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SUMMARY:
The European Union (EU) commissioned a capability project that will contribute to the security of ground
based infrastructure and assets operating space systems. The PROGRESS consortium will focus on
improving the security and resilience of Global Navigation Satellite Systems (GNSS). The primary aim of the
project is to develop methods in order to protect GNSS systems from new threats and those threats
whose probability of occurrence are likely to increase in the coming years. This report describes the results
from the Task 1.1 Context Description as part of WP1 (System Architecture and Technical Coordination).
The report has set the socio‐economic context of the PROGRESS project. It provides a holistic economic
and societal framework of relations between satellite systems (GNSS in particular) and European societal
and economic functions.
Research has pointed out that satellites are able to collect more data, more quickly, than instruments on
the ground (NASA, 2014a). Therefore, satellites are being used in multiple ways, such as meteorology,
communication, broadcasting, science, navigation and military. Therefore, GNSS based services are used in
an ever increasing number of applications, including a large number of critical applications for positioning,
navigation and timing services.
Multiple arguments point out the high criticality of GNSS infrastructure in Europe. The main reason is the
huge pervasiveness of GNSS services, similar for example to the pervasiveness of the internet. This means
that GNSS based services are used in an extremely broad spectrum and support many aspects of society.
With this in mind EU related studies point out that a disruption of the GPS1 signal would have a major
impact on European society. The European Union has therefore selected Galileo as a pilot case study for
critical infrastructure.
The European space industry offers many social and economic benefits. The same applies to GNSS,
although its pervasiveness and applications make it difficult to exactly quantify all direct and indirect
economic effects. The GNSS market can be divided in two sides:



The supply side. This side consists of the space manufacturing industry, which produce GNSS satellites
and infrastructure to enable them to function and traffic data.
The service providers, enabling end users to utilize GNSS data for a wide range of applications.

The supply side of the market consists of two market types;




1

The institutional market – including public entities – accounts for an estimated € 3.5 billion (or 53
percent of European space industry’s business (Eurospace, 2013)). ESA is the dominant contributor to
this business (67 percent). Other contributors are National Space Agencies (23 percent), defence /
military entities (8 percent), Eumetsat (1 percent) and the European Commission (1 percent).
The commercial market accounts for an estimated € 3 billion and can be divided into three main
segments:
o Complete satellite system (59 percent of the market),
o Complete launcher systems (27 percent) and
o Equipment, parts (for export), EGSE/MGSE (14 percent).

Global Positioning System (GPS) American GNSS system
Use, duplication or disclosure of data contained on this sheet is subject to the restrictions on the front sheet of this document.
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It is difficult to exactly point out the size of economic activities that rely on GNSS, but estimates of the
European Commission (2014e) and Agenzia Spaziale Italiana (2010) show that currently between 6 and 7
percent of the European Union GDP relies on GPS. This dependency equals about €850 billion (European
Commission, 2014f)2. A disruption of the GPS signal would therefore have a major impact on the European
economy (EU, 2013).
The following range of services rely on GNSS:












Location‐Based Services (LBS) are a class of information services that use location/geographic data –
the LBS market and number of users and devices has faced enormous growth over the last years. Its
revenues are an estimated € 735 million in 2013, expecting to grow up to € 2.3 billion in 2018 (Berg
Insight, 2012a).
The road segment consists of many different applications, such as Advanced Driver Assistance Systems
(ADAS), Road User Charging (RUC), Pay‐per‐use insurance (PPUI) and road traffic monitoring. It is a
market in transition; over 50 million units are in use within the European Union (GSA, 2013) and its
relative share in the GNSS market is expected to continuously grow.
The navigation systems used by the aviation sector demand the highest robustness and integrity. The
use of GNSS within all aviation segments is expected to increase over the next decade reaching a
penetration of over 90 percent by 2022.
GNSS devices in the rail segment are used by major train manufacturers to track all of their trains. The
use of GNSS is expected to grow significantly within the next years. This is a good sign for European
manufactures, because the market is dominated by Europe when it comes to the shipment of Rail
GNSS devices, more than 5,000 units in 2012 (GSA, 2013).
One of the first adopters was the maritime segment. Global shipment of GNSS devices within this
market hovers around 100,000 in 2012, just over 25 percent of Maritime devices serviced the
European market.
The economic importance of GNSS to agriculture is modest yet advancing. With technological
adoption established at a high level in Western Europe major growth is foreseen in Central and
Eastern Europe.

When looking at the economic effects of the space industry it is important to take the direct and the wider
effects into account;





2
3

The direct economic effects refer to the economic presence or footprint of those companies directly
involved in producing GNSS services. It is hard to exactly distinguish the GNSS market out of the total
industry, but an outline can be made of this total industry.
In 2012, the European space manufacturing industry sales (excluding service activities such as that of
satellite operators or launch service providers) were worth € 6.5 billion.
Wider economic (or supply‐side) effects are the effects of a sector that are driven by the use of GNSS
in the economy which help to increase overall productivity and potential output. The European space
manufacturing industry3 is a major driver of employment in related industries, estimated to both
create and support 150,000 jobs throughout Europe. It is difficult to quantify the effects due to many

Based on 6.5 percent of the EU‐28 GDP of €13.075.000 million in 2013.
This includes both operations and manufacturing.
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interdependencies of the sector. But studies in the UK point out that since the space industry relies on
many other sectors, each employee drives the employment of several workers in adjacent industries.
The studies estimate a 4.2 multiplier for downstream services (like satellite operators). This means
that, for every 10 employees in the satellite industry, an additional 32 jobs are created in other
sectors. Next to that some consumer welfare benefits can be outlined, such as the journey time and
fuel saving from more efficient navigation and education benefits. GNSS services also help to widen
the range of services and thereby enhance consumer choice.
The economic impact of GNSS based services is considerable and will increase even more in the future.
Therefore, the impact of malfunctioning of GNSS is also considerable. Critical infrastructures such as GNSS
have been exposed to a great number of risks in the past. Le Grand et al. (2003) classified such events in
three groups:
1. Failures created due to internal system deficiencies;
2. Accidents mainly due to external reasons, and
3. Intentional attacks mostly by external actors.
The PROGRESS project will focus primarily on the intentional threats on ground based GNSS infrastructure
and their communication links to satellites. Within the next stages of the socio‐economic context further
research will be carried out to further detail and quantify the potential impact of malfunctioning of
specific GNSS services on specific user segments. Next to that more focus will be applied on a societal
framework of relations between satellite systems (GNSS in particular) and European societal functions.
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1 Introduction
1.1 Project background
Global Navigation Satellite Systems (GNSS) based services are used in an ever increasing number of
applications, including a large number of critical applications for positioning, navigation and timing
services.
GNSS systems are creating a range of new business opportunities for equipment manufacturers,
application developers and providers of ‘reliability‐critical' services. The key point of European GNSS is
that they will increase the levels of accuracy and reliability, enabling a new range of beneficial and
commercially profitable products and services. In this context, it is of great importance to preserve these
systems ground segments from any attack putting in danger the reliability of these systems.
As the use of satellite‐based navigation systems continues to expand, the implications of potential system
failure becomes ever greater. Such an event, whether accidental or intentional, would jeopardise financial
and communications activities, public utilities, security and humanitarian operations and emergency
services in Europe.
The European Union (EU) commissioned a capability project that will contribute to the security of ground
based infrastructure and assets operating space systems (topic SEC‐2013.2.2‐5, part of the Seventh
Framework Programme (FP7)). The PROGRESS consortium will focus on improving the security and
resilience of Global Navigation Satellite Systems (GNSS). Its results will also be applicable to earth
observation infrastructure and assets.
The primary aim of the project is to develop methods in order to protect GNSS systems from new threats
and those threats whose probability of occurrence are likely to increase in the coming years. PROGRESS
will develop innovative methods to detect and mitigate the impact of these threats on the overall system.
This will improve the security and resilience of complex interconnected space control ground station
networks.

1.2 Purpose of this report
The PROGRESS‐project consists of seven work packages:








System Architecture and Technical Coordination (WP1)
Threat Analysis and Risk Assessment (WP2)
Risk Detection Tools (WP3)
Innovative Protective Solutions (WP4)
Test and Evaluation (WP5)
Dissemination, Exploitation and Recommendations (WP6)
Project Management (WP7)

This report describes the results from the Task 1.1 Context Description as part of WP1 (System
Architecture and Technical Coordination). The goal of this report is to set the socio‐economic context of
the PROGRESS project. It will provide a holistic economic and societal framework of relations between
satellite systems (GNSS in particular) and European societal and economic functions.
Use, duplication or disclosure of data contained on this sheet is subject to the restrictions on the front sheet of this document.
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Furthermore, this report provides the framework and basis upon which to build the further additional
knowledge report on economic and societal values in WP2 (D2.2), which will enlarge the knowledge of the
impact of satellite systems (and its ground based facilities) on everyday life, the interdependencies and
the impact on society and economy when systems fail through intentional attack(s) of ground based
satellite systems.

1.3 Research questions
To set the socio‐economic context of the PROGRESS project, the study under Task 1.1 was undertaken to
answer the following research questions:
1.
2.
3.
4.
5.

What are key GNSS services?
What is the GNSS market and ecosystem in Europe?
How does GNSS function as a part of European society and economy?
What are the relevant trends that influence the development of the GNSS network in Europe?
What are types of malfunctioning of GNSS?

To describe the socio‐economic context and therefore give answer to the research questions, the project
partners mainly used desk research utilising historical data and theoretical analyses.

1.4 Project context
The study (Task 1.1) has been set up by Decisio, Thales Alenia Space France and the Univerza V Ljubljani.
Decisio has had the lead within this task to set up the socio‐economic context of the project. The output of
this context study is the basis upon which the knowledge report in Work Package 2 will be built (as
mentioned above). It also provides input with regards to more broader considerations of society for the
threat analysis and risk assessment under WP2 and the work on architecture and solution design in WP1.
This report contains quotes and information from third parties, please note that the project partners have
done their very best to refer to each and every source they used. Still we cannot completely guarantee
that all information derived from third parties is completely reducible to their original sources.

1.5 Document overview
This document has the following outline: in the second chapter it will define GNSS as part of critical
infrastructure in Europe. The third chapter gives a brief introduction on satellite systems in general (how
do they work and for which purposes they are being used), also the functions and purposes of GNSS are
being introduced and its history in Europe. With this information in mind chapter 4 provides information
about the GNSS market and its ecosystem; which value chain actors and stakeholders are there to
distinguish, on which markets and services do they participate and who are the end users of GNSS? This
chapter also provides information about the role satellite systems play in European society and economy.
After that its societal functions, trends and evolution within the societal‐economic context is discussed.
Chapter 5 focuses on intentional malfunctioning of GNSS systems, which types are there to distinguish and
what occurrences of malfunctioning have been taking place in the world and in Europe specifically.
Finally, chapter 6 provides a brief summary of the report and briefly outlines some conclusions out of the
research.
Use, duplication or disclosure of data contained on this sheet is subject to the restrictions on the front sheet of this document.
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2 Critical infrastructure in Europe and GNSS
What is critical infrastructure?
According to Infracritical (2014): “The term “critical infrastructure” refers to assets of physical and
computer‐based systems that are essential to the minimum operations of an economy and its
government. They include, but are not limited to, telecommunications, energy, banking and finance,
transportation, water systems and emergency services, both government and private.”
Satellite objects and processes can be considered critical for the society in individual states and entire
Europe. Therefore, satellite and space‐related infrastructures are considered as key parts of critical
infrastructures. Space infrastructures enable a broad spectrum of functions that play a key role in our
everyday life. Our ability to protect space infrastructure has become increasingly essential as societal
dependence on space‐related services increases. Inclusion of satellite infrastructures among the critical
infrastructures immediately leads to a better protection.
Critical infrastructures have been defined as “fundamental capacities, technical systems and organizations
that provide those capacities” (Schulman and Roe, 2006). Many authors understand critical infrastructures
as networks providing transport, financial, communication, logistical, energy and other transactions
(Ellison et al., 1999; Boin, Lagadec, Michel‐Kerjan and Overdijk, 2003; Lewis, 2006; Nozick and Turnquist,
2005; Schulman and Roe, 2006, etc.). These complex systems provide a permanent flow of services that
are essential for the well‐being and security of the population (Michel‐Kerjan, 2003: 134). Society has
become increasingly dependent on these infrastructures (Knight and Sullivan, 2000, Ellison et al., 1999), so
that normal life can not exist anymore without their support (Koubatis and Schonberger, 2005). The
complexity of critical infrastructures is high also due to increasing inter‐connectedness of infrastructural
sectors, a high share of private ownerhsip, increasing dependency from ICT systems, increasing
international role of infrastructures, etc. (Le Grand, Springinsfeld, and Riguidel, 2003).
Satellite infrastructure consists of two basic infrastructural types (objects): ground facilities and satellites.
Ground facilities manage orbiting satellites, and receive and disseminate data stream. These critical nodes
lie on sovereign territory, are often commercially owned and operated, and in many nations, are likely to
be shared by public and private sectors (combination of private and state owned infrastructure). The total
number of functioning satellites circling the Earth amounts to approximately 1,100. The rapid growth of
commercial space activity over time has outpaced the development of rules and procedures for space
management (e.g. the Outer Space Treaty) (Barrett, Bedford, Skinner and Vergles, 2011). Another more
detailed classification of the space infrastructures that need protection includes the following:
1. Satellites;
2. Satellite control ground stations, which perform tracking and control functions to ensure satellites
remain in proper orbits and which monitor satellite performance;
3. Communication ground stations, which process the data being sent to and from satellites;
4. Communication links between satellites and ground stations ‐ both those that transmit the
tracking, telemetry and control (TT&C) information and those that transmit the imagery, voice and
Use, duplication or disclosure of data contained on this sheet is subject to the restrictions on the front sheet of this document.
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other data. The links are also distinguished by the direction of transmission: uplinks go from Earth
to space and downlinks go from space to Earth (US General Accounting Office, 2002).
High societal dependence on the essential infrastructures logically led analysts to think about the
consequences and criticalities. The criticality basically refers to the societal damage/effects upon the
4
infrastructural malfunctions . The malfunction of any critical infrastructure can create significant societal
damage directly and can affect other infrastructures in a short period of time (infrastructural
interdependency). Their partial or complete failure could threaten societies they support, and create
various kinds of crises related to the interruption of basic services and other outputs. There are different
levels of criticality, such as:
1. Business criticality (critical for companies in case of malfunction);
2. Sectoral criticality (critical for a single sector); and
3. Societal criticality (critical for the society) (Reinermann and Weber, 2003).
The criticality‐based thinking led the EU to define the critical infrastructure as an asset, system or part
thereof located in Member States which is essential for the maintenance of vital societal functions, health,
safety, security, economic or social well‐being of people, and the disruption or destruction of which would
have a significant impact in a Member State as a result of the failure to maintain those functions (EU,
2008). The purpose of critical infrastructure protection policy is therefore to minimize the consequences
of the loss of services to society as a whole.
Space infrastructure fits the above definition of critical infrastructure. Some of the consequences of
malfunctioning can be easily predicted while some others can be unpredictable. Society and some
commercial actors frequently underestimate the risk of significant disruption of satellite services. The
threats, vulnerabilities and risks are increasing with the increase of societal reliance upon the satellite
services and cross‐sectoral interdependencies. A NATO research group study reminds us of the
importance of space in our daily lives only when the satellite signal disappears, or a satellite falls to Earth.
In the civil sector of the most developed nations, loss of space and its cyber‐enabled backbone would
bring certain areas of commerce, finance and government to a halt for the days or weeks it would take to
devise work‐around systems. While ground‐based nodes using fibre‐optic cable and wireless technologies
can replace some satellite services, they cover a limited territory, and the cost of access can be prohibitive
(Barrett, Bedford, Skinner and Vergles, 2011).
Infrastructural importance frequently exceeds national borders, as national critical infrastructures actually
form part of extremely complex international infrastructural networks. While some research approaches
deliberately neglected the cross‐border factor (Fischer, 2010), the EU approach strongly stressed its
relevance. In order to assure better protection from the transboundary effects, the EU and its member
states defined the European Critical Infrastructure (ECI) as a critical infrastructure located in member
states whose disruption or destruction would have a significant impact on at least two member states (EU,
2008). Some multi‐sectoral studies have differentiated sectors of infrastructures with an inherently
international character and those with a more local character. The air transport sector has an inherently

4

Critical infrastructure provides services which are essential for our society. Degradation or total loss of such
services, because the physical underlying system is disrupted or destroyed, may result in a significant impact on
society. Criticality is therefore directly connected to a notion of service, or more precisely, to the potential effects
that a loss of such a service would create (Bouchon et al., 2008).
Use, duplication or disclosure of data contained on this sheet is subject to the restrictions on the front sheet of this document.
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international character, for example, because every failure has immediate international effects (Prezelj et
al., 2012).

2.1 Multi‐sectoral nature of critical infrastructure
A good comprehensive starting point for identifying the sectors and subsectors of critical infrastructure
represents a proposal by the European Commission in the Green Paper on a European Programme for
Critical Infrastructure Protection (2005) and in the Proposal for a Directive of the Council on the
Identification and Designation of European Critical Infrastructures (2006).

Table 2.1: Multi‐sectoral division of critical infrastructures (Green Paper on a European Programme for Critical Infrastructure Protection, 2005;
Proposal for a Directive of the Council on the Identification and Designation of European Critical Infrastructures, 2006).

Use, duplication or disclosure of data contained on this sheet is subject to the restrictions on the front sheet of this document.
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Table 2.1 shows such a usable multi‐sectoral division of critical infrastructures. Space infrastructure is
directly mentioned by two subsectors: space and satellite communications. Also the subsector Radio
communication and navigation can be considered as space‐related. GNSS can be considered as a part of
the space subsector (no. 36) or also a part of navigation (no. 10).
Several countries included less sectors in their critical infrastructures. Also the European critical
infrastructure was defined only in the sector energy and transport due to political and bureaucratic
reservations of several European states. It is worth mentioning that some countries also included national
monuments in the list of critical infrastructural sectors.
The multi‐sectoral division reflects different basic functions or services of critical infrastructures. The
space sector enables specific observation, remote sensing, imaging, navigation, communication,
broadcasting, weather and meteorological support (actually collection and transmission of data). The
transport sector enables the population and cargo to travel over land, air and water. The ICT sector helps
produce, manage, store, communicate and disseminate information by using electronic devices. It
includes cyberspace (Internet), fixed and mobile telecommunications. The financial sector enables
payment transfers among the state, business entities, banks, the population etc. The energy sector is
responsible for the production, transfer and storage of basic resources such as electricity, oil and gas.
Distribution also includes the importing of resources. The nuclear sector deals with the production,
processing, researching and storage of nuclear materials. The food sector is responsible for the production
and processing of food, along with its quality and distribution to consumers. The water sector provides
water and assures control over its quantity and quality. The health sector provides pre‐hospital and
hospital care, supported by laboratory and pharmaceutical processes and infrastructures. The chemical
industry sector provides the production, storage and processing of chemical substances, etc. (Prezelj,
2009).

2.2 GNSS as a part of critical infrastructure
EGNOS5 and GALILEO6 are part of the GNSS system in Europe. They are by definition trans‐European
infrastructures and networks. The use of these systems extends well beyond the national boundaries of
the Member States (Regulation (EC) No. 683/2008 of the European Parliament and of the Council on the
Further Implementation of the European Satellite navigation programmes (EGNOS and Galileo), 2008).
When the European Commission evaluated the past European Programme for Critical Infrastructure
Protection (EPCIP), it found out that past programmes did not sufficiently consider the links between
different sectors and across national boundaries. Consequently, a new approach focusing more on these
aspects was proposed in 2013. Four critical infrastructures of European dimension were selected as pilot
case studies:
1.
2.
3.
4.

5
6

Eurocontrol;
Galileo;
The electricity transmission grid; and
The gas transmission network.

European Geostationary Navigation Overlay Service
Galileo is Europe’s own global navigation satellite system - http://www.esa.int/esaNA/galileo.html
Use, duplication or disclosure of data contained on this sheet is subject to the restrictions on the front sheet of this document.
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These were selected on the basis of their pan‐European nature and also their own interest in working with
the Commission to explore an approach to critical infrastructure protection and resilience, which takes
better account of interdependencies. The four cases cover the transport, space and energy sectors. Both
physically (i.e. the infrastructures are located in the territory of more than one Member State) and at the
level of the service provided (i.e. a disruption of service in one Member State can affect several other
Member States — a domino effect) (EU, 2013) they have cross‐border nature. GALILEO, the European
programme for a global satellite navigation system, which is partly owned by the EU, will provide/provides
services of vital importance to the EU member states' citizens and economy. Any malfunctioning of even a
part of space infrastructure could have significant consequences for the functioning of economic activities
and our citizens' safety and security, and could impair the provision of emergency services. The
importance of EGNOS and GALILEO led the EC to set the following objectives regarding these
infrastructures:
1. Provide uninterrupted GNSS services and a strategic advantage for Europe;
2. Reinforce the resilience of the European economic infrastructure by providing a backup system in
case of signal failure, and
3. Maximise socio‐economic benefits for European civil society (European Commission, 2013).

2.3 Interdependencies and satellite infrastructure
It has become obvious that critical infrastructure involves networks and complex systems of closely and
increasingly interdependent elements (Ellison et al., 1999, Peerenboom, 2001; Michel‐Kerjan, 2003; Le
Grand et al., 2003; Quirk and Fernandez, 2005; Nozick and Turnquist, 2005; Schulman and Roe, 2006).
Disruptions in one infrastructural subsector can affect other subsectors (dependency) and vice versa.
Research in this field shows that such interdependencies have increased (Boin et al., 2003; Peerenboom,
2001, Zimmerman, 2004) and become hierarchically structured (Lewis, 2006; Prezelj et al., 2013) and
multi‐categorical (Peerenboom, 2001, Le Grand et al., 2003). The growth in interdependencies has been
created by the need for increased efficiency and the application of new technologies such as ICT. The
hierarchical nature of interdependencies relates to sectoral differentiation in mutual dependency: some
are more dependent and some more influential than others. Research points at the high centrality of the
energy sector, road transport and ICT as many other sectors are vitally dependent on them. For example,
Zimmerman’s (2004) database of critical cross‐sectoral incidents in the United States in the 1990 to 2004
period showed that ICT and electricity more frequently and vitally affect others than being affected by
others. This was confirmed by Lewis (2006) who differentiated three levels of sectors according to their
influence and dependency:
1. The first level of the most influential sectors (or “key sectors” by Barker and Santos, 2010) consists
of ICT, energy and water;
2. The second level embraces transportation, the chemical industry and banking and finance;
3. The third level of most dependent sectors entails public health, food, the defence industry and
emergency and postal services.
Satellite infrastructure is not a sector in its own but facilitates the operations of the sectors above. Swiss
and German research into cross‐sectoral interdependencies led to the following subsectors being
identified as the most influential in the network of national critical infrastructures: electricity, information
systems, telecommunication systems, road transport and the banking system (Fischer, 2010).
Use, duplication or disclosure of data contained on this sheet is subject to the restrictions on the front sheet of this document.
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The pervasiveness of GNSS services is considerable (similar to the pervasiveness of Internet). This means
that GNSS services are used extremely broadly to support many aspects of society. It also means that
limited services would point to critical dependencies with other services (Action Plan on Global navigation
Satellite System (GNSS) Applications, 2010) or sectors.
EU‐related studies pointed out that a disruption of the GPS signal would have a major impact on
European society (see Applications of EU Satellite navigation Programmes (Galileo and EGNOS) (2013).
These sources also identified several cross‐sectoral dependencies from GNSS, especially in all application
domains which use positioning and velocity information: all transport modes and activities through the
management of infrastructure and the provision of geo‐localised information, monitoring transport of
7
dangerous goods, logistics, precision agriculture, civil protection and emergency management , mapping
and land registry, fisheries, energy, management of natural resources, mining, Earth sciences,
meteorology, the modelling of climate change, environment protection, justice and law enforcement,
border control, etc. Sources also mention several EU policy fields that benefit from GNSS (Action Plan on
8
Global navigation Satellite System (GNSS) Applications, 2010) . A major failure, whether accidental or
intentional, of such GNSS infrastructure will impact the users but also affect many other critical
infrastructures in which GNSS services are already deeply integrated.
Finally, there exist several factors that make interdependency assessment even more complex. The first
such factor is a close link (or critical interface) between space domain and cyberspace (see Barrett,
Bedford, Skinner and Vergles, 2011: 22, 29). As we found out, the space sector is very pervasive and is
supporting many infrastructures. Cyber infrastructure, however, is probably the most pervasive sector,
being interlinked or even a part of all other infrastructures. This means that the space‐cyberspace link can
literally affect all other infrastructures in very unpredictable ways. The next issue is a consequence of the
GPS timing service provided by the satellites. As Hansen and Giske (2012) and Carrara (2010) noted, GPS‐
based precise timing is relevant for many other services, such as network synchronization in providing
electricity (power grid dependent on GPS for phase synchronization, flow control and time stamped
commands), telecommunication, oil and gas distribution, synchronization of base stations in digital public
safety network, financial and banking systems (dependent on accurate time stamped transactions related
to stock trading and ATM).
This problem tends to be similar to the Y2K threat at the end of previous millenium. Simulations of timing
errors showed unpredictable cross‐sectoral effects and serious potential to create a cyber darkness
throughout the world. Additional factors complicating the interdependency assessment are the hybrid or
partial roles played by the satellites in the communication or data transmission network. For example, in
the field of data transmission, the interlinkages are even more complex because satellites can represent
only one part of the service in combination with terrestrial technology (services in hybrid scenarios, Acker
et al., 2011). An additional complicating factor is the robustness of critical infrastructural networks.
Failures can be accommodated due to the existing redundancies in the networks. Some of the
redundancies are known and planned for, while some are not. Despite existence of some rules in space,

7

Satellites turned out to be very useful for detecting and monitoring oil spills, tracking volcanic ash from Iceland
(tracking ash plume) and other damage assessment tasks.
8
Specifically, the document mentioned the dependence by aviation, road transport, electronic toll fee collection
systems, agriculture, monitoring transport of dangerous goods etc. (Action Plan on Global navigation Satellite System
(GNSS) Applications, 2010).
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the activities of many actors, rapid development of technological possibilities and mixed public‐private
ownership have made space governance a very immature human activity in near space (in comparison
with many governance processes on the Earth). There are many ways to improve regulation, operation,
usability, safety and security of these infrastructures. One way is to better understand the criticality and
interdependency of the satellite infrastructure.

3 GNSS system
This chapter will go into satellite systems in general; which satellite systems are there to distinguish and
for what purposes are they used? After that an introduction to GNSS is made. Further on we describe
GNSS satellite infrastructure, with specific attention for ground network infrastructure. Finally we shine
some light on GNSS applications in Europe.

3.1 Satellite systems in general
To understand what impact GNSS has on society we first present a brief introduction about satellite
systems in general and for what purposes they are used. The following description about satellites was
given by NASA (2014a):
“A satellite is a moon, planet or machine that orbits a planet or star. For example, Earth is a satellite
because it orbits the sun ... Usually, the word ‘satellite’ refers to a machine that is launched into
space and moves around earth or another body in space. Earth and the moon are examples of natural
satellites. Thousands of artificial, or man‐made, satellites orbit Earth.”
Since the Soviet Union launched the first man‐made satellite in 1957, thousands of artificial satellites are
or have been orbiting the Earth. According to a definition used by NASA satellites are important because
of “the bird’s‐eye view that allows them to see large areas of Earth at one time. This ability means
satellites can collect more data, more quickly, than instruments on the ground” (NASA, 2014a). Without
satellites TV signals, for example, would have a limited coverage and long distance phone calls would also
be a problem. Nowadays 54 different countries plus the ESA operate at least one, but mostly multiple
satellites. Figure 3.1 shows the share of each of them.
According to the database from UCSUSA9 the USA owns the largest number of operational satellites in
space, followed by China and Russia. Together the ESA and all the EU countries operate / own 13,5
percent of all the satellites currently in orbit (approximately 160 satellites).

9

This database contains a list of 1,167 satellites and is dated from January 2014.
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Figure 3.1: Breakdown of satellites by country of operator / owner

When looking at the users of satellites we roughly distinguish four types, as shown in Figure 3.2. The
commercial branch is the largest with a share of 42 percent of all the satellites according to the database
of UCSUSA; they use their satellites mainly for communication purposes. Governments and military
operators also have a large share in the use of satellite systems; they use their systems mainly for
surveillance purposes. Only 7 percent is being used by civil organisations, such as universities and other
research companies. Just over 200 satellites have multiple users and are mainly being for surveillance or
GNSS purposes.

Breakdown of operational satellites by type of users and
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Figure 3.2: Breakdown of operational satellites by type of user and purpose
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Satellites come in all kind of shapes and sizes and play a variety of roles (according to Brown and Harris,
2000), such as meteorology, communication, broadcasting, science, navigation and military. Hereafter we
will emphasise on three main categories: communication satellites, surveillance satellites and satellite
navigation or GNSS.
3.1.1

Communication satellites

Satellites with communication purposes are the most mature of space applications. Starting with the
launch of Telstar in 1962 and Syncom in 1963, satellite communication has continued to grow ever since.
According to information derived from ESA (2012a) satellite performances were very limited at start. The
satellites were only used for long distance calls and for the transmission of television signals between
studios. Rapid technological development and different kinds of demand in the past decades made it
possible that the way in which communication satellites are being used has changed.
Nowadays more powerful satellites and the use of higher frequencies make it possible for many people to
receive direct signals from the sky. More than 100 million European households are now able to watch
television programmes transmitted by satellites, either by direct reception or through cable distribution
systems. This makes telecommunication satellites part of our daily lives. Many everyday activities – such
as radio, internet and the printing of newspapers – rely on telecommunication satellites that are in orbit.
According to information from Airbus Defence and Space (2011) a communication satellite works like a
relay station. This means that signals transmitted by the ground stations are being picked up by the
satellite’s receiver antennas, these signals are filtered, their frequencies changed and amplified, and then
routed by the transmit antennas back down to the earth. In some cases the signal is first processed by
digital computers on board of the satellite, but most satellites are ‘transparent’, they retransmit the signal
without modifying it. Their role is simply to deliver the signal exactly to where it is required. The signals
travel by carrier waves, frequencies, amplitude, or other methods.
3.1.2

Surveillance satellites

Surveillance satellites are being used for multiple purposes, such as scientific research, meteorological
analyses, military strategies and reconnaissance. In Figure 3.3 we present the spread of surveillance
purposes. Except for the satellites that study space, these satellites have at least one common
denominator: they keep their eyes on the world.
The most important feature of a satellite is that it has the ability to observe the earth from a huge wide‐
range perspective. ESA (2014a) gives us some examples:




A single satellite image has the potential to show the spread of air pollution across a continent;
Or the precise damage done in a region struck by an earthquake or forest fires;
Or gives us the entire span of a 500‐km hurricane from the calmness of its eye to its outermost storm
fronts.
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Figure 3.3: Breakdown of surveillance satellites by purposes

Hereafter we shortly discuss some ways in which surveillance satellites are being used:






Weather: because of their high altitude, satellites have a bird‐eye view from space and can therefore
be seen as the most important instrumentation to, for example, predict weather. Besides that,
weather satellites are able to track major storms, hurricanes, fires and volcanic ash. They are also able
to measure the ocean’s temperature, which is a key indicator for climate change (Weather
Underground, 2014). Such capabilities show the importance of satellites to our daily lives.
Science: there are two kinds of scientific or research satellites: satellites that study earth and satellites
that study space itself. Concerning the first purpose ESA provides us a good introduction: ‘The single
location where we can learn the most about our planet is found nowhere on Earth but high up above
it’ (2014a). Further on ESA points out that the ability of flying satellites into space has contributed to
‘an increased awareness of the precious nature of our common home’. The satellites that orbit earth
have therefore become ‘a powerful scientific tool to enable better understanding and improved
management of the earth and its environment’.
Military or Reconnaissance: when satellites are used during military operations it is for intelligence
gathering. Nicholas Short (2014) formulates the importance of spy satellites for military action as
follows: ‘Spy satellites are one of the most useful tools a military can have for preventative action, as
they can provide information about sudden changes in the military positioning of hostile or
threatening nations, even in remote places. These types of satellites are also used to monitor the
production of nuclear materials worldwide, to give concerned nations early warnings if a country is
producing nuclear weapons.’
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GNSS in general

Global Navigation Satellite System (GNSS) is a term used to describe the collection of satellite positioning
systems that are now operating or planned. A simple demonstration presented by Jeffrey (2010) shows us
how a GNS system works, this is presented in the box below.
Jeffrey (2010) used the example of a schoolteacher presenting the basic concepts of satellite
positioning. The teacher tacked three cardboard figures of satellites to the walls and ceiling of the
classroom. On to each of these satellites he stapled a length of string and drew the strings down. He
marked the floor where the ropes all touched the ground. This is shown in the figure below. He
recorded the location and removed the dot from the floor.

When his students entered the classroom, they used the same strings to determine a location. The
students also marked a dot on the floor. After that, they compared the two marked points. The dots
of the teacher and his students were very close. Jeffrey’s conclusion out of this is as follows: ‘this
simple demonstration showed that, if you know the location of three satellites and your distance
from them, you can determine your position’. In real life the determination of position is a bit more
complicated because of several factors such as: satellites are moving, the signals from satellites are
very weak and for cost reasons the user equipment is not as sophisticated as the equipment in the
satellites.
But of course navigation satellites do not actually operate with ropes, but send out signals that contain
orbital data and the time the signal was transmitted, so that it is possible to calculate the position of the
satellite. When multiple measurements of receptions from different satellites can be made it is possible to
determine position.
The main goal of GNSS technology is to allow users all over the globe to be able to locate, navigate and
synchronise. For this, a common referential needs to be adopted, in order to be able to determine the
coordinates of the user in this referential and providing the means for synchronization using also a
common reference. The overall functioning of the system is to provide the location with respect to a set of
satellites (of which the location is known), through a triangulation principle.
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There are four different types of GNSS programmes. The first GNSS programmes were launched in the
seventies: the GPS system from the US and the GLONASS system from Russia. Both systems were born in a
Cold War context. Their main mission was to answer to military and strategic needs. Galileo is the
European GNSS programme, and is currently being built by the European Union (EU) and the European
Space Agency (ESA). The objective of Galileo is to provide an alternative upon which European nations can
rely, independently from the Russian GLONASS and US GPS systems. In addition to these, the fourth global
system is the Chinese COMPASS, an extension of their regional navigation system, called Beidou. Other
regional initiatives exist in Japan (QZSS system) and India (IRNSS system).
Jeffrey (2010) gives us the following brief information about these four systems:







GPS (United States) was the first system and is the only one which is fully operational. GPS was
launched in the 1970’s and now uses a constellation of between 24 and 32 satellites, providing global
coverage.
GLONASS is operated by the Russian government. This constellation consists of 24 satellites.
Galileo is a Programme of the European Commission and aims at developing a global satellite
navigation system under European civilian control. It will be compatible and, for some of its services,
interoperable with the American GPS and Glonass (Russia), but operationally independent from them
(European Commission, 2014b). It will consist of 30 satellites, and the first satellite was launched in
2006. The project will not be completed for several years.
Compass is a Chinese system that will consist of 35 satellites. Currently it is only a regional service, but
in the coming years it will be extended to provide global coverage.

Also, global augmentation systems aim at supplementing the global GNSS systems on a regional basis, by
reporting on the reliability and accuracy of the positioning data. These are WAAS (in the US), EGNOS
(European Geostationary Navigation Overlay Service), MSAS (in Japan) and GAGAN (in India).
The first applications of GNSS were developed for military use, surveying and mapping. Nowadays GNSS
applications are used by the transportation, land management, agriculture sectors as well as the energy
and mining industry. Its ability to deliver accurate navigation data, makes GNSS trustworthy, especially for
the aviation industry. GNSS can provide vertical guidance for safer landing, route optimisation, enabling
fuel savings and CO2 emissions reductions, as well as cost reduction through the phasing out of current
ground‐based equipment. Also GNSS opens up small airports in remote regions, increasing the prospects
for regional integration and intercontinental air connection (Capacity4dev, 2012). The main goal of a GNSS
system is to locate a LBS10‐device and allow it to navigate in 3D, estimate its velocity in 3 axes, and
broadcast the time reference information.
GNSS systems are composed by three segments:




10

The Space Segment: ensure the range calculation between the user and the satellite and is used to
broadcast the signal with key information (such as the position of the satellite, the time and several
corrections).
The Ground Segment: the Ground Control Center and the Ground Mission Segment is globally in
charge of: monitoring the satellite constellation, estimating the satellites position and clock drift, and
uploading the information to the satellite before it is broadcasted to the users.

Location Based Service
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The User Segment: this segment uses the signal in space to compute the location, speed and time with
two main categories of services, the Open Service (accessible free‐of‐charge to civil users) and the
Control Access Service (for military or commercial purposes).

3.2 GNSS in Europe
3.2.1

Brief history

According to GSA, the European Union saw the need for a European‐controlled global satellite navigation
system in the early 90s. The decision to build a GNSS system was taken in the spirit of other well‐known
European endeavours, such as the Ariane launcher and Airbus. Galileo gives users a new and reliable
alternative, run by civil, and not by military authorities. Before Galileo was developed, GNSS users around
the world had to depend on American GPS or Russian Glonass signals. A defining characteristic of Galileo is
that, unlike GPS and Glonass, it was conceived and developed and will always remain under civilian control
(GSA, 2014).
While European independence has been a key goal behind the creation of the new system, Galileo is
nevertheless 100 percent interoperable with GPS and Glonass, making it a fully integrated new element in
the worldwide global navigation satellite system, “a powerful cornerstone that will allow more accurate
and more reliable positioning, even in high‐rise cities where buildings can obscure signals” (GSA, 2014).
3.2.2

Satellite infrastructure

This section contains a brief description of the satellites that are currently being used by both European
GNSS programmes. Galileo is being tested since late 2005, following the launch of Giove‐A and Giove‐B in
December 2005 and April 2008. The two first satellites of the constellation were launched in October
2011, followed by the launch of two additional satellites in October 2012. In Orbit Validation (IOV) has
been performed in 2013 thanks to these first four satellites. The next two satellites will be launched in
August 2014. The remaining satellites will be placed in orbit at regular intervals to reach Full Operational
Capability (FOC). The system will be completed by 2019‐2020. When the Galileo constellation is completed
six to eight satellites will always be visible from most locations, allowing positions and timing to be
determined very accurately to within a few centimetres. Interoperability with the US system of GPS
satellites will increase the reliability of Galileo services.
According to information derived from the website of Space App Camp (2014) EGNOS was Europe's first
concrete venture into satellite navigation. Essentially a ‘pre‐Galileo' system, EGNOS uses geostationary
satellites and a network of ground stations to receive, analyse and augment, and then re‐transmit GPS,
Glonass and eventually Galileo signals. EGNOS makes existing satellite navigation signals suitable for safety
critical applications such as flying aircraft or navigating ships through narrow channels. EGNOS was
certified for civil aviation in 2011. EGNOS increases the accuracy of existing satellite positioning signals
while providing a crucial ‘integrity message', informing users in the event of signal problems. It also
transmits an extremely accurate universal time signal.
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Ground network infrastructure

Galileo
There is lot more to Galileo than just its satellites in space. A global ground network is essential to ensure
the continued reliability of the time and positioning information embedded within the signals from orbit
(ESA, 2014b).
Satellite navigation relies on the receiver deriving the time and point in space that a signal was
transmitted to an extremely high level of accuracy. This information is embedded within the satellite
signal itself. But a satellite’s on board atomic clock can still drift – and just a billionth of a second clock
error corresponds to a 30 cm increase in ranging error. A second's clock error would put users 300,000 km
off target. So a network of ground stations continuously checks each satellite’s clock against Galileo
System Time. Accurate to 28 billionths of a second, GST is generated by the Precise Timing Facilities at the
Galileo Control Centres in Fucino (Italy) and Oberpfaffenhofen (Germany) which are in turn cross‐checked
for alignment to the International Coordinated Universal Time by a group of European timing laboratories
(ESA, 2014b).

Figure 3.4: Main components of Galileo (ESA, 2014b)

Satellite orbits drift as well, nudged by the gravitational tug of Earth’s slight equatorial bulge and by the
Moon and Sun. Even the slight but continuous push of sunlight itself can affect satellites in their orbital
paths. So the ground stations placed around the world picking up Galileo signals perform radio‐ranging in
reverse on the satellites transmitting them, to pinpoint their current position and identify any orbital drift.
The information on the satellites’ clock performance and positions is gathered so that a correcting
message can be uplinked to the satellites for rebroadcast to users in the satellite signals themselves.
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Closing the loop in this way means that optimal performance can be maintained over time. The quality
and reliability of each individual Galileo signal is also checked (ESA, 2014c).
In order to keep it all running, a series of control and monitoring centres are deployed and in operation
throughout Europe and the world. Figure 3.4 depicts the main components of this network, including the
actual MEO (Medium Earth Orbit) Satellites, the LEOP (Launch and Early Orbit Phase) and IOT (In‐Orbit
Testing) centres, etc. (ESA, 2014b). The map in Figure 3.5 shows where most of these centres and stations
are located.

Figure 3.5: Ground Stations Locations (ESA, 2014b)

EGNOS
According to ESSP (2014) EGNOS is divided into four functional segments:
1. The ground segment. This is composed of the following stations/centres which are mainly distributed
in Europe and are interconnected between themselves through a land network.
A. 39 Ranging and Integrity Monitoring Stations (RIMS): receive the satellite signals and send this
information to the MCCs. The EGNOS extension program envisages the deployment of 7
additional RIMS mainly in the MEDA region.
B. 4 MCC (control and processing centres) receive the information from the RIMS stations and
generate correction messages to improve satellite signal accuracy and information messages
on the status of the satellites (integrity). The Mission Control Centre (MCC) acts as the EGNOS
system 'brain'.
C. 6 NLES (stations that access the geostationary satellites): they receive the correction messages
from the CPFs for the upload of the data stream to the geostationary satellites and the
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generation of the GPS‐like signal. This data is then transmitted to the European users via the
geostationary Satellite.
2. EGNOS support segment. In addition to the previously mentioned stations/centres, the system has
other ground support installations that perform the activities of system operations planning and
performance assessment.
3. The Space Segment. This is composed of three geostationary satellites:
A. Two Inmarsat III satellites
B. One Artemis satellite from the European Space Agency
4. User segment: set of EGNOS (or SBAS) receivers developed for various types of users.
Figure 3.6 provides the location of EGNOS ground stations.

Figure 3.6: EGNOS Ground Station locations (ESSP, 2014)
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3.3 GNSS applications in Europe
3.3.1

Types of Applications

The range of possible uses of GNSS is enormous, spanning many domains, both public and private.
Numerous potential applications have already been identified, based on the quality and reliability of GNSS
signals, but the list is certain to grow, limited only by the imaginations of innovative entrepreneurs and
service providers. In this segment we present a number of services according to GSA (2014b);













Location‐based services: GNSS enables the integration of accurate positioning signal receivers within
mobile telephones, personal digital assistants (PDAs), mp3 players, portable computers, cameras and
video devices.
Emergency, security and humanitarian services: devices enable security‐related applications,
permitting the location of stolen property, for example, or lost pets or individuals. GNSS signals
facilitate civil protection operations in harsh environments, speed up rescue operations for people in
distress, and provide tools for coastguards and border control authorities.
Science, environment, weather: GNSS services are used to carry out scientific research in meteorology
and geology, in the field of geodesy, to track pollutants, dangerous goods and icebergs, to map the
oceans, study tides, currents and sea levels. Galileo contributes through accurate timing/positioning.
Galileo will allow improved monitoring of the atmosphere, of water vapour for weather forecasting
and climate studies, and the ionosphere for radio communications, space science and earthquake
prediction. It will also help to better understand the movements of populations of wild animals.
Transport: satellite navigation can increase traffic safety and efficiency by improving the way we use
vehicles. Highly accurate and reliable Galileo signals will serve fleet management, enabling the
delivery of detailed maps or voice notifications to locate specific shipments and containers in road
transport. It will deliver similar benefits in aviation, maritime and rail transport, and even for
pedestrian traffic.
Agriculture: by integrating GNSS signals with other technologies, the agriculture community can
benefit from improved monitoring of the distribution and dilution of chemicals, improved parcel yield
thanks to customised treatment and more efficient property management.
Fisheries: the fishing industry benefits from more effective information exchange between vessels and
stations and improved navigation aids for fishermen.
Civil Engineering: combined with digital mapping, GNSS offers a powerful tool for decreasing cost and
increasing productivity while maintaining the highest construction standards, from the planning of
structures to the maintenance and surveillance of existing infrastructure.

Galileo satellites are synchronised to an extraordinary level of accuracy with the widely used Universal
Time Coordinate (UTC) scale. Thus, Galileo is capable of delivering a critical timing signal useful in many
areas of application, such as;



Communications: wireless telecommunication networks will use this timing signal for network
management, for time tagging and for synchronisation of frequency references.
Finance, banking, insurance: Galileo's extremely accurate clock makes it a formidable instrument for
authentication and ‘time stamping' of financial transactions. In today's information society, security,
data integrity, authenticity and confidentiality have emerged as major issues in the exchange of
electronic documents and computer files. Certified time stamps are necessary for applications such as
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electronic banking, e‐commerce, stock transactions, quality assurance systems and services. Galileo
will play a key role in the protection of such information, using the latest authentication techniques.
Energy: accurate location systems are indispensable in the design, construction and operation of
modern energy networks. Power grids must be continuously monitored, and when a power line breaks
or a failure occurs, it is vital that monitoring instruments are synchronised with maximum accuracy.
The high‐quality of time synchronisation represented by Galileo will mean better services for energy
transport and distribution.
Similarly, in the oil and gas sector, marine seismic exploration will increasingly profit from Galileo
services to seismic acquisition vessels and seismic streamer arrays and gun arrays. High‐resolution
surveys of new sites and identification of any geomorphologic or geophysical risks will also increase
the safety of drilling activities.

As already stated, the list of possible applications is still to be completed and the full potential for user
services and devices unknown. It will be noted that GPS‐based services already exist in many of the areas
mentioned above; this will also be outlined in the next chapter. The key point is that Galileo will increase
the levels of accuracy and reliability, making possible a new range of more beneficial and commercially
profitable products and services.
3.3.2

Criticality of GNSS Applications

In terms of criticality the GNSS Applications can be classified in three different groups, according to ESA
(2012c):
1. Safety Critical Applications (SCA) are those that possess the potential of directly or indirectly causing
harm to humans, destruction of the system, damage to property external to the system, or damage to
the environment. All applications considered as safety critical, or having any safety implication,
although indirect, are considered under this group. Safety Critical Applications are not only those that
a malfunction can cause deaths and accidents, but also some other applications that are prone to
produce a reduction in the number or people injured or killed (as it is the case of emergency services,
traffic information in real time, and so on). Both types have been considered under Safety Critical
Application group. Examples of Safety Critical Applications include:
a. Air and maritime navigation or
b. Advanced driving assistance systems (ADAS).
2. Liability Critical Applications (LCA) are those where the consequences on navigation of undetected
GNSS misperformances can generate significant legal or economic consequences. Examples of Liability
Critical Applications are:
a. Road tolling,
b. Pay‐As‐You‐Drive (PAYD) insurance,
c. On‐street parking pricing,
d. Surveillance of Parolees and
e. Fleet management (special vehicle classes).
3. Non‐Critical Applications (NCA) are all applications not presenting any commercial, legal or safety
implications. Due to these reasons, the technological requirements are, in general, more relaxed than
the ones needed in previous application groups. Most common uses of GNSS navigation devices, such
as searching for nearby facilities (gas stations, restaurants, etc.) do not involve legal, economic or
health risks, and hence are Non‐Critical Applications.
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4 GNSS market and ecosystem
Technology and economy are links of the same chain. Technology fosters economy and economy in turn,
fosters technology. The cascading effect of either an upgrade or a downgrade is a trait of this bond.
Today’s economy is becoming increasingly dependent on satellite services. In this chapter, we will first dig
deeper into the global and European space industry. After this we will describe the GNSS market from a
suppliers and end users perspective, digging deeper into value chains, services and end users following a
number of market segments. Together, the supply side, service providers and end users make up the GNSS
ecosystem.

4.1 GNSS supply side: global and European space industry
In short, there are two sides to the GNSS market. On one hand, there is the supply side. This side consists
of the space manufacturing industry, which produce GNSS satellites and infrastructure to enable them to
function and traffic data. On the other hand, there are service providers, enabling end users to utilize
GNSS data for a wide range of applications. In this paragraph we will first examine the GNSS market supply
side.
The AeroSpace and Defence Industries Association of Europe defines the European space manufacturing
industry11 as “a strategic sector, embedded in the larger aerospace and defence industry, the space
manufacturing industry designs, develops and builds operational space systems (launchers, spacecraft and
the related professional ground segment) for public and private customers in Europe and across the Globe”
(Eurospace, 2013). In their review, Eurospace presents the following key facts about the 2012 of the
European space industry market;





In 2012, the European space manufacturing industry12 excluding service activities such as that of
satellite operators or launch service providers) employed over 35,000 full‐time employees.
Including ground systems and scientific systems the EU space manufacturing industry generated
revenue worth € 6.5 billion in 2012 (€0.3 billion up compared to 2010).
About 70 percent of the industry workers holds university degrees and above,
Both sales and employment in the European space industry have picked up since 2005.

The Eurospace (2013) review distinguishes two market types: institutional (consisting of public entities)
and commercial (including exports). The institutional market has seen stable support coming from public
budgets. Over half of the European industry’s business in 2012 (53 percent, or € 3.5 billion) comes from
institutional programmes promoted by European governments; ESA functions as the main promoter of
European space programmes and accounts for 34 percent of total industry sales and 67 percent of
European institutional customers. National Space Agencies (NSA) are also big institutional players in the
field; defence and military entities contribute to a lesser extent (Eurospace, 2013). A breakdown of the €
3.5 billion institutional industry business is displayed in Figure 4.1.

11

Please note that, according to Eurospace (2013) standard definitions the space manufacturing industry does
not include service activities such as that of satellite operators or launch service providers (e.g. Arianespace).
These entities are customers to the manufacturing industry.
12
This employment includes all EU member states.
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Figure 4.1: Breakdown of the European space industry by institutional customers (Eurospace, 2012)

According to Eurospace (2013), the commercial market has seen a cycle uptake since 2005. However, this
commercial market is experiencing a downturn on the order intake side. Still, in 2012 this market accounts
for over 45 percent of industry sales (over € 3 billion). Eurospace distinguishes three main segments in the
European commercial space industry market;






Commercial satellite systems market. Accounting for 60 percent of the commercial market sales and
mostly composed of telecommunications and to a lesser extent Earth observation and scientific
systems and the related ground segment for operations.
Operational launch system market. Accounting for about a third of the commercial market and mostly
composed of launcher systems and related industrial services at the launch sites. Over half of the
customers of this market are non‐European, adding a strong international character to this market.
Export market for satellite/launcher equipment and parts. With just under 15 percent of total
commercial sales in 2012 this is the smallest segment. This segment also includes the market for
specialised ground support equipment13.

The main commercial market segments and their relative share in sales are as represented in the Figure
4.2.

13

Special ground support equipment, such as MGSE (Mechanical Ground Support Equipment) and EGSE (Electrical
Ground Support Equipment) is used for the handling, integration, testing and transportation of modules for satellite
systems and the International Space Station (Alex Sistemi, 2014).
Use, duplication or disclosure of data contained on this sheet is subject to the restrictions on the front sheet of this document.

28/60

SP1‐Cooperation‐607679‐PROGRESS
SECURITY: PU
Deliverable D1.1 Economic & societal framework

Protocol: PR_RPT_D11
Rev. 1_0

14%

European space industry
by commercial customers
Complete satellite systems
Complete launcher systems

27%
59%

Equipment, parts (for export), EGSE/MGSE

Figure 4.2: Commercial customers in the European space industry (Eurospace, 2013)

Economic sectors today do not rely on a European GNSS and have so far relied upon the US GPS. In the
case of many applications, the European satellite navigation systems and GPS can complement each other
increasing availability and reliability. Estimates of the European Commission (2014e) and Agenzia Spaziale
Italiana (2010) show that currently between 6 and 7 percent of the European Union GDP relies on GPS.
This dependency equals about €850 billion (European Commission, 2014f)14. This means that a disruption
of the GPS signal would have a major impact on European society (EU, 2013).
In the next paragraph we will focus on the GNSS services and user segments. In order to define the
European GNSS market, we align with the key market segmentation as identified by GSA in their GNSS
2013 Market Report. We will indicate the market situation, value chain and stakeholders involved for each
market segment, as well as trends seen in the segment.

4.2 GNSS services and user segments
People are increasingly accessing and using GNSS services. In the five largest European economies, 50
percent of Internet users access maps online and 35 percent of smartphone users do so. In addition to this
regular use of GNSS services, a range of systems has been, and is being, designed to put GNSS services to
use in innovative ways (Oxera, 2013). Oxera (2013) estimates that the GNSS services’ sector generates
$150–$270 billion of revenue globally. By way of comparison, the GNSS revenues are higher than the $25
billion generated by the video games industry, and is broadly equivalent to the $140 billion from the
global security services industry, or around one‐third of the global airline industry’s revenues of $594
billion.

14

Based on 6.5 percent of the EU‐28 GDP of €13.075.000 million in 2013.
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Revenue estimates provide an indication of the size of the transactions that occur, but do not capture the
full economic contribution of a sector. An alternative method of quantifying the impact of a sector is to
look at its Gross Value Added (GVA). This accounts for any costs of inputs incurred. GVA can be broken
down into the profits accruing to GNSS services providers and the wages paid to those working in GNSS
services. The estimate is that the GNSS services sector has a global GVA of $113 billion. By way of
comparison, global GVA is approximately $70 trillion, suggesting that GNSS services account for roughly
0.2 percent of global Gross Domestic Product (GDP). In comparison, the global airline industry has a GVA
of approximately $221 billion and the global video games industry a GVA of approximately $22 billion
(Oxera, 2013).
In this paragraph we will map the GNSS market by services and the related end users.
4.2.1

The Location‐Based Services (LBS) segment

Location‐based services (or LBS) are a class of information services that use location/geographic data. The
LBS market has experienced a high growth rate over the last years and has been identified as the “main
initial market for Galileo” (GSA, 2013; GSC, 2014a). In 2012, over half of the European mobile phones have
GNSS capability; by the end of 2013 smartphone adoption had reached 58 percent in Europe15 (Berg
Insight, 2012a). About half of all mobile subscribers in Europe were frequent users of at least one location‐
based service. The LBS segment revenues in Europe accumulated to an estimated € 735 million in 2013;
this will grow to € 2.3 billion by 2018, with growth digits outnumbering the US LBS market. Berg Insight
categorises LBS through eight service categories. By the end of 2013, following categories were the four
most remarkable;







Social networking and entertainment was the largest segment in terms of users and revenues.
Mapping and navigation comes as second largest in terms of revenues and is third largest segment in
terms of users. However, this segment is facing increased competition from free and low cost
navigation services which cause a slowdown in revenue growth.
Local search and information services is the second largest looking at number of users – this segment
is expected to see a growing number of users due to changing user habits and improved device
capabilities.
Recreation and fitness segment – the previous growth expectation is also valid for this category.

In line with the revenues, the number of users is expected to face continuous growth. Berg Insight predicts
that the location‐based market in Europe will service 130 million users by 2014 – a fivefold of the number
of users in 2008 (EGNOS, 2014a). According to GSA (2013), this growth is fuelled by:




A growing need for mobility in urban environments and for reaching destinations more quickly,
A need for faster (social) networking in increasingly scarce free time,
Increased affordability of smartphones and other GNSS‐enabled platforms16.

15

Figures which refer to Europe apply to the 27 European Union Member States plus Switzerland and Norway
(ESPON, 2014).
16
Examples of such platforms are ‘Mobile Yellow Pages' or ‘Proximity Services', providing users, wherever they are,
with information and advertising about nearby businesses and services (GSC, 2014a).
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In addition to the increasing smartphone adoption, recent trends are integration of location‐based
information in other devices such as cameras, watches, binoculars (augmented reality) and fitness devices
(tracking and sharing). In short, GNSS is increasingly used in devices which traditionally are unrelated to
location, and the number of devices per user is growing. LBS is increasingly used as a tool for indoor
positioning – locating people and objects inside large buildings, such as airports and malls (GSA, 2013).
The LBS value chain consists of Chipset Manufacturers (component manufacturers such as Analog
Devices), Device Vendors (such as Garmin and HP), Service and Content Providers (such as Google and T‐
Mobile), App Developers and Retailers (wide range of retailers) and App Stores (dominated by Apple and
Google as strong players in the LBS value chain). The value chain – including more key players and market
trends – is displayed in Figure 4.3 (GSA, 2013).

Figure 4.3: The Location‐Based Services value chain (GSA, 2013)

4.2.2

The Road segment

In their 2013 Market Report, GSA (2013) selects the following applications for describing the Road
segment:
 ADAS (which is short for Advanced Driver Assistance Systems) and connected vehicles where GNSS – in
combination with sensors such as on‐board camera and radar and communication systems such as Wi‐
Fi and 3G are applied to enhance intelligent vehicle safety systems such as speed adaption, lane change
assistance, curve speed warning, collision avoidance and automated driving.
 Solutions for Road User Charging (RUC), in which the positioning of vehicles is determined by using
GNSS data. This data is received through an On‐Board Unit (or OBU) which then calculates the road
tolls based on distance travelled as well as the time and location of the trip.
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 Pay‐per‐use insurance (PPUI) which enables pricing policies which are based on timing, location and
driving behaviour. Car insurance companies are launching new services, trying to attract and keep new
customers, preferably those that pose the least risk, that is, profitable policyholders.
 Road traffic monitoring through satellites using real‐time traffic information. The data on the car
location is sent to a central processing centre after which the data can be shared with other
(commercial) parties.
This market sees a lot of development which is likely to increase its share in the total GNSS market as well
as its importance (at least in terms of number of users) in the (nearby) future.
First, several cities and countries across Europe have already set up or are planning to implement a
charging system for road users – the European Transport Policy is promoting the user‐pays principle for
private vehicles (EGNOS, 2014a; European Commission, 2014c). GSC’s Alberto Fernandez Wyttenbach
states that “GNSS is becoming the technology of choice for new free‐flow tolling systems”, as toll gates
prove to be inadequate at certain portions of roads and are unfit to be implemented at any position (GSC,
2014b). The ability to continually monitor the driver’s position through GNSS simplifies the process and
considerably lowers the equipment costs. At the ASECAP conference in May 2014, RUC was defined as one
of the key market segments and applications for GNSS – until 2022, shipment of GNSS for RUC is expected
to grow at a yearly rate of around 30 percent. Switzerland was the first country to apply GNSS to a RUC
system; Germany, France, Hungary and in recent times, Slovakia increased its tolling network operations
by 7.5 times through a GNSS‐based RUC. Belgium recently decided to consider using GNSS in its future
heavy vehicles RUC.
Like the RUC market, pay‐per‐user insurance is likely to become a major market for GNSS services. GSA
(2013) states that “a pricing policy that better reflects the accident risk level would rely on where (e.g.
highway, road, street, roundabout, crossing) and when (e.g. day, night, congestion hours) each vehicle is
being driven” and defines speed as a third key information which could be provided by GNSS. A pricing
system as such would stimulate the policyholder to reduce mileage and improve driving conditions.
Since 2009, GSA (2013) sees an increasing number of dedicated nomadic GNSS devices (PNDs) becoming
redundant as the use of smartphone and tablet apps as a navigation system continues to grow. Both a
broader availability of free services and better affordability of In‐Vehicle Systems (IVS) also contribute to
the trend in this market segment. Bergman Insight (2013b) finds that by the end of 2012, there were 230
million dedicated car navigation systems in use globally – an estimated 150 million were PNDs. At a
European level, this market is dominated by the three vendors Garmin, TomTom and MiTac – together
these stakeholders have about 90 percent market share.
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17

Figure 4.4: Global shipment of GNSS devices by application (GSA, 2013)

The value chain of the Road segment partially overlaps with the Location‐Based Services (LBS) segment
and is likely to see changes as current developments as mentioned above persist. The Road segment value
chain is displayed in Figure 4.5.

Figure 4.5: The Road segment value chain (GSA, 2013)

17

Smartphones used for navigation in vehicles are excluded in the Road segment description (as it is presented as
part of the LBS market). Therefore, Figure 4.4 excludes smartphones used for navigation.
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The Aviation segment

GSA (2013) segments the Aviation market according to the use of the aircraft into three parts;
 Commercial,
 Regional,
 Business and general aviation.
The navigation systems used by the aviation sector demand the highest robustness and integrity. The use
of GNSS applications depends on the accuracy and integrity of the position needed. Performance‐based
navigation18 (or PBN) is expected to be introduced as a part of a transition from traditional ground‐based
navigation towards space‐based navigation for the Aviation segment. The use of GNSS in aviation is likely
to increase as more flight procedures will be designed to take advantage of PBN. At this moment, general
aviation is the largest GNSS aviation sub‐segment as it deploys more aircraft and pilots than the other
(sub‐)segments combined. The use of GNSS within all aviation segments is expected to increase over the
next decade reaching a penetration of over 90 percent by 2022. This increase will be dominated by the
Visual Flight Rules (VFR) sub‐segment, with leisure flyers using GNSS as a supplementary information
source. The Aviation value chain and stakeholders are displayed in Figure 4.6.

Figure 4.6: The Aviation segment value chain (GSA, 2013)

19

18

Performance‐based navigation is comprised of three components: the navigation application; the navigation
specification; and the navigation infrastructure. A navigation application is defined by the implementation of a
navigation specification and its supporting navigation infrastructure, applied to routes, procedures, and/or a defined
airspace volume, in accordance with the intended airspace concept (Eurocontrol, 2014).
19
The abbreviations in the ‘Examples of key players’ section refer to the three Aviation market segments identified
by GSA; CA for Commercial Aviation, RA for Regional Aviation, BA for Business Aviation and GA for General Aviation.
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The Rail segment

Europe has a very well‐developed train network. Therefore, it has historically been the main market for
the Rail segment with a domination of passenger information systems; these account for about 90 percent
of total shipments. However, other non‐safety critical applications such as asset management are showing
growth with about 1,000 devices sold in 2012. As many other regions (such as China) catch up on rail
infrastructure investments, these markets grow to a significant share of the global market. In terms of
shipments of Rail GNSS devices, the European market still ranks first and GNSS penetration continues to
grow – however, the Rest of the World is catching up fast.

Figure 4.7: Shipments of GNSS Rail devices by region (GSA, 2013)

GNSS devices are used by major train manufacturers (see Figure 4.8) to track all of their trains. Over the
next years, the use of GNSS in the Rail segment is expected to grow significantly; by 2022, about 30
percent of the trains in use worldwide will be equipped with GNSS devices. An increasing share of these
devices will support safety critical functions and might eventually replace expensive and inflexible
trackside infrastructure such as line‐side signalling.
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Figure 4.8: The Rail segment value chain (GSA, 2013)

4.2.5

The Maritime segment

This market was one of the first adopters of GNSS applications (GSA, 2013). Around the world, more than
50,000 vessels and large ships use GNSS equipment. Global shipment of GNSS devices in this market
hovers around 100,000 – in 2012, just over 25 percent of Maritime devices serviced the European market.
This is a fair share compared to the US market (6 percent), the Rest of the World dominates the market of
Maritime device shipments at a breakdown which is expected to remain constant over the next decade.

Figure 4.9: The Maritime segment value chain (GSA, 2013)
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According to GSA (2013) this market segment sees several developments, outlined below;
 E‐navigation: An initiative of the International Maritime Organisation (IMO) aiming at a reduction of
the on‐board systems complexity by integrating bridge systems with all data inputs. The initiative is
being implemented by the IMO’s e‐NAV Committee involving a number of maritime authorities.
 Fishing: There is an increasing interesting in reliable proof of fishing vessels’ locations to comply with
the regulatory requirements of the European Unions’ Common Fisheries Policy (or CFP)20.
The latter market segment is expected to show the strongest future growth, both in number of users and
application devices shipped around the world (GSA, 2013). By 2022, ports are expected to be the biggest
users of GNSS applications in this segment as increasing congestion in and around the port waterways as
well as the ever‐increasing size of vessels pushes them to operate more efficiently.
4.2.6

The Agriculture segment

A study by GNSS Asia (2014) finds that GNSS can help end users in the agricultural segment to become
“more efficient, reduce their use of chemicals, and increase crop yields”. GNSS can also be used by
farmers for what is called Variable Rate Application (or VRA), a practice used in precision farming21. This
application uses GNSS sensors, aerial images, and other information management tools to optimise
herbicide doses, fertiliser requirements and other inputs to which help farmers save money, reduce their
environmental impact while increasing their yields. Applied research in an EU FP7 project called FieldFact
(2009) finds that EGNOS and Galileo can be used in precision farming for the following applications:











Tractor guidance and implement guidance,
Variable ploughing, seeding and spraying,
Mechanical weeding,
Cow fertility detection,
Virtual fencing,
Land parcel identification and geo‐traceability,
Post‐harvest pick‐up,
Supervised tracking of livestock,
Field measurements,
Field boundary mapping and updating.

Figure 4.10 offers an overview of the key players in the Agriculture segment value chain.

20

The CFP is a set of rules for managing European fishing fleets and for conserving fish stocks. Designed to manage a
common resource, it gives all European fishing fleets equal access to EU waters and fishing grounds and allows
fishermen to compete fairly (European Commission, 2014d).
21
The United States Department of Agriculture et al. (2007) define precision farming as “a management system that
is information and technology based, is site specific and uses one or more of the following sources of data: soils,
crops, nutrients, pests, moisture, or yield, for optimum profitability, sustainability, and protection of the
environment”.
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Figure 4.10: The Agricultural segment value chain (GSA, 2013)

The use of GNSS in agriculture is progressing in all regions. According to GSA (2013) both global shipment
and installed base of GNSS devices has more than tripled between 2006 and 2012 (see Figure 4.11). North
America – as the most advanced region in respect to precision agriculture – represents the highest share
in shipments and installed base (by 2012). GSA (2012) estimates that GNSS penetration into EU tractors
will rise from around 7.5 percent in 2010 to 35 percent by 2020. The European growth of this segment has
been a result of Western European farmers adopting GNSS as this region boasts more favourable
conditions with a larger average farm size and better access to required capital. Central and Eastern
Europe agriculture shows a lower GNSS penetration rate – future growth is expected to be driven by an
uptake in GNSS technologies in these regions. Falling prices of GNSS technologies will stimulate this
further uptake of GNSS by farmers over the next years; GSA estimated that the average device price will
drop from €3300 in 2012 to €2400 in 2022 (European Parliament, 2014). However, looking at the total
revenues in the global GNSS market the agricultural segment remains respectively small with a share
below 2 percent.
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Figure 4.11: Installed base of GNSS devices by region (GSA, 2013)

4.2.7

Multi‐modal emergency services segments

In this additional paragraph we want to emphasise two multi‐modal emergency services, which are not
distinguished in the GSA report:




Search and rescue: The COSPAS‐SARSAT system22 is used for Search and Rescue (SAR) emergency
response operations. The use of GNSS will enhance the current system and provide the Medium Earth
Orbit Search and Rescue (or MEOSAR) capability, diminishing the impact of objects blocking the signal
between the beacon and satellite. In the future, the satellite will send a signal back to the beacon
providing information that help is on the way. Regulated vessels use of Personal Locator Beacons
(PLBs) and Emergency Position Indicating Radio Beacons (EPIRBs). The penetration of such beacons is
increasing (and expected to continue in the future), where the use of PLBs is becoming increasingly
important for the leisure maritime segment.
eCall, which enables vehicles to automatically call 112 in case of an accident and provide vehicle
identity and GNSS‐based location. The European Commission proposed a new regulation which
imposes an eCall system to be installed in every new type of passenger car and light vehicle from 2015
on. Next to this, the American FCC, for instance, is currently putting a lot of pressure on cellular
network actors (operators, handset vendors) in order to reach a higher level of position accuracy, in
particular in urban environments, to support a new generation of emergency call services. Objective is
to be able to locate distressed callers in a downtown area building, even including floor numbers.

22

The International Cospas‐Sarsat Programme is a satellite‐based search and rescue (SAR) distress alert detection
and information distribution system, best known for detecting and locating emergency beacons activated by aircraft,
ships and backcountry hikers in distress (COSPAS SARSAT, 2014).
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4.3 The economic effects of GNSS
To quantify the impact of GNSS services on the world economy and consumer welfare, this impact can be
divided into two broad categories;



Direct effects – the footprint of the GNSS services measured according to the revenue generated by
firms developing and providing GNSS services and the value that they add;
Wider economic effects – the benefits that accrue from GNSS services improving efficiency elsewhere
in the economy, by creating new products and services and creating cost savings that cannot be
generated by other sectors and the benefits that accrue to consumers, businesses and government
from using GNSS services, over and above the value that may be paid for any services.

4.3.1

The direct economic effects of GNSS

Direct effects refer to the economic presence or footprint of those companies directly involved in
producing GNSS services and can be measured in various ways: by the revenues that are generated; by
market capitalisation; by gross value added (GVA); or by the number of jobs involved in producing these
services.
The global satellite industry is a subset of both the global telecommunications and space industries, the
latter generating $320 billion revenues. According to SIA (2014), the global satellite industry generates 60
percent of global space industry revenues and 4 percent of global telecommunications revenue23. Satellite
industry growth relates with development in both the global space and telecommunication industries:




Global space industry revenues have gone up 5 percent over 2012;
Telecommunications 2012 revenue growth was 7 percent;
The global satellite industry revenue increased with 3 percent.

According to the 2014 State of the Satellite Industry Report by SIA (2014) the global satellite industry
generates revenues of just over $195 billion24. In comparison, the EU space manufacturing industry
generated €6.5 billion in 2012 – under 15 percent of global revenues for satellite equipment and satellite
manufacturing.
From 2001 to 2012, the global satellite industry showed a steady annual industry growth of 10 percent.
Over 60 percent of the revenue ($119 billion) is generated by the satellite services segment (which
includes satellite operations and service provisioning), as presented in Figure 4.12. Almost 80 percent of
the revenue in this segment is generated by satellite TV distribution. The second biggest satellite service
category is non‐consumer, fixed satellite service. The global satellite manufacturing revenues grew by 8
percent over 2013, satellite launch industry revenue went up by 7 percent and revenues in satellite
services (the largest segment) grew by 5 percent. The ground equipment revenues grew by 1 percent
globally.

23

According to SIA (2014) non‐satellite industry space revenues are human spaceflight, non‐orbital spacecraft and
government spending.
24
This number applies to 2013 and equals about €149 billion (to September 2014 exchange rates).
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Figure 4.12: Breakdown of global satellite industry revenues by segment

In 2011, Europe‐based businesses accounted for 32 percent of revenues generated by the global satellite
manufacturing segment and 25 percent of revenues generated by the global satellite launch industry
segment (Futron Corporation, 2012).
Four of the five major global satellite operators are European – they generate more than €5 billion of
revenues (which represents 80 percent of the €6.4 billion in total). However, the majority of the around 50
satellite operators are small, many operating only one satellite (Henri, 2010). The satellite industry is an
innovation driver for the European economy. A survey conducted by Booz & Company (2011) for the
European Space Agency reveals that the industry has been very diligent in testing new technology prior to
commercial launch in order to preserve the high quality and availability standards. The satellite industry
has generated some impressive innovations over the last decade, such as spectrum efficiency gains
leading to more cost‐effective communications, and the development of high resolution sensors and
specialized radars for interferometry applications in earth observation.
4.3.2

Wider economic effects of GNSS

Wider economic (or supply‐side) effects are the effects of a sector that are driven by the use of GNSS in
the economy which help to increase overall productivity and potential output. Industries do not only
generate their own revenue but also drive value generation in related sectors or value chains. Although
this effect is difficult to quantify due to the many interdependencies, recent studies estimated the impact
of the space industry on the UK economy. The BIS study (Department for Business Innovation & Skills,
2010), for example, concluded that the space industry has a very high productivity, several times higher
than the overall economy in the UK. Since the space industry relies on other sectors, each employee drives
the employment of several workers in these adjacent industries. The UK BIS study estimates a 4.2
multiplier for downstream services (such as satellite operators). This means that, for every 10 employees
in the space manufacturing industry, an additional 32 jobs are created in other sectors. For upstream
services (like manufacturing) this factor is 3.6. Similar studies for the US economy mention a factor of up
Use, duplication or disclosure of data contained on this sheet is subject to the restrictions on the front sheet of this document.
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to 6 for the overall space manufacturing industry. Applying these numbers, around 150,000 jobs in the
European Union are created due or supported by the space manufacturing industry.
In the short term, the output of an economy can depend on changes on the demand side – i.e., the level of
goods and services demanded by consumers and businesses. However, in the long term, the output of an
economy – using standard measures of output, such as GVA, or the prosperity of the population living in
an economy (e.g. measured using GVA per head) – is determined by the underlying productive potential or
supply side of the economy. Because GNSS services facilitate the functioning of businesses, they help to
drive efficiency gains throughout the economy. These can be observed in industries such as logistics,
where the GPS has been estimated to generate at least $10 billion in cost savings (Oxera, 2013).
GNSS services are wide in scope, as reflected in the range of uses that consumers have for these services.
All these uses generate benefits for consumers in different ways, and these benefits are in turn partly
captured in the revenue impacts illustrated under the direct effects. This shows that consumers are willing
to pay to use these services. Moreover, they derive benefits from services that are not captured via
revenues. This is apparent when considering that many GNSS services are free at the point of use (e.g.
Michelin maps).
GNSS services are typically an intermediate good – i.e., they are not normally valuable in themselves, but
help consumers engage in other activities. Thus, the consumer benefit from GNSS services is derived from
the value to the consumer of the activities they facilitate (e.g. visiting a new destination). Examples of the
consumer welfare benefits that GNSS services generate include the following.




Journey time and fuel savings from more efficient navigation – drivers using navigation devices can
reduce travel time and fuel consumption on some journeys by optimising their route, reducing the risk
of getting lost, and, on occasion, by avoiding congestion. This impact could be worth around $22
billion per year to consumers.
Educational benefit – GNSS services can provide users with an educational value beyond their
conventional use in navigation. GNSS graphic information systems can be considered a useful
information technology tool for promoting higher‐order thinking, decision‐making and problem‐
solving skills. GNSS services can also provide individuals with better access to information about the
location of countries, cities and places of interest, leading to a more informed population. This
educational impact could be worth around $12 billion a year (Oxera, 2013).

GNSS services also affect the wider economy by helping to widen the range of services and thereby
enhance consumer choice. By reducing transport costs and increasing information to consumers, GNSS
services can broaden both product and geographic markets. Making markets wider is not typically seen as
a goal in itself, but it can help to promote efficiency and cost savings through increased competition in
many markets. This ultimately drives prices down towards costs, benefiting consumers. The analysis
indicates the magnitude of the value that GNSS creates, which is not captured in market and financial
transactions (Oxera, 2013).

4.4 Trends
According to Eurospace State of the European Space Industry (2012), increasing competition on the
commercial markets is growing over recent years. US competitors face decreasing local budgets and
challenge European positions, mostly on the commercial satellite and launch services. On the other hand,
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the commercial European market sees emerging competition from China, Japan, etc. Below, we will
outline trends for the GNSS market segments.
4.4.1

An ongoing GNSS penetration

In their GNSS 2013 Market Report, GSA predicts that by 2022 the world will hold seven billion GNSS
devices – close to one for every person on the planet. This large number of devices is expected to bear the
potential “to deliver additional significant benefits, not measured in this report, especially in terms of time
and fuel savings, as well as efficiency gains” (GSA, 2013). The growth will vary geographically, as the
biggest increase in GNSS devices penetration is expected to take place in regions outside Europe and
North America. Concentrating on Europe, GNSS device penetration is already established at a relatively
high level. However, the number of GNSS devices per inhabitant in this region will increase from the
current 1 to 3 by 2022. The EU market will also continue to grow in terms of shipments and revenues,
proving that even in the developed world the market has not yet reached its saturation point.

Figure 4.13: Installed base of GNSS devices by region (GSA, 2013)

The usage of GNSS is expected to increase, too, as worldwide regulatory measures are being undertaken
in several domains to promote the use of GNSS. GSA’s 2013 Market Report points out regulatory
requirements for emergency location sharing. Examples of such requirements, such as eCall25 and 112 in
Europe, or Search and Rescue (SAR) services, promise to further fuel growth in Europe and North America
over the next decade.

25

eCall is an initiative with the purpose to bring rapid assistance to motorists involved in a collision anywhere in the
European Union. The objective is to have this system seamlessly functioning throughout Europe by 2015, with the
coordination of Member States, car manufacturers, telecom operators and emergency centres (European
Commission, 2014).
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LBS and smartphones

GSA (2013) sees an increasing blurring of the current GNSS market segments, as new smartphone
capabilities combined with integrating technologies drive the LBS devices support for navigation and other
services. Therefore, LBS is expected to be the largest market segment (in terms of global core revenue).
This will increasingly cannibalise the Road segment (as defined by GSA) as the PND market continues to
decline. In short, smartphones drive out the PND’s. The increased usage of LBS devices is not expected to
be limited to the Road segment; the aviation and leisure maritime markets face an increase in the usage of
such devices. These trends will effectively lead to a 2022 market situation (in terms of cumulative core
revenue) as displayed below. The increasing usage of smartphones as a GNSS device plays an important
role in the increased market penetration of GNSS (especially in lower income countries outside Europe
and North America). EU unit sales for the LBS segment are expected to reach almost 450 million units by
2017, and together with Road it will account for 99 percent of all European shipments.

Figure 4.14: Cumulative core revenue by 2022 (GSA, 2013)

The European society, and in particular the European economy, is increasingly dependent on GNSS in
several economic sectors:






All transport activities depend on GNSS positioning information, and this information has even
become a critical component for the logistics chain that distributes and supplies goods to EU
consumers.
Air and maritime transport show today an increasing dependence on satellite based navigation.
Although terrestrial infrastructure continues to provide solid navigation systems, the trend towards
increasing the density of air traffic (e.g. by reducing lateral and vertical separation between aircrafts)
relies essentially on the performance of GNSS, making these sectors increasingly dependent on GNSS.
There is a growing tendency from the telecommunications sector to incorporate GPS data into traffic
information and management functions by providing vehicle‐to‐vehicle and infrastructure‐to‐vehicle
communication, giving rise to so called Intelligent Transportation Systems (ITS).
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The timing information of GNSS is used to synchronise telecommunications networks and power
management systems, especially in the framework of the development of smart grids; the banking
system uses to a large extent the GPS time to stamp and certify financial transactions (European
Commission, Enterprise and industry directorate‐general, 2013).

4.4.3

Trends in navigation

The use of satellite navigation is growing and is expected to be installed in most vehicles in 10 to 15 years’
time. Satellite navigation brings benefits to road users in terms of time saved, reduction in theft, emissions
and the number of accidents. Benefits beyond communications amount to €120 billion over the next
twenty years. Europe’s GNSS system, Galileo, is expected to contribute €90 billion over the next twenty
years. The total navigation market today (including core and enabled markets) is around €120 billion and
is expected to grow to almost €250 billion by 2020 (GSA, 2012). Based on an economic impact analysis,
Galileo will contribute around €90 billion over the next twenty years (European Commission, 2014b).
Satellite navigation would lead to savings of over £10 billion only for UK drivers (both commercial and
leisure) and further savings to society from reduced emissions of £0.5 billion. Satellite navigation systems
such as eCall that help the emergency services accurately and speedily locate accidents on the roads will
help save lives and reduce serious injuries. Satellite navigation systems that enable stolen vehicles to be
tracked and then disabled are estimated to be worth £1.5 billion per year to the UK in the future. Satellite
navigation is also used to track down and monitor the transit of heavy vehicles carrying dangerous
substances, which could help preventing risks and accidents (SEEDA, 2009).
A Department for Transport (DfT) study and other academic studies value the benefits from a National
road user charging scheme at between £10 and £12 billion. Any national scheme that would propose to
charge on the basis of a combination of time, distance and space would be much more difficult to
administer and so would require the use of much more sophisticated technology. The DfT study on the
basis of expert advice assumed that technology for such a scheme would not be in place before 2014 and
would require amongst other things that the Galileo satellite system was in commercial operation (SEEDA,
2009).
There are benefits to fleets over and above the improved navigational facility that a satellite solutions
offer. Tracking and monitoring the location of vehicles and goods enables better management of the fleet.
Thales reported that large fleets can make 5‐10 percent savings on costs by introducing a fleet
management system. There will also be significant benefits from the use of satellite navigation in other
forms of transport. In the aviation industry there will be savings amounting to more than £1.3 billion per
year, including commercial benefit from reduced delays (£850 million per year), time saved by passengers
(£400 per year), and lower emissions (£80 million per year) (SEEDA, 2009).
In the maritime industry Long Range Identification and Tracking is expected to bring significant benefits to
the UK economy, ranging from pilotage, scheduling of logistics and cargo operations, to maritime traffic
management.
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5 Malfunctioning of GNSS systems
In this chapter, we dig deeper into the impact of GNSS malfunctioning. There are multiple types of
malfunction which can threaten a GNSS system. Several classifications and scenarios of malfunctioning will
be outlined in this chapter. This chapter is a basis for further research into the societal‐economic impact of
GNSS malfunctioning.

5.1 Impact of satellite disruption
There has been little research on the scenarios of a collapse and failure of satellite infrastructure and
related effects on other infrastructure and sectors. A simulation of propagation of a GPS service failure to
the power grid, telecommunications and railway showed their instant or gradual reduction of
operationality (Lupo, 2014). A US exercise titled “A Day Without Space” is an example of simulation of
26
what would happen if there is a sudden loss of space services (or loss of access to space) .
A day without space
A Day Without Space was a war game simulation event held at Schriever Air Force Base in Colorado
Springs. US General Arnold stressed in his speech that the war game showed that a day without space
actually turns into a year without space (Potter, 2014). Consequently, the US military started to adapt
its operations in the direction of higher satellite protection (Magnuson, 2014). Apparently, nothing
sudden would have happened immediately after the failure of all satellites (after the failure at 08:00
in the morning no planes would fall out of the sky, the lights would not go out or the water supplies
fall). However, first failures would create inconveniences in several fields. The television broadcasts
would be interrupted, air‐to ground communications as well and GPS would become dysfunctional.
By the noon, some unpredictable effects would start appearing due to the fact that our infrastructure
is held together by time – from time stamps on complex financial transactions to the protocols that
hold the internet together. Without accurate time, every network controlled by computers is at risk
(and this is almost everything). Internet will become slower or halted in some parts, traffic lights and
railway signals would default to red, first power cuts would appear in the afternoon, the lack of
complex weather forecasts would likely contribute to cancelation of most of the flights (particularly
trans‐oceanic flights), etc. By 22.00, the full impact of the day without satellites would become
apparent. Communications, transport, power and computer systems would be severely disrupted.
Global business would be halted, politicians and governments would struggle to cope with the
situation, the warnings of the breaking down of the food supply chain would start to appear, etc. If
the disruption continued then each day would bring new challenges (Hollingham, 2013).

26

Video presentations of such scenarios can be seen on the following addresses:
http://www.youtube.com/watch?v=lLRdNEQqxAg; http://www.myboeing.com/defense-space/ic/sis/day_without_satellites.html.
Use, duplication or disclosure of data contained on this sheet is subject to the restrictions on the front sheet of this document.

46/60

SP1‐Cooperation‐607679‐PROGRESS
SECURITY: PU
Deliverable D1.1 Economic & societal framework

Protocol: PR_RPT_D11
Rev. 1_0

Morris (2008) offered some examples of how losing GNSS satellite services for one day would impact our
daily lives:











Loss of the atomic clock services provided by GPS would cause troubles in all distributed networks
requiring tight time synchronization. Computer networks would experience slowdown as data is
pushed through finite pipelines at reduced bit rates. These networks are all IP‐based today and
require ultra‐precise timing to ensure digital traffic reaches its destination.
Financial markets requiring good time synchronization would not be affected immediately, but their
clocks would begin to drift.
Electric power grids requiring precise time frequency stability would begin to degrade. By the end of
24 hours, it is also possible that clock drift and loss of synchronization could lead to problems in load
balancing and energy transfers from one grid to another.
Airliners would have to revert to legacy systems and procedures that waste expensive jet fuel on
inefficient routes.
Cargo vessels entering harbours would slow to a crawl to ensure safety, or they might not be allowed
to dock at all.
Logistical supply chain management systems would lose or degrade their ability to track the flow of
parts to their factories and products from their warehouses.
Construction and mining projects would become delayed as expensive, manual labour replaced
systems used to automate surveying, regrading, earth moving, and asset tracking.
Armed forces also heavily rely upon the commercial satellite services to perform basic military tasks
and also disaster response and humanitarian relief operations, allowing responders to evaluate
conditions on the ground prior to arrival (Barrett, Bedford, Skinner and Vergles, 2011). This means
that there is an effect on the military services in case of a disruption of civil satellite infrastructure.

Morris (2008) concluded that the backup systems might mitigate several effects in one day without space.
The real problem emerges when the loss extends past a day or two. He thinks that the long‐term impacts
of losing space capabilities could have a paralyzing effect on our daily lives.

5.2 Threats to critical infrastructure
27

Critical infrastructures have been exposed to a great number of threats risks in the past . Le Grand et al.
(2003) classified such events in three groups:




Failures created due to internal system deficiencies;
Accidents mainly due to external reasons, and
Intentional attacks mostly by external actors.

27

The long list of examples includes the Chernobyl explosion in 1986, the outbreak of water‐borne Escherichia coli in
USA in 2000, electrical blackouts in the USA, Canada and Italy in 2003, and in Germany in 2006, the oil storage
explosion in Hertfordshire in the United Kingdom in 2005, the lack of gas in Europe caused by the conflict between
Ukraine and Russia in 2006, big chemical accidents in the Netherlands in 2000, France in 2001 and Hungary in 2010,
the cyber‐attack in Estonia in 2007, the outbreak of the global financial crisis in 2009, various tunnel fires (the
Eurotunnel fire in 1996, the Mont Blanc road tunnel fire in 1999) etc. (Prezelj et al., 2012).
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Unintentional threats

Unintentional threats include natural, accidental and malicious threats that can have a physical and cyber
character (Dunn, 2004). These threats are categorised as follows:





Ground‐based threats: natural terrestrial threats, such as earthquakes, floods, thunderstorms,
lightning, dust storms, heavy snows, tropical storms, tornadoes, corrosive sea spray, salt air, etc., and
power outages;
Space‐based threats from space objects (including debris) and space environment (solar, cosmic
radiation, temperature variations), and
Interference‐oriented threats: solar activity, atmospheric and solar disturbances, unintentional human
interference caused by the terrestrial and space wireless systems.

5.2.2

Intentional threats

According to Di Mauro (2010), intentional threats include deliberate attacks, a natural disaster caused by
human action, negligence, accidents, computer hacking, criminal activities or malicious behaviour. Critical
infrastructure has received greater attention since the 9‐11, London and Madrid attacks. It has become
clear that particular groups attack important infrastructures in order to create greater direct or indirect
effects. Intentional threats to critical infrastructures range from destroying them to using them against the
society or a State (Boin, Lagadec, Michel‐Kerjan and Overdijk, 2003). Critical infrastructures have become
a relatively easy target for attacks due to its prevalent wide geographic dispersion and, as Lewis (2006)
noted, due to its scope and attractive low effort‐high return ratio. Other possible classifications of threats
can include: internal/external threats, low probability/high consequence threats vs. high probability/low
consequence threats, etc. For example, Galileo, as a part of space infrastructures, faces specific threats to
the signals and to the satellites. GNSS signals can be subject to a number of threats on the radiofrequency
links such as interference, unauthorised access and misuse, jamming, falsification and cyber‐attacks28.
US/NATO classifies threats to access in space into two broad categories:



Kinetic damage to space assets on the ground or in orbit, and
Activities that, deliberately or not, disrupt the transmission or reception of satellite signals without
direct physical damage to the components.

A space‐capable adversary is likely to be able to use both. There are nations and non‐state actors
developing counter‐space capabilities that will increasingly challenge stability and security in space. Such
kinetic and cyber techniques have the potential to deny and disrupt access to the critical information
enabled by capabilities in space. Attackers are not likely to use their anti‐satellite technologies (missiles,
nuclear devices, etc.) against targets in space, when they could be used to far greater physical and
psychological effect against targets on Earth (Barrett et al., 2011). In case of a major terrestrial war, it is
not unlikely that some actors would seek to destroy or disable satellites as well (Barrett et al., 2011). This
last statement is equally threatening to both military and civil satellites.
Acker et al. (2011) stress the independence and resilience of satellites from earth events in a sense that
satellites are not influenced by events on earth, such as natural or man‐made disasters, and social or

28

Source: Commission Staff Working Document on a new Approach to the European programme for Critical
Infrastructure protection – Making European Critical Infrastructures more Secure, 2013.
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political events. However, it should be stressed that satellites are vulnerable through ground stations and
linkage interference. They can be also vulnerable in a case of a war scenario on Earth (valid also for civilian
satellites).
Intentional threats include the following:




Ground‐based threats, such as physical destruction and sabotage;
Space‐based threats, such as interceptions of space mines and space‐to‐space missiles, and directed‐
energy weapons (laser energy, electromagnetic pulse), and
Interference and content‐oriented, such as jamming and cyber‐attacks (malicious software, denial of
service, spoofing, data interception, etc.) (US General Accounting Office, 2002).

The Royal Academy of Engineering (2011) concludes that the increasing use of GNSS for revenue raising
purposes through road user charging or vehicle tracking evokes an increase in the prevalence of cheap
jamming devices. In their report they define following mechanisms for deliberate content‐orientated GNSS
interference:




Jamming GNSS based vehicle tracking devices to prevent a supervisor’s knowledge of a driver’s
movements, or avoiding road user charging.
Rebroadcasting (‘meaconing’) a GNSS signal maliciously, accidentally or to improve reception but
causing misreporting of a position.
Spoofing GNSS signals to create a controllable misreporting of position, for example to deceive
tracking devices.

Unintentional disruptions of GNSS have been mitigated by a myriad of systems including space‐based
augmentation systems: e.g. WAAS, EGNOS; ground‐based augmentation systems: DGPS, marine radio
beacons; and a number of privately operated services providing improved accuracy and integrity29.

5.3 Global occurrences
Some global cases of intentional or unintentional satellite disruption have been reported in the past30:








29
30

In April 1986, an insider, working alone under the name “Captain Midnight” at a commercial satellite
transmission centre in central Florida, succeeded in disrupting a cable network’s eastern uplink feed to
the Galaxy I satellite. Although this event was a minor annoyance, it had the potential for disrupting
services to satellite users.
Starting in 1995, MED‐TV, a Kurdish satellite channel, was intentionally jammed (and eventually had
its license revoked) because its broadcasts promoted violence.
In 1997, while a GPS transmitter was being tested on the ground, it unintentionally interfered with the
GPS receivers of a commercial aircraft in the area. The plane temporarily lost all of its GPS
information.
In 1997, Indonesia intentionally interfered with and denied the services of a commercial satellite
belonging to the South Pacific island kingdom of Tonga because of a satellite orbital slot dispute.
In 1998, the failure of PANAMSAT’s Galaxy IV satellite, attributable to an on‐board processor anomaly,
disabled 80 to 90 percent of 45 million pagers across the United States for 2 to 4 days, leaving

Source: Quascom (2014), http://www.qascom.com/it/solutions/gnsssecurity/Qascom_View_security.pdf
Information about these malfunctions were provided by PROGRESS partners.
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approximately 70 percent of a major oil company’s customers without the ability to pay for services at
the pump (US General Accounting Office, 2002).
In July 2003, it was reported to the Federal Aviation Administration (FAA) that a cellular phone when
turned on simultaneously interfered with three different aircraft GPS receivers, causing complete
signal loss. The three GPS receivers were using three separate antennas, and were installed on a small
aircraft. The phone was on, however, calls were not made during the incidents and subsequent tests.
In an e‐mail message to the FAA, the company who owned the airplane reported the subsequent tests
taken to prove a clear and convincing direct relationship between the phone being in ON‐mode, and
interference with the three onboard GPS systems. This example was provided by Truong X. Nguyen,
Langley Research Center, Hampton, Virginia (out of a presentation provided by Rockwell Collins,
2011).
In January 2010 at the Newark Airport a mobile personal privacy devices (PPD) were responsible for
jamming interfering GPS signals. The RFI events were strong enough to reduce a WAAS G‐II receiver
C/No by as much as 20dB and thereby resulted in loss of tracking for lower elevation GPS satellites.
Higher were able to track but on a lower C/No. The power level was as much as 25dB above the noise
level. A three‐month effort determined the jammer (DLR GFR, 2014).
The following example was provided by Rockwell Collins (2011), it occurred in November 2010: “FAA
investigation was sparked while the FAA was installing a new GPS‐based landing system for aircraft at
Newark International Airport. This new system uses GPS receivers on the ground to aid GPS receivers
in the approaching aircraft. This technique allows the use of all runways during restricted visibility
conditions. During system test, the FAA noticed that the GPS ground receivers suffered one or two
breaks in reception on many days. PDDs (sic) were identified as the cause of the continuity breaks
after an investigation that lasted several months.”
A recent experience in Germany was provided by Rockwell Collins (2011): “FMG/14 noted information
provided on a case of interference recently experienced in Germany by a GPS repeater operated in a
hangar in Hannover. The interference resulted in an alert of the Enhanced Ground Proximity Warning
System providing the messages "pull‐up" and "FMS/GPS Position disagree" during taxing and
departure. With an EIRP of the GPS repeater in the order of ‐60 dBm (to be confirmed) the
interference range was several hundred meters. The operation of the GPS‐repeater has been
suspended until the end of the investigation. It was noted that it remains to be seen whether the EIRP
limit of ‐77 dBm as stipulated in the draft ECC recommendation ECC/REC/(10)02 would have ensured
sufficient protection”
The last example provided by Rockwell Collins was received from Defense News on March 6, 2011:
“The local Munwha Broadcasting Corporation, or MBC, reported the General Bureau of Surveillance of
the North Korean People's Army, blamed for the sinking of South Korea's Cheonan warship last year,
was behind the latest attempt to block South Korean communication devices. Col. Yoon Won‐shik at
the public affairs office of South Korea's Ministry of National Defense declined to comment on the
report, and whether or not the GPS‐jamming signals were sent by the North. Yoon said, however, his
ministry "has already recognized the North's intent to develop its technology used in blocking GPS
signals in the South“.”

We are not sure whether these cases contain all intentional and unintentional malfunctions of GNSS.
What we do know is that none of these examples occurred in Europe. To further deepen this knowledge
we will organise assessments with and send out questionnaires to stakeholders in the GNSS industry,
within the next stages of the PROGRESS project.
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6 Conclusions
This chapter outlines the economic and societal impact of GNSS, as was discussed in the report, and draws
some conclusions out of the research. Research has pointed out that satellites are able to collect more
data, more quickly, than instruments on the ground (NASA, 2014a). Therefore, satellites are being used in
multiple ways, such as meteorology, communication, broadcasting, science, navigation and military.
GNSS based services are used in an ever increasing number of applications, including a large number of
critical applications for positioning, navigation and timing services. The present report has set a socio‐
economic context for the PROGRESS project and provides a holistic economic and societal framework of
relations between satellite systems (GNSS in particular) and European societal and economic functions.
Multiple arguments point out the high criticality of GNSS infrastructure in Europe. The main reason is the
considerable pervasiveness of GNSS services, similar for example to the pervasiveness of the internet. This
means that GNSS services are used in an extremely broad spectrum and support many aspects of society.
With this in mind EU‐related studies point out that a disruption of the GPS signal would have a major
impact on European society. Therefore, the European Union selected Galileo as a pilot case study for
critical infrastructure.
The European space industry offers severe social and economic benefits. The same applies to GNSS,
although its pervasiveness and applications make it difficult to exactly quantify all direct and indirect
economic effects. To estimate its impact, the GNSS market can be divided in two sides: the supply side and
the service providers side.
The supply side of the market consists of two market types;




The institutional market – including public entities – accounts for an estimated € 3.5 billion (or 53
percent of European space industry’s business (Eurospace, 2013)). ESA is the dominant contributor to
this business (67 percent). Other contributors are National Space Agencies (23 percent), defence /
military entities (8 percent), Eumetsat (1 percent) and the European Commission (1 percent).
The commercial market accounts for an estimated € 3 billion and can be divided into three main
segments:
o Complete satellite system (59 percent of the market),
o Complete launcher systems (27 percent) and
o Equipment, parts (for export), EGSE/MGSE (14 percent).

It is difficult to exactly point out the size of economic activities that rely on GNSS, but estimates of the
European Commission (2014e) and Agenzia Spaziale Italiana (2010) show that currently between 6 and 7
percent of the European Union GDP relies on GPS. This dependency equals about €850 billion (European
Commission, 2014f)31. A disruption of the GPS signal would therefore have a major impact on the
European economy (EU, 2013). In terms of revenue, the global satellite industry generates 60 percent of
global space industry revenue and 4 percent of global telecommunications revenue32.
The following range of services rely on GNSS:
31

Based on 6.5 percent of the EU‐28 GDP of €13.075.000 million in 2013.
According to SIA (2014) non‐satellite industry space revenues are human spaceflight, non‐orbital spacecraft and
government spending.
32
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Location‐Based Services (LBS) are a class of information services that use location/geographic data –
the LBS market and number of users and devices has faced enormous growth over the last years. Its
revenues are an estimated € 735 million in 2013, expecting to grow up to € 2.3 billion in 2018 (Berg
Insight, 2012a).
The road segment consists of many different applications, such as Advanced Driver Assistance Systems
(ADAS), Road User Charging (RUC), Pay‐per‐use insurance (PPUI) and road traffic monitoring. It is a
market in transition; over 50 million units are in use within the European Union (GSA, 2013) and its
relative share in the GNSS market is expected to continuously grow.
The navigation systems used by the aviation sector demand the highest robustness and integrity. The
use of GNSS within all aviation segments is expected to increase over the next decade reaching a
penetration of over 90 percent by 2022.
GNSS devices in the rail segment are used by major train manufacturers to track all of their trains. The
use of GNSS is expected to grow significantly within the next years. This is a good sign for European
manufactures, because the market is dominated by Europe when it comes to the shipment of Rail
GNSS devices, more than 5,000 units in 2012 (GSA, 2013).
One of the first adopters was the maritime segment. Global shipment of GNSS devices within this
market hovers around 100,000 in 2012, just over 25 percent of Maritime devices serviced the
European market.
The economic importance of GNSS to agriculture is modest yet advancing. With technological
adoption established at a high level in Western Europe major growth is foreseen in Central and
Eastern Europe.

When looking at the economic effects of the space industry it is important to take the direct and the wider
effects into account;




The direct economic effects refer to the economic presence or footprint of those companies directly
involved in producing GNSS services. It is hard to exactly distinguish the GNSS market out of the total
industry, but an outline can be made of this total industry. It is known that the space manufacturing
industry in Europe creates over 35,000 direct jobs and directly generates €6.5 billion revenue.
Wider economic (or supply‐side) effects are the effects of a sector that are driven by the use of GNSS
in the economy which help to increase overall productivity and potential output. The EU space
manufacturing industry is a major driver of employment in related industries, estimated to both
create and support 150,000 jobs throughout Europe. It is difficult to quantify the effects due to many
interdependencies of the sector. But studies in the UK point out that since the space industry relies on
many other sectors, each employee drives the employment of several workers in adjacent industries.
The studies estimate a 4.2 multiplier for downstream services (like satellite operators). This means
that, for every 10 employees in the satellite industry, an additional 32 jobs are created in other
sectors. Next to that some consumer welfare benefits can be outlined, such as the journey time and
fuel saving from more efficient navigation and education benefits. GNSS services also help to widen
the range of services and thereby enhance consumer choice.

At this point in time, we highlight that trends in the GNSS market show an ongoing penetration of GNSS
services implying that the use of GNSS related services will increase over the coming years. With this in
mind it is clear that the malfunctioning of GNSS would cause instant problems and that this would affect
many people, but that malfunctioning in the future will have an even larger impact. This impact is not
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limited to business directly related into providing GNSS services, but will also affect society through the
perception of security and trust in authorities and society.
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