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Introduction

From the dawn of the Space Age to the advent of commercialized orbital flights
and private satellite constellations, events in outer space are increasingly relevant
to society.! Coupled with Great Power Competition, the aerospace environment—
a new concept of territory and the growing impact of the space economy—influ-
ences geopolitics.? Space activities have become a critical dimension of power,
influence, and strength for the security and defense of many countries and are a
key factor in the contemporary geopolitical arena.’?

Military power has always had a close connection with space activities. The
beginning of modern space exploration coincided with the end of World War II,
with the military’s rapid development of rocket launch technology.* This was due
to the similarity between development of rocket launch vehicles and ballistic mis-
siles (capable of carrying weapons with great destructive power).> Military activi-
ties in the space sector expanded and consolidated in the 1950s and evolved in
line with international politics, notably in the face of the belligerent relationship
between the US and the former Union of Soviet Socialist Republics (USSR).6

Countries and private entities are overcoming technological and financial bar-
riers to access outer space, enabling greater participation in manufacturing satel-
lites, launch vehicles, space exploration, and manned missions.” However, while
such technological and scientific advances bring new opportunities, they also in-
troduce unprecedented risks for services linked to outer space.®

Recognizing the advantages of operations based in outer space, many nations
continue to increase their investment in skills; this effort is meant to compromise
the strategic ability of others to do the same. The military use of space assets for
functions such as intelligence, surveillance, reconnaissance, communications, and
navigation is an indisputable reality.” The rise of new players in the space arena,
such as China and India, highlights the growing role of outer space in global

geopolitics.!? These new actors are investing substantially in space infrastructure
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and technologies, aiming to strengthen their geopolitical influence and national
defense.!!

In this context, the application of Space Situational Awareness (SSA) has
emerged as a vital field of study, allowing nations to monitor and understand the
space environment and improve their ability to detect, track and identify space
objects.?

Space Geopolitics

The Influence of Space Exploration on Foreign Policy

Space geopolitics has emerged as a grand strategy in the international arena as the
domination and exploration of outer space has become fundamental in the strate-
gies and policies of states.!3 At its core, space power theory highlights the growing
relevance of space in global strategic dynamics.!* Space capabilities, once domi-
nated by a few superpowers, are now seen as essential tools of deterrence, com-
munication, and dominance, including by developing countries.'

Michael Sheehan suggests that by assuming an increasingly critical role in the
national power environment, space activities have even shaped the course of armed
conflicts and the balance of forces in the international geopolitical arena:

A study of international space politics provides both a correction to the idea that
space programs are science-driven bureaucracies and somehow oblivious to the
harsher realities of politics, and reveals case studies of themes that are familiar in
other dimensions of international relations. In space, as well as on Earth, we see
the political power of ideology and nationalism, the use of propaganda and for-
eign aid, the centrality of “national security” issues and the pursuit of that security
through the acquisition of military capabilities, tensions between the richer, in-
dustrially advanced states and the poorer countries of the “South,” efforts to use
the integration of national policies to promote the unity of Europe, the evolution
of the understanding of security to embrace social, environmental and economic
dimensions, and so on. There are few, if any, features of contemporary global
politics that do not have their echoes in the use of space.'®

Thus, it is critical to recognize the role of the military in space exploration. In
Modern Strategy, Colin Gray dives into the evolutionary domain of strategy, high-
lighting its intricate dimensions in contemporary and future contexts.!” Especially
relevant is the way in which he emphasizes the interrelationship between politics
and the unpredictability of human nature and strategy, resonating with Clause-
witz’s perspective of war as an extension of politics through other instruments. By
comparing the limitations of modern strategy with Clausewitz’s central principles,
Gray underscores the continuity of strategic thinking and its crucial importance
in the various theaters of war:
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Strategy is the bridge that relates military power to political purpose; it is neither
military power per se nor political purpose. By strategy, I mean the use of force
and the threat of force for the purposes of politics. This is an adaptation of
Clausewitz, though certainly not an adaptation of his clear intent. In On War,
Clausewitz provides an admirably concise and succinct, yet seemingly narrow,
definition: “Strategy [is] the use of engagements for the purpose of war.” Clause-
witz’s definition is superior ... Its definition has an operational, even battlefield
orientation, ... it tells us that strategy is the use of tacit and explicit threats, as
well as actual battles and campaigns, to further political purposes. Moreover, the
strategy in question may not be the military strategy; rather, it can be a grand
strategy that uses “engagements,” meaning all relevant instruments of power as
threat or in action, for the goals of the art of governing.'®

The relationship between space initiatives and global politics is symbiotic.'
While governments fund space missions to project their national influence, the
power dynamics between nations shape not only space economic systems but also
the dynamics of state power itself.2

Daniel Blinder advocates that political power is intrinsically linked to the mod-
ern state, defined by its “unity of territorial sovereignty ... and by the pursuit of
greater power beyond its borders,” and that the advancement of space techno-
logical capabilities, even by private entities, has the potential to impact and trans-
form the strategic landscapes of various global powers.?! From this perspective,
Blinder indicates that, even if “geopolitical rivalries” drive nations to invest in
outer space in search of scientific and technological innovations, the emergence of
new space powers is intrinsically linked to political, economic, and military issues.
Without the strategic autonomy offered by space, Europe would not be able to
consolidate itself as a significant geopolitical power, essential to ensure its security
and defense.??

'The US strongly exemplifies how adaptability in the face of the technological
transformations brought by the advancement beyond Earth orbit is necessary to
compete, deter, and prevail in a multifaceted security context marked by intense
GPC, especially with actors such as China and Russia. This implies changes in
policies, strategies, operations, investments, and the development of specialized
capabilities and expertise to project power in an unprecedented strategic scenario:

Space-based capabilities are essential to modern life in the United States and
around the world and ensure the availability of these indispensable components
of US military power. Capabilities are critical to establishing and maintaining
military superiority in all space domains and to promoting US and world security
and economic prosperity. However, it is not a sanctuary for counterattacks and
space systems are potential targets at all levels of conflict. In particular, China and
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Russia pose the greatest strategic threat due to the development, testing, and
deployment of anti-space capabilities and their associated military doctrine for
employment in conflicts that extend into space. China and Russia have weapon-
ized space as a way to reduce the military effectiveness of the US and allies and
challenge our freedom of operation in space.?

It is evident that the expansion and diversification of space activities are at-
tributing an essential character to state initiatives in this sector. As a result, these
activities are becoming increasingly linked to a country’s concept of national
power. Additionally, the current global environment, marked by the Russia-
Ukraine Conflict, shows a significant increase in the use, by several nations, of
military systems anchored in space, particularly for the purposes of positioning,
intelligence, communication, and early warning of missile launches, to include the
adoption of a controversial concept of military activity in space: the use of antis-
atellite weapons, among others. All these developments have the potential to
completely redefine the current concept of modern warfare.?

“Just as oil was the fuel of the industrial age, space will be the fuel and engine
of the information age.”” With this categorical statement coming from an atten-
tive observer of the constant transformations that the concepts of modern warfare
have undergone over the last decades, General Howell Estes, commander of
US Space Command from 1996 to 1998, was able to skillfully synthesize the
importance of space geopolitics.

According to Daganit Paikowsky, all the patterns of modern warfare in the
information age, unlike the wars of the industrial age, are based much more on
quality than quantity.? In this case, quality equates to the information superiority
mainly obtained from operating in outer space. Although space is not the only
factor, it is a central element for the concept of war based on information and
knowledge, which has driven significant investments in research and develop-
ment. This has also broadened the possibility of conflicts having repercussions in
space, as a growing number of nations turn to space resources to support a wide
variety of activities.?” At this juncture, space dominance is perceived as essential
for acquiring power, be it military, economic, or geopolitical, with considerable
and profound implications on the global stage.?8

The Rise of New Actors in Space Geopolitics

While the US and the former USSR were the pioneers in the growth of space
activities over the last six decades, technological advances and lower costs have
made it feasible for other nations to develop the capacity and autonomy for
tunctions ranging from communications and navigation to financial transactions
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and weather observation. Their ability to accomplish these functions also allows
them to exert influence and power in the space domain (as illustrated in Figure 1).
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Figure 1. Space Power Requirements
Source: European Space Policy Institute?®

Globally, the relevance of space activities is on the rise in military, commercial,
environmental, scientific, and other areas. This new space race reflects the growing
understanding of its strategic importance and the need to develop autonomous and
robust space capabilities to secure a nation’s position on the international stage.*

'The race for space dominance is mainly fueled by ambition, initially motivated
by security reasons, to obtain a global position as a powerful space power. To meet
this goal, it is crucial to develop the capability to create a space economy with an
industry that can produce highly complex systems, such as satellites, probes, and
rocket launchers, among others—which in turn contributes to an image of geopo-
litical power.3! Another aspect of the space race, quite evident in recent years, is the
growing commercialization of outer space with the entry of the private sector as a
relevant player in the world space market.’? Space has become not only a rivalry
between government actors, but also a rivalry between the biggest private venture
capitalists of the world, triggering a new era known worldwide as New Space.*?

'The global space environment encompasses a wide range of governmental and
private actors. By 2035, the space economy is projected to reach $1.8 trillion, up
from $630 billion in 2023 and averaging a growth rate of 9 percent per annum.>*
Additionally, the space sector plays a crucial role as a catalyst for the progress of
other vital segments of the economy.*® The advent of New Space, combined with
the perception of the importance of the space domain for the geopolitical
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ambition of government actors, has brought new space powers that were not pres-
ent in the recent past. Countries such as China and India, powers recognized as
economically influential in their regions, have gone in just a few decades from
supporting actors in the space market to true world giants.>®

According to Rajeswari Pillai Rajagopalan, China’s space program began in the
late 1950s with help from the former USSR, while India’s program began in the
1960s after support from the US and France.3” Both countries have gone through
a long and intense technological journey, making efforts to secure a foothold in
this area, as global geopolitical battles have been increasingly involving the space
frontier:

China’s emergence as a great power and its competition with other Asian powers
mean that we are likely to see intense space competition in Asia in the coming
years. As Joan Johnson-Freese, a professor of national security affairs at the U.S.
Naval War College pointed out in a 2014 article in the space magazine ROOM,
the image, prestige, and techno-nationalism that characterized the space compe-
tition between the U.S. and the Soviet Union are becoming a reality in Asia to-
day. In addition, there are genuine national security-related concerns driving
Asian space programs.*

One example of Chinese space technology is BeiDou, its global positioning
system, with 35 known navigation satellites: 27 in medium orbit, 5 geostationary,
and 3 in inclined geosynchronous orbits. The BeiDou system constellation is sig-
nificant for China, as it eliminates a major vulnerability represented by the world’s
dependence on the US Global Positioning Satellite and European GALILEO
systems, of strategic significance in the event of a conflict.’” In addition, China
has already undertaken various manned space missions, which is considered a
great feat, previously achieved only by the US and Russia.*

In turn, India’s achievements in the space also do not go unnoticed. The country
has reached a remarkable milestone in the field of space exploration, becoming
the fourth nation to successfully land on the moon and the first in its south polar
region, an area of immense scientific interest. This feat, as outlined by Clea Simon,
not only symbolizes advances in science and engineering but also represents the
accumulation of decades of work and dedication by Indian scientists.* Despite
budgetary challenges compared to giants like NASA and SpaceX, India’s ap-
proach and commitment to innovation have shown significant results; which
reinforces the need for an educational approach focused on problem-solving, pro-
moting creativity and entrepreneurship in the face of budget constraints.

Although none of the countries mentioned above have made explicit state-
ments, all their programs signal a growth in the global space race, as well as a still
unbalanced competition landscape in the Asian region. Disregarding the relevant
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geopolitical tensions between India and China, it is increasingly evident that the
dominance of outer space may emerge as a new and important field of geopolitical

p y g p geop
dispute in that region.*?

The Military’s Dependence on Space Assets

Space has once again become the focus of attention for decision-makers and the
public. New cosmic discoveries, coupled with the emergence of new space powers,
cement outer space as an arena fraught with political, economic, and even military
nuances.* The military’s reliance on space assets for functions such as intelligence,
surveillance, reconnaissance, communications, and navigation is an indisputable
reality.* Satellites enable capabilities ranging from obtaining strategic informa-
tion to accurately guiding weapons systems and to providing secure and global
communications—they are the backbone for modern military operations.*

'The Gulf War, often referred to as the First Space War, marked the beginning
of a new era in global conflicts and the inception of the concept of modern war-
fare.* Since then, there has been a profound evolution of the military skills re-
quired for success on the battlefield. At its core, this metamorphosis was guided
by the principle, as stated by US Secretary of Defense Donald Rumsfeld, of fight-
ing with leaner, faster, and more agile forces with increased destructive power. In
this context, technology, especially space, assumes a prominent position in combat
dynamics.*

In Secretary Rumsfeld’s own words, it is possible to discern the magnitude of
the role that space plays in the military operations of contemporary conflicts:

Space is embedded in the way the US military conducts its business and plays a
big role in its success. In simple terms, space technology provides “see,” “declare,”
and “stop” capabilities to the United States far beyond those of any other military.
“Seeing” capabilities are those intended to provide, in military parlance, “univer-
sal situational awareness,” the power to cut through the fog of war and gain an
advantage over an opponent by having the most accurate information about the
battle environment. The capabilities to “declare” involve command and control,
with communication as a key element. Knowing what’s going on and being able
to relay that to troops on the front lines for effective use of force are two very
distinct capabilities. The “stop” capabilities are exactly what they sound like, rang-
ing from non-lethal actions to precision-guided munitions.*®

'The contemporary paradigm of Network-Centric Warfare (NCW) represents
one of the most striking manifestations of militarization in the information age,
based on a set of systems called C4ISR, which refers to Command, Control,
Communications, Computers, Intelligence, Surveillance and Reconnaissance. As
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Nuno Gongalo Miguels states in his “System of Systems: The Triumph of Tech-
nology?” study, the practical application of the NCW concept is unthinkable
without the use of space resources that provide such capabilities.*

In a study of dependence on space technology for military operations, author
Engel Pedro Costa shows that there is a dependence on the use of space tech-
nologies for success in military operations.’® For him, the concept of systems in-
tegrator (from which the concept of NCW arises) also applies to space technol-
ogy, in which the amassing of force is replaced by the search for the amassing of
effects—asserting the need for the efficient and effective use of resources. This
concept is based on the ability to obtain information superiority and using it to
leverage force, mitigating uncertainty in decision-making.

Thus, space geopolitics has emerged as a central dimension in contemporary
international relations, reflecting the growing importance of outer space in global
power dynamics. The theory of space power, influenced by concepts such as mutu-
ally assured destruction and dominance of celestial lines of communication, re-
veals the complexity of political, economic, and military interactions in space.’?
'This interaction is amplified by the critical role that space activities play in shap-
ing armed conflict and balancing geopolitical forces. The militarization of space,
exemplified by the concept of NCW and its reliance on C4ISR systems, high-
lights the inseparability between space technology and military strategy.

Space, therefore, is not just an environment for scientific exploration but a stra-
tegic battlefield, where nations seek to establish dominance and secure their inter-
ests. The increasing introduction of new players in the space arena coupled with
the commercialization of space reinforce the need for monitoring and SSA.

Space Situational Awareness
Overview

According to information from the United Nations Office for Outer Space Af-
fairs, as of September 2023 there were more than 4,550 active satellites or space
objects in Earth orbit, managed by more than 50 countries and multinational
entities. Of these, 2,948 were in low-Earth orbit, 1,278 in mid-Earth orbit, and
324 in geostationary orbit.

Since the launch of the first satellite in 1957 (by the USSR), Earth orbit has
been accumulating debris resulting from routine operations, accidents, and deto-
nations. Over the past six decades, there have been more than 500 fragmentation
events, including disintegrations, collisions, and explosions of space artifacts.*?

According to Richard Crowther, the expanding artificial orbital debris popula-

tion is a growing problem that can pose a significant risk to the safety of space
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operations.”® Debris can range in size from small particles to large inoperable
satellites, which pose a risk of collision with functioning satellites, as they cannot
be tracked in their entirety. Collisions of satellites with debris are a relatively rare
event, but the high number of satellites and debris in Earth orbit has increased
this risk.

Figure 2. Distribution of objects in Earth orbit
Source: Space Explored**

'The space race established the requirement for space monitoring, the ability to
locate man-made objects in Earth orbit, determine their position and orbital
speeds, and anticipate their future whereabouts. Figure 2 illustrates how critical
monitoring is to not only ensure the operation and safety of space assets, but to
the efficiency of contemporary military operations.>

‘Throughout the Cold War, the emergence and large-scale deployment of inter-
continental ballistic missiles capable of carrying their nuclear arsenals on ballistic
trajectories through space prompted both the US and the USSR to create net-
works of monitoring and warning radars in their territories.’® Furthermore, the
advancement of space capabilities for intelligence and communication activities
required the installation of optical telescopes to further enhance space tracking
abilities. Additionally, unique specialized instruments were incorporated into
existing monitoring capabilities to gather technical information on missile ex-
periments.’” Within this environment, SSA flourished with the intent of under-
standing the orbital interactions of both natural entities and human artifacts.

However, the specification of circumterrestrial space is still the subject of fierce
debate. Although it certainly falls within the cislunar scope and extends to a
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radius of at least 100,000 km from the planet, encompassing most artificial de-
vices currently in orbit, there is still no consensus on its framework.

In the most current version of its highest-level strategic document, the National
Space Activities Program (PNAE), the Brazilian Space Agency, does not propose a
definition of this important topic, a fact that causes a lot of concern, since the
PNAE represents the strategic vision for the Brazilian space sector for the years
2022-2031.%% It should be noted that in the document a small reference calls for
implementing a regular system of periodic reviews, given that the date of the work
tor the formulation of this program began in 2019, a period in which SSA was
still quite incipient.

'The European Space Agency (ESA) proposes an expanded definition for SSA,
segmenting it into three distinct domains of expertise: 1) “SST - Space Monitor-
ing and Tracking of Objects,” dedicated to the observation of objects in Earth
orbit; 2) “SWE - Space Meteorology,” which focuses on the monitoring of solar
conditions, solar wind and the Earth’s magnetosphere, ionosphere and thermo-
sphere; and 3) “NEO - Near-Earth Objects,” which aims to identify natural ob-
jects with the potential to collide with our planet.®°

John A. Kennewell and Ba-Mgu Vo point out that the US, which has the most

extensive set of global monitoring assets, defines SSA as follows:

... the immediate and anticipated understanding of space events, threats, activi-
ties and conditions, as well as the state of space systems (including space, ground
and connections). This definition encompasses capabilities, limitations, and ap-
plications, targeting both current and future scenarios, whether friendly or ad-
verse. This perspective allows leaders, decision-makers, strategists, and operators
to achieve and preserve space dominance in varied conflict contexts.®!

'This definition encompasses not only the definition of the space domain itself
but also the terrestrial infrastructures that sustain it, as strategic attributes for the
entity’s mission and objectives. In fact, we can infer two types of concepts directly
related to this ability to monitor the space environment:

* Space Situational Awareness (SSA)—the surveillance of space objects to
maintain custody of them in outer space (passive analysis).

* Space Domain Awareness (SDA)—a concept that goes beyond the defini-
tion of SSA, as it takes into account more subjective operational issues, such
as responsibility for the space object, mission to be executed, future inten-
tions, capabilities and vulnerabilities (active analysis).

'Thus, SDA is defined, in short, by the identification, characterization and effec-
tive knowledge of any factor, active or passive, associated with the space domain
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that may affect space operations and consequently impact security, the economy,
or the space environment.

According to Maj Gen John Shaw, at the time Deputy Commander of US Air
Force Space Command, there was a need to move beyond the benign concept of
SSA to the broader mindset offered by the SDA, as the environment had become

a combat domain.%?

'The implication of space as a warfighting domain requires us to shift our focus
beyond the SSA mindset of a benign environment to achieve a more effective
and comprehensive SDA, in the same way that the Navy works to achieve mari-
time domain awareness in support of naval operations and the Air Force strives
to gain maximum air domain knowledge to achieve air superiority.®®

According to Flavio Américo, the concept of multidomain operations related
to military operations can be defined by the wide range of interactions observed
between the five main fields of action (combat domains) of the armed forces dur-
ing a conflict: air, sea, land, space, and cyber.%* The vision of space as a combat
domain requires a change of mentality as proposed by Major General Shaw, since
a military advantage in the space domain can represent a change of course in any
conflict that occurs today.

Countries with advanced SSA and SDA capabilities, such as the US and per-
haps Russia, can influence geopolitical relations, shape the behavior of state and
nonstate actors, and drive global trends.®> According to the US Department of
Defense’s Space Policy Review and Strategy on Protection of Satellites, threats to the
US and its allies, especially represented by China and Russia, drive the US
National Security Strategy (NSS) 2022 and the National Defense Strategy (NDS)
2022, in order to safeguard its security, prosperity and its way of life.®®

NSS 2022 outlines three lines of effort for the US to protect free and open in-
ternational order:

* Invest in the underlying sources and tools of American power and influence.

* Build the strongest possible coalition of nations to increase our collective
influence.

* Modernize and strengthen our armed forces so that they are equipped for

the era of strategic competition with the great powers.®’

DOD’s priorities, as articulated in NDS 2022, are:
* Defend the nation in the face of the growing multidomain threat posed by
the People’s Republic of China.

* Deter strategic attacks against the United States, its allies and partners.
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* Deter aggression by prioritizing the People’s Republic of China’s challenge
in the Indo-Pacific region and then Russia’s challenge in Europe.

* Build a resilient Joint Force and defense ecosystem.®

In fact, since military space activities have expanded very rapidly, SSA/SDA
have become essential in the decision-making process of space systems opera-
tions. This was made urgent not only by the evident military interests but by the
fact that space systems have a wide spectrum of critical applications for the vari-
ous sectors of the economy.®” Analogous to the air domain, where there is no
airspace control without sensors capable of performing adequate surveillance, in
the space domain one cannot consider SSA or SDA capacity without sensors
capable of detecting, characterizing, and monitoring space objects.

Currently, the Brazilian Air Force benefits from SSA and SDA services pro-
vided by the US under the S84 Sharing Agreement signed in 2018 and has chosen
this agreement to ensure the integrity of its satellite and launch operations, par-
ticularly with regard to risks of collisions with space objects. Additionally, this
agreement gives the country information about space weather conditions and
potential threats from other nations. This dependence highlights the lack of na-
tional sensors that could give Brazil full autonomy in its space operations.”®

Monitoring Space Objects

The control of the air and space environment is an essential condition for the
Brazilian Air Force to carry out actions aimed at guaranteeing sovereignty, na-
tional heritage, and territorial integrity, its constitutional mission.”* Furthermore,
exercising control of the space environment equates to the guaranteeing condi-
tions for the development of national power.

Safeguarding the command and control (C2) capabilities of the armed forces
in possible conflicts is fundamental for the success of military operations, espe-
cially in remote regions of the national territory. Thus, Brazil must carry out mea-
sures to guarantee the physical integrity of these space platforms throughout its
orbital operations, such as preservation of their useful life through optimization
of resources or their eventual repositioning in orbit.”? In addition, the situational
awareness of objects residing in orbits close to Brazilian space resources, especially
those located in geostationary orbits and of military or strategic interest, is es-
sential for the analysis and mitigation of possible electromagnetic interference,
electronic eavesdropping, or remote sensing.

'The strategic requirement to safeguard space assets has led several nations to
adopt various solutions. These solutions usually combine data obtained from a
network of different types of sensors and collaboratively updated data from
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private and government entities. In the US, the Joint Task Force—Space Defense
Commercial Operations Cell (JCO) is responsible for coordination between pub-
lic and private entities for the integration and generation of SSA data in support

of US Space Command.”

Space Control

In recent years, a growing number of countries and commercial actors have be-
come involved in space activities, resulting in a contested, competitive, and con-
gested environment, as illustrated in current literature.”* This triad of adjectives
has become the most notable characterization of the difhiculties encountered by
states in the quest for domination of outer space, perceived as necessary for their
military capability and national security.

'The increasing use and dependence on space for national security purposes has
driven several countries to invest in the development of capabilities in Adversary
Offensive Space Operations (AOSO). This concept, detailed in publications such
as the US “Challenges to Security in Space (2022)” report, encompasses a set of
techniques and skills designed to establish control of space, which refers to a coun-
try’s ability to use space capabilities for its own strategic objectives, while prevent-
ing or limiting their use by adversaries.”® The relevance of these capabilities and the
impacts of their uses can be exemplified through historical events.”
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Figure 3. Growth of objects in Earth orbit
Source: NASA””

'The antisatellite (ASAT) test conducted by China in 2007 and Russia in 2021
both resulted in the creation of space debris, as illustrated by points 1 and 3 in
Figure 3. This debris poses a risk not only to satellites in orbit but also to future
space operations. Furthermore, point 2 reveals a different incident from the 2009
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collision between the inactive Kosmos 2251 satellite and Iridium 33. This event,
while not directly related to AOSQO, highlights the vulnerability of space systems
to collisions and the importance of SDA to monitor and prevent such occurrences.

Offensive space operations can be used to deceive, disrupt, deny, degrade, or
destroy any of the three elements of a space system: the satellite, the supporting
ground system, or the communication link between them. A key factor in the
proliferation of offensive space capabilities is the increased use of space in modern
warfare. For much of the Cold War, space was limited primarily to a relevant role
in gathering strategic intelligence, enforcing arms control treaties, and warning of
possible nuclear attacks. Although the Cold War saw a significant development of
offensive space operations testing, the close link between space capabilities and
nuclear war provided a level of deterrence against actual attacks on space systems
at that time in history.

With the end of the Cold War, many of these strategic space capabilities found
new roles, directly supporting conventional warfare by providing operational sup-
port and tactical benefits to troops on the ground. This has increased incentives
for countries to develop offensive space operations capabilities while decreasing
the deterrent value of nuclear capability.

'The “Global Counterspace Capabilities” report, which provides an analysis of
offensive space operations used over time, presents a mapping of the main military
actions that have taken place in space in recent years.”® The increase in the number
of ASAT weapons tests is an indicator of the increasing militarization of space. The
report addresses, in addition to tests with ASAT missiles with kinetic impact, other
relevant actions carried out from space.

'The analysis of Figure 4, which represents the number of ASAT tests carried out
by the main players in the space scene over the last 60 years, shows that Russia, the
USA, and China carried out the highest number of tests. The chart also shows that
the number of ASAT tests has increased significantly in recent years, mainly due

to the development of new technologies such as directed energy weapons.”
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Figure 4. Number of ASAT tests, per year, by country
Source: Secure World Foundation®

Indeed, the increasing proliferation of offensive space operations significantly
increases the risk of incidents in space, potentially triggering or exacerbating
global conflicts. This trend threatens the sustainability of the use of the space
domain, which, through a variety of tactics, can destroy or disable satellites, gener-
ate significant orbital debris, compromise critical infrastructure, and promote se-
vere instability in the geopolitical arena. Thus, outer space, once considered the
last frontier of humanity, has turned into a stage where political, military, and
technological complexities are played out. Brazil's ambition to secure its sover-
eignty and advance its national interests in space is in line with the global trend of
maximizing the benefits that the space domain can offer.

The intensified engagement in space, while promising in many ways, also re-
veals a more worrying aspect. The fierce competition for space dominance and
control, together with the proliferation of offensive space operations and the
growing number of tests with antisatellite weapons, paints a picture of rapid
transformation. In this context, the security and sustainability of the space domain
emerge as crucial concerns for the near future. Therefore, as space activity contin-
ues to expand its frontiers, it is imperative to recognize and address these emerg-
ing challenges to ensure a safe and sustainable space for future generations.
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Final Thoughts

As the main objective of this study was to investigate how the development of
SSA can influence or contribute to national defense and power projection in the
international geopolitical scene, this research was based on methodological prem-
ises, seeking to outline the relationship between space exploration and military
power and to highlight the growing importance of satellites in military operations
and civilian activities. The work identified how SSA and SDA refer to the ability
to detect, track, predict, and characterize the behavior of objects in orbit around
the Earth and that such abilities are fundamental to support safe operations in
space and protect critical space assets.

Given the increasing reliance on these space assets for a variety of applications,
from global communications to weather forecasting and national defense, the
ability to monitor and understand the space environment has become a strategic
necessity supporting both cooperative security and national sovereignty. Outer
space, once seen as a vast emptiness, is now recognized as a contested domain,
where nations and commercial entities compete for orbital positions and radio
frequencies.

Challenges for SSA and SDA include the rapid increase in the number of ob-
jects in orbit, the presence of space debris in large quantities, and the lack of clear
international standards and agreements on space operations. What’s more, the
miniaturization of satellite technologies and the increasing accessibility to space
have led to the launch of constellations of small satellites, which has increased the
complexity of the space environment.

Recognizing the criticality of space access and operations, several nations have
invested in advanced technologies and systems to improve their SDA. These include
ground-based radars, optical telescopes, and satellites dedicated to tracking objects
in orbit. Furthermore, there is a growing movement towards international collabo-
ration to share data and improve SSA accuracy and coverage at a global level. The
private sector also plays a vital role in the evolution of SSA. With the advent of New
Space and the increasing commercialization of space, private companies are devel-
oping their own SSA capabilities, often in partnership with government agencies.
As space continues to become more congested and contested, the need for a robust
and reliable SSA will only increase. This is likely to see an increase in international
cooperation, as well as the integration of civilian, commercial, and defense capabili-
ties to ensure a safe and sustainable space environment.

'The emergence of space geopolitics as a central consideration in international
relations highlights the critical role that outer space plays in global power dynamics.
'The increasing reliance on space assets, the militarization of space, and the need for
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effective SSA in the space environment are all indicative of the strategic importance
of space in contemporary times. As we move into a future where space plays an even
more central role in everyday life and military operations, the ability to understand
and operate effectively in this domain will be of paramount importance.

While outer space offers immense opportunities, it also presents significant
challenges. For Brazil, investment in space capabilities and the adoption of a stra-
tegic approach are essential to ensure that the country not only benefits from
space, including a voice and a role in the geopolitical arena, but also contributes to
its peaceful and sustainable use. Given the growing importance of outer space for
the country’s security, economy, and development, it is essential that Brazil adopts
measures to position itself more strategically in this scenario. The research carried
out in this academic study, analyzing specialized literature and the Brazilian nor-
mative and legal framework, reveals an apparent inertia or inadequate prioritiza-
tion of this effort, despite its importance for power projection, as evidenced by the
Brazilian Space Agency being silent about SSA in its recently released PNAE
2022-2031. Although it is the main instrument for civil planning of space activi-
ties for the upcoming decade, the document does not even mention the subject,
demonstrating a mismatch with other nations active in the space sector. However,
there is an expectation that this will be addressed in a possible future update to the
PNAE.

Meanwhile, the Brazilian Air Force has been increasingly training in both SSA
and SDA. Although it still lacks the sensors capable of producing adequate mon-
itoring data, it already has an organization responsible for receiving and analyzing
the data shared through the 8§84 Sharing Agreement with the US. The Brazilian
Air Force has also developed plans for the acquisition of telescopes and radars for
monitoring space objects, but still lacks the necessary resources allocated for the
establishment of an adequate Space Monitoring System.

'That said, one of the contributions of this study is to inform decision-makers
that the development of national SSA and SDA capabilities will not only decrease
dependence on other nations but also ensure that the country has real-time infor-
mation about its own space assets and possible threats, thus allowing for their
adequate protection. In addition, investment in research, innovation, and develop-
ment of space technologies is crucial to improve SSA and SDA capabilities and
ensure Brazil is at the forefront of space exploration and its utilization.

While national capacity building is essential, international cooperation on space
issues is equally critical. This can include data sharing, collaboration on space mis-
sions, and joint development of technologies. Lastly, it is essential for Brazil to
establish a clear regulatory and legal framework for activities in outer space. The
leading countries in the space technological context, capable of projecting power
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on the international geopolitical scene through their space capabilities, have cen-
tralized governance and a history of efforts in defining guidelines on launches,
satellite operations, space debris mitigation, and offensive space operations, activi-
ties that are essential for the ambitions of any country in the space sector. 1
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