In a world without space, what will happen?
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Abstract
Satellites and other artificial space assets have achieved such prevalence that their presence—
and the benefits to humanity resulting from them—is now taken for granted. This report considers what would happen Without Space.
This report describes possible reasons that global access to space assets could suddenly disappear. It also explains the types of technology that would be affected, and explores the impact of
these losses from commercial, economic, ethical, legal, political, societal, and technological perspective.
The People’s Republic of China and the United States of America are used as case studies to
explore possible reactions to such a space outage. It provides not only a relatable and intimate
picture, but also crucially encourages and inspires an understanding of the importance of space
to our increasingly interconnected society. The report then forecasts how such a scenario might
progress across differing time spans: a day, week, month, and year. We briefly consider the
ability to recover services from both terrestrial systems and through the repopulation of orbits.
Interestingly, the creation of this report has identified an absence of available research into the
sudden disappearance of space assets, besides studies regarding national security. This has encouraged speculation of long term impacts, and inspires the opportunity for further investigation and research.
The information provided in this report will demonstrate our global reliance on space assets
and their importance in everyday life, framed to be easily understood by an interested reader.
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Faculty Preface
Over the past six decades, humanity has become ever more reliant on satellites and space systems, integrating these capabilities into every aspect of society. This year we examined the question: what if we lost
access to these space systems? What if we experienced a ‘day without space’?
The Southern Hemisphere Space Studies Program of the International Space University is an intensive five
week program covering all aspects of space. The Team Project is an important culmination of the program
requiring participants to integrate their interdisciplinary lessons and apply them to a specific topic. This
year, 23 participants from seven countries with expertise ranging from astrophysics to law, management,
medicine, meteorology, and engineering combined their efforts to examine this topic.
Asking the implications of a ‘day without space’ helps to clarify the vital role that space plays in modern society and the economy. It also serves to motivate us to examine potential risks to these systems, and our
future dependence on their uninterrupted function. Moreover, the arguments brought forward will no
doubt interest the policy makers and Agencies to answer the recurring question ‘Why Space?’.
Professor Walter Peeters, Team Project Director
Eric Dahlstrom, Team Project Chair
Alex Ryan, Team Project Associate Chair

Author Preface
A team consisting of 23 members from seven countries, all with different interdisciplinary, intercultural,
international, and intergenerational backgrounds attended the Southern Hemisphere Space Studies Program (SH-SSP) in 2019. The SH-SSP is a joint program between ISU and the University of South Australia
(UniSA), and has been running successfully since 2011.
With less than two weeks our team conducted the research, performed the analysis, and made high level
recommendations that constitute this report. It examines the potential outcomes resulting from an unexpected and immediate loss of all space activity: in this case, the disappearance of any Earth asset above
100 km altitude. We highlighted the impacts within several sectors and created two speculative case studies with evolution of consequences over time.
Our team expresses gratitude to the ISU and UniSA staff who have made this an unforgettable and irreplaceable experience. In particular, we thank our Team Project Director Walter Peeters, our Chair, Eric
Dahlstrom, and Associate Chair, Alex Ryan. We send our thanks also to the lecturers, teaching assistants,
ISU faculty, and others who have travelled far to share their knowledge and experience with us. We appreciate your efforts and our future success owes credit to each of you.
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Credit: NASA

3

Mission Statement
To assess the commercial, economic, ethical, legal, political and
technical impacts on a world without space assets, considering two
case studies over time.

Introduction
In the modern world it is easy to forget how humans rely on having unrestricted access to space. Since the
iconic ‘beep... beep… beep’ began cascading down to Earth from Sputnik 1, space has been both a playground and a tool for the citizens of Planet Earth. Space makes for compelling engagement equally
through science fiction and fact. So, what would happen if everything in space—suddenly, and without
warning—disappeared?
Makers of disaster films like to tell stories of a world collapsing, where an apocalyptic crisis is only averted
through the efforts of a lone heroic figure. This story lends itself well to those who dream of anarchy and
nihilism, those who slow down to a crawl as they pass an ambulance, and those who like to watch the
flames as they burn. The reality is, however, that a global collapse from losing access to space is not a farfetched idea.

“Satellite communications connect television screens in Japan with television cameras in England, and the
distance of half a world loses its meaning.” Robert Kennedy

This report envisions a time without space capabilities; an exploration of possible commercial, economic,
ethical, legal, political, societal, and technological consequences of an outage of satellites and other space
assets. It briefly touches on some of the natural and anthropogenic causes of satellite outages that might
occur, such as the effect of solar activity or the impacts of space debris.
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Without Space explains the types of space assets in use today, and demonstrates how the use of these
assets might be affected by an outage. It looks specifically at space exploration capabilities; position,
navigation, and timing; remote sensing; and telecommunication systems as they relate to activities
that impact daily life.
The People’s Republic of China and the United States of America are used as case studies to explore
possible reactions to such a space outage. It provides not only a relatable and intimate picture, but
also crucially encourages and inspires an understanding of the importance of space to our increasingly
interconnected society. The report then forecasts how such a scenario might progress across differing
time spans: a day, week, month, and year. We briefly consider the ability to recover services from both
terrestrial systems and through the repopulation of orbits.
Interestingly, the creation of this report has identified an absence of available research into the sudden disappearance of space assets, besides studies regarding national security. This has encouraged
speculation of long term impacts, and inspires the opportunity for further investigation and research.
The information provided in this report will demonstrate our global reliance on space assets and their
importance in everyday life, framed to be easily understood by an interested reader.

Dr. Ryan Stone: “Clear skies with a chance of satellite debris”
From the movie Gravity

Scene from the movie Gravity demonstrating the effects of space debris.

Possible scenarios leading to a world without access to space are plentiful, ranging from fanciful to
scarily likely. Less probable causes such as an impact from a planetoid or meteor are expected to be
observable in advance, with an ability to take action to mitigate the threat. The shifting of Earth’s magnetic fields and any subsequent change to its magnetosphere would have a negative impact to satellite
access. We present two of the most likely threats: space debris and space weather events. The case
studies are presented with purposeful ambiguity to the cause of the outages, encouraging consideration of the theorized effects.
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Outage Causes
Space Debris and the Kessler Syndrome
Space is now more accessible than ever, with private companies engaging in everything from nanosatellite
development to launch platforms. The number of satellites launched into orbit is experiencing accelerated
growth. SpaceWorks estimates 2,000 – 2,800 small satellites will require launch over the next five years
(SpaceWorks, 2018). Increased space debris must be considered as a real and present threat.
Space debris refers to the growing band of space junk orbiting Earth, including non-operational satellites,
used rocket parts, unused fuel, fragments of material from orbital collisions, objects ‘lost’ from space missions, and natural sources of debris such as meteoroids (Liou, 2013).
As of January 2019, the European Space Agency
estimates that the following debris is in orbit:
• 34,000 objects larger than 10 cm
• 900,000 objects 1 cm to 10 cm
• 128 million objects smaller than 1 cm
(ESA, 2019)
With the density of objects in orbit increasing, the probability of collisions between objects also increases.
One collision creates more fragmentation debris, and the probability of collisions increases further, potentially leading to a chain reaction. This exponentially increasing amount of debris was predicted by Kessler
and Cour-Palais in 1978 and is now known as the Kessler Syndrome (Kessler & Cour-Palais, 1978).
Large-scale collisions have already happened, the explosive effect of which are in the magnitude of several
tonnes of TNT (Plait, 2009; Pelton, 2013). Notably, the operational American Iridium 33 satellite and the
non-operational Russian Kosmos 2251 unexpectedly collided in 2009, introducing thousands of new fragments into orbit (Liou, 2013). Even objects smaller than one centimeter can cause significant damage to
satellites, given the average speed of space debris is 10 kilometers per second (Patel, 2015). Moreover, this
introduces a level of uncertainty in debris forecast models as objects this small are currently untracked.
In 2013, the Inter-Agency Space Debris Coordination Committee (IADC) reported that the debris population
in Low Earth Orbit (LEO) is worrisome. Forecasting debris levels over the next 200 years, the IADC member
agencies (ASI, ESA, ISRO, JAXA, NASA, and UKSA) have modelled an average increase in LEO debris of 30%
(IADC, 2013). They also predict that catastrophic collisions (defined as those that produce significant fragmentation, such as the Iridium-Kosmos collision) at altitudes of 700 – 1,000 km will occur every five to nine
years.
Recent studies have considered the effects of the large amounts of nanosatellites launched into the LEO
population. Somma, Lewis, and Colombo found that as few as six additional spacecraft per year in the 1,110
– 1,300 km altitude region (a target altitude for many private satellite companies) would increase the orbital population significantly (Somma, Lewis, & Colombo, 2018a; Somma, Lewis, & Colombo, 2018a). Of
course, with hundreds of nanosatellites now being launched, this significantly increases the chance of collision (Selk, 2017). Moreover, with an unauthorized nanosatellite launch already reported, regulation will
play a significant part in mitigating space debris (Henry, 2018).
A collision on the scale of the Iridium 33 and Kosmos 2295 incident has not occured for nearly 10 years, but
the IADC modelling indicates that one may be imminent. In particular, the insertion difficulty of placing
many more satellites into orbit than previously predicted has increased the congestion of the orbital network, heightening the potential of a Kessler Syndrome event destroying the satellites on which Earth’s society depends.
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Space Weather and the Carrington Event

Space weather refers to conditions in space that affect human systems and activities, both on Earth and in space (Cairns, 2019). The two most common and destructive types of space weather are solar flares and Coronal Mass Ejections
(CMEs). The former are electromagnetic radiation and high-energy particles
emitted by the Sun. CMEs, on the other hand, are enormous eruptions of energy,
ejections of plasma, and magnetic fields that can be larger than the Sun itself
which can cause geomagnetic storms on Earth (Neudegg, 2019).
On September 2nd 1859, the Earth experienced the largest solar storm ever recorded. In what is known as the Carrington Event, telegraph wires suddenly shorted and caught fire in the US and England, and auroras were seen as far south as
Cuba and Hawaii (Britt, 2009). In October and November 2003, a series of solar
flares and CMEs hit Earth in the Halloween solar storms, with more than half of
deep space and near-Earth missions affected to some extent (Zell, 2017). Fortyseven satellites experienced interruptions, one satellite was lost, and the aviation
sector in the US went offline for over a day with the loss of GPS (Department for
Business Innovation and Skills UK, 2015). These solar storms also affected flight
positioning plus satellite communications and caused a short power outage in
Sweden. Experts estimate an economic and societal cost of 1-2 trillion USD in the
first year after an ‘extreme geomagnetic storm scenario’ such as the Carrington
Event (The National Academies Press, 2008). A Carrington-like event today could
destroy entire power grids and orbital spacecraft (Cairns, 2019).
Further, rapid weakening of the Earth’s magnetic field as a result of fluid motions
in Earth’s core could leave satellites in orbit without protection from solar storms
and other space weather events (Olsen, Mandea, 2008; Hsu, 2008). Note that the
Sun is not the only source of extreme and unexpected space radiation. Gammaray bursts from active galactic nuclei (active black holes inside distant galaxies)
and supernovae also have the potential to affect Earth-orbiting satellites; however, the likelihood of deep space events occurring close enough to Earth to have an
effect is low (ISU SH-SSP, 2014).
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In 2015 and 2016, the US National
Science and Technology Council
(NSTC) and the White House released
the National Space Weather Action
Plan and the Executive Order: Preparing National Coordinating Efforts for
Space Weather Events respectively,
indicating that solar storms are a real
and urgent hazard for Earth’s satellites and space facilities (NSTC, 2015;
The White House, 2016).
These causes demonstrate some of
the possible threats to Earth’s access
to space. Future research could take
the opportunity to investigate these
in greater detail, considering topics
such as:
• loss of only one orbit, for example Low Earth Orbit becoming
inaccessible, whilst others remain; or
• loss of partial orbits, for example
an event disabling satellites in
Geostationary Orbit servicing a
particular part of the globe.
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Scope
To ensure Without Space is a report of substance and value to the reader, the project team have elected
to constrain the research topic. Rather than focus on the ‘why’ of the cause, the research priority has been
given to the potential impacts. Therefore, it is assumed hereon that all space assets are unavailable.
The project scope touches briefly on the possible causes of such an outage, without an implication of
which particular cause sets off key events. The constraints considered for the project are:
•
•
•
•

the definition of the boundary of space;
outage duration(s);
types of space assets to be considered;
whether to consider recovery scenarios.

Without Space takes the Australian Federal Government’s Space Activities Act 1998 definition of the
boundary of space to be 100 km. This report considers multiple scenarios of outage duration: one day,
week, month, and year. The case studies explore these scenarios using the best available data.
The space assets investigated are categorised into four groups, with details of these being expanded upon
within the report. These include space exploration capabilities; position, navigation, and timing; remote
sensing; and telecommunication systems.
The final constraint to define was the ability and schedule to recover these services, through either terrestrial means or through a replacement of the satellite network. The report touches upon this only lightly,
however it is worthy of its own research.
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Space Exploration
Exploration in space is done via human space flight, landers, and rovers looking at celestial bodies such
as Mars and our Moon, plus satellites tracking the Sun and small bodies such as asteroids and comets.
Sun-observing satellites are interested in the Sun’s evolution over time, and measuring solar wind and
its effects on the Earth’s magnetosphere provides a few minutes warning before a large CME that has
the potential to damage ground-based equipment or harm astronauts in space.

Although optical and radio waves can be observed from ground level, there is a need to place satellites in
space to understand:
• High-energy astronomy - observing extreme ultraviolet, x-ray, and gamma radiation aims to answer
how the universe began, and how it evolves over time
• Microwave astronomy - Cosmic Microwave Background radiation has been found as a remnant of
the Big Bang. Dark matter and dark energy that causes the accelerating expansion of the Universe is
also being observed (Howell, 2018)
• Optical astronomy - Even though optical astronomy can be studied from the ground, a much higher
resolution is achieved from telescopes in space. We are able to see potential asteroid and comet impacts on planets and evaluate Earth-like planets orbiting our habitable zone (NRC, 2005; The Planetary Society, 2019)

Fig. 2: Image on the left produced
from ground and image on the right
from Space (The National Academies
Press, 2005)

Fig. 1: (National Aeronautics and Space Administration (NASA), 2013b)
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Commercial Impact
Commercial space exploration remains in its infancy, but is gathering significant interest from startups and larger companies seeking to exploit the vast resources available off Earth. Often referred to as New Space companies, they develop technologies to provide more affordable and faster access to space.
Some of the New Space industry verticals that rely on exploration include human spaceflight, private microgravity research, space tourism and hotels, in-space services, space resource management, and space-based energy
(Tata-Nardini, 2019).
Commercial asteroid mining is an example of promising opportunities, searching for water resources that will
allow for deeper exploration of space either as a source of rocket fuel to travel further into space or to sustain
life in new space settlements.
If space becomes inaccessible, it is feasible that mining activities will instead be focused on the 80% of Earth’s
deep seas which are still unexplored (Corbyn, 2018).

Economic Impact
In NASA’s budget of 2016, exploration occupied 4 billion USD and commercial human spaceflight contributed
about 1.1 billion USD to the global space economy (Bryce, 2016).
Space is an important driver of global and local economies as well as innovation. The economic rate of return
sees between $7 and $14 for every dollar spent on NASA projects in the US. NASA’s budget for FY 2019 is 19.9
billion USD, where as much as 278 billion USD is generated in spinoff technology around the world. Over 18,000
people are employed at NASA, and hundreds of thousands of jobs are created as a result of technology partnerships. If space exploration ceases, it is a likely consequence that employment and funding would be at risk
(NASA, 2018a; NASA, 2018b).

Ethical Considerations
Without space, the sky becomes the limit again. We are back to being spectators as the Universe unravels. Without space, we no longer have the option to consider why we are searching for meaning in the Universe as deeply. The threat from near Earth objects becomes increasingly heavy on people’s minds as we are helpless in mitigating their risks. We would also not have to consider what we would do if life were found outside planet Earth would we protect it and allow it to evolve? Would we choose ourselves over microbial life forms, should we
wish to mine their home? The exploration of space provides us with many ethical dilemmas, including whether
or not humans should be sent into space if there is a chance they may not survive.

Legal Implications
No legal or policy frameworks dealing with redundancy or mitigation in the event of loss of access to exploratory
satellites have been found, and more research is required.
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Political Impacts
As no one country can own any part of space, international relations are strengthened by working collaboratively for the good of humanity through space exploration (Outer Space Treaty, 1976). International collaborative research and development agreements strengthen foreign affairs and peace between nations. The International Space Station is the most politically complex space exploration program ever created, bringing
together space agencies of the United States, Russia, Europe, Japan, and Canada. Space exploration is also
used politically to inspire populations: iconic speeches and actions which are used to rally behind patriotism.
Without space one can imagine strengthened collaboration across nations increasing over the world. Perhaps
the exploration of other frontiers will be used as the basis of political campaigns, sending humans to the
deepest of seas or further into the Earth.

Societal Impacts
Historically rulers and societies have spent wealth on ‘monuments’ to demonstrate power and vitality. Space
exploration can be seen as a modern equivalent of a monument (Dougherty, 2019).
The loss of space research will signal a loss of cultural dynamism, where humans have been used to the idea
of exploring our universe as an ever evolving species. Moving beyond our planet and making contact with
extraterrestrial life forms have long been driving forces for humanity, found in cultures all over the world.
Without access to space, our sense of curiosity, adventure, discovery, knowledge, and inspiration may be
diminished.

Technological Impacts
New technologies developed for space may never come into existence without engineers solving complex
problems faced by space exploration.
Overcoming the challenges of space-travel has yielded significant terrestrial applications and led to lifechanging technologies such as breast cancer screening, cardiac defibrillators, kidney dialysis machines, CT
scanners, and cochlear implants. Spin-off technologies are created through NASA’s Technology Transfer Program with partners around the world.
(NASA, 2008).

Did you know that there are many commercial technologies that came from
the Apollo spinoff program of NASA (NASA, 2009)? These include:
• Freezing food: a solution to preserve food over a long period of time
• Flameproof textiles: firefighter and motor sport suits
• Water filters: used in remote regions to provide safe water supplies
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Positioning, Navigation,
and Timing
Fundamentally, Positioning, Navigation, and Timing (PNT) allows us to track the location and movement of anything. Alongside highly reliable atomic clocks, the systems use a network of satellites and ground stations to lateralize and realize the position of an object.
Aspects of Positioning, Navigation, and Timing
• Positioning is the means of finding an exact location of an object in two or three-dimensional space.
• Navigation is the means of determining direction and distance to a target location.
• Timing is the provision of an accurate measurement of time, and is used as the ‘precise clock’ by a large variety of services. Exact timing is also used to calculate exact measurement of distance from the timing of a
radio signal.

There are two operational global satellite navigation systems in use: United States Global Positioning System
(GPS) and Russian Global Navigation Satellite System (GLONASS) (West, 2018). The GPS satellite constellation
consists of 31 satellites, with a minimum of 24 operational satellites orbiting in six different planes in Medium
Earth Orbit (MEO) at an altitude of approximately 20,200 km (GPS.gov, 2018a). Similarly, Russia’s GLONASS constellation consists of 26 satellites, with a minimum of 24 functional satellites operating in three orbital planes
(GLONASS Information and Analysis Center, 2019).
There are five other global and regional satellite navigation systems in development: the European Space Agency’s (ESA’s) Galileo global navigation system, China’s BeiDou global navigation system, Japan’s Quasi-Zenith regional satellite system, the Indian Regional Navigation Satellite System (IRNSS), plus the Iranian Local Positioning
System (West, 2018).
PNT systems add value to areas such as agriculture, construction and mining, energy, transport, banking and
finance, communication, environmental management, marine governance, public safety and disaster relief, surveying and mapping, timing, as well as recreation and space (GPS.gov, 2014).

Commercial Impact
PNT connectivity is a critical element of many industries, from transport to energy production. Farming,
rideshare, and even dating applications are all reliant on PNT technologies, as are most phone-based applications. The finance industry uses accurate time recording from PNT satellites to timestamp electronic transactions.
The loss of PNT satellite connectivity would have serious consequences to commercial activity across the globe.
So much of what we do today is dependent on GPS (or equivalent technologies) to function correctly (Leveson,
2015). Not only would the industries listed previously be impacted by an outage, their customers would also be
affected negatively.

Economic Impact
Revenue from production of telecommunications and Global Navigation Satellite System (GNSS) ground equipment in 2017 was 85.8 billion USD, while the revenue from products and services dependent on GNSS signals
reached 81.8 billion USD (Space Foundation, 2018). A loss of up to 87.2 billion USD to US commercial GPS users
and up to 8.8 billion USD to US commercial manufacturers is expected to result from loss of GPS capability, representing the equivalent of 0.7% of the US economy (Pham, 2011).
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Ethical Considerations
Given the importance of PNT to infrastructure, governments have a responsibility to openly provide the PNT
services they manage (Dempster, 2015). In the event of a global loss of PNT systems, backup solutions will be
sparse, with only a few countries providing alternative PNT services. In such a scenario, who should be given
priority? Alternative PNT services such as eLoran would initially exist as backups to the military and countries
who have managed to utilize backups may be reluctant to share them with others in need of PNT systems.
Without positioning and timing capabilities from satellites, backup services (such as eLoran) are scarce. In such a
scenario, should the priority given to energy, disaster relief, or national services?

Legal Implications
It is in the interests of governments to issue consistent policies and enact legal frameworks that ensure dependability of PNT systems, and to develop and maintain backup systems that protect critical infrastructure in the
event of PNT system degradation or loss.
For example, to achieve its policy goal to maintain its leadership in the service, provision, and use of PNT services, the United States government issued policies and legal frameworks relating to free and open access to
GPS, GPS modernisation, international cooperation and PNT system synchronization, GPS spectrum protection,
plus development and implementation of alternative timing systems (GPS.gov, 2018b).
Under its 2018 National Timing Resilience and Security Act, the US is required to operate a reliable groundbased timing system.

Political Impacts
The high levels of international reliance on the PNT systems of other States for heavily linked industries could
pose an interesting dilemma in the event of an indefinite service outage. Would the States continue their shared
spirit of cooperation and build a shared-ownership replacement, or would they instead turn towards protectionism?

Societal Impacts
The heavy integration of PNT services into the fabric of society has made living generally easier and safer, with
populations reliant on time-stamps for banking and electronic transactions, vehicle guidance, emergency services, and power supply through the use of the atomic clocks within PNT systems. Disabling each of these services on a global scale could quite reasonably be assumed to be disastrous. Having reduced or restricted access
to money will make it difficult to purchase basic necessities such as food or drink. With the combined impacts
from vehicle guidance being unavailable, traffic jams and delays will cause significantly increased levels of frustration throughout society. Experiencing power outages and seeing police, fire and ambulance unable to respond efficiently will cause people to worry further.

Technological Impacts
PNT systems loss can impact multiple sectors of infrastructure such as transport, communications, energy,
emergency services, plus banking and finance.
An example of impacts across multiple sectors due to loss of PNT systems was an event that occured in San Diego, January 2007 (Coffed, 2016). A radio signal jamming exercise conducted by the US Navy unintentionally
jammed GPS signals throughout the entire city. Mobile communications and vehicle guidance were lost. Air
traffic control were able to restore backup systems, however, marine traffic could not. In addition, bank ATMs
refused to allow withdrawals. The cause was not discovered for three days (Dovis ed., 2015).
The alternative ground-based timing systems for the United States are long-range navigation (Loran-C) infrastructure and enhanced long-range navigation systems (eLoran) (GPS.gov, 2018c). Loran-C determines a position
by using the difference in strength of low-frequency radio signals from multiple beacons whose locations are
known exactly. eLoran improves upon Loran-C to allow full high-power PNT services except for altitude, which
would still require an altimeter (GPSworld.com, 2015).
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Remote Sensing
Earth Observation (EO) is the study of objects or areas on the Earth’s surface using satellite remote sensing.
Since beginning in the 1960s, the acquisition of remote sensing data has shaped society’s relationship with the
Earth, informing how we manage its resources.
Remote sensing satellites provide continuous and systematic observation of the Earth’s surface. Satellite sensors
detect the electromagnetic spectrum with high spatial and temporal resolution, affording us a wide field of view
over extended periods of time to give us the ability to effectively monitor a significant number of variables.
Earth Observation satellites have a resolution of 50 cm or better for their camera (Hamilton, 2019), meaning
they can see a home plate on a baseball field from space (GISGeography, 2018).

The use of remote sensing technology is also used to connect the Internet of Things with the small satellite revolution of New Space. This will enable low cost, low power connectivity to billions of sensors around the world
that can track things such as wearable technology, smart homes, connected vehicles, supply chains, manufacturing, agriculture, and more to reshape the way the world operates and does business.

Commercial Impact
Remote sensing technologies are being used increasingly to investigate, inform and assist with planning commercial operations. The ability to inspect agriculture from space rather than from the ground provides information of value to decision makers.
The commercial value of remote sensing systems is on the rise, with an anticipated twofold growth by 2026
(West, 2018). As the market expands, so too will the number of remote sensing applications.
Many of these commercial operations have switched to use of remote sensing data as an alternative to previous
ground-based systems for acquiring information. Should access to space be restricted through an outage event,
they would be required to revert to previous methods of intelligence gathering such as airborne remote sensing.

Economic Impact
The annual global economic contribution is about 2.2 billion USD in terms of remote sensing services. If we consider remote sensing satellites manufacture cost, the number could be increased to approximately 9.8 billion
USD (Bryce Space Technology, 2019a).
The 2010 flow-on economic benefit of the data obtained through earth observation for North-Eastern Iowa
alone was at least 857 million USD (Forney et al., 2012).
Even a conservative extrapolation of this figure to a global level would suggest the vast economic impact that
this technology has accrued, and indicates that the loss of remote sensing satellites would spell significant economic decline.

Ethical Considerations
Remote sensing has been beset by ethical dilemmas from its inception. The association of satellites and espionage is one which has been treated carefully in space law; the moral philosophy guiding the founding treaties
supports space as a common good. A situation of satellite outage might ask if there is an ethical responsibility to
mitigate and resolve the issue in keeping with this philosophy. Should, for example, any satellite capability rebuilding be done in accordance with the principles of equal access to space? If it is more efficient for resources
to be pooled to only a few entities, what obligation do they have to maintain this philosophy in the context of
non-binding principles of use?
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Legal Implications
Since the end of the Cold War, the tone of legal framework governing remote sensing has shifted from being
built on distrust to one supportive of international collaboration (Khorram et al., 2016). The inception of the
Committee for the Peaceful Use of Outer Space (COPUOS) has cemented this by determination of the Principles
on Remote Sensing (von der Dunk, 2002), which delineate the appropriate use of remote sensing technology.
Beyond these principles, there is currently insufficient information available to comment on any legal frameworks that might exist for such an outage scenario. It seems that a thorough consideration of this area is not just
appropriate, but also necessary.

Political Impacts
Remote sensing satellites have historically been the domain of governments, with space-faring nations having
the political advantage of observation of their neighbours and rivals. The data obtained from these satellites
allows for more frequent intelligence updates to assist with political and commercial decision-making.
More recently there has been an increasing trend of non-governmental remote sensing satellites. This trend
away from governmental control of space remote sensing assets has allowed for somewhat of an equalisation of
political leverage.
The loss of these assets, both government and non-government, could cause a reversion to Cold War-esque
style of intelligence gathering using more terrestrial means. The state with the largest and most effective network could gain the political advantage not held in the current environment of shared data and resourcing.

“The commercialization of satellite imagery has had an impact on global politics across a variety of domains
from humanitarian action, human rights, environmental politics and international security.” (Olbrich, 2018)

Societal Impacts
The societal impact of remote sensing technology is far-reaching, with decision makers being reliant upon the
data provided by these satellites.
Remote sensing data gives society a window through which to observe themselves as part of a whole species
and truly as inhabitants of the Earth. It is photos like the Pale Blue Dot that will continue to inspire humanity.
The loss of satellites would result in a distinct cultural loss to society, and would hinder much of the progression
that has been made in steering humankind towards the common goal of a truly and globally developed world.
Additionally, without the data provided by remote sensing equipment, leaders are less able to make informed
decisions, which has the potential to impact human health and resource production. Poorer health and increased food scarcity will reduce the quality of life on a global scale.

Technological Impacts
A significant focus of remote sensing, and specifically within EO, is the gathering of weather and climate data.
Without remote sensing we will be unable to forecast weather and predict natural disasters. This is particularly
important in the context of climate change, which may worsen already extreme conditions.
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Telecommunications
Telecommunication satellites relay and amplify signals, working in conjunction with a ground segment for television, telephone, radio, and Internet services, as well as for military and
meteorological purposes.
Communications satellites can be deployed at a variety of orbits: Low Earth Orbit (LEO), Medium Earth Orbit (MEO), and
Geosynchronous Earth Orbit (GEO). The difference in orbits
permit different functions, with most communications satellites stationed in GEO to maintain a fixed broadcast position
relative to one point on Earth.
Modern, smaller satellites allow the creation of extensive satellite constellations in lower orbits. These have helped increase global communications coverage, decrease communication latency, and reduce the cost of transferring data.

Commercial Impact
Telecommunications satellites were some of the oldest commercial applications for space, with both long distance telephony and television services providing a space-based service to
consumers. As time progressed, telephony became less reliant
on the use of satellites and moved to faster terrestrial systems.
Today, the majority of communications satellites are used for
television broadcasting. While most commercial entities would
be somewhat reliant on telecommunications satellites for operation, this would generally be in conjunction with a terrestrial network with built-in redundancies.

The loss of these telecommunications
satellites would have significant ongoing
economic impact, as network prioritization results in diminishment of service.

Ethical Considerations
The international response to a satellite
outage is necessarily dependent on our
collective technical and disaster management capabilities. This process, however, is one which must be guided by
ethical principles that underpin our use
of telecommunications. The history of
communication vacuums—during Hurricane Katrina, for example—point to the
complexities that can emerge. In such a
situation, leading questions include:
how remaining resources should be distributed, how responsibility should be
allocated, and with which reasoning this
should be conducted.

Economic Impact
Telecommunications satellites constitute a significant portion
of the satellite industry’s revenue, generating 128.7 billion USD
from a total of 348 billion USD worldwide in 2017 (Bryce Space
Technology, 2019). Of this, television services accounted for 97
billion USD, with other satellite communications services including radio, Internet, and mobile services contributing the
remainder.

Fig. 3: Telstar 1 (Alcatel-Lucent, 2012)

17

Legal Implications
It is foreseeable that a satellite outage would force a redistribution of telecommunications to terrestrial services. Although there is extensive terrestrial infrastructure, the sudden shift from significant dependence on satellites would likely be complicated by an accompanying reduction in bandwidths and available frequencies. In
conditions of such scarcity, it is likely that the responsibility of allocation and distribution would fall to the International Telecommunication Union’s (ITU) Regulations. Article 5 of these regulations stipulates that ‘safety of
life telecommunications, such as distress telecommunications, shall be entitled to transmission as of
right’ (International Telecommunication Regulations, 1989). The next in importance are government telecommunications. The same protocol maybe applied in the context of recovering any satellite capability.

Political Impacts
There are innumerable aspects to governing a country that require access to telecommunications networks,
both for domestic operations and internationally. Typically governments retain political accountability for the
effective delivery of telecommunications services.
Whilst most networks are a combination of satellite and terrestrial systems, in the event of an outage a reduction in bidirectional communication channels would be experienced. This may leave citizens uninformed or,
worse, misinformed. Functionally, public bodies will be less capable of carrying out tasks and coordinating a response. Frontier control will be a challenge without communication with the central government.
The political response to such an outage would likely be a reprioritization of communications traffic. To preserve
integrity and provide international communication, it is possible the Internet will be restricted for official government use (Belson, 2019).

Societal Impacts
Telecommunications services form the heart of a modern functioning society. Any assessment of the societal
impact of a satellite outage must feature the shared reliance on those public services that ensure the safety of
communities. The basic communicative function of satellites allows users to not just predict disaster events, but
to respond accordingly.
The International Telecommunication Union has a history of providing emergency satellite phones during natural disasters, for example to the Philippines during Typhoon Haiyan to support search and rescue efforts
(International Telecommunication Union, 2013). A satellite outage, however, would spell a loss of digital consumption across the spectrum: news would be read out to no audience and sports fans would cheer at blank
screens. Communication with loved ones may be interrupted as terrestrial networks are required to handle additional loading.

In 2017, over 830 million people aged between 15 and 24 used the Internet (ITU, 2017). This
corresponds to 80% of the young population over 104 countries who had access to an Internet
distribution service.

Technological Impacts
The outage of telecommunication satellites would impair many devices such as phones, televisions, Internet
connected computers or power plants servers. Amongst energy providers for example, there is a commonly
shared protocol to ensure that available power is allocated to critical systems including hospitals, sewage treatment plants, and emergency services (How we restore power, 2019). Subsequently, the focus then turns to repairing damage and troubleshooting before finally
assisting remaining subscribers such as residential homes.
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Case Studies
As mentioned in the introduction section of this report, an absence of available research into the sudden disappearance of space assets has encouraged a level of creative licence when speculating about long term impacts.
These case studies seek to provide a personal context based on the previous analyses of exploratory sciences,
PNT, remote sensing, and telecommunications through a timeline of events.

China - 1 Day

21

7:00 AM

Television and radio channels have no signal; only a few local channels using terrestrial links are
broadcasting. Aviation suffers positioning issues when tracking moving objects at airport landing sites. Commodities and stock exchanges are unable to conduct transactions. Weather forecasts are lost (National Satellite Meteorological Center China Meteorological Administration,
2019).

9:00 AM

China’s high-speed rail system becomes unsafe without positioning to detect other trains on
parallel tracks (Liu, et al., 2012). Some mobile apps cannot be opened; mobile payments are
sluggish, transaction confirmation times are extended, transactions cannot be completed, credit card transactions are delayed.

11:30 AM

Chaos in airports; efficiency between ground control and aircraft in flight has decreased, especially for transoceanic flights. Time between departure and landing increases substantially,
causing long delays/cancellations for passengers (Yanzhen, 2017). To guarantee safety, China
National Space Administration (CNSA) call a video teleconference using ground communication
links with government agencies and other major domestic space agencies to analyze outage
impact and discuss countermeasures.

3:00 PM

Emergency rescue services require alternate forms of communication, a major problem for
deep-sea fishing boats. Ground communication such as cable, longwave and shortwave have
been blocked due to user increase, and equipment failure rate has increased.

6:00 PM

CNSA activate the spacecraft failure emergency plan and contact UNOOSA to confirm the cause
of the global spacecraft failure and duration of the impact. CNSA and companies implement
emergency response.

China - 1 Week
Day 2

Most television and radio channels are still unavailable. Loss of time synchronization causes major
failures in power grids, resulting in localized blackouts in many cities (Davis, et al., 2012). National
communication management departments and telecommunication companies are activating some
of the sealed wired communication lines (Sun, et al., 2016).

Day 3

Disaster response services are overworked. Distance education in remote areas is interrupted. Primary and secondary school students living in these areas are forced to interrupt education that is
not available locally such as information technology, artificial intelligence, art, and aerospace.

Day 4

Forest fire prevention management is limited (China Forest Fire Management, 2019). The CNSA
launches a contingency plan for spacecraft failure.

Day 5

Telemedicine diagnosis and rescue cannot be connected. Patients who are in urgent need of consultation can only be temporarily treated in a local hospital or transferred to a large hospital in a
distant provincial capital.

Day 6

Spacecraft management departments and units closely monitor detectors in accordance with established temporary measures. Various industries implement temporary measures in line with temporary regulations.

Day 7

After the incident, CNSA organizes relevant units to analyze the causes of spacecraft failure, plus
related impacts and countermeasures, and develop an emergency response mechanism at the national level. Since intercontinental data originally transmitted by the satellite was transferred to submarine cable, the Internet has become crowded and slow.
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China - 1 Month
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Week 2

Timing synchronization is severely degraded. Financial transfers and data exchange requiring satellite timing break down. Sections of China’s power grid become isolated due to
timing synchronization failure. Most of China’s fishing vessels go off course and have very
little means of communicating with the mainland (Inside GNSS, 2016). Sales of traditional
paper media such as newspapers, magazines and books rise significantly. The State Council call a conference to establish a committee to dispose of the satellite outage crisis
(General Office of the State Council China, 2014).

Week 3

CNSA release a statement about dealing with the emergency circumstances. China is able
to implement some kind of backup positioning system for aircraft utilizing eLoran technology. CNSA hold a press conference to inform the population of the global spacecraft failure and recommended countermeasures.

Week 4

Satellite communications companies have gone bankrupt or cease operating, causing unemployment that affects social security. Communication satellite owners try to negotiate
compensation with insurance companies and countries, challenging the country's relevant
legal regulations and government management capabilities. Speed and efficiency of the
whole of society begins to decline significantly. All technical schedules and solutions regarding recovery and emergency control are finalized.

China - 1 Year
Month 3

The energy sector is localized. There is no way to estimate the energy requirements for anything beyond a few cities. The government and the Satellite Communications Corporation start planning, evaluating and preparing to
implement manufacturing and launch plans for backup communications satellites. The government establishes the Temporary Invalidation Management
Committee for Space Detectors, handling relevant affairs on behalf of the
State including studies of the national space exploration plan and initiating
research on relevant laws and regulations. Ecological monitoring becomes
difficult over China’s 10 million square kilometers.

Month 6

The national space exploration plan is adjusted to suspend projects such as
lunar, Mars, asteroid, and deep space exploration. According to national policies, various commercial space companies adjust their space exploration mission arrangements and do research on new projects. Under the control of
the government, many state-owned companies and agencies execute job
rotation of their employees.

Month 9

The lack of satellites has severe impact on disaster mitigation for forest fires,
mountain earthquakes, and mudslide disasters, seriously affecting the progress and efficiency of search and rescue. River floods are unpredictable
without remote sensing and the Yangtze river causes threats to people (Kai,
et al., 2018).

Month 12

The government guides people to promote stability of public order. Implementation of the adjusted national space exploration plan begins. China continues to improve its space environment monitoring system, early warning
and forecasting platform, and improves the space environment monitoring
and disaster warning capabilities (The State Council Information Office of the
People's Republic of China, 2016).
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USA - 1 Day
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7:00 AM

… No signal. No weather observations. Transportation and shipment tracking systems now delayed. Most ships, trains and flights are delayed. Communication with astronauts is terminated
(NASA, 2013), no science data from ISS (NASA, 2016a). Emergency services such as police, fire department, and civil defence will be late in response (Tambone, 2016). Disaster warning and rescue
networks still running, but with degraded services (Hartshorn, 2018).

9:00 AM

Failure of money transfer, banking information, and connection to global financial network. Stock
market drops drastically due to trading fears (Gugapriya, Vaitheki, Kaviyarasi, 2013). People in
remote areas including oceanic or arctic polar areas lose mobile phone, radio, television, and Internet access. International phone call congestion on terrestrial communication system. Exploratory satellites not responding. Space agencies try to reconnect satellites and start troubleshooting
(Foust, 2018).

11:30 AM

No weather predictions from satellites (UNOOSA, 2012). More than 1,350,000 satellite observations for the environment and oceans are missing in the Global Forecasting System (Ota, 2012).

2:00 PM

Global companies and organizations such as news agencies and energy companies are affected.
Ground-based observatories are looking for the cause of satellite outage.

6:00 PM

No data for NASA’s Advanced Rapid Imaging and Analysis (ARIA) team to assess weather nowcasting for thunderstorms and lightning. No monitoring of natural disasters. No global precipitation observation for hurricane intensity estimates (Hartshorn, 2018).

USA - 1 Week
Day 2

… Still no signal. Rescue services are less effective due to reliance on manual methods, such as paper
maps. Severe Internet congestion due to increasing load on ground based systems. Government takes
action and limits public access to protect high priority crisis communication. No access to social media
like Facebook, Twitter, or YouTube.

Day 3

Electronic transactions continue to fail as transaction timestamps are affected (Dvorsky, 2015). Clock
synchronization breaks down at power stations, causing faults if there are no backup systems in place
(Glass, 2016).

Day 4

Incorrect power flow calculations lead to transformer overload and power blackouts due to loss of
power synchronization. Temperature-sensitive medications are destroyed, as is perishable food due to
power outage. Government initiates emergency procedures to organize temporary recovery.

Day 5

No inventory, surveying, agriculture, hydrology, geology, mountain ecological studies, mineralogy, land
cover, land use or environment data. International food supply chain involving imports and exports
breaks down. Large-scale logistic companies in chaos, leading to panic-buying of food (Hollingham,
2013).

Day 6

Fresh water availability diminished as key reservoirs and global water cycle cannot be monitored. No
ocean observation or forecasts. Maritime supply chain suffers due to lack of GPS monitoring of shipping
containers. International phone calls mitigated to emergency only. Flights still delayed, tourism is
affected.

Day 7

Exploratory satellites not responding. Space agencies try to reconnect satellites.
New Space technology exploration companies focus on recovery efforts and replacement strategies of
lost space assets.

Fig. 4: With data NASA’s Soil Moisture Active Passive satellite, researchers can monitor the amount of water in the soils to identify areas
prone to droughts or floods. In this map created with SMAP data from May 16- May 18, 2018, soils that are wetter than normal are seen
in greens, while those that are drier than normal are seen in browns.
Credits: Joshua Stevens/NASA Earth Observatory
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USA - 1 Month
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Week 2

Chaos… Severe effects on geospatial civilian applications and strategic services. No space
observations from the stratosphere to understand changes in the ozone layer (Jet Propulsion Laboratory California Institute of Technology, 2018). Slow economic collapse as all
companies and products relying on GPS for imports begin to fail. World crop supply reduced due to cancelled shipments. Agriculture is crucially impacted in more than 30 specific
areas, such as crop phenology, land-use and land-cover, and machinery direction (Grind
GIS, 2018). Governments reorganize terrestrial communications to compensate for satellite
loss. More attention given to recover energy and food supply chains. Science communities
not receiving data from exploratory satellites, funding and contracts not getting renewed,
communities suffer job losses.

Week 3

National weather services may plan for alternative global ocean observation. No forecasting for solar flares and CMEs or powerful geomagnetic storms that can disrupt power
grids, resulting in national blackouts and costly recovery (trillions of USD) (United States
Geological Survey, 2016).

Week 4

Focus is on design and testing of replacement satellite communications technology such as
balloons and drones.
High-altitude weather monitoring balloons are deployed to improve weather forecasting
(National Weather Service).

USA - 1 Year
Month 3

Recovery… Understanding the outage cause and how we can prevent a similar event in the future. Economy is suffering due to the loss of services and jobs. Many commercialized devices
have gone out of business entirely, with new technology being invented to take its place. Economic and societal impacts of degradation or loss of PNT systems estimated at 1 – 2 trillion USD
in the US, with 3.3 million jobs in industries relying heavily on GPS are affected (The National
Academies Press, 2008). Technology to replace satellite communications created using balloons
and drones. US accelerates deployment of eLoran, a PNT backup system.

Month 6

Companies find alternative methods to recover business operations without satellite communications. Commercial telecommunication operators create satellite launch plans together after analysis of outage. Increased public interest in returning to exploring space, leading to a larger budget
for NASA.

Month 9

National Weather Service launch new satellites between six months to one year.

Month 12

Successful deployment of constellations of LEO/MEO/GEO communication satellites to recover
the satellite communication capability.

28

29

Conclusion
We have conducted an assessment of a world Without Space. Two of the more likely outage causes for a world without space were presented: solar storms and the Kessler syndrome.
We investigated the impact within four areas of space technology: space exploration capabilities; position, navigation, and timing; remote sensing; and telecommunication. In
each area, we have looked into the effect on the commercial, economic, ethical, legal,
political, societal, and technological sectors.
To understand the impact over time in these areas and sectors, we examined China and
the USA in two case studies. Our analysis mapped the potential effects on our world
without space based on speculative considerations. Key impact factors were discovered
within each space asset group and some are summarized below:
•
•
•
•
•

All communication with ISS would be terminated, requiring an emergency return of
astronauts to Earth;
No satellite-based weather observations and forecasting, resulting in limited disaster
management of forest fires, flooding, etc;
Potentially restricted access to the Internet, including limited access (if any) to social
media such as Facebook, Twitter, YouTube, etc;
Loss of communication potentially results in cancellation of flights, ships, and trains
globally;
No space-based remote sensing of agriculture, potentially impacting world food
chains.

In our modern society, a world without space will have a crucial impact on all sectors.
Having highlighted the dependency of society on space assets, we stress the importance
of further research on this topic.
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Future Work
In our study, we found that literature on this topic was sparse or non-existing. As such, we strongly recommend
that more detailed studies are carried out in these areas of interest in the near future. To understand a society
without access to space on a global scale however, further studies considering the combined impact on these
technology areas are recommended.
Another aspect of a world without space is the recovery phase. This was only lightly touched upon in this report
and the findings are speculative. We recommend that the scenario depicting a world without space is discussed
on a global scale (United Nations or other forums) as well as at a national level. This should include a deeper
analysis of the impact on the commercial, economic, ethical, legal, political, societal, and technological sectors.
Finally, the film industry should be used to communicate the effects of a world without space. Film is a powerful
medium for science communication; a study into the impact of The Day After Tomorrow on society’s understanding of global warming showed that viewers tended to have a higher perception of global warming risks
than non-watchers (Leiserowitz, 2004). Given the recent surge in space-related movies (Interstellar, Arrival, The
Martian, Gravity, First Man, Hidden Figures, and more), the film industry is in a prime position to create awareness of what a world without space could look like.

“As we move forward, I wouldn’t be surprised if we don’t adopt things in their movie for our real habitats that
end up on Mars. Helping with the movie may have us rethinking our own designs.”
- James Green, NASA Director of Planetary Sciences (Rowe, 2016)
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Acronyms
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ARIA

Advanced Rapid Imaging and Analysis

ASI

Agenzia Spaziale Italiana (Italian Space Agency)

ATM

Automatic Teller Machine

CME

Coronal Mass Ejection

CNSA

China National Space Administration

COPUOS

Committee for the Peaceful Use of Outer Space

eLoran

Enhanced Long Range Navigation

EO

Earth Observation

ESA

European Space Agency

GEO

Geosynchronous Earth Orbit

GIS

Geographic Information System

GLONASS

Global Navigation Satellite System

GNSS

Global Navigation Satellite System

GPS

Global Positioning System

IADC

Inter-Agency Space Debris Coordination Committee

IRNSS

Indian Regional Navigation Satellite System

ISRO

Indian Space Research Organization

ISS

International Space Station

ISU

International Space University

ITU

International Telecommunication Union

JAXA

Japan Aerospace Exploration Agency

LEO

Low Earth Orbit

MEO

Medium Earth Orbit

NASA

National Aeronautics and Space Administration

NSTC

National Science and Technology Council

PNT

Positioning, Navigation, and Timing

SH-SSP

Southern Hemisphere Space Studies Program

TNT

Trinitrotoluene

UK

United Kingdom

UKSA

United Kingdom Space Agency

UN

United Nations

UNOOSA

United Nations Office for Outer Space Affairs

US(A)

United States (of America)

USD

United States Dollar
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