch on demand capability. The fourth industrial
revolution manufacturing approach offers considerable potential for this in
terms of being able to quickly build rockets and satellites when necessary. To
be feasible though the rockets and satellites need to be designed under, and
manufactured inside a fourth industrial revolution process.** While rockets
and satellites then might not need to be stockpiled for use in extremis, the
ability to move to rapid manufacturing would need to be maintained.

In considering insertion into specific orbits, launch location can be
crucial. In this, Australia has some advantages because of its continental
size and latitudinal spread. In that regard, Gilmour Space Technologies is
developing mobile launch capable rockets around fourth industrial revolution
manufacturing techniques and able to insert smallsats into LEOs.*

CONCLUSION

Space 2.0 technologies, military doctrines and the different issues
discussed suggest a strategy that middle power militaries could adopt to
improve their space activities’ sustainability across peace and war. Such a
strategy might have four elements:
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1. Space Situational Awareness. SSA’s continual monitoring of the
space environment is fundamental to providing the intelligence
necessary to both protect friendly satellites in peace and war, and
attack adversary assets if circumstances require.

2. Defensive Space Control. Satellites can be made more resistant to
debris and hostile action through careful design and manufacture.
While there are cost and performance penalties associated with
including protective measures, sustainability considerations mandate
them. Defensive measures such as manoeuvrability rely on good SSA
to be effective.

3. Offensive Space Control. Soft kill measures would be useful to
develop. However, given their effectiveness is ultimately unknowable
until conflict begins, it might be prudent to limit expenditure to
allow other elements to be more fully funded. While hard-kill
systems are becoming practical for middle-powers, the development
costs involved, their limited utility and their adverse impact on the
space environment suggests they not be acquired. Middle powers
could better press for adoption of international laws or norms that
make hard-kill satellite weapons less likely to be employed.

4. Assured Access to Space. Hardening satellites can make them
more robust but having a resilient military space capability requires
being able to replace satellites when and as required. Space 2.0
technologies are making middle power assured access to space
practical.

The final piece of the strategy is to not be overly reliant on space-
based systems. Such systems are force multipliers in war, and in peace
confidence builders through being able to accurately assess other’s military
capabilities. Nevertheless, the growing debris problem and the impact of
Space 2.0 technology proliferation suggests that space activities may not be
unsustainable over the longer term or in time of major war. Total reliance on
space-based assets would be unwise.

The strategy aims to deter by demonstrably being able to deny an
adversary the ability to achieve their strategic objectives by attacking friendly
space-based systems. The combination of SSA, offensive and defensive space
control, and assured access makes an adversary’s task much more difficult
and success uncertain. Having an ability to function without space further
reinforces deterrence by denial. Paradoxically, in being able to fight wars
without needing to use space, our use of space becomes more sustainable.
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SUSTAINABLE SPACE ACCESS DEPENDS ON
A SPACE ORBIT ECONOMY DRIVEN BY USER
NEEDS ATTRIBUTING DIFFERENT VALUES
TO DIFFERENT ORBITS

MICHAEL SPENCER

“Space, space technologies and space data are
becoming increasingly important to the functioning of
the modern economy. They support future economic
growth, and assist business with cost savings
and advancements. For example, they assist in
agriculture with targeted crop spraying and precision
planting, through to improving the products and
services Australians enjoy every day including phone
coverage, precision mapping, food availability, and
health™

—Australian Space Agency (2019)

INTRODUCTION

‘Space access’ enables space users to launch rockets, lift launch satellites
and their mission payloads into space, insert them into Earth orbit, and
perform space missions designed to achieve specific outcomes. Space
access can be achieved through national government-funded programs or
commercial service-providers and has become a common element included
in the models of many states that regard space-based services as essential to
their critical infrastructure for sustaining national power, including national
security. It is a self-evident truth, drawn from studying the Earth orbital
environment, that “Space is a finite resource — just like the atmosphere, and
the water, and the Earth” - Dr W Schonberg.?

45



Project Asteria 2019

Space actors wanting to deploy more space missions into the orbital
space environment are face increasing contest and competition for access to
preferred orbits in a loosely regulated space access and orbit allocations. The
numbers of new objects being inserted into orbits, resulting from the human
space activities (including satellites and debris), exceeds the numbers and
rates that objects are vacating the orbits, and this varies across the different
bands of useful orbit altitudes.* As a consequence, orbital congestion is a
growing problem for the sustainable use of the space environment, leading
to different orbital altitudes having different economic values based on the
increasing scarcity of their availability and accessibility. This, combined with
the risks of on-orbit collisions with uncontrolled space debris, is driving
competition and contests for commonly preferred orbits. Figure 1 depicts
the uneven distribution of space objects across popularly used low-Earth
orbital altitudes, compared with the numbers of new satellites proposed in
future megaconstellations, driving tension between the design options for the
satellites which are dependent on the available orbital altitude.

Proposed satellite constellations will add
thousands of new objects to low earth orbit

Altitude of human space flight

Figure 1. Depiction of trackable space objects compared to
numbers of satellites in new constellation proposals.*
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THE ECONOMIC VALUE OF SPACE ORBITS

The dependency of critical state and corporate infrastructures on space
missions illustrates clearly the linkages between the assured access to
preferred orbits and economic prosperity and security assurance. However,
the uncontrolled space debris threatens assured access to a clear orbit and
reliable performance of a space mission.

Space missions are performed by orbiting payloads carried by satellite
buses. Satellites are lifted into an orbital location defined by the both the
orientation of a circular trajectory and a specific position on that trajectory.
Orbital trajectories within particular regions of orbits are more valued
than others as a consequence of common space missions requiring similar
orbital locations. The uncontrolled and growing congestion on some
orbits is driving competition for access to particular orbits similar to an
economic competition for limited resources. Of note, similar issues are being
experienced in the aviation industry as commercial aircraft with comparable
performance characteristics seek commercial advantage by utilising routes
and altitudes that are becoming increasingly congested.

An economic outcome is at stake: monetary and non-monetary values
depend on the space mission which, in turn, depends on access to the orbit
needed to optimise the mission outcomes noting the risks from congestion
throughout the orbital environment. The perceptions of uncontrollable
risks from orbiting space junk gives varying values to different orbits can
be based on on-orbit collision risks with space debris and unintended
interference from other space missions operating nearby (eg electromagnetic
interference by a satellite transmitter in low-Earth orbit that passes between
a geostationary satellite and its ground station; sun reflections from the
solar panels on a satellite passing between a deep space object and a ground
based optical sensor). Thus, particular orbital regions are made more popular
because the orbital altitude can optimise the performance and functions of a
space mission.
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AN IMBALANCE IN THE SPACE ECONOMY EQUATION

The demands and congestion in different orbits vary with altitudes, as
depicted in Figure 1. Different space missions use different orbits to optimise
the performance of their mission system. An imbalance exists in the space
orbit economy between assured availability of some of the more popularly used
orbits and the orbital spaces needed for new missions, compounded by the
problems of a growing number of space debris and risk of on-orbit collisions.

Imagine a simple analogy where the orbital economy is considered as a
closed system. Space launches deliver new objects to access different orbits,
as a controllable event. In this system, orbits can be regarded as being a finite
and consumable resource. User demands for the more popularly desired
orbits have reached the point where congestion is an operational risk to
the choice of orbit and this introduces compromises to the designs for the
mission and satellite, increasing cost and mission risk. Furthermore, the
uncontrollable generation of natural and artificial debris is also threatening
valuable orbital positions and trajectories.

A common problem regarding the orbital space environment is the
imbalance between objects being inserted into the orbit system compared to
the numbers of objects being removed. Satellites are designed to function on
orbit for periods ranging from several months up to about seven to 15 years.
New classes of very used small sized satellites are commonly used for their
low cost and lesser design complexity compared to the very large satellites.
One way that small satellites reduce their cost and complexity is to exclude
a propulsion system with fuel reserve to perform a de-orbiting manoeuvre
when the mission expires. Non-operational satellites deployed above and
beyond the reaches of the expanding atmosphere can potentially remain
stable in orbit for an unknown time, affecting future space users seeking to
re-use the orbit.

More useable orbits have been made available through better technology,
and cooperation by industries and nations, to increase satellite stacking, allow
narrower spacing between adjacent space missions, better regulation of the
frequency spectrum usage and satellite transmission techniques to reduce
mutual interference. However, the user demands for access to space continue
to increase consuming a finite number of popularly orbits at such a rate they
can become a scarce resource. A review of some examples of the different
ways that the choices of orbits can affect a space mission can illustrate how
the choice of orbit is dependent on the choices of available orbits, mission
designs, space systems, spacelift services, and the level of performance
expected of a new operational space mission.®
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THE SPACE DEBRIS ENTROPY INFLUENCE
ON USER PREFERENCES FOR ORBITS

The space orbit economy is being put at risk by an entropic and growing
variable of space debris. Spent rocket boosters, expired satellites, space
flotsam, and both artificial and natural debris are also adding to the
resident debris problem. Space debris has twofold effects: orbital debris
poses a collision hazard to space missions and the numbers of debris objects
is increasing uncontrollably due to their long life on orbit and the on-orbit
collisions that create more debris fragments. This uncontrollable cascading
effect where debris collisions to generate more debris fragments is known
as the Kessler Syndrome’®

Atmospheric drag can retard low altitude satellites to bleed their kinetic
energy and, if not configured with a propulsive manoeuvring system, will
cause their descent into the atmosphere and burnup on re-entry. However,
the density decreases with increasing altitude and above 600 km, space
objects can “remain in orbit for tens, thousands or even millions of years”’
Predictions for the uncontrolled descent and re-entry of expired satellites are
based only a short history of space operations spanning a limited number
of decades since Sputnik was the first satellite launched in 1957. The US
Vanguard 1 satellite was the fifth space object launched into orbit in 1958.
Although Vanguard 1 expired in 1964, it continues in its stable low-Earth
orbit as the longest orbiting artificial object. NASA estimates it can continue
orbiting for another 240 years.®

Space launch vehicles need safe passage to cross through different orbital
planes, including through the orbital space debris, in order to access the
target orbit. Space mission designers are facing increasing risks of on-orbit
collisions with the shared presence of uncontrollable orbital space debris.
Mission designers now have to consider options for an orbit based on the risk
of on-orbit collisions rather than access the recommended optimal orbital
altitude that maximise the satellite system’s performance and effectiveness, if
that orbit presents an unacceptable risk to the satellite’s survivability.
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THE INFLUENCES OF SPACE MISSION
NEEDS ON USER PREFERENCES FOR ORBITS

Accessing the orbit poses two key problems for mission designers: lifting
the satellite to the objective orbit and optimising the satellite systems for a
best performance at the orbit altitude. Additionally, the satellite survivability
depends on the orbital altitude since the damaging effects of cosmic radiation
and space weather are worse with increasing altitude. The economic cost of
a space mission has many interdependent variables that depend on the orbit.

The orbit altitude determines the energy needed to lift the satellite into
orbit and the physical distance between it and the Earth over which its
mission systems must function. The Low-Earth orbital region is the nearest
and quickest accessed region of orbits and requires the least effort for a
launch using the smallest, least energetic, and typically lowest cost rockets.
Earth observation sensors have physical design limits to deliver the best
performance over a pre-calculated distance between the sensor and the
Earth’s surface. The typical sensor will perform at its best only over a specific
limited range of orbital altitudes corresponding to the operating limits of the
sensor that produce the best observations.

The orientation of the orbit determines the geographic locations that can
access, or be accessed by, the orbiting satellite. Satellites following the north-
south oriented polar orbit cross over the poles on a fixed trajectory while the
Earth rotates beneath it. This orbit is popular to enable space missions that
need to access any point on Earth’s surface over a number of orbits. Sun-
synchronised orbits are popular because the Earth’s surface directly below the
satellite’s ground pointing sensors, and the satellite’s solar panels, will always
be illuminated by the sun.

Raising the orbit altitude increases the coverage area of the satellite field-
of-view and communications across the Earth’s surface. Geosynchronous
orbital slots are situated over the Earth’s equator at particular longitudes.
The country that is situated at the sub-point directly below a geostationary
satellite, gains the maximum benefit from the coverage area to maximise its
range of communication and broadcasting. Since many countries can exist
on the same line of longitude, the International Telecommunications Union
is established as the authority to regulate the fair and equitable allocation of
geostationary orbits and frequency spectrum usage for the popularly used
geostationary belt’. However, the availability and accessibility to the other
popular orbital regions are less controlled.
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The orbit altitude also determines the limits of the Earth horizon for two
or more cooperating satellites to be visible on each other in order to directly
communicate, as part of a networked constellation. The Earth horizon
determines the minimum orbit altitude needed to directly link two separated
satellites. Only three satellites, evenly spaced along the geostationary belt, are
needed to provide communications services to the majority of the world’s
population.’® The greater the number of satellites used in a constellation, the
lower the orbit altitude can be to establish a network, and smaller are the
mass and power needed to communicate with terrestrial customers.

New customers wanting to access space will, in many cases, seek space
missions for the same purposes as successfully used by other space users, for
their own unique commercial or sovereign needs. This drives competition
and contest for the commonly used orbits as a finite resource.

THE INFLUENCE OF SATELLITE DESIGN
STANDARDS ON USER PREFERENCES FOR ORBITS

The acceptable choices for orbits needed for a space mission are derived
from trade-off analysis’ to analyse acceptable alternative options and
compromises. For example, a communications mission might be fulfilled by
a single large geostationary satellite, launched from an expensive heavylift
launcher, or alternatively, a constellation of networked small satellites that
can be deployed as ride-sharing payloads into low-Earth orbits for less cost
than dedicated space launches. The mission payload design to deliver the
communications service will determine an optimum effective distance
between the satellite and the terrestrial user, driving the user’s choice of orbit.

Manufacturers of satellites and mission systems have sought to
maximise their trade in supplies and the ease of construction of satellites
by standardising the designs and components. Thus, components can be
manufactured by different companies but remain compatible for uses in
different satellite projects to deliver a satellite is assured of being compatible
with the space launch vehicle and terrestrial infrastructure, regardless of the
choice of manufacturer. One commonly adopted standard for small satellites
is the Cubesat design specification.” The orbit choice is influenced by the
system design standards adopted for guiding the mission payload design;
choosing the wrong orbit will be detrimental to the performance of the
payload.
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THE INFLUENCES OF AVAILABLE SPACE LAUNCH
SERVICES ON USER PREFERENCES FOR ORBITS

Space 2.0* has driven industry to provide more affordable and accessible
technology options for space launch vehicles and space missions that have
‘democratised space’* and increased the numbers of space missions that are
complementing the continuing programs of Space 1.0*® projects by traditional
government and industry actors. Space 2.0 provides new and affordable
opportunities as low-cost alternatives to the big satellites and also to
encourage space users from smaller and developing countries, small business,
universities, and schools.

Individual designs for many spacelift vehicles are standardised and
optimally designed to reach a specific limited range of orbital altitudes.
However, space launch vehicles are designed with different payload
configurations to life one or many individual satellites to different discrete
orbital altitudes. The geographic location of the launch site can physically limit
the access needed to reach some orbits (ie sites at low latitudes cannot reach
orbits with high declination angles without an add-on booster or kick-motor to
provide the extra energy needed to change orbits to the new orbital plane).

Hosted payloads provide users with a low-cost option for launching small
mission payloads that piggy-back onto a spacecraft’®. Some large satellites may
have surplus capacity onboard the satellite bus to host an extra small payload
that is funded and deployed to conduct a discrete mission that is different to
the primary mission of the large satellite. An example of a hosted payload is the
nuclear detonation detection system'” hosted onboard the US Global Positioning
System satellites. The small hosted payload may also have the opportunity option
to access the onboard mission support subsystems for the main payload, such as
electrical power and communications. However, the primary mission determines
the choice of orbit, which is a trade-off accepted for the hosted payload to be a
low-costing piggyback design as an alternative to the cost of a full mission.

Each time a spacelift vehicle launches one or two of the very large class of
satellites as a primary payload, it typically does so with room to spare in the
payload section. Space 2.0 provides options, both for generating smaller satellites
that can rideshare®® with the larger satellites for a space launch, as a hosted
payload that piggy-backs onto a spacelift vehicle, for a much lower cost than
arranging a dedicated space launch. Additionally, for smaller non-traditional
space-farers, Space 2.0 has motivated space launch services providers to dedicate
launchers for carrying clusters of small satellites constructed to common design
standard to be compatible with the launch vehicle. In 2017, India set a world
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record by launching 104 small satellites into a sun-synchronous orbit from
the same spacelift vehicle.”” The choice of space launch vehicle determines the
destination orbit for non-manoeuvring and ridesharing satellites.

THE MEGA-CONSTELLATION
DISRUPTION OF USER PREFERENCES FOR ORBITS

The rates of change in the traditional variables influencing the space orbit
economy will soon be disrupted by a step-change in the total number of
orbital space objects with the introduction of megaconstellations. At the start
of 2019, the UN Office for Outer Space Affairs reported that 4987 satellites
were in orbit; an increase of 2.7 % over the previous year.” The benefits of
Space 2.0 technologies that reduced the costs of satellite acquisitions and
space launches, made it possible for space entrepreneurs to develop their
separate proprietary designs for the high-volume production and deployment
of small satellites into megaconstellations. Whereas previously, thousands of
actors each demanded orbits for their handful of satellites, soon a handful
of space entrepreneurs will be demanding orbits for hundreds or even
thousands of their satellites.

The benchmarks for satellite constellations have previously been the
Iridium (77 satellites), and US Global Positioning System (32 satellites),
each designed to operate on a spherical surface of different orbits at the
same altitude. OneWeb is a mega-constellation designed for 1980 satellites
and Elon Musk’s Starlink is designed to deploy 12,000 satellites*, more
than the total number of satellites currently in orbit. The orbital space
environment will see a merger of the current satellite situation with new
megaconstellations designed as satellites distributed throughout a spherical
volume of different orbits at different altitudes.

Megaconstellations will unbalance the space orbit economy in two
different domains: by consuming many more orbits and inserting more space
objects at an unprecedented rate, and increase the volume of radio frequency
activities needed for their own exclusive use across a global sphere, at the risk
of interfering with other space missions. Furthermore, the ease of deploying
a mega-constellation into the orbital commons to provide a global service
cannot assume a unified and global user system on Earth. Already, Russia
has disagreed with the OneWeb proposed frequencies for user access which
do not match the frequency spectrum usage approved by Russia within its
sovereign terrestrial boundaries.??
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CONCLUSIONS - TOWARDS A SUSTAINABLE
SPACE ORBIT ECONOMY

The macro-space economy is influenced by a complex and unbalanced
mix of both controllable and uncontrollable economic forces from micro-
space effects that are affecting space accessibility and availability. The
currency of the orbital space economy are space orbits characterised by their
circular trajectory, a position on that trajectory, and the orientation of the
orbit over the Earth.

Space sustainability is achieved when the ‘supply’ of orbital trajectories
supports the users’ demands for current and future space missions. A space
consumer’s decision to select a particular orbit is influenced by:

1. the designs of space launch services to reach certain orbital regions,
complemented by extra add-on boosters and kick-motors, and access
through gaps in orbital debris fields;

2. space mission designs where that performance is dependent on the
orbital altitude;

3. designs for commonly used space systems being standardised and
shared, that have been optimised for specific orbital altitudes; and

4. the unwanted risks of on-orbit collisions or interference with space
debris that varies over different orbital altitudes.

Orbits are a finite resource that, in a sense, are being consumed more
rapidly than expired missions are vacating their orbits, resulting in a
continually growing number of space objects that is an aggregation of long
running missions, new missions, expired missions, stable space debris, and
debris fragments resulting from on-orbit collisions and breakups.

Space 2.0, technology miniaturisation, and cheaper spacelift have
democratised space access, increasing orbital congestion, competition,
and contest. Compounded by the entropic debris growth problem in the
unregulated orbital space commons, space will continue to head towards
an unsustainable space system without more international recognition,
cooperation, and shared control measures. Additionally, the space orbit
economy will be disrupted by the expansion of consumer demands,
previously from the many thousands of space actors each needing
many single orbits, with the addition of a new handful of individual
entrepreneurial actors each needing many thousands of orbits to fulfil their
megaconstellations in the global space commons.
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AUSTRALIAN CAPABILITIES FOR SPACE
SITUATIONAL AWARENESS:
COMMON PROPOSALS OF, AND
AUSTRALIA’S CONTRIBUTION TO, SPACE
SUSTAINABILITY AND SECURITY

ScoTT SCHNEIDER

INTRODUCTION

Australia has developed and will continue developing space-related
capabilities and space assets. The growth in its qualified interests in space
and the resulting development of space assets are vital to Australia’s critical
infrastructure. Space assets (and their applications on Earth) are at risk
to the global commons of outer space, an unavoidable core feature of
international space law; no government or private entity may take a claim to
secure any aspect of outer space. In other words, space is free for all to use
and its resources are to be shared. To minimise the adversity of a tragedy
of commons and threats to national security, space situational awareness
(SSA) systems are deployed to identify, monitor space objects and provide
space data that may be used to manage the space situation while remaining
compliant with international law. Accordingly, SSA is an integral component
in maintaining the sustainability of the uses of outer space, especially in
respect of protecting a country’s national economic and security interests.

The key aspects needed to realise long-term sustainability of the Earth
orbital space environment are broad enough to require the combined
capabilities and cooperation of multiple nations. Australia is one such
State partnered in global efforts through its international cooperation with
regulators, business, research and Defence. Through an outline of some of
the activities supporting space traffic management and debris mitigation
initiatives around the world, Australia’s activities and prospects are placed in
context to show its capabilities in contributing to a global effort in SSA.
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SSA TopAYy

The Australian Defence Force (ADF) defines SSA as the “requisite current
and predictive knowledge ... to enable commanders, decision-makers,
planners and operators to gain and maintain freedom of action in space,
throughout the spectrum on conflict” Such knowledge is gained through
making observations and gathering information of the following space-
related criteria:!

events;
activities;

conditions and status of space systems;

1

2

3

4. capabilities;
5. constraints; and
6

employment.

However, SSA outputs are not only applicable to defence needs. The
significance of SSA is also relevant to debris monitoring, the national
monitoring of space activities and for civil engagement of non-state actors
in space. The above six criteria feed into these three aspects. Moreover,
the topic of SSA employs several academic and practical fields. In order to
address only the examples of SSA activities, this report presumes or bypasses
several important elements related to SSA. Obligations under international
law, fair use of outer space, economic benefit, protection of the space
environment, and management of liability each warrant far more discussion
than this piece can offer. For the purposes of outlining Australia’s SSA
capabilities, three metrics are identified here which provide basis for context
against Australia’s SSA activity: a summary of global efforts in space traffic
management, debris mitigation endeavours and the significance of including
SSA into a national strategy.

Space Traffic Management Initiatives around the World

The concept of space traffic management is made up by a combination
of provisions, including those which use techniques employed in space
situational awareness. The long-established Space Surveillance Network
of the United States Strategic Command (SSN) is the first recognised space
object detection and tracking capability to be established and share its space
data to the public. The United States Strategic Command SSA Sharing
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Program allows some information gathered through the SSN to be shared
with non-US defence actors.

Many space agencies in the west, at least, have been less inclined to
commit to SSA initiatives,” and with the growth and diversity in space
activities today, there is a drive by non-governmental-dependant space
efforts to establish new and improved SSA capabilities. The World Economic
Forum is currently undergoing the Space Sustainability Rating (SSR) which
offers a means to keep the global commons of Earth orbit viable in advancing
human welfare. By collecting the available analytical tools for categorising
space sustainability, the SSR intends to develop means to comprehensively
assess the sustainability of space activities.>* The Space Data Association
takes a different approach, aiming to bring satellite operators together to
maintain the integrity of the space environment. From the research side,
the University of Texas at Austin’s ASTRIAGraph* pulls data from several
sources including governmental (eg SSN), private (eg Planet Labs Inc), and
non-governmental (eg Union of Concerned Scientists) organisations to
raise awareness through visualisations. The intention of ASTRIAGraph (ie
Advanced Sciences and Technology Research in Astronautics) is for all its
sources to link data and reduce discrepancies in space traffic detection.

Collaborative efforts amongst different countries are also being pursued
to find new viable initiatives that contribute to space traffic management.
The governmental consortium of the Group of Latin American and
Caribbean States was formed give a common voice to non-major space-
faring nations in international fora.” A means to achieve this is one voice is
the coordination of space objects and activities between the member states.®
This form of international cooperation ultimately facilitates SSA and, in turn,
offers greater effect to space traffic management initiatives.

Debris Mitigation Initiatives from Around the World

In 2002 the Inter-Agency Space Debris Coordination Committee (IADC)
drafted the non-binding Space Debris Mitigation Guidelines. Upon working
with the IADC, the United Nations Committee on the Peaceful Uses of Outer
Space (UNOOSA) introduced the Space Debris Mitigation Guidelines, which
were adopted by the United Nations General Assembly in 20077 In 2010,
a Working Group on the Long-term Sustainability of Outer Space Activities
was created within UNOOSA.

A more direct means to slow the growth of space debris is active debris
removal. The Surrey Space Centre’s RemoveDEBRIS, for instance, is a project
attempting to capture some 40,000 pieces of debris.® As an alternative to
active debris removal, on-orbit servicing is employed as a means to repair
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defunct satellites or manoeuvre them into other orbits to avoid congestion.
Here ESA has taken initiative in its E.DEORBIT mission; one intended to
refuel, refurbish or reboosting satellites already in orbit.” The world’s leading
defence firms are investing in on-orbit servicing, such as Airbus with its
O.CUBED Services platform. Though smaller enterprises are also engaging
in SSA. In 2017, US company Space Systems Loral partnered with the US
Defense Advanced Research Project Agency (DARPA) to develop an on-
orbit robotic servicer as a means to lower the risk of space missions.!! Such
activities naturally also lower the risk of adverse space traffic.

SSA in Defence

Outside of active debris removal, the complex and risky nature of SSA is
something worthy of consideration by federal defence and national security
divisions. The U.S! global SSN demonstrates the strategic nature of SSA’s
genesis, that being SSA was primarily pursued under a defence agenda and
the capabilities arose through defence infrastructure.”> Although less of the
world’s SSA capabilities are today supported by the SSN (compared to the
last decades), military SSA data and infrastructure nevertheless remain an
integral part of civil SSA endeavours.*

AUSTRALIAN EFFORTS IN SPACE SITUATIONAL
AWARENESS

Australia recognises the importance of a nation needing to be aware
of the status of its own activities in space, from the initial stage of mission
planning to beyond the conclusion of the mission."* Leading up to the
establishment of the Australian Space Agency (“Agency”), the Australian
government-commissioned an Expert Reference Group review of Australia’s
space capability. The group’s final report demonstrates how Australia may,
and recommends Australia does, increase its strength in SSA.*°

Space Traffic Management

Notwithstanding the research into the Integrated Air and space Traffic
Management System,'® Australia has no official space traffic management
plan or body. However, Australia’s activities in SSA and the data available
to its authorities are capable in supporting any formal space situational
awareness protocol. The University of New South Wales Canberra notes
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Australia’s main contribution to the awareness of space traffic is through
space surveillance sensors hosted by ground stations.””  However, the
industry landscape is changing, with both private enterprise and research
initiatives looking to utilise above-ground solutions in permitting space
traffic management.

Business

Electro Optic Systems (EOS) is an Australian company which recently
secured a collaboration with Northrop Grumman. EOS specialises in
developing laser technology and software to track space debris. Newer
commercial players include smaller companies with national recognition
and international application.  Adelaide-based Inovor Technologies is
developing an SSA mission titled ‘Hyperion! By positioning a constellation
of nanosatellites in low earth orbit, Hyperion’s sensors look outwards (away
from the earth) in order to capture data for a range of SSA applications. This
mission builds upon Australia’s sovereign SSA capabilities and contributes to
the SSN.*¢

High Earth Orbit Robotics is another emerging company from Australia.
“HEO Robotics” applies sensing solutions to cube satellites in swarms. This
enables high resolution observations of space debris and other space objects.
HEO Robotics’ Argus mission is in principle similar to Inovor’s Hyperion; use
of low-cost satellites which look to outer orbits and thus providing high value
solutions to SSA.*

Private players also help form the cohort advancing the signal aspects of
SSA; that is the monitoring of frequencies rather than orbiting objects. In
2018 Sydney-based Sabre Astronautics was awarded a more than one million
dollar contract to develop its system for monitoring and defining electronic
threats.® Such is an illustration of the breadth Australia offers to the global
SSA network.

Other approaches to meet the SSA challenge include the 2019 Nova
Systems announcement of its upcoming Australian space industry course.!
The suite is designed to support Australia’s growing capabilities in the space
domain. With a Joint Statement of Strategic Intent between Nova Systems
and the Australian Space Agency mentioning SSA, it is plausible the course
will include training in SSA specific fields.

Research

In April 2019 UNSW Canberra hosted a space traffic management panel
addressing the commons of space being used for hostilities. In its press
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release of this event the university outlined its plan for an SSA research
program which proposes to investigate the link between physics and available
data. This research would consist of simulations, ground-based experiments
and orbital flight experiments to reduce the risk of orbital collisions.®
UNSW Sydney, on the other hand, provides an undergraduate study unit
on SSA. Elsewhere in Australia, Curtin University, RMIT University and
Latrobe University both have debris tracking research foci.**

Defence

The Royal Australian Air Force (RAAF) has SSA capabilities primarily
comprised of ground station infrastructure which detect and track space
objects. This is not surprising considering Australia’s natural advantage
of access to land in the southern hemisphere with undisturbed skies allows
enhances the SSN’s global coverage of space objects. Several functions are
performed by RAAF SSAF capabilities, enabling Australia to contribute
to the monitoring and detection of orbital space objects, including space
debris:*

1. SST: the Space Surveillance Telescope, though owned by the United
States, is to be stationed at the Harold E Holt Naval Communication
Station in Western Australia with the primary purpose to provide
SSA data. The SST is to be operational in 2021;

2. 1RSU: Number 1 Remote Sensor Unit is planned to operate the
Space Surveillance Telescope to address SSA;

3. C-band space surveillance radar: a radar system hosted at Harold E
Holt Naval Communication Station to track orbiting space objects;
and

4. SBIRS-AMP: the Space-Based Infra-Red System - Australian
Mission Processor is a constellation of satellites operated by the
United States for specific military awareness of space activity.

In 2017, through the ADF’s prime research body, Defence Science and
Technology Group, a joint project was undertaken with Western Sydney
University using neuromorphic imaging to map space traffic’® Such
technology offers terrestrial-based and space-based SSA capabilities.?”
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Debris Mitigation

Australia’s ventures into debris mitigation are less obvious than its evident
capabilities in traffic management. However, there are recent and significant
sovereign developments which offer benefit to the global SSA community.

Business

Beyond its traffic management capabilities, EOS’ debris management
model uses the data it collects to avoid collisions and execute debris removal
programs. Moreover, EOS is developing a laser for use to directly influence
certain objects and move them into other orbits.”

Research

The Cooperative Research Centre for Space Environment Research
was announced in March 2014. It was thereafter known as the Space
Environment Research Centre (SERC). This $60 million program was to last
five years covering four main programs:*

1. identification of space objects and preservations of the space
environment;

2. orbit determination and predicting behaviours of space objects;
3. space asset management; and

4. space segment (ie payload testing and adaptation of optics).

SERC’s primary industry partner is EOS, with which it has undergone
research into debris manoeuvring using ground-based lasers. The ground
network facilitating this research is Mt Stromlo Observatory, operated by the
Australian National University’s Advanced Instrumentation and Technology
Centre.

In May 2019 another space-related cooperative research centre
was announced, the Cooperative Research Centre for Smart Satellite
Technologies and Analytics (SmartSat CRC). Though the SmartSat CRC’s
main objectives are enhanced connectivity, navigation and monitoring of
Australia, one of its core research themes deals with debris mitigation and
remediation.*

Defence

The Australian Defence Force acknowledges the importance of its future
access to space and the significance of increasing risks of space debris.* The
Australian Space Operations Centre (AUSSpOC) is a support body for space
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resources and guidance. Its activities include reporting on debris re-entry,
space weather monitoring and sharing information with the United States
through the Combined Space Operations Centre.*> In April 2018 Lockheed
Martin announced its provision to Australia of its iSpace (intelligent space)
SSA system. The AUSSpOC will deploy the iSpace platform and input data
from Australian infrastructure to assess and manage space manoeuvres,
break-ups, re-entry and co-orbital threats.*® Also to address SSA, Defence
is engaging with the commercial sector in Plan Jericho, a strategy intended
to harness intelligence and surveillance capabilities to increase situational
awareness.** In March 2019, for instance, Inovor, HEO Robotics and EOS
gave a demonstration or trial of their respective missions to the RAAE*

IMPLEMENTATION OF
RELEVANT REGULATIONS AND STRATEGY

Australia has a limited range of SSA policies and regulatory conditions.
Australia’s Satellite Utilisation Policy of 2013 (Policy) seeks to promote
cooperation between civilian and defence research in work domains
contributing to space weather, SSA, and work that prioritises the
strengthening of SSA capabilities.®*® Although the Policy does not outline
directions for to guided stakeholders to reach these goals, Australian
endeavours in these domains seem to be progressing towards these goals.
Stakeholders in the space and defence communities have realised the
significance of SSA for understanding the risks to accessing and using space,
and the potential risks from re-entering space debris.”

The Agency was established in July 2018 as an office under the
Department of Industry, Innovation and Science. Although one of the
Agency’s seven priority areas include SSA and debris monitoring,® it has yet
to demonstrate any ongoing commitment to this domain, notwithstanding
recognising it as a common priority through a statement of strategic intent
with Australian defence solutions company Nova Systems.* This might be
seen in contrast with the United States of America’s Space Policy Direction
3, announced in June 2018. This direction designates the department of
commerce to take an active lead in civil SSA, including formulating analyses
and disseminations of government and private SSA data, capabilities and
services.®

From a regulatory point of view, however, the Agency has included in
its revision of the space activities legislation the requirement for satellite
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operators and launch vehicle operators to provide a debris mitigation strategy
when applying for the relevant authorisation.*  The exact standard is not
yet defined but the Agency has so far proposed it must be an internationally
recognised guideline or standard which is identifiable. Such a debris
mitigation strategy is likely to also include an orbital debris assessment
based on an internationally recognised model.** Such regulations are to be
confirmed by and enforced on 31 August 2019. This means the enforcement
will likely occur before the Australian industry analyses and agrees on the
debris models to be used. This presents a risk to operators who may wish to
devise a space debris mitigation strategy in line with practice and knowledge
of Australian activities and discoveries, as opposed to a non-binding and
little-demonstrated international standard.

CONCLUSION

As the space domain is used as a shared global commons, the long-term
sustainability of space, and operations within, face a growing risk from the
continuation of little coordinated and uncontrolled space access and usage.
Fortunately, Australia is among the nations with key capabilities in SSA.
Accordingly, it is in a prime position to contribute space tracking data and
be global player with interests in better space traffic management and space
sustainability. Although Australia is not yet managing any sovereign space
traffic management system, its sovereign SSA-related activities are capable
of contributing to such an initiative. The several examples of Australian
initiatives and contributions to SSA compris of business, research and
Defence activities in space traffic management and space debris removal.

Australia’s existing approaches towards developing policy for the
space domain will almost surely see it become a more significant actor in
the global response to the increasing stresses in the utilisation of outer
space. Some of these capabilities are well established, such as its ground
infrastructure and collaborative efforts in SSA between Defence and the
United States. Australia is also continuing to realise its potential in this field
through addressing the gaps in its SSA-related capabilities. Civil actors are
contributing to SSA with capabilities offering the country strong avenues to
building a space traffic management plan. Many of these, research centres
and those in the private sector are developing expertise in debris mitigation
methods which can themselves play a major role in effecting space traffic
management. Space traffic management itself is perhaps Australia’s next step
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after Defence’s Plan Jericho has increased Australia’s proficiencies in the SSA
domain and helped the country realise and appreciate its capabilities.

With the ripe business environment in Australia and the opportunities
available through new civil projects such as the SmartSat CRC and the rise
of private launch operators, the country is likely to see more companies,
research centres and defence applications defining Australia as a global
example in SSA domains.®® As such, SSA is going to continue to gain
traction among the discussions and projects in the Australian space and
defence communities. These discussions and projects should be welcomed,
as they are necessary to ensure Australia best secures its own space assets
and national interests.
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APPENDIX I

List of organisations involved in Australian space situational awareness.

Organisation

name Organisation type | SSA activities Relevant webpage

Austrahap Nal- Research Adapiive optics https:/l/‘r.saa.anu.edu.au/altc/
tional University capabilities

Australian Y

Space Opera- | Defence Monitoring and -

tions Centre

reporting

Australian SKA

https://www.atnf.csiro.au/

CSIRO Research Pathfinder projects/askap/index.html
QUmH Univer- Research Tracking https://astronomy.curtin.
sity edu.au/
Defenoe https://www.dst.defence.
Science and e
Defence Facilities for research | gov.au/research-area/sur-
Technology :
veillance-and-space
Group
Electro Optic Commercial Laser tracking https://www.eos-aus.com/
Systems space/
High Earth . Cubesat compo- https://www.heo-robotics.
, ) Commercial
Orbit Robotics nents com/
Inovor Technol- . Satellite manufac- https://www.movor.com..au/
. Commercial . space-technology/hyperi-
ogies turing -
on-mission/
La Trobe Uni- Radar development | https://www.latrobe.edu.au/
. Research : : !
versity (for space weather) | engineering/research/tiger
Lockheed Facilitating Austra- | https://www.lockheedmar-
Martin Space | Commercial lian industry and tin.com/en-au/products/
Systems research space-systems.html
https://novasystems.com/
Strategic intent with | news/media-release-no-
Nova Systems | Commercial Australian Space va-systems-makes-commit-
Agency ment-enhancing-capabili-
ty-australian-space-sector/
Optus Commercial Operator for re- http://www.serc.org.au/

search

research/program-3/
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2;gll::|satlon Organisation type | SSA activities Relevant webpage
https://www.rmit.edu.au/
research/research-insti-
Software and tutes-centres-and-groups/
RMIT University | Research . research-centres/space-re-
algorithms
search-centre/research-ar-
eas/space-debris-and-
tracking
Sabre . Software and https://saberastro.com/
. Commercial . :
Astronautics analytics analytics
Silentium . https://www.silentiumde-
Commercial Radar
Defence fence.com.au/
Space
Environment Research Laser development | http://www.serc.org.au/
Research
Centre
https://www.unsw.
adfa.edu.au/research/
research-areas/integrat-
Space traffic ed-air-and-space-traf-
UNSW .
Research management and fic-management-system
Canberra . ) )
astrodynamics ; https://www.unsw.adfa.
edu.au/space-research/
research-themes/space-sit-
uational-awareness
https://www.handbook.
) unsw.edu.au/under-
UNSW Sydney | Research Education graduate/courses/2019/
ZEIT4507/
Western )
Sydney Research Tracking https.//vaw.Weste_rnsydney.
o edu.au/icns/astrosite
University
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THE LAwW OF RULES:
THE USE OF RULES FOR THE ADVANCEMENT
OF DEBRIS MITIGATION STRATEGIES IN
SPACE ACTIVITIES

A. GRIFFIN, P. MACKENZIE, A. SHERBORNE,
H. S1T AND L. JACKSON:

[Debris management and mitigation is| the one
area where we can step up as a responsible citizen ...
that is why it is highlighted as one of [the Australian
Space Agency’s] key priorities”

INTRODUCTION

As many as 95% of the man-made objects tracked in space can be
considered ‘space debris’® Indeed, the saturation of orbital debris has caused
some in the space user community to comment that the situation is at
‘tipping point’* Despite the vastness of space, functional orbits have become
increasingly dangerous and expensive,” and potentially unusable if the issue
of space debris is not adequately addressed.®

Outer space has traditionally been the domain of government entities.
However, as the costs of access to space decrease, governments are
increasingly focused on the regulation of new commercial space participants.
This is especially true for those States obliged to supervise the domestic
activities of its citizens under the Outer Space Treaty.” Pressure to develop
robust international space debris regulation is also mounting in response to
a number of recent trends — the number of launches is increasing year-on-
year as commercial enterprises have greater access to conduct space activities
given the reduction in barriers to entry, states are increasingly interested (and
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becoming dependent on) activities and infrastructure in outer space (notably
for telecommunications and military purposes), and the Kessler Syndrome
effects continue to loom large.®

Given the relative infancy of Australia’s space industry, and the increasing
levels of investment and research and development, Australia is in a prime
position to emerge as an industry leader in global efforts for space debris
mitigation.” As there is a general reluctance in adopting new multilateral
treaties as a means of tackling global pollution issues,'® developing domestic
regulation appears to be an effective and proven means for motivating
international norms around space debris mitigation.!!  Furthermore, the
supra-national constraints on European countries, such as those imposed by
the European Space Agency (ESA) and the European Union (EU), and the
self-interest of sovereign nations, makes any cohesive approach to developing
internationally adopted standards difficult.!?

In August 2019, the Space Activities (Launches and Returns) Act 2018
(Cth) will come into effect,'® amending the Space Activities Act 1998 (Cth)
(‘Act’), after extensive consultations with the public community, including
the Australia New Zealand Space Law Interest Group. For the first time in
Australia, there will be an express requirement for space permit applicants
to consider the impact of debris consequent upon their proposed activities.
Under the Act, applicants for the grant, variation or transfer of an Australian
launch permit,"* or overseas payload permit will be required to submit
a strategy for debris mitigation.”® With the content of a debris mitigation
plan left fairly unprescribed in the rules,'® this requirement represents an
opportunity for Australia to position itself as a pioneer in effective debris
mitigation strategies.

This paper discusses international standards that can be used as a
benchmark for Australian debris mitigation plans and how they can be
improved. It also demonstrates why the enforcement of debris mitigation
standards is important in shifting global norms to a point where debris
mitigation is a positive legal obligation.
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EXISTING APPROACHES
TO DEBRIS MITIGATION STANDARDS

International standards

In 1995, the United States, through the National Research Council
published the first comprehensive review of the problem of space debris,
and included recommendations for future debris mitigation.'”” Eventually,
other space agencies published their own debris mitigation guidelines. For
example, in 2002, the Inter-Agency Space Debris Coordination Committee
(IADC) published a consensus set of guidelines in order to ensure consistent
approaches were being taken by the various spacefaring nations (ZADC
Guidelines’).’® In arriving at these guidelines, the IADC identified three
common fundamental principles of debris mitigation strategies.’* They are:

prevention of on-orbit break-ups;

2. removal of spacecraft and orbital stages that have reached the end of
their mission operations from the useful densely populated orbital
regions; and

3. limiting the objects released during normal operations.*

In 2007, the United Nations Committee on the Peaceful Uses of Outer
Space (COPUOQS) largely adopted the IJADC Guidelines in the Space Debris
Mitigation Guidelines of the Committee on the Peaceful Uses of Outer
Space, albeit in more aspirational, less technical language than their IADC
equivalents (‘COPUOS Guidelines’).>!

In 2007, the United Nations (UN) officially endorsed the COPUOS
Guidelines®  Critically, the UN invited Member States to implement
national and international guidelines through relevant national
mechanisms.?

State implementation

A variety of different approaches have been taken to incorporate
international standards into domestic legislation. In the United Kingdom,
compliance with the JADC Guidelines is ‘one of the factors to be considered
in granting a licence’** There is, however, little guidance on what constitutes
sufficient compliance in order for a licence application to be successful.?®

Similar approaches can be seen in legislative regimes of France and Canada.”
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The United States Governmment Orbital Debris Mitigation Standard
Practices was approved by all United States (US) Government agencies in
2001, and has been shared with the US aerospace industry in an attempt to
encourage voluntary compliance.”” NASA has also developed the Procedural
Requirements for Limiting Orbital Debris, which came into effect in August
2007, and reflect NASA’s policy to limit future orbital debris generation.”®
Furthermore, for certain satellites in a geostationary orbit, the US mandates
the performance of a specific end of life disposal manoeuvre.? This is the
most developed series of guidelines imposed on space object operators.*

China adopts a ‘semi-regulated’ model under which space activity
participants are required to submit a ‘memorandum’ that outlines how the
problems of pollution and space debris are addressed.>! An ‘administrative
sanction’ can be imposed for misstatements made during the application
stage. This is similar to the legislative requirements in Australia that an
applicant for a space launch licence must provide a debris mitigation plan.®®

In 2009, Russia introduced the General Requirements to Spacecraft and
Orbital Stages on Space Debris Mitigation® which are consistent with the
COPUOS Guidelines, and require compliance during all stages of a space

project.®

The Australian approach

1. The framework
Under the rules to accompany the Act that came into force on 26 August
2019 (‘Rules’),*® the strategy for debris mitigation in an application for the

granting of an Australian launch permit*” or overseas payload permit,

must:

1. be based on an internationally recognised guideline or standard
for debris mitigation (ie in both the terrestrial and orbital space
environments), and identify the guideline or standard used;

2. describe any mitigation measure planned for orbital debris arising
from the proposed launch or launches (including from payloads); and

3. include an orbital debris assessment based on an internationally
recognised model.¥

The Rules also provide examples of mitigation measures — for instance,
how debris may be limited during normal operations, how the potential for
break-ups during normal operational phases will be minimised, how the
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probability of accidental collision in orbit will be limited, how the potential
for post-mission break-ups as a result of stored energy will be minimised, and
how the long-term presence of payloads and launch vehicle orbital stages in
the low-earth orbit region or in geosynchronous earth orbit will be limited
after the end of the mission.*’

One criticism of the language used in the Rules is the loose reference
to ‘internationally recognised guidelines’ as a benchmark. The COPUOS
Guidelines, for example, are internationally recognised as debris mitigation
guidelines, however, they are aspirational statements, rather than technical
and quantifiable standards.

2. Direct enforcement

The only requirement under the current Rules is that the application for a
permit is accompanied by an applicant’s debris mitigation strategy. The Rules
and the Act are silent on the consequences of failure of a permit-holder to
comply with the content of the debris mitigation strategy.** Furthermore,
under the Rules, the standard conditions imposed on launch permits and
overseas payload permits do not make any reference to consequences for
non-compliance with the proponent’s strategy for debris mitigation,** despite
breaches of other conditions imposed by the Act attracting civil penalties and
even criminal sanctions. Although additional conditions may be specified
in the permit,®® and therefore could provide means for the enforcement of
space debris mitigation, this leaves considerable discretion in the hands of
Government decision makers.

The omission of any reference to compliance with debris mitigation
strategies is glaring. Currently, the Australian regulations do not contain any
clear enforcement mechanism to ensure compliance with space participants’
strategies for debris mitigation.

3. Indirect enforcement

The only apparent mechanism by which compliance for debris mitigation
strategies may be enforced appears to be through the general competence
assessment that forms part of the assessment of an application for a launch
permit.** The Minister may exercise their discretion and refuse to issue a
permit to a person if they find the person who is to carry out the launch
is not competent to do so.** Further, under s 28(3)(e), the Minister may
consider reasons relevant to the international relations of Australia in not
granting a permit.** Given Australia’s obligations under the Outer Space
Treaty to supervise its nationals,*” to remain liable for damage caused by
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Australian space objects,”® to retain jurisdiction over Australian space
objects,” and to not cause harmful contamination of the outer space
environment,”® applicants that will not be able to adequately implement
debris mitigation plans could be refused a permit on the basis that they will
damage Australia’s international relations.

In terms of sanctioning non-compliance with a debris mitigation strategy
once a space object has reached orbit, the only mechanism appears to be a
suspension of the permit by the Minister under s 36 of the Act. However, it
remains unclear what the consequences of suspension of the launch permit at
this stage would be.

Improving Australia’s approach

Australia’s aspiration is to become a world leader in debris management
and mitigation.®  However, the Rules reflect a reality where Australia is
merely playing catch-up with the rest of the global space industry, rather than
setting itself as a benchmark jurisdiction.

In the absence of enforceable laws against space participants, there is no
means to capture the negative externality caused by space debris, rendering
outer space a ‘classic example of the tragedy of the commons’>?> This leaves
functional orbits prone to destruction through participants choosing low
cost options rather than more expensive options that are likely to generate
less debris.”®  The challenge for Australia is to balance implementing a
new regulatory regime that encourages space participation and protects
national interests, but does not stifle growth of the domestic industry or
disincentivises foreign space participants from using Australia as the launch
state due to its stricter regulatory regime.”*

Australia could improve the Rules in three ways;

1. introducing clearer and higher technical standards;
2. introducing clearer enforcement mechanisms; and

3. introducing compliance incentives.

The adoption of clearer enforcement mechanisms will also be
significant for the recognition of space debris mitigation as a more concrete
international legal obligation and its acknowledgement as an issue already
contemplated in international law.*® This discussion regarding the impact
of Australia’s domestic approach on the international legal landscape is
discussed below in Chapter IIL
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1. Implementing clearer and higher technical standards

Li asserts that the space debris issue is a technical issue, not a legal issue,
and as such the most effective solutions will be found through a technical
solution, not legal frameworks.”® Therefore, a light touch approach should be
provided, rather than heavy handed regulation. Despite this, given Australia’s
ambitions to be a global leader in this area, a possible way forward would be
implementing technical standards to be adhered to by permit holders.

Using the IADC Guidelines as a starting point, a number of simple
modifications can be made that are within existing technical capabilities.
These changes include:

1. introducing mandatory international standards imposed on states by
UN-affiliated organisations;

introducing operational standards in outer space;
introducing construction standards;

introducing launch standards;

SN

imposing legal obligations on the operator and the authorising
country to remove debris caused by new launches;

o

lowering the maximum years to deorbit from 25;

registration of space debris and imposing a duty to catalogue and
register as much space debris as possible;

8. more efficient transfer of satellites in GEO into graveyard orbits at
the end of their useful existence;

9. greater restrictions on launches into certain orbits;

10. imposing design requirements to ensure that satellites and launch
vehicles cannot break up; and

11. introducing passive protection techniques (as are currently used to
protect the International Space Station).””

Other aspects of the JADC Guidelines appear at odds with other policy
objectives — for example, increasing restrictions on the number of launches.
Given the significance of the technical developments not only in relation to
space but also debris management techniques since the JADC Guidelines
were developed, the authors consider that it an opportune time to review the
appropriateness of the measures identified in the IJADC Guidelines.

It is critical that in developing these standards that Australia finds an
appropriate balance between the desire to be a world-leader in debris
mitigation, and the possible negative consequences of implementing higher
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standards—in particular, the risk that applicants may choose to launch from a
nation with lower standards, in an effort to decrease costs.

For example, the push towards reducing the lifespan of space objects is
increasingly relevant as manufacturers shift towards swarm and micro-
sats in low-Earth orbit to provide terrestrial services, and the market
moves away from constellations with fewer objects. This is also a function
of the reduction in the costs of accessing space. SpaceX can now for
instance launch and deploy its own swarm of Starlink Satellites, although
the height of operation of the Satellites was lowered to reduce latency and
so that they would naturally deorbit within 5 years without propulsion, in
acknowledgement of the growing issue of space debris. Although the market
may trend towards shorter lifespans, Australia has the opportunity to get
ahead of the game by imposing a shorter lifespan than 25 years on the deorbit
of non-functional space objects.

2. Introducing clearer enforcement mechanisms

Although non-binding policies do play a substantial role in space
debris mitigation efforts,”® introducing clear enforcement mechanisms is
a necessary step to ensure recipients of an Australian launch or overseas
payload permit comply with their proposed debris mitigation plan. The ESA
has acknowledged that even if States were fully compliant with the JADC
Guidelines, long-term proliferation of space debris is still expected.”” As
the Act and the Rules currently stand, they do not contain any consequence
or penalty for an applicant’s failure to comply with their proposed debris
mitigation strategy. This, if not addressed, will inevitably reduce the
likelihood of compliance. Enforcement should be three-fold, through:

1. the introduction of a standard condition under r 36 of the Spaces
(Launches and Returns) (General) Rules,”® requiring compliance with
a proponent’s strategy for debris mitigation;

the introduction of a penalty provision for a failure to comply; and

3. by considering any previous non-compliance when assessing any
future applications for a launch or overseas payload permit.

3. Introducing compliance incentives

It is also necessary to balance the possible negative consequences of
introducing enforcement mechanisms with Australia’s desire to increase
space investment, including by attracting prospective launch participants. If
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enforcement measures are too restrictive and burdensome, space participants
are likely to be discouraged from selecting Australia as their preferred
location for launches and other space activities.

As the space industry matures, the imposition of, and compliance with,
higher standards will result in benefits through a reduction in insurance
premiums. Eventually it would be hoped that a space participant who
decides to launch in Australia under Australian oversight and with the
authority of an Australian launch permit would be rewarded with lower
premiums than if they were to choose a different, less stringent jurisdiction.
This is particularly relevant in the context of the Space Sustainability Rating
mechanism propounded by the World Economic Forum,*® where the choice
of jurisdiction will be reflected in the overall rating of a particular space
mission with consequent benefits in the pricing of the appropriate level of
insurance coverage.

THE ROLE OF RULES IN INTERNATIONAL LAW

While it is accepted there is currently no explicit international legal
obligation to mitigate risks associated with space debris,** nations causing
space debris may already likely be in violation of the Outer Space Treaty and
also at least one treaty relating to a specific use of space due to the effect of
space debris preventing nations from accessing space.”® Australia, through
strong State practice, can leverage off this and help establish debris mitigation
as an international legal obligation in light of the space treaty regime
currently in place. Indeed, Li argues that space debris mitigation may yet
form part of customary international law.**

Customary international law

The absence of explicit treaty obligations does not preclude the
development of customary international legal obligations. Analogously,
international environmental obligations seem to be one area in which
customary law is considered to be an important source of law.® For instance,
the duty to prevent transboundary pollution is ‘generally observed as one
of the most firmly established norms of customary international law™® and
this principle has been confirmed by the Trail Smelter Arbitration® which
held that a state was liable for pollution damaged caused to another state.
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The International Court of Justice summarised the formation of customary
international law in Northwest Sea Continental Shelf:

Not only must the acts concerned amount to a settled practice,
but they must also be such, or be carried out in such a way,
as to be evidence of a belief that this practice is rendered
obligatory by the existence of a rule of law requiring it.*®

Therefore, for debris mitigation to be recognised as part of customary
international law, there must be (1) sufficient settled state practice, and (2)
evidence of the belief that the practice is rendered obligatory by the existence
of a rule of law requiring it (opinio juris).

Settled state practice

Based on the domestic regimes already discussed, there appears to
be a body of state practice in considering the impact of space debris when
supervising and regulating space operations. Further, although a short
passage of time is not a barrier to state practice becoming customary
international law,* state practice in recognising the importance of mitigating
space debris can be traced back to the early 1990’s and the Debris Mitigation
Standard Practices developed by NASA in 1997, which supports the
position that debris mitigation is a customary international legal obligation.

What is important in establishing customary norms however, is that that
the State practice is both ‘extensive and virtually uniform’”’ We can see
from the domestic regimes of most major space participants, such as the US,
Russia, (the ESA and the various agencies under it),”> China and Australia,
that there is extensive implementation of debris mitigation guidelines. It is
arguable that although countries such as the United States and Russia have
implemented higher standards than most, domestic regimes are ‘virtually’
uniform in that the JADC Guidelines and COPUOS Guidelines seem to be
common minimum standards. Several authors assert that these domestic
regimes demonstrate the first limb in establishing debris mitigation as part of
customary international law has probably been realised.”

Opinio juris

Where debris mitigation being part of customary international law
falls down is the apparent lack of opinio juris. Although widespread and
uniform, state practices must be underpinned by a sense of legal obligation
for adopting those practices. Wessel argues that despite the widespread State
practice, there have been consistent assertions by States that they do not
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believe the practices they are adopting are a legal obligation.”* Indeed the
IADC Guidelines themselves are non-binding.”

An important step along the way is recognising debris mitigation as a
formal legal obligation incumbent upon all space participants. First, through
the form of customary international law, where domestic legal frameworks
regarding debris mitigation impose binding obligations on states on the
basis of some international legal obligation to do s0.”® Second, through
interpretations of the existing treaty framework, in particular the way in
which debris mitigation guidelines provide evidence of the standard required
in order to comply with the international treaty obligations.””

However, through the implementation of consequences for a failure to
comply with strategies for debris mitigation, the mitigation of debris by a
State’s nationals in space would appear to be reflective of an international
legal obligation to not contaminate outer space with debris, rather than being
just a nice thing to do.

CONCLUSION

In conclusion, Australia has used the opportunity to update the Act to
catch up to, rather than get ahead of, global best practice on space debris
mitigation. Australia can still improve its domestic regime by introducing
clearer technical standards that are required of space participants when
applying for launch and overseas payload permits. Further, by introducing
clear consequences for a failure to adhere to strategies for debris mitigation,
Australia can help shift debris mitigation from a series of ad hoc domestic
regimes and into the realm of customary international law. This will, in the
long run, benefit all space participants and preserve space as the ‘province
of all mankind”® and promote Australia’s intent and commitment to space
debris mitigation to the local space industry and the global space user
community.
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ENFORCEMENT OF COMMERCIAL
REGULATION IN OUTER SPACE

JOEL Lisk

Outer space is a popular domain for a broad variety of commercial,
civil and military activities. With the increased usage of outer space comes
an increased risk of misuse, abuse and activities by some operators that
may have significant detrimental effects on others. Nations are regulated
by international law and are bound by the treaties, conventions and
customary norms that have been established over decades of state practice.
Comparatively, commercial activities are regulated by domestic laws; laws
that require entities to be licensed, to seek permission for certain classes of
activities, and that impose continuing obligations on operators to ensure that
their activities do not detrimentally impact others who also seek to explore
and exploit space. This paper will explore the legal mechanisms that have
been introduced in domestic statutory regimes to protect against commercial
misuse of outer space and enforce the regulatory regimes that attempt
to regulate the commercial activities in a domain devoid of traditional
conceptualisations of jurisdiction and control. Enforcement of regulatory
regimes, especially in respect of emerging commercial operations, is an
important aspect in the long-term sustainability and protection of the space
domain and ensuring that space can be accessed and available to future users
of space.

INTRODUCTION

In January 2018, four satellites - smaller than 10cm?® (known as
‘SpaceBEEs’) - were launched by American start-up Swarm Technologies
Inc (‘Swarm’).! The satellites, launched on an Indian Polar Satellite Launch
Vehicle, were not licenced or authorised by American authorities.> United
States law requires that all satellites operated by American companies that
use spectrum are to be licenced by the Federal Communications Commission
(‘FCC’) prior to launch.* Swarm had previously applied for an experimental
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licence to operate their SpaceBEE satellites, but the FCC rejected the
application on grounds that the satellites were too small to be effectively
tracked by the US global Space Surveillance Network (‘SSN’).* On 20
December 2018, following an investigation into Swarm’s activities, the FCC
publicly issued a consent order, imposing a USD900,000 fine and binding
Swarm to a range of compliance activities — all after the SpaceBEEs had been
launched and were in operation in orbit.”

The Swarm Technologies incident appears to be the first publicly known
example of an unauthorised private space activity; one that breached US
domestic laws put in place to regulate the possible risks and hazards to the
national and foreign policy interests of the United States.

The Earth orbital environment is becoming a popular focus for the
corporate sector, buoyed by continued and rapid reductions of the cost
barriers to satellite technologies, space operations, and access to orbit. Space
activities are not risk-free: high input costs (eg. space launch), a complicated
international legal regime, and high levels of interest in orbit make regulation
of the space environment essential. With increased traffic in outer space, it
is likely that without States enforcing their domestic laws related to space
activities or implementing mechanisms that act as a deterrent for unlawful
activities, there will be an increase in unauthorised and unlawful commercial
activities carried out in orbit. This paper reviews a range of national
legislative enactments to consider the primary enforcement mechanisms
currently in place, to conclude that the approaches across numerous nations
are similar. There are prohibitions on unauthorised activities in orbit and
terrestrial activities connected to space operations, and with a range of
powers at the disposal of regulators to address any potentially unlawful
activities. The primary limitation in most instances is that if unlawful private
activities are not being detected in outer space, we are unlikely to know how
effective the full suite of enforcement mechanisms are until they are most
needed.

INTERNATIONAL LAW

International law plays an essential role in the regulation of outer space
activities.® At present, five treaties regulate outer space activities at the
international level: the Outer Space Treaty” Rescue Agreement,® Liability
Convention,® Liability Convention,” and the Moon Agreement™ (collectively,
the ‘Space Treaties’). The Outer Space Treaty creates an overarching
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framework of international obligations that apply to all adopting parties.
There are also suggestions from many academic quarters'? that obligations in
the Outer Space Treaty are also customary international law, although this is
debatable.”®* A number of the articles of the Outer Space Treaty are relevant
to the activities that nations and private individuals undertake in orbit today.
Throughout the late 20th century, there was little need to contemplate the
breadth and significance of many obligations contained in the Space Treaties
as only a small number of States had the resources and capabilities to act in
orbit and beyond, using government-controlled capabilities.

States are required to authorise and continually supervise the activities
of their nations to ensure they comply with the provisions of the Space
Treaties." This obligation has generally been regarded as obliging States to
formulate a supervisory regime whereby they review the activities of their
nationals in outer space.’® This is in addition to provisions of the Outer
Space Treaty and the Liability Convention that make a State financially
liable for the actions of private actors - a fundamentally different regime
than exists on earth.!'® These provisions, in addition to the provisions that
impose jurisdiction and control requirements over space objects on national
registers,’” create a legal system as unique as space itself.

DOMESTIC LEGISLATION

The right of a State to legislate in respect of its citizens and territory is
a long-respected principle of international law tied to a State’s inherent
sovereignty over its internal affairs.'”® Regulation of outer space is no
different. A State is encouraged to implement national legislative regimes
to regulate its citizens’ private activities in outer space in accordance with
article VI of the Outer Space Treaty and documents produced by the United
Nations Committee on the Peaceful Uses of Outer Space."”

Many States have embraced their obligations to authorise and supervise
the activities of non-governmental actors through the introduction of
licensing and permit-based regimes - an approach recommended by the UN
General Assembly®® In most instances, the trigger to introduce a domestic
legal regime is not a State’s obligations under the Space Treaty regime, but
an assessment of the commercial space industry and a desire to foster the
development of localised space capabilities.
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National legislative regimes adopt a common approach: activities
undertaken by private actors in outer space are prohibited unless authorised
by a national compliance authority. Alternative processes have existed
(such as the use of individual authorisation contracts that provide for all the
conditions and limitations on actions that legislation does), but are much
rarer and generally employed in the time between a company or individual
expressing the desire to conduct space activities from a certain jurisdiction
and the implementation of relevant laws.?!

The full scope of activities covered by national legal regimes varies
between States. Australia only maintains space-related legislation connected
to the launch and return of space objects.”> Comparatively, United Kingdom
has recently legislated in respect of not only launching activities, but also
human spaceflight.”® These variations arise as a consequence of national
political motivations and the nature of the relevant domestic space industry.

One of the most significant components of a national legal regime is the
enforcement mechanism — a legal regime with no enforcement mechanism
is unlikely to be successful in regulating a specific population and, conversely,
a regulatory regime that is too heavy-handed is likely to suppress the
development of space economy. In the immediate circumstances, there is a
need to effectively enforce the prohibitions on conducting activities without
a licence and to enforce the terms and conditions attached to a particular
authorisation. This presents two primary aspects of domestic space law:
pre-authorisation and post-authorisation enforcement. Within these two
categories, we see a convergence of mechanisms, with highly developed
prohibitions, direction and direct action capabilities in place across different
jurisdictions.

While the mechanisms are relatively similar, the execution varies from
state-to-state, with content influenced by a range of social, political and
contextual factors. The vast majority of the domestic legal enforcement
mechanisms remain untested and there are extremely limited examples of
where domestic law has been declared to be a breach by a private actor.

The following analysis is based on a review of legislation from Australia,*
New Zealand,” the United Kingdom,® the United States,” Belgium,*
Luxembourg,” and Canada,® arguably a large selection of legislation that
encapsulates much of the existing commercial space activities.?!
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PRE-AUTHORISATION

National supervision and authorisation regimes are unlikely to be effective
where there are no, or inadequate, consequences for failing to comply. While
the spectrum of activities regulated by national legislation varies between
States, the pre-authorisation enforcement and deterrent mechanisms are
relatively consistent internationally.

As foreshadowed above, States use national laws to define a series of
activities that are to be regulated by the State. The Space Industry Act
2018 provides that ‘spaceflight activities’ and operation of a ‘spaceport’
require a licence.* ‘Spaceflight activities’ is comprised of two components,
encompassing both ‘space activities’ and ‘sub-orbital activities’® These terms
are further defined to specify a range of activities.** Failing to acquire a
permit or licence, from the State, for a spaceflight activity results in the party
responsible for conducting the operation becoming liable for prosecution by
the State.®

This approach has been near-universally adopted. Luxembourg, in
implementing its 2017 legislation to allow companies to exploit space
resources, included provisions that make it unlawful to engage in resource
exploitation activities without authorisation, opening the responsible party
to fines and potential imprisonment.* In Australia, the Space (Launches and
Returns) Act 2018 and its predecessor take a more thorough and detailed
approach to pre-authorisation offence provisions.*” Each Act provides
separate provisions and the required elements for each type of offence, be
it launching or operating a launch facility without a permit — in contrast to
select regimes that possess more generalised prohibitions on acting in breach
of the legislation.®® This approach was also adopted by New Zealand in their
Outer Space and High-altitude Activities Act 2018.%

Both approaches reach the same end - it is unlawful for a non-
governmental entity to engage in space activities without the State approving
or authorising the space activity, including the launch event, and irrespective
of whether it is launched from within sovereign territory or abroad. The full
extent of these prohibitions varies between States, although in most instances
this is due to the scope and design of the legislation.
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POST-AUTHORISATION

Once an authorisation has been granted, a private actor will immediately
proceed to action that authorisation and commence orbital operations.
This does not extinguish the potential for enforcement action. Domestic
laws require authorised entities to be subject to various conditions that
limit or direct how they may conduct themselves in orbit. Licence terms
may be included in statutes, subsidiary legislation or licences as a result
of discretionary powers held by relevant regulators to impose additional
obligations. These conditions are structured around themes; restrictions on
activities, permitted operations, end of operational life requirements, debris
mitigation plans, public safety, international obligations and additional
matters that vary between individual States.

As with pre-authorisation, enforcement mechanisms play an essential
role in ensuring that licence terms and conditions are complied with and
the regulatory regime remains viable and effective. While there is a degree
of variability across post-authorisation enforcement mechanisms, three
clear categories of action have formed; prohibitive provisions, directions and
direct action. While this may not describe all post-authorisation enforcement
mechanisms employed by all States, the vast majority of actions fall into one
of these categories.

Prohibitive Provisions

The prohibitive provisions operate in the same way that the pre-
authorisation prohibitions operate — legislation deems it to be an offence to
contravene licence terms or legislation relevant to the operation of regulated
activity. This will be heavily dependent on what an individual statutory
enactment regulates and what the legislatures intended on regulating.
Generalist prohibitions, such as that in Chapter 509 of the United States
Code prohibit a person from violating the chapter, on the whole, and
subsidiary regulation, or any term of a license issued under the chapter.*’
Comparatively, the New Zealand legislation makes it an offence to ‘knowingly
or without reasonable excuse’ fail to comply with a licence or permit
condition.*!

Directions

Due to the nature of space activities and the ability for an operator to
continue to breach their legal obligations even after a contravention of
legislation or licence conditions has been identified, many domestic regimes
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allow for a regulator or appropriately empowered individual to ‘direct’ an
operator to act in a certain way. Directions are limited by the legislation that
empowers them - with directions generally restricted to narrow compliance
or safety-related matters.

The United Kingdom was one of the first nations to implement domestic
space legislation, following the United States and Sweden, in 1986.** The
Outer Space Act 1986 remained largely unamended in its substance until
the introduction of the Space Industry Act 2018.** The Outer Space Act
1986 confers broad-based directions and direct action powers on the
United Kingdom Secretary of State where it appears ‘necessary’ to secure
compliance with the conditions of an operator’s licence terms or the
international obligations of the United Kingdom.** This includes directions
for securing the cessation of space activities and the disposal of a space
object (irrespective of where it is).** These directions are enforceable through
the use of injunctions and offence provisions.* Directions can also be
supplemented by direct action and this is discussed below.

The scope of the United Kingdom's power to give directions to
regulated entities was expanded and clarified in the Space Industry Act
20184 Directions under that statute must be related to breaches of
licence conditions, safety and security, or international obligations. Similar
provisions with the same or comparable scope in other legislative regimes
are difficult to identify. The Australian Space (Launches & Returns) Act 2018
grants a ‘launch safety officer’ powers related to the safety and security of
launch operations.”® A launch safety officer is charged with monitoring the
activities of a licensee for compliance with the regulatory regime and their
licence conditions.*

Launch safety officers are appointed by Minister responsible for the Space
(Launches & Returns) Act 2018 in connection with an authorised launch
or return of a space object.”® The Act empowers a launch safety officer to
do ‘all things that are reasonably necessary or convenient’ to ensure licence
conditions are complied with,”* and of importance is the power of the launch
safety officer to give directions to an operator in respect of how a launch or
return is carried out to ensure that danger to the general public and property
is avoided.” This includes a power to direct that a launch is halted or a space
object is destroyed.*®

Similar provisions are again used in New Zealand. Enforcement officers
are not expressly granted the ability to issue directions, but they are
empowered to ‘promote compliance’ with the relevant statutory regime and
licences by providing information, education and advice on the relevant
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statutory regimes.”* Enforcement officers in New Zealand hold more
of an investigative role supported by a range of offence provisions. It is an
offence to refuse an enforcement officer access to launch facilities, refuse to
present equipment, data and documents for examination, refuse to submit
to questioning, and refuse to test launch vehicles and other space objects on

request.®

Direct Action

Direct action is where statute empowers a regulator or designated
individual to act in a certain way to force the cessation of activities that
conflict with a statutory regime. In the context of domestic space law
regimes, direct action is primarily related to a regulator either intervening
in the operations of the licensee, or seizing the operator’s assets or data
connected with the licensed operations.

Belgium, in its 2005 Law on the Activities of Launching, Flight Operations
or Guidance of Space Objects, included a provision that requires the
responsible Minister to ‘take all necessary measures in order to guarantee
the safety’ of operations and to protect property.”® Necessary measures
are explicitly stated to include the transfer of activities to another operator
to ‘ensure the continuity of flight and guidance operations. Furthermore,
the legislation also references that, if required, the appropriate actions may
include the de-orbiting or destruction of a space object.”” In a subsequent
guidance document, the regulator expressly recognises its ability to intervene
in the operations of a licensee and transfer operations to third parties where
necessary.®® This particular mechanism appears to quite formidable on its
face, especially in respect of a transfer of operations to a third party.

The Outer Space Act 1986 empowers the Secretary of State to seek out a
warrant authorising direct actions.” These warrants authorise the Secretary
to do ‘anything necessary to secure compliance with the international
obligations of the United Kingdom or with the conditions of the licence!®® To
seek out this warrant, there must be reasonable grounds for believing that an
activity is being conducted in a manner that contravenes the Act or terms of
the licence that has been granted. A warrant may give an individual power to
enter premises and use reasonable force if necessary.®! The Space Industry
Act 2018 retains these powers, but in a more targeted manner, linking to
the more specific and defined directions powers within that Act. This limits
direct action to matters involving health and safety, international obligations,
licence conditions and compliance with the Space Industry Act 2018 itself.*
The powers granted in the United Kingdom legislation are limited by
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statutory processes — there must have been a direction given before direct
action can be taken.®®

In the United States, the Secretary of Transport and the Federal Aviation
Administration are the primary regulators of launch activities. Activities
related to orbital earth observation and satellite communications are
regulated by other government bodies.®* Chapter 509 of the United States
Code empowers the regulators to act in several ways.* It is the responsibility
of the Secretary of Transport (or their delegate) to ensure that all licences,
authorisations and permits have been obtained prior to a launch taking
place.®® If the requisite permissions have not been obtained, the Secretary is
empowered to ‘prevent the launch’ where there is a risk to public health and
safety, safety of property, or there is a risk to the national security or foreign
policy interests of the United States.”” This is supplemented by the ability,
where an appropriate authorisation has been granted, to enter a launch
site, production facility or other prescribed facility to inspect and record
information about regulated objects (i.e. launch vehicles) and, if necessary,
seize such objects and any records or reports related to them where there is
probable cause to believe those items are being used or likely to be used in
contravention of the United States” domestic commercial space legislation.®®

Seizure of objects or launch vehicles, intended for uses in space
operations, on these grounds is quite common. The Outer Space and High-
altitude Activities Act 2017 permits an enforcement officer to seize and
detain any ‘launch vehicle, payload, ... related equipment, or technical data’
in exercising their duty to investigate compliance with that Act.®” Australian
launch safety officers are also empowered to seize ‘a thing’ where there is
reasonable grounds to suspect that the ‘thing’ is relevant to an offence against
the Space (Launches & Returns) Act 2018 and the circumstances are ‘so
serious and urgent’ that a search of a launch facility and seizure of ‘a thing’
is necessary to prevent that ‘thing’ being concealed, lost or destroyed.”® This
power is restricted and may only be used in ‘emergency situations’ — there
is no general power to seize objects where a breach of licence conditions or
the statute is occurring and there is no risk that the object involved in the
contravention will not be destroyed.
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CONCLUSION

While the method of designing legislation varies greatly dependent on the
State implementing the legal regime, there is a convergence of methodologies
in respect of enforcement. While the common enforcement mechanisms
are not implemented in an identical manner across different States, there
is a generally predictable pattern among the majority of private-enterprise
promoting spacefaring nations. The increased popularity of commercial
space activities and the rapidly increasing demand for space-based services is
likely to stretch these regimes. Questions regarding the coercive powers and
capabilities of regulators are sure to be asked in the coming years, especially
as operators seek to venture further from the earth and reach of regulators.
As orbit becomes more congested, there is the ever-increasing chance that
licence terms and regulations will become stricter, imposing greater ‘good
citizen’ and on-orbit regulatory obligations. This will increase pressure on
regulators and national governments to use their powers more liberally, but
without unlawful activities occurring presently it is difficult to assess whether
the coercive powers of States will be effective in regulating orbital space
activities.
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THE WOOMERA MANUAL:
CLARIFYING THE LAW OF MILITARY SPACE
OPERATIONS TO PROMOTE SUSTAINABLE
Uses OF OUTER SPACE

DALE STEPHENS AND MATTHEW STUBBS

INTRODUCTION

Space sustainability is a key topic for our time.! However, in an era of
both extraordinary dependence on outer space and increasing divergence
of strategic interests in outer space, key questions about the applicability
of the law of armed conflict to outer space remain unresolved.> Given that
‘countries face an increasing danger of aggression or even open conflict
in outer space,> how will international space law meet the challenge of
preserving space sustainability from the risks of great power competition and
potential armed conflict?

The Outer Space Treaty of 1967 confirms in Art III that the ‘the
exploration and use of outer space’ shall be carried out ‘in accordance with
international law, including the Charter of the United Nations, in the interest
of maintaining international peace and security and promoting international
co-operation and understanding’ While this confirms the application of the
law of armed conflict to outer space, it does not assist in determining how
it should be interpreted and applied in the unique context of outer space.
In particular, it is unclear how the fundamental principles of space law —
enshrined in the Outer Space Treaty of 1967 — interact with the law of armed
conflict to regulate military activities in outer space.

The United Nations General Assembly has stressed ‘the need to ensure
the long-term sustainability of outer space activities and, in particular,
the need to address the significant challenge posed by space debris” while
expressing its serious concern ‘about the possibility of an arms race in outer
space’* Concern about the risks from potential armed conflict in outer space
have been expressed annually by the General Assembly in its International
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Cooperation in the Peaceful Uses of Outer Space resolutions, where it has
urged States:

to contribute actively to the goal of preventing an arms race
in outer space as an essential condition for the promotion of
international cooperation in the exploration and use of outer
space for peaceful purposes.®

In its annual Prevention of an Arms Race in Outer Space resolutions, the
General Assembly has gone further and acknowledged that:

the legal regime applicable to outer space by itself does not
guarantee the prevention of an arms race in outer space ...
[and] that there is a need to consolidate and reinforce that
regime and enhance its effectiveness.®

However, recognition of the need to clarify how the law of armed
conflict applies in outer space has not led to binding treaty action. Two
drafts of a Treaty on the Prevention of the Placement of Weapons in Outer
Space, the Threat or Use of Force against Outer Space Objects’ proposed
by China and Russia have been rejected by key space-faring States,® and a
Draft International Code of Conduct for Outer Space Activities (2014)° has
also failed to garner sufficient support.!® Indeed, the prospects for binding
treaty action in respect of arms and armed conflict in outer space appear
bleak,'! and are a good example of the treaty stasis that Brian Israel has
identified in respect of outer space.'? Israel’s point, though, is that much can
happen in the absence of treaty action: ‘layering of bilateral and non-binding
mechanisms atop multilateral treaties is common across issue areas and has
proven to be an effective approach to adapting a legal framework to evolving
circumstances over time’*® The lack of treaty action therefore leads us to look
to non-binding (though potentially norm generating) mechanisms that might
clarify how the law of armed conflict applies in outer space.

To date, the issue is addressed only tangentially in key soft law
instruments. The Space Debris Mitigation Guidelines of the UN Committee on
the Peaceful Uses of Outer Space'* provide that ‘the intentional destruction
of any on-orbit spacecraft and launch vehicle orbital stages or other harmful
activities that generate long-lived debris should be avoided;"® and the Inter-
Agency Space Debris Coordination Committee Space Debris Mitigation
Guidelines'® indicate that ‘Intentional destruction of a spacecraft or orbital
stage, (self-destruction, intentional collision, etc.), and other harmful
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activities that may significantly increase collision risks to other spacecraft
and orbital stages should be avoided’’” These principles, however, offer
no definitive guidance as to what should be done if such actions cannot be
avoided (as is likely to occur in armed conflict).

The challenge has been clearly articulated by Saadia Pekkanen:

New actors and geopolitical rivalries are extending to
outer space, making it critical to develop a common legal
understanding that can provide predictability, clarity, and
consistency for military operators worldwide.'

There are lacunae in our understanding of the law applicable to armed
conflict in outer space. In this chapter, we examine the project to draft the
Woomera Manual on the International Law of Military Space Operations,
which will clarify and articulate how the law applies to military space
operations.!” We first examine the tradition of international operational
law manuals and their role in stimulating the evolution of the law of armed
conflict, before addressing the Woomera Manual project itself.

MANUALS AND THE
EVOLUTION OF INTERNATIONAL LAW

There is a long tradition of manuals addressing the law of armed conflict,
including:
*  (Oxford) Manual on the Laws of War on Land,*

*  Oxford Manual on the Laws of Naval Warfare,*!

* San Remo Manual on International Law Applicable to Armed
Conflicts at Sea™

* (San Remo) Manual on the Law of Non-International Armed
Conflict,”

* (Harvard) Manual on International Law Applicable to Air and
Missile Warfare,*

*  Tallinn Manual 2.0 on the International Law Applicable to Cyber
Operations,®

* aforthcoming Oslo Manual on Select Problems of the Law of Armed
Conflict.
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As the increasing number of such publications reveal, we are in the age of

the manual. %

While each of these manuals is different, the general principles underlying
their writing and adoption are similar. These common principles regarding
manuals include:

e the manual is the work of experts acting in their individual capacity,
and not of State representatives,”

e the manual aims to articulate the existing law (lex lata), rather
than advocate for the progressive development of the law in some
desired direction (lex ferenda),”®

* while States will often have opportunities to make comments on the
manual before its adoption,?’ they have no control over its content.

Two key questions arising from these principles warrant further
examination. First, what is the purpose of these manuals? Second, given they
are the creation of groups of experts rather than of States, are these manuals
any more influential than an academic journal article or book?

The purpose of these manuals, in very broad terms, is to clarify the law
relating to a particular domain of armed conflict. This need arises because
‘traditional legal sources, such as treaties or customary international
law, have been too slow to keep up’® There are two potential reasons for
this. First, in some cases it is in the strategic interests of some States to
maintain ambiguity. Michael Schmitt has explored the phenomenon of grey
zones: areas in which ‘international law principles and rules ... are poorly
demarcated or are subject to competing interpretations’® He argues that,
in the context of cyberspace, States exploit such grey zones because they
make it ‘difficult for other States to definitively name and shame the country
as having committed an internationally wrongful act’ and notes that ‘[lJegal
ambiguity ... hobbles responses’®* Second, in the face of rapid technological
change, the machinery to change international law lacks ‘the granularity
necessary to shrink grey zones ... given the typically slow pace of progress
in multinational fora dealing with international law’® As Matthew King
and Laurie Blank have put it, ‘the technology, geophysics, and geopolitics
of outer space make tackling the contours and the sometimes domain
specific intricacies of general principles and customary international law
a challenge’® Manuals offer a means to clarify the application of the law,
and thus reduce the scope of grey zones. As Kubo Macdk has memorably
described it, the authors of manuals are working in “norm-making
laboratories” for states’® As Schmitt notes, there is considerable value in
such work to bring normative clarity to legal grey zones: ‘legal clarity breeds
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international stability. The brighter the red-lines of international law ... the
less opportunity States will have to exploit grey zones in ways that create
instability’®

This purpose, of course, aspires to the manual having some legal
significance. This is somewhat of a paradox, given the genesis of manuals. As

the Tallinn Manual explains in its introduction:

It is essential to understand that Tallinn Manual 2.0 is not
an official document, but rather the product of two separate
endeavours undertaken by groups of independent experts
acting solely in their personal capacity. ... Ultimately, Tallinn
Manual 2.0 must be understood only as an expression of the
opinions of the two International Groups of Experts as to the
state of the law.*’

Methodologically, for a manual to assume legal significance, its
interpretations of the law would need to either be accepted as correct
interpretations of a treaty in the subsequent practice of States parties to that
treaty,® or be the subject of sufficient State practice and opinio juris as to
form customary international law.* This is precisely what manuals aim to do.
As Stephens has observed, manuals aim to ‘influence the practice of the law,
and through that means, the law itself*® Significantly, the assembled experts
may themselves qualify as publicists of requisite standing for the purposes of
Art 38(1)(d) of the Statue of the International Court of Justice, as a subsidiary
means for the determination of international law, but no manual has ever
overtly made that claim.

Our intention here is not to traverse whether particular rules of
particular manuals have acquired the status of law,*' but to generally
reflect on the influence of manuals. As Sandesh Sivakumaran has observed:
‘[wlhen states are unable or unwilling to make and shape the law ... and
where there is a need for the law to be developed, expert groups can play
a particularly influential role/*> As an illustration, consider the following
statement regarding the San Remo Manual which is found in Denmark’s
Military Manual on International Law Relevant to Danish Armed Forces in
International Operations:

The SRM as such has not been adopted by Denmark or
incorporated into Danish law, but it has gained great
significance as the only modern comprehensive work on the
rules of naval warfare, and the individual SRM rules are widely
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considered to reflect customary international law, which is
binding on Denmark.*

This is a remarkable status for non-State manual to have assumed,
and there are many similar expressions of the legal status of manuals to be
found.** For example, Wolff Heintschel von Heinegg has recently argued that

The San Remo Manual stands in the tradition of the 1913
Oxford Manual. Undoubtedly, both manuals have had a
considerable impact on how the law of naval warfare applies
in times of armed conflict at sea. Therefore, their value and
significance cannot be overestimated.*

One point of interest is Heintschel von Heinegg’s acceptance that, in
some respects, that San Remo Manual contained progressive interpretations
of the law which have subsequently been accepted by States, thus evidencing
the ability of manuals to reflect evolving norms of customary international
law:

Despite of the innovative elements introduced into the San
Remo Manual it may be held that, twenty-five years after
its adoption, those elements are no longer considered as
progressive development of the international law applicable
to armed conflicts at sea because many States seem to have
accepted them.*

Accordingly, manuals are capable not only of clarifying but also of
reflecting nascent developments in the relevant law.* Generally, however,
manuals act through clarification and not progressive development, aiming to
be ‘a conduit through which pre-existing norms are synthesized and clarified.
They already exist as a matter of treaty or customary international law, but
are given a specific articulation and application’® As Dan Efrony and Yuval
Shany have recently put it, the authors of manuals are ‘part of a longstanding
tradition of legal scholars and practitioners labouring to adapt existing law
to new circumstances, opting to extend the law by way of interpretation and

analogy rather than by developing a brand-new legal paradigm*

Manuals, therefore, can serve an important role in clarifying the
application of international law to particular domains of armed conflict.
While not enjoying any legal status of their own, the capacity of manuals
to influence States in their approach to the interpretation and application
of their treaty commitments, and their obligations under customary
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international law, has been repeatedly demonstrated.*® As King and Blank
have observed:

As the military space environment leans towards one of
realistic threat of action ... [o]ne way to address competition in
this congested, contested environment may be through shared
understandings of the law governing state behavior in space.”

In the final section of this chapter, we examine the development of a new
manual articulating how the law of armed conflict applies to outer space —
the Woomera Manual on the International Law of Military Space Operations.

THE WOOMERA MANUAL ON THE
INTERNATIONAL LAW OF MILITARY SPACE
OPERATIONS

The Woomera Manual joins this rich tradition of manuals in pursuing its
aim:

To articulate and clarify extant law applicable to military
activities associated with the space domain, especially that
which is relevant in periods of tension (when States and
non-State actors may consider using force) or outright
hostilities. The Manual will examine the circumstances in
which operations associated with space infrastructure would
be considered unlawful as a violation of the law on the use of
force. It will also consider the responses available to States in
reacting to such operations. Further, the Manual will discuss
how the law of armed conflict governs operations that are
conducted from, to or through outer space, should armed
conflict break out. Ultimately, the Manual is meant to support a
stable, rules-based global order, even in periods of tension and

armed conflict.>?

The Woomera Manual is a collaborative project led by four academic
institutions, namely the University of Adelaide, University of Exeter,
University of Nebraska, and University of New South Wales — Canberra. In
common with other recent manuals, the Woomera Manual is being written
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by experts, from both academia and government legal practice, acting in
their personal capacities. It is led by management and editorial teams jointly
comprising Professors Melissa de Zwart and Dale Stephens (University of
Adelaide), Professor Hitoshi Nasu (University of Exeter), Professor Jack Beard
(University of Nebraska), Professor Rob McLaughlin (UNSW Canberra),
Colonel Robin Holman (Canadian Armed Forces) as an Observer and Mr
Duncan Blake as a Managing Editor.

The Woomera Manual drafting process has been in train since 2018,
with the key drafting work being undertaken at workshops in Exeter, United
Kingdom (August 2018), Lincoln, Nebraska (February 2019), The Hague,
Netherlands (August 2019) and plans for workshops in Canberra, Australia
(February 2020) and Japan (2020). The Core Experts of the Woomera Manual
geographically cover Australia, Canada, China, Estonia, France, Israel,
Netherlands, Sweden, United Kingdom and United States. The Associate
Experts expand that coverage further to include Germany, India and
Singapore. Observers and technical experts contributing to the Woomera
Manual are drawn from the International Committee of the Red Cross,
Union of Concerned Scientists, Secure World Foundation and NATO.

The methodology of the Woomera Manual is firmly planted in locating
State practice, both in terms of customary international law and also in terms
of Article 31(3)(b) of the Vienna Convention on the Law of Treaties>® to
identify positions adopted regarding the legal regime applicable to military
space operations. The approach to the reconciliation of regimes, especially of
international space law with the use of force (jus ad bellum) and law of armed
conflict (jus in bello), adopts the methodological approach favoured by the
International Law Commission (ILC) in the Fragmentation study,” namely
acting under a ‘presumption against normative conflict’®> Methodological
tools of induction, deduction and analogy are drawn upon to situate how
disparate areas of law may be accommodated successfully. Ultimately,
however, when it comes to the law of armed conflict the methodological
approach has been to adopt the conclusions of the ILC in its 2011 Draft
Articles on the Effects of Armed Conflicts on Treaties,®® namely allowing
for normative priority of such rules, as consistently as possible with the
applicable space law regime.

The draft text of the Woomera Manual will be subject to extensive peer
review. The Woomera Manual will be further informed by a process of
State engagement and consultation, known as the ‘Soesterberg Process’ that
will be facilitated by the Netherlands. Through this process, which will be
undertaken in 2020, States will have the opportunity to provide comments
in writing and also through attendance at a State engagement workshop.
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Such an approach tests the veracity of positions taken in the manual and
allows for a level of qualitative integrity as to the conclusions reached
and methodological approaches undertaken in the drafting process. The
Woomera Manual itself will be published in 2021.

CONCLUSION

The Woomera Manual is being readied to take its place in the canon
of manuals on operational international law, providing much needed
articulation and clarification of the international law applicable to military
space operations. While only time will tell if it finds the same acceptance as
other manuals, we have demonstrated the great significance that manuals
can ultimately have in influencing States in the interpretation of treaties and
the clarification of customary international law. Given the threat to space
sustainability posed by the potential for armed conflict in outer space, and
the inability of States to agree on binding treaty action to address the issues,
the Woomera Manual will serve as an important means of providing clarity
as to States’ legal obligations which will contribute to enhancing geopolitical
stability and reducing (as far as possible) threats to humankind’s continuing
exploration and use of outer space.
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DEVELOPING EFFECTIVE SPACE TRAFFIC
MANAGEMENT TO PROMOTE SUSTAINABLE
USES OF OUTER SPACE

MATTHEW STUBBS AND MELISSA DE ZWART

INTRODUCTION

In 2019, the United Nations Committee on the Peaceful Uses of Outer
Space (COPUOS) adopted a definition of space sustainability:

the ability to maintain the conduct of space activities
indefinitely into the future in a manner that realizes the
objectives of equitable access to the benefits of the exploration
and use of outer space for peaceful purposes, in order to meet
the needs of the present generations while preserving the outer
space environment for future generations.!

One of the key threats to the long-term sustainability of outer space
comes from the risk of collisions affecting space objects,> whether with active
satellites or debris, and consequent increases in the amount of long-lived
debris in outer space (which in turn further increases the risk of collisions,
potentially exponentially).®> This challenge is particularly exacerbated in
the context of New Space — the rapidly increasing commercial use of outer
space.*

Concern about these issues has been expressed by the United Nations
General Assembly, which in 2018 stressed ‘the need to ensure the long-term
sustainability of outer space activities’ by:

ensuring that outer space remains an operationally stable
and safe environment suitable for use by current and future
generations ... at a time when more participants, representing
both governmental agencies and non-governmental entities,
including industry and the private sector, are increasingly
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becoming involved in ventures to explore and use space and
carry out space activities.’

The solution, which is the focus of this chapter, is space traffic
management (STM). The International Academy of Astronautics (IAA) has
defined STM as ‘the set of technical and regulatory provisions for promoting
safe access into outer space, operations in outer space and return from outer
space to Earth free from physical or radio-frequency interference’® The aims
of a system of STM would be: ‘to achieve safe access to outer space, safe
operations of space activities, collision avoidance as well as the prevention
of pollution’” Paul Larsen has recently pointed out the scope of the problem
requiring action to develop an STM regime:

Traffic in outer space is increasing drastically in the New Space
age. There are currently more than 1,200 functional satellites
in orbit. Estimates of satellites to be launched into orbit in the
immediate future range up to 27,000 ... The amount of space
debris in orbit is also increasing rapidly. ... For new launches
to be safely orbited, new international STM is urgently needed.®

In this chapter, we first examine the existing legal framework and identify
the areas in which it is insufficient to meet humankind’s present and future
needs. We then examine proposals for the development of an effective
legal regime of STM which may be capable of overcoming the inevitable
challenges. While perhaps the most important aspect of implementing an
effective STM regime in practice will be its technical content,’ our focus is
on how a regulatory regime can be constructed which enables STM to be
effective.

INSUFFICIENCY OF THE EXISTING SITUATION

An instructive comparison can be made between STM and airspace
traffic management.’® The basic principles of traffic management in airspace
are perhaps often taken for granted, but they reflect an effective system of
pre-flight information provision, inflight identification of aircraft following
established routings, and active air traffic control which serves to reduce the
possibility of collision even in congested airspace.! In contrast, there is no
real equivalent of any of these traffic management concepts in existing space
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law — the present system in outer space is one of track and avoid: it generally
relies upon conjunction warnings being issued on the basis of unilateral
space object tracking,'? with the decision as to whether to respond to such
warnings to avoid potential collisions resting with individual operators.'® In
this context, James Rendleman notably described satellites in low earth orbit
as being like ‘cars driving blindly through a corn field, at top speeds, in all
directions at once**

The following foundational principles of international space law,
articulated in the Outer Space Treaty, are of particular relevance to the
development of an effective STM regime:

Art 1. Outer space, including the Moon and other celestial
bodies, shall be free for exploration and use by all States
without discrimination of any kind, on a basis of equality and in
accordance with international law.

Art II. Outer space ... is not subject to national appropriation
by claim of sovereignty, by means of use or occupation, or by
any other means.

Art VI States Parties to the Treaty shall bear international
responsibility for national activities in outer space...whether
such activities are carried on by governmental agencies or by
non-governmental entities, and for assuring that national
activities are carried out in conformity with the provisions set
forth in the present Treaty.

Art IX. States Parties ... shall conduct all their activities in outer
space ... with due regard to the corresponding interests of all
other States Parties ... If a State Party ... has reason to believe
that an activity or experiment planned by it or its nationals in
outer space ... would cause potentially harmful interference
with activities of other States Parties in the peaceful exploration
and use of outer space ... it shall undertake appropriate
international consultations before proceeding with any such
activity or experiment.'®

The first two of these principles — freedom of exploration and use, and
non-appropriation — will serve as limits on the imposition of an STM regime.
Conversely, the latter three obligations of States — that of international
responsibility and the corresponding duties to conduct space activities with
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due regard for the interests of other States and to avoid harmful interference
— offer justifications for an STM regime.

This means that some STM will require some accommodation with the
Outer Space Treaty, given that it ‘will limit the freedom of use of outer space.
Therefore an international consensus on internationally binding regulations
will only be achieved, if States identify certain urgency and expect a specific
as well as collective benefit — including an economic benefit — from this’!®
However, STM is well suited to give effect to the obligations of due regard
and harmful interference, and indeed it actually ‘supports the universal
freedom to use outer space as laid down in the Outer Space Treaty’!” In
this latter sense, STM can be seen as an implementation of the Outer Space
Treaty, and the limitations on the freedom of exploration and use of outer
space which STM would require can even be seen as consistent with ensuring
non-discrimination and equality of access. From that perspective, STM will
involve an acceptable set of ‘rules of the road — limiting complete freedom
but assuring the basic freedom of use and the safe execution of this right’!®

While the IAA study of 2006 indicated that ‘the existing legal framework
provides the foundation for the establishment of a space traffic management
regime,’ this is perhaps too optimistic a conclusion. Certainly, these
principles of international space law offer guidance, but as the IAA study
concludes, they ‘seem to call for a more precise regulation to ensure safety
and proper implementation’® This is the challenge now in the development
of an effective STM regime.

One step in the right direction can be found in the COPUQOS Space
Debris Mitigation Guidelines, which call upon States to ‘[l]imit the probability
of accidental collision in orbit?! explaining that ‘accidental collisions have
already been identified. Numerous studies indicate that, as the number and
mass of space debris increase, the primary source of new space debris is likely
to be from collisions.?* There is no doubt that STM is the classic mechanism
for limiting the probability of accidental collisions on orbit.*

It is illustrative, however, to consider the limited progress made in this
area to date. In 2006, a set of ‘possible first steps” were identified in the TAA
study.?* Only one — endorsement of the debris mitigation guidelines — has
occurred. The remaining three — improvement and coordination of space
surveillance for collision avoidance, enhanced inspection and enforcement
mechanisms for existing rules such as those of the ITU, and developing a
legal distinction between active space objects and debris to facilitate active
debris removal — all remain unachieved. This perhaps reflects a strategic
as well as a coordination challenge, as PJ Blount has explained: ‘space is

128



Developing Effective Space Traffic Management

a strategic domain with deep military implications, which means that
there is conflict between the ambiguity prized by military actors and the
predictability needed by commercial investors’*

Notable challenges also include the sequence of ‘tests’ undertaken by
various nations involving the intentional destruction of their own space
objects,?® several of which have created large debris fields.”” Most recently,
the Indian Government announced that, through the successful targeting of
its own Microsat-R satellite in Low Earth Orbit, it had become a member
of an ‘exclusive group of space faring nations consisting of USA, Russia and
China?® Despite claims that the Mission Shakti test ‘was done in the lower
atmosphere to ensure that there is no space debris, debris from the test is
still being tracked as of August 2019 and continues to pose a threat to the
International Space Station.” Following this test, the German Delegation to
COPUOS noted that ‘the growing number of space debris unquestionably
poses one of the biggest threats to the safe conduct of outer space activities’
They observed that despite the increasing number of actors in space,
there appear to be worryingly low compliance rates with the space debris
mitigation guidelines’*

Further, some space operators are pushing the boundaries of existing
regulation of the space environment, through challenges to domestic
licensing of launches and payloads (as required under Art VI of the Outer
Space Treaty). In 2018, Swarm Technologies agreed to pay US$900,000 to
settle an investigation by the US Federal Communications Commission
into the unlicensed launch of experimental picosatellites from India, having
previously been refused a licence from the FCC.*' In August 2019, it was
revealed that the Beresheet mission, which crash landed on the Moon in April
2019, was carrying a secret cargo of tardigrades, a microscopic lifeform with
the ability to survive the vacuum of space.* Since that time, Nova Spivak, the
founder and director of the mission responsible for including the tardigrades,
has challenged the regulation of planetary protection under existing space
laws.*

ReEALISTIC PROPOSALS FOR CHANGE

The General Assembly has, in the Declaration on International
Cooperation in the Exploration and Use of Outer Space for the Benefit and
in the Interest of All States, Taking into Particular Account the Needs of
Developing Countries, exhorted States in the context of outer space to
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‘contribute to promoting and fostering international cooperation on an
equitable and mutually acceptable basis’** This has not resulted in effective
agreement on treaty action. In this section, we therefore examine proposals
for a way forward to identify the most promising avenues through which an
effective STM regime could be introduced.

Some of the key threats that an STM regime needs to address have been
identified by Larsen:

Earth and our space-related infrastructure are threatened by
traffic congestion, collisions with satellites and space debris,
and NEOs [near earth objects]. Technical norms must be
developed so that commercial opportunities in outer space
can be realized and enlightening scientific exploration can
continue.®

To this list of issues — congestion, debris and NEOs — may be added the
avoidance of pollution, improvements in the enforcement of existing rules
(for example, those of the ITU), the registration of space debris (not merely
functioning space objects),®® the acknowledgement of a distinction between
space objects and debris to facilitate active debris removal,¥” and enhancing
and sharing space weather forecasting. This is not meant to be an exhaustive
list, but to highlight the range of issues that will need to be considered in
developing an effective STM regime.*®

The most likely avenues to develop an STM regime do not include that
which may have appealed to an earlier generation of international lawyers — a
comprehensive, multilateral treaty. It is not our intention here to canvass all
of the reasons for this, but we note the treaty stasis which Brian Israel has
observed in outer space.** This does not entirely rule out treaty action, but
even more importantly it does not rule out the possibility of effective action
— instead, it draws our attention to alternative means of introducing an
effective STM regime. The point Brian Israel is making regarding treaty stasis
is that there are alternatives, as he explains: ‘layering of bilateral and non-
binding mechanisms atop multilateral treaties is common across issue areas
and has proven to be an effective approach to adapting a legal framework to
evolving circumstances over time'*® In a more recent piece, he has identified
generations of international space law: Space Law 1.0 (treaties and customary
international law), Space Law 2.0 (national space laws whose broad adoption
can create an effective international regime) and Space Law 3.0 (private
agreements which structure the actions of commercial parties with a degree
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of overall consistency).* The point of relevance of those concepts for this
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chapter is that a comprehensive treaty is not the only way to implement an
effective STM regime. Indeed, in many ways, international space law is
already a mixture of legal forms, as Saadia Pekkanen has noted: ‘today the
multitype design of space governance interweaves hard and soft law, formal
and informal organizational structures, and intrastate and transnational
interactions’*?

A key recent contribution to the debate on STM has been made by
Larsen. He has argued for the adoption of an approach to STM which
parallels the approach to airspace issues — recommending the establishment
of a body similar to ICAO which could develop STM standards for
commercial space activities, without attempting to regulate military space
activities.” The recommendation to limit STM development to civil space
activities is a pragmatic one — States are unlikely to agree to the regulation
of their military activities.** However, this pragmatic approach could also be
highly effective. As Larsen has argued:

Separating military from civil uses is now common practice

The International Maritime Organization (IMO) does
not regulate maritime military activities. The International
Telecommunication Union (ITU) also does not regulate
military radiofrequencies or their related orbital slots.
ITU’s civil regulations apply in outer space and are acceptable
to military authorities. ... Experience shows that military
users appreciate the greater safety that results from using the
uniform international air navigation standards. In fact, the
military is also threatened by unregulated space activities that
lead to military traffic collisions with other space objects and
space debris. Any improvement in civilian traffic rules and
space debris avoidances would diminish interferences with
military operations. Order in outer space would also leave
military operations free to follow civilian traffic rules, as has
actually happened in military aviation, maritime traffic, and
space telecommunication.*

Based on the airspace example, Larsen therefore argues that much can be
achieved by focussing on regulating only civil uses of outer space, and notes
that there may be considerable voluntary compliance in respect of military
146 After all, ‘with growing space traffic, the military will also have
a growing interest in reliable regulations*” Thus, an effective STM regime

uses as wel
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may be supported and used by military operators, even if it does not formally
apply to them.

In addition to narrowing the scope of regulatory action by not attempting
to cover military activities, Larsen would also constrain the scope of the STM
regime to address ‘safety and not apply to economic exploitation’*® Again,
this is a pragmatic position which will reduce the scope of potential conflicts
amongst States in establishing an STM regime.

Having identified a civil safety-focussed STM regime as the most
achievable goal, Larsen has also examined potential models for a
coordinating institution: ICAO, the ITU and COPUOS. He rejects the
COPUOS model as too weak (lacking the power to make binding decisions)
and too slow and cumbersome to be effective.*” He rejects the ITU model
as being too rigid and too slow because the regulations are treaty obligations
that must be accepted by a political assembly of States parties.’® Larsen’s
recommendation is to establish an STM body modelled on ICAO.”* The
advantages of this approach are that whilst the body would be established
by treaty, the norms it establishes would be set by expert bodies rather than
political ones,” which can lead to faster norm creation which draws on
expertise and eschews politics. States would have the ability to make a formal
deviation from the resulting norms if they think it necessary.® Larsen argues
that:

The ICAO model has proven effective and successful in
establishing norms for aviation. ICAO has managed to preserve
its technical nature and not be contaminated by international
politics. The standing expert ICAO International Air
Navigation Commission has formulated and updated norms as
necessary. The urgent and continuing need for studying existing
norms and updating them as the technology and environment
change is particularly important for space debris.**

There is considerable force in these observations as to the advantages of
the ICAO model. However, in order to pursue this model, Larsen envisages
the negotiation of a new protocol to the Outer Space Treaty.”® In many ways,
this appears to us to be overly optimistic, although the intent is admirable.
We therefore now look to whether there may be alternative means of
pursuing a similar aim. The most likely alternative means involves unilateral
action through national regulation which has the possibility of being adopted
with sufficient consistency to form an effective international regime (what
Brian Israel would call Space Law 2.0).”® One important example of how this
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might work is that STM is now on the policy agenda of the United States,
with its 2018 US Space Policy Directive 3 stating that it would ‘Develop
STM standards and best practices. As the leader in space, the United States
supports the development of operational standards and best practices to
promote safe and responsible behavior in space’®’

We note Larsen’s point that, while this is an important step, ‘the growth
of international space activity clearly points to the need for international
uniformity. Outer space activities are inherently international, and only
international norms and standards can reduce space debris and possible
collisions.*® However, we share PJ Blount’s view that:

While the most effective way to establish uniform STM rules
with global coverage would be through a treaty that establishes
an intergovernmental organization for such purposes, such a
solution is very unlikely to materialize, as currently states seem
to be unwilling to move forward on a variety of proposals for
increasing collective security in space. ... an international
framework for STM will likely emerge bottom up ... it will
bubble up from the domestic level through state legislation,
judicially made liability rules, and best practices among
operators.*

Indeed, Blount has suggested the United States could establish an STM
system, implementing it in domestic law, which ‘as a global public good
could have a huge influence on the rules that operators from different states
establish’®® Blount’s argument is that

As the rules that emerge solidify into best practices, it will
become easier for states to come to consensus on the norms,
rules, and protocols that will govern STM at the international
level. A gradual emergence of the law, especially in a highly
technical and militarily strategic domain, will be more palatable
to states.!

Of course, this is far from a utopian vision, but unilateral progress by a
major space player certainly has the potential to inspire similar commitments
from other States and build up - through national regulation — the
foundation for an effective international STM regime. There is, however,
a leap of faith that will be required. STM will require space situational
awareness (SSA) data,®® there is ‘no comprehensive data pool for SSA data,
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and much of the data is still considered sensitive and restricted’®® Blount is
optimistic that this challenge can be met:

The biggest obstacle to STM is not data, or algorithms, or even
law. The main obstacle is trust. ... any STM system, whether
national or international, must be built upon strong, open data
and modelling. ... While states may be wary of full openness
for national security reasons, there is no need to compel states
to share sensitive data or algorithms. A multinational data
pool could help to fill gaps, and algorithms could be developed

outside the national security context.®

In our view, the challenges posed by the need for pooling of SSA data
and collative development of algorithms are significant. However, there
is already evidence of effective private SSA data-gathering by the Space
Data Association.® Further, it may be that key States conclude on balance
that their interests are better served by engaging in an STM regime than by
hoping for the best in the absence of effective STM. Certainly, those States
wishing to encourage entrepreneurship in outer space have a commercial
imperative to secure an effective STM regime:

Loss of satellites from collisions can be financially ruinous.
Operators need to know where other satellites and space debris
are located in outer space. Operators need to have exclusive
radio frequencies and orbital slots for safe navigation and
control of their satellites. Space traffic management and rules of
the road for outer space are now necessary for safe operations

in outer space.®

States also have interests of their own. Even if military users of outer
space remain outside the STM regime, it is true that:

military operators have long seen the value in standardized
interactions that provide operators with reduced risk to their
capabilities, reduced risk of inadvertent conflict, and a metric
with which to judge whether certain behavior may be hostile
based on nonconformity with accepted norms.*’

Moreover, ‘governments have a direct interest in outer space norms

through their own use of outer space and are guardians of space-related
public interests, such as the availability of national and international
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communication lines!® An example of this broader perspective is given by

Blount, who notes that in an STM regime:

having legal standards and rules for when a spacecraft must
maneuver to avoid another object becomes critical ... because
maneuvering on-orbit is costly in terms of fuel, meaning
that the life of the spacecraft is shortened. Some operators
may choose to take the risk of collision rather than expend
available fuel ... In such cases, while the loss to the operator
may make economic sense, the damage will increase risk for all
operators.*’

Accordingly, accepting the pragmatic limitations on an STM regime that
dictate it focus on civil safety-based norms and leave aside military uses of
the regulation of economic exploitation of outer space, it is possible to see
the enlightened self-interest of States coalescing around a set of STM norms.
Whether this occurs as a matter of treaty development, or initially through
the acceptance at national level of standards which eventually gain broader
acceptance, time will tell. The increasing international acceptance of the
need for an effective STM regime, and recent US policy actions suggesting
an intention to act in that respect, may be creating an environment in which
progress on STM can be made.

CONCLUSION

As Brian Weeden has noted, STM is a challenge more important than
sometimes realised:

The problem we should be trying to solve is not how to keep
a co-orbital anti-satellite weapon from destroying a US
military satellite in Earth orbit. Rather, it's how to prevent an
Iranian satellite from colliding from German satellite, which
maneuvered to avoid a piece of Chinese debris, thus creating
a piece of debris which collides with a US military satellite.
The latter is a far more likely scenario, and has much more
significant consequences for all actors in space.”

Improved STM is going to be necessary in the future if we are to preserve
outer space as ‘free for exploration and use by all States’ as art I of the Outer
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Space Treaty proclaims. STM alone will not be enough — debris mitigation
will need to continue and be supplemented by active debris removal,”’ and
the threat from intentional destruction of space objects in armed conflict
will need to be addressed”> - but enhanced STM will be necessary to
productively manage increasing volumes of space traffic and avoid the
growing risk of collisions.”

There is no obvious clear path to agreement on an STM regime. There is
much to commend Larsen’s suggestion that a suitable regime of civil safety-
focussed STM (which does not regulate military activity or address economic
exploitation issues) offers a promising way forward. As he notes, the Chicago
Convention regulates only civil uses of airspace, and the ITU similarly has no
power over military radio installations. In both cases, the regimes function
effectively to coordinate civil users, and have some level of voluntary
compliance from military and government users in any event. There are
also clear advantages of an STM institutional model based on the ICAO
model. While we find ourselves unable to share Larsen’s optimism as to the
prospects of treaty action to establish an STM regime, we are somewhat
more optimistic about the prospects for more organic development
commencing at the national level.

While the specific content of an acceptable STM regime is a technical
matter rather than a legal one, the task of constructing an effective legal
framework for an STM regime is one of the most pressing confronting
international space lawyers today. While the challenges are considerable,
it may be that the time is finally arriving for concrete action to start being
taken, with leadership at the national level starting a process which ultimately
leads to the emergence of an effective international STM regime.
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EARTH OBSERVATION DATA:
CLIMATE CHANGE MONITORING

MARK MEEGAN

INTRODUCTION

Earth Observation (EO) data plays a crucial role in determining and
mitigating the effects of climate change. The United Nations Sustainable
Development Goals supports free and open data for the benefit of all citizens.
Numerous stakeholders have a duty to ensure that the Paris Agreement
targets are being met. To best address these legal issues, the legal profession
must become more scientifically literate. Reform is needed with collaboration
between national and international intergovernmental organisations.

Increased Carbon dioxide emissions lead to an increase in average
global temperature, resulting in the phenomenon of climate change. The
Intergovernmental Panel on Climate Change (IPCC’) has estimated that
21st-century global temperatures will increase from between 1.8°C and
4.0° C. Official policy reviews of climate change position is to maintain
Greenhouse Gases (GHG) at 2-3° C; however, these levels are too low to
prevent climate change.! EO data from orbital space missions are vital to
monitoring the effects contributing to climate change and timely data on
changes in the climate change. Doctor K. Kasturirangan, the former Head
of the Indian Space Research Organisation (ISRO) identified that the great
challenge facing the space community is understanding the interrelationship
between this data and the international legal framework so to mitigate
climate change.?

Earth Observation (EO) data can expand the local, national and regional
monitoring capabilities of climate change.® The problem with the application
of international treaties (eg the Paris Agreement*) has not been the content
of the treaties but rather effectively recognising the relationship between legal
compliance and technical complexities.® Satellite remote sensing applications
are vital to ensuring states meet their international obligations. Satellite data
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provides technical information that can assist in the development of other
areas of law (including human rights and climate change).®

THE FOUNDATIONS OF UNITED NATIONS PRINCIPLES

After much discussion, The United Nations (UN) developed Principles
that were not explicit on the full and open use of data or with respect to
its use to monitor climate change.” In 1986, The UN General Assembly
formulated the ‘Principles relating to remote sensing of the Earth from
space’® These principles define ‘primary data’ as being raw data acquired
and ‘processed data’ as processes that made the primary data. The principles
define ‘remote sensing activities’ as being the primary data collection and
storage stations for which the processing, interpreting, and disseminating of
the process data occurs. Principle 10 expresses the need for remote sensing to
advocate and disclose information on climate change. Principle 12 specifies
that both primary data and processed data that has been gathered under the
jurisdiction of the state that has produced it, the Sensed State can have access
to this data on a non-discriminatory basis or a reasonable cost terms.

The principles were not formally binding agreement for states to follow,
but they opened discussions between the advanced Space faring nations and
the developing Space nations on the appropriate restrictions were in line with
the Outer Space treaty. Principles 4 and 11 acknowledged the benefits of all
countries based on equality without any form of discrimination to restrict the
Sensed state from accessing the data.’

In 1996, the United Nations General Assembly was convinced from
the Committee on the Peaceful uses of Outer Space the Declaration on
the mutual benefits for all States, in particular, developing states.!” The
declaration elaborates on Principle 10 of remote sensing. The Declaration
considers the various stakeholders’ interests (including private, public, and
universities) and the space capabilities of states. The main emphasis of the
Declaration is on international cooperation that aims to assist developing
nations to access space technology and finances to use space applications to
improve their national capabilities via training and funding."
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EARTH OBSERVATION AND THE 2030 AGENDA

In 2015, the United Nations Members adopted the 2030 Agenda for
Sustainable Development'? ; World leaders formulated an international
reporting measure known as the 17 Sustainable Development Goals (SDGs)
to track the progress of 169 Indicators. UN members recognised that EO data
could be exploited and data needed to be accountable.'®

To effectively report the progress of meetings the SDGs, requires
traditional data sourced from both domestic household surveys and modern
data derived from Earth Observations (EO). EO data is essential to SDG
monitoring efforts due to its continuous availability of information gathered
with spatial and temporal resolutions that use modern data processing via
satellites.* The SDG uses EO to monitors at least 40 of its 169 Targets.'®

EO data provides conclusive evidence on reporting the progress of the
Indicators. The world’s agencies are currently or planning more than 300
different satellite missions with multiple applications but not limited to the
atmosphere.!®

AIR POLLUTION MONITORING
FOR SUSTAINABLE HUMAN HABITAT

In 2012, the World Health Organisation (WHO) identified that 3.2
million deaths were linked to uncontrolled air pollution. Over 2.6 million
were these deaths Asian residents. Uncontrolled air pollution results in
more droughts, bush fires and smoke haze. The following SDGs monitor air
pollution 11.6 (reduce the impacts of air pollution in cities) and 3.9 (reduce
the number of deaths from air pollution).’” The integrity of data reporting
against these targets is crucial. The geostationary satellite Himawari-8 is used
to provide data on Aerosols in the atmosphere to support monitoring of the
interrelationship between SDG 11 and SDG 3.8

On the 26™ of June 2019, the European Court of Justice (ECJ) decided that
different areas cannot be averaged to assess air quality standards.” The effect
of the judgment requires strict compliance with air pollution standards by
European local and national organisations.

Brussels residents and a Hoofdstedelijk Gewest Belgian environmental
group sued the local authorities on the current air quality policy. The Brussels
court referred the case to the ECJ to decide how EU laws were to apply in this
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region. The ECJ deliberation on two main issues: 1) do national courts have
the authority to review the air quality measurements and 2) distinguishing
how sampling stations measure toxicity in the air, be averaged to determine
the quality of air.®

ECJ judges reasoned that the location sampling stations are crucial to
determine the air quality levels exceed the EU pollution law threshold. Also,
they agreed that national courts have jurisdiction to review these decisions.?!
With respect to the Court’s case law, in the absence of EU rules, the domestic
tribunals must follow the detailed rules of the EU law in particular Directive
2008/50. These detailed rules provided that the air pollution regime must not
be less favourable than those in the practice of the domestic tribunal when a
plaintiff is exercising their rights conferred by EU law.?

The averaging of the air quality the data samples from individual sampling
stations shows that there are higher levels of toxicity in the particular region,
which is deemed a violation of EU air quality standards.”® The measurements
obtained determined the levels of pollutants but cannot exceed the limit
values under Article 13(1) of Directive 2008/50.2* Article 1 of the Directive
aims to protect human health to ensure that the appropriate measures are in
place to combat the sources of air pollution.?

HuMAN RIGHT CONSIDERATIONS

Laura Horn and Steven Freeland recognised that a majority of states
focus is on economic factors relating to climate change, but pay little
attention to social and human right implications. In 2009, the United Nations
Commissioner for Human Rights report focused on “The Relationship
between Climate Change and Human Rights. Many fundamental human
rights will be affected by climate change. Numerous intergovernmental
bodies monitor and report on human right implications, whether directly or
indirectly impact on the social needs climate change.?®

The IPCC predictions indicate that climate change will intensify
heatwaves, floods, bush fires, droughts and lead to an increase in human
deaths.”” These weather changes will impact on the right to life for all
humanity.?®
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UNFCCC REPORTING REQUIREMENTS

All Annex I parties” must submit an annual national greenhouse gas
inventory with data sources to the United Nations Framework Convention
on Climate Change (UNFCCC). Non-Annex I Parties are required to submit
a less sophisticated report every four years. However, they must provide
biennial update reports on their emissions.*

The inventory compilation consists of multiple activities. The collection
of “activity data” includes but is not limited to estimated GHG emission
sources and verifying of national data that is submitted to the UNFCCC
expert review panel. For Non-Annex I Parties “consideration” requires a less
extensive expert review. All parties must submit policy-related information
on mitigation, adaption and funding every four years.>!

THE PARIS AGREEMENT

On the 12 December 2015, the Paris Agreement was adopted to provide
a policy guideline to all levels of government and intergovernmental
organisations to work together to support the SDGs.*> The importance
of accessible space-based data is vital to addressing climate change.*® Both
Articles 7(a) and (c) of the Paris Agreement recognise the need to improve
scientific knowledge on climate change gathered from earth observations and
improve sharing the information.?* To address the Paris Agreement and 2030
Agenda, access to data is required.*

In 2019, the G20 members Theresa May, Emmanuel Macron and Angela
Merkel have stated they are fully committed to the Paris Agreement.*
However, unlike other members the United States withdraw from the Paris
Agreement.*” SDG 13 assists in the enforcement of the Paris Agreement.*®
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FRANCE MAKES A NATIONAL COMMITMENT
THROUGH CNES

France and its National Centre for Space Studies (CNES) were committed
by President Macron to ensure that France meets its obligations Paris Targets
and the SDGs indicators relating to climate change. CNES subsequently
lead the initiative to help establish the Mexico Declaration.* In 2015, the
Mexico Declaration was agreed in order to seek to ensure that all states
are committed to achieving the SDGs in all areas to improve the quality
and access of data for all. The Declaration required strong leadership with
proactive action to achieve the SDGS.*

At the 2017, One Planet Summit in Paris, CNES submitted the Paris
Declaration to the heads of the space agencies to coordinate their space
specialists to reduce climate change leading to the creation of the Space
Climate Observatory (SCO).** The SCO provides adequate, timely and
reliable data on climate change with the utilisation of space technologies to
address the Paris Agreement and SDG 13.*?

INTERNATIONAL DATA SHARING

The space community plays a vital role in meeting the Paris Agreement.
Fifty GCOS (Global Climate Observing System) and 26 essential climate
variables by the IPCC (International Panel on Climate Change) require all
space stakeholders to improve the accuracy of the data®.

The Group on Earth Observations (GEO) was established in February
2005* as a global network consisting of over 100 national governments and
100 Participating Organisations which aims to promote human welfare with
a better understanding via the Global Earth Observation Systems of Systems
(GEOSS) Common Infrastructure (GCI).** The 2005 GEOSS 10-Year
Implementation Plan recognises that to better understand climate change we
must share data. The GEOSS Data Sharing Principles are as follows:

1. Full and open exchange of data within GEOSS, recognising
international and national legal instruments.

2. All shared data made to be available without delay and at the lowest
cost possible.
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3. In relation to 2') data is made available free of charge or no more
cost to reproduce for research and education.*

The principle of full and open access through the GEOSS initiatives grants
the re-use of data for the intended purpose. GEO participants can impose
restrictions on these activities with respect to international legal frameworks,
national policies or legal mechanisms requires minimum legal intervention.
This applies to private, government and mixed entity (eg private and public
ownership in the corporation). All stakeholders can gain open access, if they
satisfy the aims of the GEO. The drafters considered that sharing data are for
the public good. Thus, the distribution of data can be inclusive to fully benefit
humanity.*

The fundamental issue preventing the global space community to
achieving effective and efficient open access to EO data is non-harmonisation
of their different approaches. The terminology varies greatly across different
national or, regional organisations and jurisdictions vary on the interpretation
of access to data. Costs and deadlines in jurisdictions are inconsistent. Also
the term “full and open” has been approached differently. A majority of the
frameworks do not provide deadlines or provide a framework making data
openly available. A key problem is the lack of harmonisation of definitions
concerning stakeholders having full data.*®

World Meteorological Organisation (WMO) Resolution 40 (Cg-XII)
acknowledged the exchange of meteorological and related data which
included commercial activities should provide free and unrestricted basic
meteorological data on a non-discriminatory basis or to limit charges in
relations to cost. The Resolution provides a comprehensive framework for
commercial activities.* Also, the WMO Resolution 60 all data is free for
implementing the GCOS.>°

The adoption of the Open Data Charter emphasised the need for open
data to combat climate change. The Chapter aims to build upon the climate
data policies from the WMO Resolution 60.”> Open data experts developed
these six principles for data:

*  Open by Default;

* Timely and Comprehensive;

*  Accessible and Useable;

* Comparable and Interoperable;

e For Improved Governance and Citizen Engagement; and

*  For Inclusive Development and Innovation.*

151



Project Asteria 2019

The Open Data Charter empowers stakeholders to deliver better
outcomes for human rights and climate change. The Open by default
principle allows free access for all citizens. Government data is defined to be
not limited to, data held by all forms of government and by non-government
organisations. The accessible and usable principle reduces the burden of
releasing data to citizens. It allows for the data to be available across multiple
formats that are free without any limitations.”® The Charter has been adopted
by 71 nations (including Australia) and endorsed by 52 organisations.”*
A desired outcome for the Charter will 1) improve the harmonisation of
data terminologies and framework for all stakeholders and 2) enhance the
accountability and transparency of climate change monitoring.

COPERNICUS DATA PoLicy

The EU Regulation No 9.11/2010 authorised the European Commission
to adopt a dedicated data policy, known as the Global Monitoring for
Environment and Security (GMES). This data policy later developed the
Copernicus Data Policy from the Delegation Regulation No.1159/2013.%

The Copernicus data requires to be shared with stakeholders on the basis
of free, full and open access to Copernicus data subject to conditions and
restrictions. Article 7 provides access to the data within respects to the lawful
uses.*

Article 11 to 16 of the policy set comprehensive restrictions on the access
of the data. Article 11 provides appropriate restrictions where a stakeholder
may be conflict of international agreement; or intellectual property rights;
or affect the rights and principles of the EU Charter of Fundamental Rights.
Furthermore, Article 12 recognises that some of Copernicus data may be
affected by highly sensitive data or place the stakeholder at risk of accessing
data that impair the security interests of the EU.*” Article 16 acknowledges
sensitivity of this data with considering the environmental, societal and
economic benefits to obtain access to the data required. Article 16 sub-
section 2, the security assessment made by the Commission will consider
whether restrictions are required if similar data is available from other
sources.”®
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THE URGENT NEED FOR
SCIENTIFIC UNDERSTANDING IN LAW

A fundamental problem within international legal systems is resolving
climate change violations. Under treaties, difficulties arise in determining
how best to apply the technical legal complexities concerning the law. A
revised legal approach may be required to resolve the cause and effects of
climate change. Existing legal structures appear to be counterproductive that
require a more sophisticated judicial system.*

The International Tribunal for the Law of the Sea is composed of
21 independent members, elected by the people who enjoy ‘the highest
reputation for fairness and integrity and of in field of law of the sea® The
leadership of this court provides a useful example to potentially model courts
to employ legal professional specializing in climate change. The International
Court of Justice has a special chamber for resolving disputes subject to the
authority of the court. A permanent chamber is required for dealing with
particular categories of cases which deal specifically with cases relating
to transit and communications. Judges with technical knowledge will far
better at applying the law in these matters. Article 26 (2) of the Statute of
the International Court of Justice empowers the court to form a chamber for
dealing with a particular case.®*

The public will greatly benefit from having such specialised courts. A
litigant having technical knowledge will 1) better understand the concerns
of their clients 2) have an enhanced ability to apply technical aspects to the
law and 3) improve the public confidence in the profession. An expert panel
consisting of the legal profession and the space community to establish
a legal structure in addressing climate change would greatly benefit the
broader community. A hybrid specialised legal structure; could develop legal
precedent with scientific literacy so as to address the monitoring of climate
change.

In the later part of the 20" century, there have been over 200 multilateral
environment agreements that address broad environment issues, but few
recognise the technicalities derived from space data.®? These agreements
have further created a pressing need for climate change data.®® Nicolas Peter
stated ‘the existing Earth observation satellites were not designed to meet
the information requirements of international environmental treaties. These
satellites can be used to generate key information necessary for developing
and implementing such treaties’**
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The International Convention for the Prevention of Pollution (MARPOL)
articles refers to the uses of remote sensing in monitoring and regulating
marine oil pollution.® In 1997, MARPOL Resolution 8 allowed the Marine
Environmental Protection Committee (MEPC) to implement CO, reductions
strategies for the Marine Industry.®® Before the Paris Agreement, the
International Maritime Organisation (IMO) had taken important steps to
reduce the sectors of greenhouse gas (GHG) emissions. In 2000, the IMO
estimated that ships in international trade contributed in 1996 contributed
to approximately 1.8 % of the world total CO2 emissions. The second
IMO GHG Study 2009 found that international shipping contributed to
approximately 2.7 % of the total CO, emissions in 2007. The third IMO GHG
Study 2014 estimated that 2.2 % of total global CO, emissions for that year.
This study showed that total GHG emissions for shipping had substantially
fallen from about 10-15 % than 2007-08 levels.*”

At a national level, the Supreme Court of India has established a Central
Empowered Committee to deal with the technical considerations of ‘the
1980 Forest Conservation Act in terms of admissible evidence’ of particular
satellite data in court’®® Similarly, the Queensland government has legislation
that acknowledges EO data in monitoring vegetation clearances.

EO DATA USED AS EVIDENCE IN A COURT OF LAW
- AN AUSTRALIAN CASE STUDY

Since 2001, the Department of Environment and Resource Management
(DERM) Remote Sensing Team (RST) has used EO data to determine
Queensland vegetation clearing cases. The RST has assisted over 600
hundred investigations into unlawful vegetation clearing. EO data evidence
has assisted in mapping to determine a suitable clearing for ninety cases.”
RST officers have provided their Expert opinion on twelve cases, resulting in
three of these cases being found not guilty. Only two cases that were heard
by Queensland courts, judges in viewing EO evidence accepted that tree
clearing occurred.”

During the 1990s, Queensland was divided by the debate on annual
clearing rates. In 1994, the Queensland government introduced the Land Act
1994 (QId) to better promote the balance between economic, environmental
and social opportunities. To address the aims of the new legislation, EO data
was required. The Minister for Lands asked remote sensing scientists to
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determine the level of statewide tree clearing monitoring system.”" In 1995,
with the support of the Minister, the scientists used Landsat satellite images
effectively monitor the tree clearing creating the Statewide Landcover and
Trees Study (SLATS) Team.”?

Between 1998 and 2010, SLATS annual monitoring was vital to notify
the government of any potential non-compliance with legislation. Key
geographic information (GIS) data layers determine legislative exemptions.
The process will remove all known exempt clearing, while the remaining
potential unlawful clearing will prioritise using another assessment of
environmental metrics. The SLATS then provide the analysed data to the
regional compliance and investigation (C&I) teams for further investigation.”
EO data plays an integral role in leading evidence used in the investigations of
vegetation clearing cases.”*

CONCLUSION

Users of EO data have come to rely on it to play vital role in the
monitoring the conditions of the Earth environment and measure
stakeholders’ behaviours against regulations for climate change. EO provides
accurate data over large global geographic areas.”” Stakeholders and
stakeholders organisations have been established to play an authoritative
role in monitoring the effects of climate change. The UNFCCC and related
organisations (including space agencies) play a crucial role in collecting data
that is crucial for decision-makers.”®

French President Macron said at the latest G20 summit “scientists remind
us of our duty every day. Young people remind us of our duty, too””” For
stakeholders to meet the numerous targets of the SDGs accurate data is
required. For the general public to understand the effects of climate change,
a meeting of the minds is required to take place immediately. An expert panel
consisting of scientists, policy-makers and lawyers must determine how to
reform the legal system to address climate change issues.
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