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Chapter I 

The Space Sector in 2011 and Beyond

The geopolitical landscape of the world has considerably changed in two decades
and this can also be seen in the strategic space sector. This first chapter features
some key issues that could shape the future of the sector including: the emergence
of a new world map of space powers, the growing role of commercial actors, the
evolution of a skilled workforce in the space sector, and the development of new
technologies and innovative applications on the horizon.
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1. A new world map of space powers

A new international landscape

The international balance of power has changed significantly in the past two decades.

The disintegration of the Soviet Union, the economic rise of a number of Asian countries and

the ever growing transfers of technologies, facilitated by the rise of the information society,

have all contributed to this new international landscape. In 2011, it is characterised by two

main features: an ever larger group of countries with satellite capabilities and the emergence

of Brazil, India and China, alongside the Russian Federation (i.e. the BRIC countries), as

exporters of space technologies.

Space-faring countries have moved from being a small exclusive club relying on strong

defence and aerospace industries, to a larger group of advanced and smaller developing

countries with very diverse capabilities. As of early 2011, more than 50 countries have

launched satellites, while at least ten other countries intend to have their first satellites in

orbit over the next five years (Figure 1.1). Ten countries have so far demonstrated

independent orbital launch capabilities, and seven countries (i.e. the United States, the

Russian Federation, China, Japan, India, Israel and Iran) and the European Space Agency

(ESA) have operational launchers (Jaramillo, 2010). Brazil, Korea and Indonesia aim to

develop their own launchers over the next five years.

Space-faring nations can be regrouped by the number of satellites they have in orbit

(Figure 1.2). The United States leads with more than 350 satellites in orbit, followed by the

Russian Federation (97 satellites), China (60 satellites) and Japan (40 satellites). A second

group of countries with 15-25 satellites in orbit include Canada, France, Germany,

Figure 1.1. More than 50 countries with spaceflight capabilities in 2010
Number of countries which launched satellites (independently or via a third party)
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Luxembourg, the United Kingdom and India. They are followed by some 10 countries

that have from 5-10 satellites in orbit. The last group is getting larger every year and totals

23 countries in early 2011 with 1-5 operational satellites in orbit.

The emergence of several BRIC countries as established space powers is a second

feature of the new international landscape. The Russian Federation was the first country

to launch a satellite in orbit in 1957, but it has renewed its commitments to major space-

related investments only in the past decade. In the meantime China and India have been

heavily investing in space R&D and infrastructure (e.g. dedicated space centres), building

entire families of indigenous rockets and satellites often through technical co-operation

with the Russian Federation. Their share in satellites launched has doubled in one decade

(Figure 1.3). In 2006, China became the third country to independently launch humans into

space. China’s and India’s developments in space activities are followed, albeit at a much

more moderate rate, by Brazil and Indonesia, although Brazil is currently investing in

indigenous launching capabilities. The larger BRIIC grouping which includes Indonesia

forms a new nexus of satellite technology transfers to developing countries, thus

contributing to the increase in the number of countries with access to space.

The new landscape of space-faring nations is the result of two parallel trends: the

ambition of many countries around the world to develop independent national space

programmes, and the globalisation of the aerospace and defence industry.

Ambitions to develop national space programmes

The past two decades have seen a sudden increase of new actors entering the space

sector. No continent is now excluded, as new space agencies have recently emerged in

Asia, Europe, Latin America and Africa. As shown in the Table 1.1, almost all OECD

countries have invested in a space programme, even if the funding is often quite modest

compared to the largest space actors. The reasons for earmarking some budget resources

for space activities can be quite varied (see Chapter IV – concerning the outcomes and

Figure 1.2. Countries with operational satellites in orbit, 2010
Number of satellites and main space launch sites

Note: This map is for illustrative purposes and is without prejudice to the status of or sovereignty over any territory
covered by this map.
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impacts of space programmes), however there is the general sense that by not having a

space programme, even a modest one, a country might be missing out on opportunities

and increase dependency on others.

Even in countries with space programmes in existence for decades, new strategies are

being established to rationalise and boost existing space efforts. The United Kingdom

established a new space agency in April 2010, as a replacement of the interagency British

National Space Centre, to improve its national competitiveness and rationalise demand

from the public sector. Germany also set up a new space strategy in late 2010, announcing

the development of a new space law and increased funding, while Italy’s strategic plan for

the next decade (2010-20) aims to rebalance funding to initiate new national programmes.

Smaller players are also revising their national space strategies to try and participate in

more international programmes (e.g. Finland with its 2009-11 space plan; Israel with

its 2010-15 space plan) (see Box 1.1) or simply develop indigenous capabilities to position

themselves to benefit from space applications (e.g. Bolivia created a space agency to

manage a satellite communications project with Chinese companies; the National Space

Agency of South Africa was established as well in late 2010; and several African countries

are setting up ground stations to directly receive satellite imagery). A conservative estimate

of the space budgets of 35 countries examined represent some USD 65.5 billion in 2010,

with the bulk of funding in G7 and BRIC countries.

In parallel to these active national space programmes, bilateral and multilateral

co-operation is increasing, as a means to move up the ladder of space technologies, to

reduce costs and access to new capabilities. This is not new, but the number of countries

developing space-related co-operation is increasing. As an example, although only three

countries have the capabilities to launch astronauts to orbit (the Russian Federation, the

United States and China), dozens of astronauts from different countries have been able to

experience microgravity and conduct experiments over the years. European, Canadian,

Indian, Japanese and Brazilian astronauts, to name a few, have all flown to orbit since

Figure 1.3. Satellites launched by OECD and BRIIC countries, 
1989-98 and 1999-2008

Satellites funded by public entities (student and university satellites excluded)

Note: BRIIC countries include Brazil, the Russian Federation, India, Indonesia and China. OECD countries include:
Canada, Denmark, France, Germany, Italy, Japan, Korea, Mexico, Norway, Spain, Sweden, Turkey, the United Kingdom,
the United States (including also ESA and Eumetsat satellites).

Source: OECD calculations, based on Eurospace (2010).
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the 1980s via bilateral agreements on US and Russian vehicles. Regrouping competences

and budgets in one organisation is also a proven means in developing high technologies.

The European Space Agency (ESA) is an intergovernmental organisation, which began with

a group of countries with maturing national programmes. The co-operation resulted in

several successful programmes: a European fleet of launchers, several meteorological and

earth observation satellites, major achievements in space sciences, as well as research in

advanced telecommunications satellites used profitably by the European industry. Today

there are several types of regional groupings tested around the world to provide new

entrants with the capabilities of developing their own space systems. Transfers of

know-how and interactions with the industry increasingly take place via these established

partnerships or less formal regional forums (Box 1.2).

Table 1.1. Key organisations in charge of space programmes 
in selected OECD countries, 2010

Agencies/institutions responsible for space activities1

Australia Space Policy unit, Department of Innovation, Industry, Science and Research.

Austria Aeronautics and Space Agency (ALR), Austrian Federal Ministry for Transport, Innovation and Technology.

Belgium Belgian Federal Science Policy Office, Ministry for Economy, Energy, Foreign Trade and Science Policy.

Canada Canadian Space Agency, Ministry of Industry.

Chile Chilean Space Agency, Under-Secretariat of Economy of Chile.

Czech Republic Czech Space Office, Ministry of Education, Youth and Sports.

Denmark Danish National Space Center, Danish Agency for Science, Technology and Innovation.

Finland Tekes, Ministry of Trade and Industry.

France Centre National d’Etudes Spatiales (CNES), Ministry of Education, Research and Technology.

Germany German Aerospace Centre (DLR), Federal Ministry of Economics and Technology.

Greece General Secretariat of Research and Technology, Ministry of Development.

Hungary Hungarian Space Office, Ministry of Informatics and Communications.

Ireland Enterprise Ireland, Ministry for Enterprise, Trade and Innovation.

Israel Israel Space Agency, Ministry of Science and Technology.

Italy Italian Space Agency (ASI), Ministry of University and Research.

Japan Japan Aerospace Exploration Agency (JAXA), Secretariat of Strategic Headquarters for Space Policy, under the Prime Minister.

Korea Korea Aerospace Research Institute (KARI), Ministry of education, science and technology.

Luxembourg Luxinnovation, Ministry of Higher Education and Research.

Mexico Mexican Space Agency.

Netherlands Netherlands Space Office, Steering committee regrouping representatives of the Ministry of Economic Affairs, 
Ministry of Education, Culture and Science, Ministry of Transport, Public Works and Water Management and the Netherlands 
Organization for Scientific Research.

Norway Norsk Romsenter, Ministry of Trade and Industry.

Poland Polish Space Office, Ministry of Science and Higher Education.

Portugal Ministry of Science.

Spain CDTI, Spanish Centre for the Development of Industrial Technology.

Sweden Swedish National Space Board, Ministry of Industry, Employment and Communication.

Switzerland State Secretariat for Education and Research (Swiss Space Office – SSO).

Turkey TÜBITAK, Scientific and Technical Research Council of Turkey.

United Kingdom UK Space Agency, Ministry of State Science and Innovation.

United States NASA, Office of Science and Technology Policy, Executive Office of the President.

1. Most OECD countries do not have a large dedicated space agency, but small teams in ministries or departments,
in charge of co-ordinating diverse national space activities. Ministries of defence and other ministries are often
involved in selected space programmes. Data are missing for the following OECD countries: Iceland, New Zealand
and the Slovak Republic.
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Box 1.1. Israel’s space programme

Israel has a vibrant space programme. Administered by the Science Ministry, the Israel
Space Agency (ISA) was created in 1983 and led the development of indigenous launchers
and satellites. In 1988, the first indigenously built Israeli satellite Ofek 1 was launched
using the Shavit rocket, making Israel one of only eight countries that both build their own
satellites and launch them. Since then, Israel has launched more than fifteen satellites
mainly for security purposes, funded as military programmes. In summer 2010, a new
five-year space plan was enacted, with planned ILS 300 million a year investment in the
Israeli space programme by 2015 (approximately USD 79.7 million). Industry-wise,
aerospace is part of several high-tech activities which play a leading role in Israeli
economic growth. It relies on a fairly large defence industry and budget (around 8% of
GDP), a wide pool of researchers in the Jewish Diaspora, and engineering and science skills
brought by the wave of eastern European and Russian immigrants in the early 1990s
(OECD, 2010). Some 25 aerospace and defence-related companies serve Israel’s niche
market in small high-resolution-imaging satellites, satellite communications systems and
derived products. Sales by Israel’s space industry represented some USD 800 million
in 2009, with key actors including Israel Aerospace Industries (IAI), Elbit, Orbit Alchut
Technologies and Rafael.

Note: The statistical data for Israel are supplied by and under the responsibility of the relevant Israeli
authorities. The use of such data by the OECD is without prejudice to the status of the Golan Heights, East
Jerusalem and Israeli settlements in the West Bank under the terms of international law.

Box 1.2. Forums for international space co-operation

The Disaster Monitoring Constellation (DMC): A partnership formed around an
international constellation of six satellites, designed and built at Surrey Satellite
Technology Ltd. Each satellite is independently owned and controlled by a separate nation,
but all satellites have been equally spaced around a sun-synchronous orbit to provide daily
imaging capability. It provides independent daily imaging capability to the partner nations,
but the imagery is also sold commercially, and distributed freely in times of natural
disasters. Countries: Algeria, Nigeria, China, Turkey, the UK and Spain.

Asia-Pacific Regional Space Agency Forum (APRSAF): Forum created in 1993 and revitalised
since 2005 to transfer know-how from Japan to other members. Countries: Australia,
Bangladesh, Brunei, Bhutan, Canada, Cambodia, China, France, Germany, India, Indonesia,
Japan, Korea, Laos, Malaysia, Mongolia, Myanmar, Nepal, New Zealand, Pakistan,
Philippines, the Russian Federation, Singapore, Sri Lanka, Thailand, the United States and
Viet Nam.

Asia-Pacific Space Cooperation Organization (APSCO): Organisation created in 2005,
which became operational in 2008, with a focus on application and training. It builds on
the Asia-Pacific Multilateral Cooperation in Space Technology and Applications
(AP-MCSTA) convention signed by China, Pakistan and Thailand in 1992. Countries:
Bangladesh, China, Indonesia, Iran, Mongolia, Pakistan, Peru, Thailand and Turkey.

Space Conference of the Americas (Conferencia Espacial de las Americas – CEA): Forum
started in 1989 to exchange views on Latin American advances in space sciences and
applications. Five conferences convened so far (Chile, Uruguay, Colombia, Ecuador,
Guatemala and Mexico in late 2010). Countries: Twenty South American countries.
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These few examples demonstrate that there are many new entrants in the space

community who are actively developing their independent space programmes, with

sometimes limited objectives at the start (e.g. ground station to receive satellite imagery).

In parallel, a number of space-faring countries are clearly widening and in some cases

seeking to upgrade their existing capabilities (e.g. improved launchers). All this contributes

to a changing world map of space powers.

The globalisation of the space industry

The new landscape of space-faring nations is also in part the result of the globalisation

of the space industry. This globalisation takes place mainly via foreign direct investments

and a robust international technology trade, with rising exports and imports of

high-technology products and services (OECD, 2009d).

Foreign direct investment (FDI). Foreign direct investment is a particular form of

investment, reflecting the establishment of a foreign-affiliated firm under the management of

a parent company. FDI often provides a bridge between the host country of a foreign affiliate

and the technological resources of foreign multinational corporations (Balasubramanyam

et al., 1996). Flows of FDI have expanded rapidly in recent years aided by the removal of many

national barriers to capital movements and measures to enhance integration within regional

markets (Pain and Wakelin, 1997). These knowledge effects are often called externalities or

spillovers, meaning often more to a host country than just building a new plant or subsidiary.

As early as the 1990s, commercial satellite manufacturers and operators in OECD countries

were seeking potential acquisitions and partners in China, as the nation’s accession to the

World Trade Organization drew closer. Looking at the comparative advantages of different

countries in terms of technological competences, infrastructure and wages, partnering

efforts led to the creation of space-related US and European joint-ventures in China, the

Russian Federation, India, South Africa and other countries.

Figure 1.4. Conservative estimates of space budgets of G20 countries, 2010
Current USD million

Note: These estimates provide orders of magnitude, as exchange rates may alter direct comparability. Budgets
include civil and military budgets. Data missing for Saudi Arabia and South Africa.
1. Unofficial data.
2. For the European Union, only 17 countries with national space budgets are included: Austria, Belgium, Denmark,

Finland, France, Germany, Greece, Hungary, Ireland, Italy, Luxembourg, the Netherlands, Norway, Portugal, Spain,
Sweden and Switzerland.

1 2 http://dx.doi.org/10.1787/888932400209
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All large OECD space manufacturers now have joint ventures in non-OECD countries

despite sometimes complex rules. In the Russian Federation for example, a 2008 federal

law imposes prior governmental approval for foreign acquisitions which would result

in 50% and more foreign ownership in a company operating in one of 42 designated

strategic sectors. The sectors include: defence-related activities, high-technology and

dual-purpose sectors in particular space-related technologies and aviation (OECD, 2009c).

On a global scale, aerospace foreign direct investments already represent large

investments and important knowledge transfers. In a recent report by AeroStrategy (2009),

investments in joint ventures accounted for some 59% of the value chain investments

done by 121 major aerospace manufacturers over the past 20 years, representing

some USD 531 billion (Figure 1.5). Although this concerns mainly the aeronautic field

(e.g. building aircraft components in a foreign country), satellite manufacturing follows the

same trend.

In general, manufacturing plants are often originally established to serve as outlets for

sales and distribution or for low-value added manufacturing (e.g. components), rather than

centres for research and high-value added manufacturing. This is changing however. In

BRIC countries, large- and medium-size enterprises have shifted from imitation to

innovation, and greatly facilitated the absorption and adaptation of advanced foreign

technologies. Transfers of space technologies have had a positive effect on satellite

technological efforts in many developing countries, as one can see from the development

of indigenous satellite programmes in many parts of the world.

Foreign direct investments are also increasingly international in nature, as the new

international players China and India are now themselves investing in OECD countries. To

close the technology gap with well established aerospace players, suppliers in China and

India have set up partnering arrangements or have made acquisitions to become more

firmly entrenched in the global supply chain. There are already many examples in the

aeronautic sector. As an illustration of this globalisation, as future aircraft will increasingly

make use of composites, the Xian Aircraft division of China Aviation Industry (AVIC)

bought in fall 2009 some 91.25% of Austria’s Fischer Advanced Composite Components

(FACC), a company supplying customers including Airbus, Alenia Aeronautica, Boeing,

Bombardier, Embraer, Eurocopter and Gulfstream.

Figure 1.5. Aerospace globalisation speeding up via large investments 
in joint ventures

Major chain investments by 121 Aerospace Original Equipment Manufacturers (1990-2009)
Percentage and USD billion

Source: AeroStrategy (2009).

Training

Others

Engineering R&D

Manufacturing

Maintenance Repair
Overhaul (MRO)Organic

41%
Joint venture

59% 

Total: USD 531 billion invested
in organic and joint ventures’ growth  

17

17

97

178

222



I. THE SPACE SECTOR IN 2011 AND BEYOND

THE SPACE ECONOMY AT A GLANCE 2011 © OECD 2011 27

Trade in space technologies. Foreign direct investments represent only one aspect of

space industry globalisation. The other one concerns the trade of technologies. In most

countries, space technologies are considered strategic in nature due to their dual use

capacities (i.e. used for both military and civilian purposes). The trade of sensitive

technologies is therefore ruled by strict export control policies, which have been

strengthened over the years in some countries, making it harder for industry to transfer

satellite technologies and know-how. In the United States, changes to the International

Traffic in Arms Regulations (ITAR) regime in the 1990s have had the effect of slowing down

exports of the US space industry and boosting competitors from other countries, who build

ITAR-free satellites, i.e. with no American components. Although international trade of

space technologies has increased over the years as more actors have entered the scene, a

key component in technology transfers concerns the multiplication of industrial offset

agreements, which compel the exporters to transfer specific know-how and materials to

local industry players. Following the Russian Federation’s example in the 1990s, China and

India have become new sources for international space technology trade for emerging

economies, as demonstrated by increased technical co-operation with South American

countries, such as Bolivia, Brazil, Peru and Venezuela. China and India were seen in the

late 1990s as emerging space powers, despite having started their respective space

programmes decades earlier. Today both countries are full-blown space powers, each with

ever-growing capabilities, which parallel their rising economic importance on the world’s

stage (see spotlight sections on India and China in this publication).

2. The space economy as an engine of economic growth
The space sector plays an increasingly pivotal role in the efficient functioning of modern

societies and their economic development. Despite its usual reliance on relatively high

institutional investments up-front, space can increasingly be seen as a source of economic

growth. This is demonstrated by the growing importance of the space economy, the way the

sector fared during the economic crisis and new commercial activities on the horizon.

The growing importance of the space economy

The use of satellite technology in navigation, communications, meteorology, and earth

observation is giving rise to a growing stream of applications in such areas as transport,

natural resources management, agriculture, environmental and climate change monitoring,

entertainment and so on, which are in turn creating new downstream uses and new

markets. The space economy therefore includes new products and services using space

systems’ unique capacities, such as data links (e.g. satellite communications’ relays) or data

garnered in space (e.g. satellite imagery, positioning data). Larger than the traditional space

sector (e.g. rockets and satellites), the space economy involves geographic information

systems developers and navigation equipment sellers.

Mapping the space economy is a complex process, although there are indications that

products and services are growing rapidly. Estimates vary widely, and many involve some

degree of double counting. But the most reliable estimates suggest that the revenues

derived from space products and services amounted to some USD 150-165 billion in 2009,

including space manufacturing’s direct revenues and space-related services (e.g. leases of

transponders on satellites). The estimates for the main commercial markets for space

services, which are detailed in later sections, include:

● Telecommunications (lease of transponders and communications via satellite):

USD 11-to-15 billion.
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● Satellite broadcasting (television via satellite): USD 65-to-72 billion.

● Earth observation products and services: USD 850 million to USD 1 billion market.

● In addition, the geospatial and geopositioning markets build at least in part on satellite

capacities (e.g. GPS signals). The navigation and positioning industry represented

USD 15 billion in revenue in 2009 (around 75% captured by four main actors: Trimble

Navigation Limited, MiTAC International Corporation, TomTom and Garmin).

To put these numbers in perspective, Figure 1.6 provides some rough estimates of the

revenues generated by institutional investments in space developments over a decade

(1996-2005). The estimated USD 175-200 billion invested in space programmes worldwide

has contributed to some USD 440-645 billion in revenues for the entire value chain of the

space sector. Space services, which include in particular the profitable telecommunications

and broadcasting services (i.e. satellite television), provide the larger share of revenues, up to

USD 325 billion over the period. In addition, indirect industrial effects amounting to

USD 350-600 billion and diverse social effects are contributing additional benefits to the

initial investments. These impacts are examined in more detail in Chapter IV.

Figure 1.6. Estimates on the generation of direct and indirect economic benefits, 
derived from space activities (1996-2005 period)

Source: Adapted from Cohendet (2010).
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Faring well during the economic crisis

Despite the economic crisis, the space sector has fared relatively well since 2008;

several factors have contributed to this good economic health. Space remains a strategic

sector, often sheltered because of national imperatives and institutional funding. In

addition many countries are now investing in space technologies to advance national

objectives. The cyclical nature of the industry (i.e. the need to replenish the fleet of

satellites regularly) as well as the continuing commercial success of many space services

has contributed to the dynamism of the entire value chain.

Telecommunications still represent in early 2011 the main commercial space market,

and several satellite operators have broken records in revenues since the beginning of the

economic crisis. The industry’s inherent long lead time to procure, build and launch

satellites somewhat shelters the sector, as current activities are a reflection of projects

already planned a number of years ago. However, their general economic base has been

relatively unaffected by the crisis (i.e. people still want to watch television, military

customers still want to communicate and ships at sea still want to send data). In that

context, the satellite telecommunications operators have positioned themselves well,

benefitting from growing mass markets (e.g. satellite television broadcasting) and a robust

demand from institutional users (i.e. defence, new customers in the developing world,

development of anchor contracts to cover the needs of different administrations). Future

growth in broadband via satellite and more traditional telecommunications Fixed-Satellite

Services (FSS) are also confirmed by ITU data on satellite network co-ordination request

submissions. Those submissions made in the last two years give an indication of the satellite

networks planned to be brought into use over the 2012-15 period, and they show strong

applications in all three main bands (C, Ku and Ka) by existing operators. Another ITU

indicator of the dynamism of the satellite industry is the updating of the list of operating

administrations/agencies in operational control of the ground stations (i.e. mandatory

information to be provided with the satellite network filing submissions). More than 20 new

operating agencies have been submitted to the ITU Radiocommunication Bureau since 2008,

underlining the growth in the industry (International Telecommunications Union, 2009).

This positive situation in telecommunications has impacted the rest of the value chain

in the space sector: the main satellite manufacturers have also experienced a stable

market for commercial telecom geostationary satellites. They received 30 contracts in 2009

and 26 contracts in 2010, with an expected trend of a minimum of 20 contracts until 2015.

The institutional demand for satellites remains relatively strong and geographically

diversified, particularly for military/dual-use satellites, and small earth observation

satellites. The total five-year value of satellite production is estimated at some

USD 65.5 billion (Forecast International, 2011, see Figure 1.7).

In this rather favourable context, the sector has overall not suffered much from

financing difficulties, despite the specificities of the satellite industry. In the case of the

satellite telecommunications sector, the high profitability of satellite services over the past

15 years has allowed operators to benefit from classic financial schemes (e.g. equity

financing, bond issuance) to develop their activities. Several operators have become

publicly traded corporations. They have also resorted to project financing, with syndicates

of banks providing loans. This successful trend in financing satellite telecommunications

has led to similar, if limited, experiences in other domains of space activities. For example,

DigitalGlobe, a satellite imaging company, launched initial public offerings of stocks

in 2009 and 2010, using the proceeds to build its next generation of satellites.
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But a relatively recent trend is for satellite operators to receive loan guarantees from

national export credit agencies to fund their satellite fleets. In the aeronautic sector, airlines

have received export-credit agency backing for years to buy aircraft, in addition to using

conventional debt and equity markets, and a multinational agreement among developed

nations fixes limits on export credit financing systems (OECD, 2008c). The French Coface has

been particularly active since the beginning of the economic crisis, supporting the projects of

customers of European space manufacturers with more than USD 3.5 billion as of late 2010.

For example, the American Iridium mobile operator received in 2010 a record loan guarantee

totalling 95% of USD 1.8 billion, for its contract with the European satellite manufacturer

Thales Alenia Space, for the construction of 72 operational satellites plus spares. The

support of national export credit agencies is widespread internationally. Export

Development Canada provided credit financing to Ukraine in late 2009 to buy a satellite from

the Canadian MacDonald, Dettwiler and Associates. And in late 2010, China Development

Bank provided a commercial loan to Bolivia for its first communication satellite, for 85% of its

estimated USD 300 million value, procured by to Chinese companies.

This overall positive environment for the space sector, in the midst of a serious

economic crisis, may not last indefinitely. On the commercial front, despite the growth of

space applications and the financial success of satellite telecommunications, the main

operators will reach the end of a cycle over the next three years, having placed all the

contracts for replenishing their respective fleets of satellites. But more importantly, the

space sector manufacturers are still dependent on institutional budgets for much of the

research and development in satellites and launchers. Key customers for small and large

satellites are also still governments. The potential restrictions in budgets in many

countries, in science and defence particularly, may affect the industry over the next three

years, as budget cuts filter down the entire value chain. Some possible impacts of the

economic crisis are summarised in Box 1.3.

The possible downturn in commercial and institutional space activities will probably

not be general. As shown earlier, new entrants in the space sector are based in every

continent, including countries with strong economic prospects, who are all investing in

indigenous programmes and importing technologies and know-how (e.g. Brazil, China and

India). And as of early 2011, budgets for space activities remain stable and are even on the

rise for a number of OECD countries (e.g. France, Germany and the United States).

Figure 1.7. Five-year value of satellite production estimated at USD 65.5 billion
Estimates in USD billion and percentage

Source: Forecast International (2011).
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Commercial space growing and governments adapting

Most of the satellites launched today are developed to serve institutional missions

(e.g. defence, meteorology, climate and science). The role of public institutions remains

essential in the space sector, not only in terms of the necessary investments in R&D, but

also as anchor customers for many space products and services. However the trend to

commercialisation of space activities is still strong, as shown by two indicators: the

increasing number of commercial actors in the sector, and the rapid development of

national space laws, simplifying the rules of the road for institutional and commercial

actors alike.

Since the late 1980s, the number of commercial actors involved in space activity has

increased. Industry is active not only in traditional space powers, but also in countries with

more recent space programmes. There is for example a growing geographical diversity of

satellite manufacturers bidding for commercial satellite contracts, as shown in Figure 1.8.

The number of smaller firms at different levels of the space sector’s value chain is also

increasing, improving the prospects for economic growth, as small and medium

companies play a major role in driving innovation, especially in knowledge-based

industries (OECD, 2003). However the competition is getting fiercer at lower tiers. For

example, as the space industries of smaller European countries have been growing

(e.g. 30 firms in Finland, 20 firms in Denmark), more small firms than ever before are

competing for places in larger consortia, to bid for European Space Agency contracts.

In addition to these trends, the growth in space-related entrepreneurial activity in the

space industry has been ongoing, particularly in the United States. Despite the economic

crisis, there are many companies pursuing the development of new commercial space

operations, vying to transport cargo and passengers in suborbital and/or orbital flights

(e.g. Virgin Galactic, SpaceX, Bigelow, Orbital Sciences, Xcor and Armadillo Aerospace). The

total investment committed to the commercial spaceflight industry is estimated at

USD 1.46 billion in 2009, with over USD 300 million in new commitments since January

of 2008 (Tauri Group, 2010). A significant aspect is the source of funding for this fledging

industry, dubbed sometimes the “new space” industry, which is mainly based on “angel’

investors” (Figure 1.9).

Box 1.3. Possible impacts of the economic crisis on the space sector

The current and planned reductions in public R&D funding and science budgets in many
OECD and non-OECD countries could have at least some limited impacts in space agencies
and space industry contracts over the next five years:

● Less institutional demand for services in some countries (i.e. expected defence cuts).

● Actions of possible protectionism (i.e. proactively protecting captive markets).

● Less financing on international markets (e.g. difficulty in funding upcoming projects;
high risk ventures not supported).

● Harsher competitive environment for commercial stakeholders, with rise of new actors.

● Despite strong demand, intense cost pressures on satellite suppliers to build more cheaply.

● More players than the communications’ markets can sustain (MSS and FSS operators
markets).

● Overcapacity in the launch sector not translating into lower prices for satellite operators
(Sea launch should again join the small club of launch companies) due to growing Asian
competition over the next decade.
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All these developments demonstrate that space programmes increasingly involve

commercial actors, as providers of systems but also as investors. In this context, there is a

strong move in many space-faring countries to move from a mainly treaty-based

international legal and regulatory regime for space activities, to more commercially-oriented

national regimes.

During the 1960s and 1970s, a number of basic treaties and principles have been

enacted internationally concerning the peaceful uses and non-appropriation of outer

space. Based on this regime, governments are liable under international space law

whenever a space object is launched from their territory, even if it is by a private entity. To

mitigate the risks, and provide a business-friendly framework, governments can develop

an appropriate national licensing structure that regulates institutional and private space

activities taking place on their soil.

Figure 1.8. Satellite orders per main satellite manufacturer in March 2010
Number of orders and percentage (total orders: 46 satellites)

Source: Lardier (2010).

Figure 1.9. Investment in commercial spaceflight by source, 2009

Source: Tauri Group (2010).
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Since the 1980s, the rapid progression of commercial space activities that followed the

privatisation of international telecommunications organisations, such as Intelsat and

Eutelsat, has spurred the swift development of national laws and regulations worldwide.

With the development of the commercial space industry, it became possible for a country

to rather easily “buy” satellite imagery, an entire satellite or a launch opportunity for its

own spacecraft. Over the years, several space-faring countries have therefore passed

legislation establishing more clearly how their national governments interpret

international law, and making the rules of the game more transparent to private firms

(Figure 1.10).

A diversity of governments are developing space laws, not only long-established

space-faring nations (e.g. the United States, France, the Russian Federation, Japan), but also

countries with limited space activities wishing to either attract new investments from

abroad, or to cater to the needs of their own fledging space industry (e.g. supporting

development of small satellite missions). In the case of satellite remote sensing, the

current trend for many countries is not to have an overall national set of rules but to set up

specific policies on a satellite-by-satellite basis (who is requesting data and why). When

there is no national law, users and distributors fill the void and seek guidance on a daily

basis with domestic regulations. Often, the only legal bases for data distribution lie in the

contracts between the national data receiving entity and the foreign satellite data provider.

The enactment of a national legal and regulatory regime for space activities can be an

important component when trying to develop a competitive space industry (Box 1.4).

Having a clear institutional framework for space activities plays a key role for sustainable

and cost-effective space systems, as confirmed by the recommendations that came out of

a 2004 OECD project on space commercialisation.

Figure 1.10. Development of space laws: The rise of national laws 
and regulations (1957-2010)

Number of treaties, national space laws and regulations per year1

1. International instruments include the United Nations space-related treaties and principles, international
conventions creating multilateral organisations (ESA, Intelsat…) and other international agreements. National
space laws and regulations include several instruments (in some cases major updates to existing regulations), as
referenced by the United Nations Office of Outer Space Affairs.

Source: OECD calculations, based on the United Nations data (2010).
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3. Preserving a skilled workforce in the space sector
Numerous reports have been written over the past decade highlighting apparent

shortages of particular skills in certain fields in the aerospace sector, or offering forecasts

of expected skill gaps among the working population in OECD countries. A number of

issues influence directly and indirectly the current state and the future of the workforce in

the space sector. But the potential scarcity of talent might in some cases be overstated, as

external factors such as the international mobility of talents are underestimated.

The demographic factor

The baby boom generation is reaching retirement age in most industrialised countries.

In addition, despite moderate growth in a few countries since the mid-1990s (e.g. France, the

United Kingdom, Sweden), fertility rates across the OECD are typically below replacement,

with overall an ageing population, with the notable exceptions of Mexico and Turkey (OECD,

2009f). This large wave of retirement is affecting all sectors of the economy, including the

space sector.

Many of the engineers and scientists who have worked on space systems in OECD

countries over the past three decades are retiring; however countries have different

problems in terms of their space-related workforce (ESF, 2003). There is generally a sharp

decrease in the engineering and scientific population under 30 years old in most OECD

countries, but the main difficulty faced by a number of actors, space agencies and industry

alike, could come from the “missing generation”, i.e. a gap in the overall workforce. There

might not be enough experienced future managers to take over large programmes.

● In France, the demographic trends should translate into the departure by 2015 of 45% to

50% of the entire aerospace workforce active in 1999 (Lejeune and Nosmas, 2004). The

decade-long French policy of recruiting young employees, while having fifty-five year olds

Box 1.4. Competitiveness in space

The “competitiveness in space” of a given country depends on the country’s starting
conditions. These “framework” conditions encompass the institutional and structural
features that characterise a country in comparison with others in terms of development
(OECD, 2005). Competitiveness depends therefore on a number of factors. Concerning
space activities in general, once the basic infrastructures are in place (e.g. laboratories, R&D
centers, even limited manufacturing) with relatively stable institutions, only innovation,
such as new technologies and applications, can keep the momentum going.
Competitiveness, then, is not about absolutes but about being able to make the most of the
foundations that a country has already developed. This includes the regulatory framework
to facilitate private capital to foster commercial telecommunications activities for
example. At an early stage in a space programme, real strides can be made by the rapid
take up of advanced technologies (e.g. going from no communications infrastructure at all
in some places to satellite downlinks, thus bypassing the need to install expensive ground
infrastructure). However in the long run, stable foundations for space activities remain a
key asset for competitiveness (e.g. sustainable budgets for R&D and operations, human
resources). All the factors are interdependent, as none of these alone can ensure
competitiveness and cost-effectiveness. For example, the value of increased spending on
long-term R&D will be undermined if rigidities in the labor market and other institutional
weaknesses make it difficult for new graduates to gain access to suitable employment
opportunities in the space sector.
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retire early, has created a generational gap in some sectors, with a loss of expertise and lack

of enough mid-level management to supervise new younger workers coming into the sector.

● In Germany, the economy could have a shortfall of 220 000 engineers by 2014, according

to a study by the Cologne Institute for Economic Research, including major gaps in the

aerospace industry. Already, about 2 000 high-technology engineering vacancies could

not be filled in 2010.

● In the United States, NASA’s workforce under 30 years of age is estimated to be one-third

the size of its workforce over 60. Already by 2011, some 28% of NASA’s engineers and

45% of its scientists could be eligible to retire (National Research Council, 2007). The

American Aerospace Industries Association developed a parametric model to try and

forecast the supply and demand of aerospace and defence industry professionals and

helps quantify the deficit of scientists and engineers, as reported by Maloney et al. (2007).

It computed the annual number of graduates with science and engineering degrees,

separating out non-US citizens and those who choose not to work in the defence

industry. Assuming that public spending would remain relatively stable, the model

showed a deficit of aerospace/defence industry scientists and engineers for each year

beginning in 2005, extending through 2020. As an illustration, the year 2012 should see

the greatest deficit with a shortage of more than 34 000 scientists and engineers,

compensated in later years as the wave of retirements slowly diminishes (Aerospace

Industries Association, 2008).

● In contrast, the age distribution in more recent space powers, such as China and India,

shows the emergence of a new generation of young scientists and engineers, supervised

by managers who are just a generation above them. For example, 60% of the Chinese

Center for Earth Observation and Digital Earth’s workforce is 35 years old or less (Center

for Earth Observation and Digital Earth, 2010).

Attracting and retaining workers in space programmes

Despite the fact that over the past 15 years, most OECD and non-OECD economies

have experienced a large increase in the number of students in higher education, attracting

the best engineers and scientists to work in the space sector is not as easy as it used to be

(Willis, 2009). This trend is linked in part to a general disaffection towards science and

technology-related careers by students in many countries, the perceived volatility of the

sector, a possible mismatch between training and actual employment opportunities in

many countries.

Mathematics and sciences are still needed in the space sector. The majority of jobs

available in the space sector can be found in the scientific and engineering fields. In the

aerospace sector as a whole, there has been much progress in terms of automating certain

research processes, thanks to a growing proficiency with powerful PC workstations and the

use of Math Libraries or commercially available software packages. The development of

computational fluid dynamics for example has benefitted significantly from progress in

computer simulation. However, many observers in the profession stress the need for future

engineers to still understand the underlying physics to be able to judiciously choose a

numerical procedure to achieve the best simulations (Shang, 2004). This required judgment

can only be nurtured through thorough education and training.

Taking stock of the diminishing attractiveness of scientific studies in OECD countries. Over

the years, the OECD has studied the interest in science and technology studies among

young people via different mechanisms. The OECD Programme for International Student

Assessment (PISA) assesses and compares the performance of 15-year-olds in reading,
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mathematics and science competencies (OECD, 2007). The PISA database includes

information on nearly 400 000 students from 57 countries (OECD, 2009e). When asked to

choose a field of research which 15-year-old students would pursue as a scientist, most

students chose the treatment and cure of diseases, or space science. The first one is much

more popular with girls than boys but the difference is much narrower in the case of space.

The two most common reasons for the choice of field of research involve references to

curiosity, interest, excitement and to helping people. This finding tends to demonstrate

that space is a priori a very attractive field for young students, should they decide to pursue

a scientific or engineering programme in later years. The challenge is to have some of them

choose that general path.

A European Science Foundation study mentions the following reasons for the

student’s lack of interest in scientific studies and careers (based on an opinion poll aimed

at European young people still studying in 2001 in EU member states): lack of appeal of

scientific studies (67.3% of respondents); difficulty of the subjects (58.7%); young people are

not so interested in scientific subjects (53.4%); salaries are not attractive enough (40%);

science has too negative an image (34%) (ESF, 2003). In 2006 the OECD Global Science Forum

led an OECD-wide analysis to determine whether the perceived decline in science and

technology could actually be measured (OECD, 2008b). The absolute number of students in

science and technology fields shows an overall increase, but aggregate numbers hide

important differences among disciplines. Engineering students account for 40% to 60% of

science and technology students in most OECD countries, especially at the new entrant

and graduate levels, with a stable or increased enrolment trend over the past 10 years. The

situation for physical sciences and mathematics is the opposite, with the proportion of

students in some countries halved between 1995 and 2003. The proportion of students in

the life sciences has remained mostly stable, due primarily to an increasing number of

female students, while the number of computer science students has increased

dramatically. This particular evolution may be the consequence of shifts in student choice

within the overall domain of science and technology (i.e. from pure physics to computer

studies), but also in the perception they get from potential sectors of employment and the

space sector is not immune to this trend.

A perceived volatile sector. The students’ decisions about study and career paths are

primarily based upon interest in a particular field, and on their perception of job prospects in

that field. Accurate knowledge about science and technology professions and career

prospects are key elements of orientation, but are currently fraught with stereotypes and

incomplete information. In that context, the aerospace sector is often perceived as

a complex and volatile sector by the general public. Since the early 1990s, many

restructuration efforts have taken place in the aerospace and defence industries in Europe,

Japan, the Russian Federation and North America to make the companies more productive

and less prone to the cyclical nature of the aeronautic, space and military markets. This

situation has affected the number of people employed in those sectors. From dozens of

firms, several large companies have been created, thus reducing the number of jobs

available. The space sector has been particularly affected, with often reduced institutional

budgets and the “freezing” of the number of jobs offered in both space agencies and industry.

Since the mid-2000s, the situation has evolved, boosted by renewed institutional space

budgets in some countries and a large demand for space services. Many large space

manufacturers and subcontractors (e.g. propulsion, electronics) have become more

competitive internationally, while several space applications sectors have been developing

and hiring (e.g. telecommunications and satellite earth observation operators).
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Paradoxically enough, the industrial restructuring efforts of the 1990s are being reversed

somehow in the 2010s by the appearance and expansion of new actors in the space

industry increasing competition in the sector (e.g. emergent start-ups in commercial space

transportation in the United States) or reinforcing national space capabilities (e.g. OHB and

Rapid Eye in Germany). In the short term, this may offer more job prospects in some

regions or countries, but to the detriment of other industries/areas of employment.

Mismatch between training and actual employment opportunities. Although there are

numerous calls to increase the number of engineers and scientists over the next years in

OECD countries, there is paradoxically in some cases a relative scarcity of “space jobs”

available to young graduates and mid-career professionals. This comes from a mismatch

between training and actual employment opportunities.

Looking at specific scientific fields, several examples are quite telling. The total number

of astronomers for instance has grown worldwide, almost exponentially between 1960

and 2000. The membership of the International Astronomical Union, for instance, increased

from about 1 200 in 1961 to 9 000 in 2003 (Metcalfe, 2008). In the case of the United States,

Seth et al. (2009) estimate in their position paper for the US Decadal Survey for Astronomy, that

there are not enough permanent positions in the field for all astronomy PhDs, taking into

account existing limited employment demographics. The number of astronomy and

astrophysics PhDs awarded in the US from 1999-2005 has been roughly constant, with

around 170 PhDs awarded per year. These numbers represent a 70% increase over the

number of astronomy and astrophysics PhDs awarded in 1985, as since then the total

inflation-adjusted astronomy budget has doubled. However, based on available job offers,

the graduates are currently vying for only 60-90 estimated positions annually, suggesting

that only 35% to 55% of astronomy PhDs receive permanent jobs in astronomy (Williams

et al., 2009). One foreseen approach to counter this problem would be to inform would-be

astronomers of the scarcity of existing jobs, and create possible channels to work in other

related disciplines.

Space activities offer a large diversity of jobs, with competences that may often be also

applicable in aeronautics, defence, and information technologies, to name just a few.

Changing specialities in high technology sectors can sometimes be difficult, although young

to mid-career scientists and engineers are often the most adaptable. Some large space and

defence firms have put in place new recruiting policies, requiring employees to be more

mobile and able to work on different dual systems when needed (e.g. moving from civil space

projects to military ones). This versatility can be used to improve competitiveness and

relocate manpower, whenever programmes can use similar if not exactly the same

competences. This can be already a well-defined corporate practice, as for example a given

engineer may know from the start that he/she could work on different activities throughout

his/her career (e.g. Dassault). In a number of large aerospace and defence groups, increased

linkages between organic divisions are sought, as in the case in early 2009 between EADS

defence and Astrium space divisions (Guillermard, 2009).

Overall, despite the perceived volatility and the inherent cyclical nature of the sector,

there seem to be more employment opportunities in 2011 than a decade earlier in the

space sector, in both OECD and non-OECD countries. This trend could intensify as

demography helps generations of scientists and engineers move up the hierarchical ladder

of their organisations, opening up more junior positions to young graduates. The main

challenge for the space sector will be to compete with other sectors for the scientifically

minded students, as many future scientists and engineers look at other sectors for

technical challenges or better salaries (e.g. software development, biotechnologies).
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Towards more international mobility of the space workforce

There is a rapidly growing demand for highly skilled workers, which is leading to a

global competition for talent (OECD, 2008d). Many OECD countries and a growing range of

non-member economies aim to attract the same set of highly skilled researchers and

scientists. The mobility of human resources in science and technology (HRST) has become

a central aspect of globalisation, and the same is true for many professionals in the space

sector, despite specific hurdles (e.g. some jobs are reserved for nationals). Migration of

HRST now plays an important role in shaping skilled labour forces across the world, and

most OECD countries are already net beneficiaries of highly skilled migration, with current

inflows of skilled people larger than outflows (OECD, 2008a). This trend is also impacting

employment in strategic sectors, such as the space sector.

Talents from emerging space countries. Starting in the late 1970s and 1980s, a number of

newly industrialised countries have developed their own aerospace and defence industries

(e.g. Argentina, Brazil, India, Indonesia, Israel, South Korea and South Africa). They are now

participating in the internationalisation of the aerospace supply chains, especially as

major Western aerospace and defence groups have moved away from manufacturing some

of their products to become systems integrators, assembling together the products of

foreign contractors (Goldstein, 2002). In addition, some countries – particularly India and

China – have adopted strong voluntary policies to develop curricula focused on science and

technology, resulting in large pools of talent (Goldman, 2008). To illustrate those trends,

data are provided below. Comparisons must be exercised with care, as the data were often

developed using different methodologies and definitions.

With an estimated 1.4 million researchers, China now ranks second behind the

United States and is also the world’s second highest investor in R&D after the United States

(Gallagher, 2009). In addition to aerospace, priority is currently given to energy and water

resources, environmental protection, information technology, biotechnology and advanced

materials. Between 1995 and 2000, the number of doctorates in science and engineering

conferred by Chinese universities increased 140%, from 518 to 1 247, surpassing India in 1997

(Saxenian and Quan, 2005). To further improve its programmes, China has largely invested in

its universities, also hiring foreign-trained faculty (French, 2005). In 2002, China graduated

some 219 000 engineers (in that particular study, the US comparable figure was less

than 60 000), representing some 39% of all Chinese college graduates. When physical

sciences are included, this figure climbs to 60% of all degrees awarded (compared with

17% for the United States) (Gross and Heinold, 2005). But those figures coming from different

studies do not take into account wide variation in the quality of education at the regional and

even sub-regional, level. As noted in the recent OECD reviews of Chinese tertiary education,

the very rapid expansion of the past decade in terms of university development (student

enrolments in tertiary education have expanded from 5-to-25 million in some 15 years) is

now slowing down, in an effort to address concerns about quality, equity and apparent

imbalances between graduate supply and labour market demand (Gallagher, 2009). India’s

intake in approved engineering colleges was estimated at some 360 000 in 2002-03, with the

number of college enrolees in science and engineering representing more than 30% (Gross

and Heinold, 2005). In 2004, China and India together awarded some 463 000 bachelor’s

degrees in engineering, computer science, and information technology, more than triple the

number of American graduates (Gereffi and Wadhwa, 2005).

Despite the fact that China and India award more degrees in engineering, computer

science and information technology in absolute numbers compared with the United States,

data normalised against country population reveal that the United States still produces a
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good number of engineers (Figure 1.11). China has roughly four times the population of the

United States and India is approximately three times as large. The data normalised against

country population show that per every one million citizens, the United States produces

roughly 750 technology specialists, compared with 500 in China and 200 in India.

However the rise in the number of new engineers in selected space-faring countries

needs to be analysed qualitatively and not just quantitatively. For example, according to

some analysis, fewer than 10% of Chinese graduates would be suitable to work in

international high-end service occupations because of theoretical, rather than practical

knowledge (Farrell and J. Grant, 2005). But it remains that the pool of talent is growing, as

the number of researchers increases worldwide (Figure 1.12).

Figure 1.11. Engineering degrees awarded in the United States, China and India, 2004
Total number of degrees awarded and number of degrees awarded per million citizens

Note: Subbaccalaureate degrees refer to Associates degrees in the United States, short-cycle degrees in China and three-year diplomas in
India. Degrees include: engineering, computer science and information technology degrees.

Source: Adapted from Gereffi and Wadhwa (2005).
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More foreign born PhDs in OECD countries. Virtually all OECD countries aim to attract

highly-skilled immigrants for their university, research and high-technology sectors, and

this also impacts the space sector (OECD, 2009a). The report The Global Competition for Talent:

Mobility of the Highly Skilled (OECD, 2008d) established an inventory of government policy

practices and programmes to encourage the inward and outward international mobility of

human resources in science and technology (HRST), including doctorate holders, doctoral

students and researchers. Policies range from economic incentives to encourage inflows,

immigration-oriented assistance, recognition procedures for foreign qualifications, social

and cultural support, and support for research abroad. One general finding is that as the

OECD foreign-born populations grow rapidly, the pool of talent also increases.

Canada. According to Statistics Canada, Asia, and in particular China and India, have

become the major source of foreign born PhDs in Canada since the beginning of the 1980s,

whereas the United States and the United Kingdom, the two dominant sources prior

to 1981, have had declining shares of the total immigrant PhDs. (Citizenship and

Immigration Canada, 2003). Nearly 23 000 immigrants with PhDs came to Canada during

the 10-year period prior to the 2001 Census. About 18 000 immigrant PhDs (78%) were

science and engineering PhDs. The US share went from a high of 24.1% over the 1971-80

immigration period to a low of 5.9% over the 1991-2000 period while China’s share went

from a low of 2.4% to a high of 25.2% over the same immigration time periods (McKenzie,

2007). One of the main reasons for both the increases in immigrant PhDs, as well as the

higher concentration of immigrant PhDs in science and engineering fields in that period, is

due to the fact that Canada produced proportionately fewer graduates in mathematics,

sciences and engineering than other G7 countries, with the exception of Italy according

to 1997 OECD data. The bulk of Canada’s recent immigrants with PhDs are not directly the

result of foreign students remaining in Canada but rather from a combination of

immigration policy changes in the early 1990s and market forces such as the high

technology boom of the mid-to-late 1990s.

United States. In the United States, a similar trend can be seen. According to the

National Science Board (2004) jobs requiring science and engineering skills in the American

labour force is growing at almost 5% per year but the domestic supply of science and

engineering graduates has not kept up with demand. Growth in the United States’ science

and engineering labour force has been maintained above the domestic supply of science

and engineering graduates mainly because of the large number of foreign-born workers.

Between 1990 and 2000, the share of US science and engineering occupations filled by

scientists and engineers who were born abroad increased from 14% to 22% at all university

and college degree levels. At the doctorate level the increase was from 24% to 38%, the

highest increase of all university and college degree levels.

As a final note, relying extensively on international flows and mobility policies to fill

existing or future gaps in the supply of HRST may provoke some imbalances, such as brain

drain (OECD, 2008a). But it is not really the case for many large and more recent space-faring

countries. Between 1978 and 2005, around 770 000 mainland Chinese went abroad to study,

mainly in the United States, Japan and the United Kingdom; and according to Chinese

statistics approximately 180 000 are estimated to have returned over that period (OECD, 2008e).

As a result, those overseas returnees have founded many of the country’s high-technology

companies, and several are playing a prominent role in the Chinese space programme in 2011.
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4. New technologies and innovative applications on the horizon
Developing a capable and sustainable space programme is a continuous process, as

space agencies and industry all seek to improve existing systems and develop new ones.

New technologies and innovative applications are therefore in development in major

space-faring countries.

Forecasting the future of space applications

As part of its foresight mission, the OECD/IFP launched in 2002 a project to investigate

the potential contributions of space applications in meeting five key societal challenges

(i.e. the environment, use of natural resources, increasing mobility of people and goods,

growing security threats, and the move towards the information society). The main

challenges identified in this demand-based study remain prominent today and have even

intensified in some cases. Scenarios were conducted, technology maps were drawn, and as

a result, the contribution of space technologies was deemed to be significant in various

potential futures, if a number of framework conditions were met. At the end of the

exercise, following a large consultation with more than a hundred public and private

organisations, a list of “promising space applications” was developed, with applications

that were either already feasible or had a good chance of becoming so in the coming years

(OECD, 2004, 2005).

Box 1.5. Space 2030 scenarios and their impacts on space technologies

Three scenarios came out of the OECD IFP Space 2030 exercise, they are: Smooth sailing
(multilateralism and international co-operation prevail, substantial progress generously
diffused); Back to the future (more regionalisation, opposing geopolitical blocks; moderate
economic growth in the West but substantial in the East; moderate technology progress
subject to strategic diffusion) and Stormy weather (series of serious crises in international
relations; rising tensions over resources; the environment sharply deteriorates in parts of
the world). Not one of those scenarios is ideal. The three synthesis scenarios provide very
different future visions of the world, ranging from the optimistic outlook of Smooth Sailing,
which foresees advances to improve human conditions in a spirit of international
co-operation, to the darker picture depicted by Stormy Weather, which sees a world where
economic blocks disagree on how to deal with major problems facing humanity
(e.g. conflicts, poverty, malnutrition, disease, environmental degradation). Even the more
optimistic scenario is not without its darker side, notably the rise of non-state actors
increasingly capable of using violence in the pursuit of their cause, whatever it may be.
Despite these differences, the scenarios share some common ground with respect to their
impacts on space:

● Military space plays an important role in all three scenarios, although to different
degrees. Even in the relatively peaceful world of Smooth Sailing, security concerns are
high and a number of countries are anxious to strengthen their military space capability
(e.g. earth observation satellites, telecom for the military). This results in a strong and
robust demand for military and dual-use space assets worldwide. Almost ten years after
the Space 2030 exercise, many recent developments in military space systems seem to
confirm this important trend.
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The promising applications range from traditional to less orthodox applications. The

demand is based on social, governmental and commercial needs, but it is also affected by

diverse factors (e.g. competition from terrestrial applications). Almost ten years after the

exercise, a number of applications have become a reality, building on niches that few

competitive terrestrial applications can fill (e.g. global view offered by satellites) and

benefitting from the rapid uptake of information technologies by the general public

(e.g. use of cell phones and the Internet). Already, in late 2010, several contenders have

become full blown applications in a number of OECD countries, such as location-based

consumer services. The day-to-day uses of GPS terminals and navigation tools in cell

phones keep growing in many countries. 

From demonstrations to new applications

A number of advances are expected in the classical sphere of space applications

(telecommunications and navigation applications), where satellites could contribute to the

further development of information systems and networks (e.g. more broadband to rural

areas, high definition and 3D television, air traffic management). But in addition, several

relatively new space systems could be moving from demonstrations to potentially routine

systems in the next ten years, including Automatic Identification System (AIS) via satellite

and space situational awareness (SSA).

Automatic Identification System (AIS) via satellite. This application is becoming very

useful in the maritime transportation sector. Every ship-at-sea above 300 gross tonnes is

currently required to carry an Automatic Identification System (AIS), an anti-collision

system that allows countries to monitor ship traffic along their coasts by receiving

continuous messages with the vessel’s information and positioning. The development of

micro-satellites dedicated to AIS, notably by Norway, has demonstrated that the AIS area

coverage can expand significantly, making it easier to monitor ship traffic and fishing in

the seas and oceans, not only in coastal areas. In January 2011, there are already five

Box 1.5. Space 2030 scenarios and their impacts on space technologies (cont.)

● Civil space also plays an important role in all scenarios, although for different reasons.
In Smooth Sailing, its role in fostering international co-operation to solve world problems
(education, health, and environment) is central. In Back to the Future, prestige projects
and attempts to increase soft power give importance to spectacular ventures to the
Moon or to Mars. Space is also called upon to solve world problems but in a less
co-ordinated, more fragmented and less effective manner. Even in Stormy Weather, the
outlook for civil space is not bleak, although the resources devoted to it may be quite
small. As in the other scenarios, the development of dual-use technologies remains a
priority; prestige and soft power are also important drivers. Important gains can still be
made if space firms are able to demonstrate that space solutions can bring about major
savings for cash-strapped governments.

● Commercial space varies unsurprisingly more than military space across scenarios, as
customers range from governments to retail consumers (e.g. satellite television users).
Commercial applications thrive in the Smooth Sailing scenario, remain strong in the
Back to the Future scenario, but are more constrained in the Stormy Weather scenario
(international markets are smaller). It is worth noting that for many space firms,
Scenario 2 may be the most favourable because of the protection it offers against
competition from foreign firms. In all three scenarios, commercial space benefits from
rising military budgets for space.
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programmes underway and more are expected nationally and internationally over the

coming years. They include: Kongsberg Defence and Aerospace (Norway), Luxspace

(Luxembourg), ComDev (Canada), AprizeSat (the United States/Argentina) and Orbcomm

(the United States). These AIS system will increasingly serve not only to ensure more

efficient and secure ship traffic in the busiest international sea lanes, but contribute to

track ships in the case of oil monitoring and illegal fishing.

Space situational awareness (SSA). Another example of new space application

development concerns the growing capabilities of space situational awareness (SSA)

systems. Using ground and space-based elements, SSA is a surveillance system developed

originally as an early warning system for incoming ballistic missiles. But it serves also to

track the trajectories of operational satellites and large space debris in orbit, as well as to

give information on space weather (e.g. geomagnetic storms), which may affect satellites.

Four countries have some level of SSA capabilities so far (France, Germany, the

Russian Federation and the United States). As orbits get more crowded with operational

and defunct satellites, recent incidents have brought more attention to the need to monitor

Box 1.6. List of promising space applications

On the basis of three scenarios, a list of “promising applications” was developed:

Main contenders

● Distance learning and telemedicine (broadcasting to remote areas and across national
borders, medical remote surveillance).

● E-commerce (enabling changing work patterns due to mobile workforce/home working
and economic consequences, HDTV teleconferencing).

● Entertainment (digital radio, TV, data and multimedia broadcasting to fixed [less likely
mobile] assets, high bandwidth to the home/convergence of different media).

● Location-based consumer services (driver assistance and navigation aids, insurance
based on real-time usage data, vehicle fleet management, asset tracking (especially
high-value) and road repair management).

● Traffic management (location and positioning of aircraft and ships, optimisation of
airport traffic management, optimisation of traffic management – road pricing – driver
behaviour logging).

● Precision farming and natural resources management (precision agriculture for
maximal efficiency in equipment and application of fertiliser, deforestation and forestry
management).

● Urban planning (plans, maps and numerical terrain models, precise positioning of
engineering structures and buildings, automatic control of job site vehicles, management
and optimisation of job site vehicle routes).

● Disaster prevention and management (telecom capability in absence of ground
infrastructure, remote assessment of damage and pollution for insurance claims).

● Meteorology and climate change (meteorological and sea condition forecasting for
commercial sea shippers, pollution maps with evolution in time, monitoring of the
application of treaties, standards and policies).

Outsiders

● Adventure space tourism (suborbital then orbital).

● Power relay satellites.

● In-orbit servicing.
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growing space traffic (e.g. 2009 collision between a non-operational Russian satellite and a

communications satellite). Taking into account security implications, international

co-operation is increasingly envisaged to facilitate better monitoring and early warning for

the numerous civilian, commercial and military space operators who have assets in orbit.

Old and new challenges

Despite new promising applications on the horizon, several challenges may dampen

their growth: radio spectrum’s growing scarceness, the high cost of access to space and the

competition from terrestrial alternatives.

Ensuring access to radio spectrum and avoiding radio frequency interferences. Radio

spectrum is a limited natural resource. Satellite communications, earth observation and

navigation all share radio spectrum with a wide range of other ground-based systems, such

as aircraft radars, cellular telephones and wireless Internet. Spectrum can be used actively

(i.e. emitting a signal, whether purposefully or not, as in the case of a cellular telephone,

wireless Internet or a garage-door) or passively (i.e. no signal or communication is

transmitted, like antennas onboard satellites which only track naturally occurring signals

for scientific purposes). As noted by the US National Research Council (2010), the explosive

growth of the radio spectrum’s commercial use over the past 20 years is starting to have

strong impacts on many commercial and scientific projects. As an example, many space

observatories around the world are significantly impeded or precluded by radio frequency

interference, necessitating costly interference mitigation. Sharing spectrum could become

less problematic in some cases, thanks to technical advances. But overall, this situation

calls for more co-operation via ITU.

Accessing orbit more cheaply. Putting satellites in orbit is still a major and expensive

feat that few countries can perform. Out of the 50 countries with satellites in orbit, only

10 possess the technologies to launch. In addition, to reach the most profitable and

strategic orbits, only five countries and ESA so far, via the Ariane programme, have

developed cryogenic rocket engine technology (i.e. the United States, the Russian

Federation, France, Japan and China). This key technology contributes to launching heavier

satellites and reaching high orbits, in particular in the geostationary arc (36 000 kilometres

altitude), where profitable commercial telecommunications satellites and key

meteorological satellites are placed. Other countries are actively pursuing that next step in

space launcher technology, like India (ISRO, 2010).

But launching satellites in lower orbits remains a high-priced endeavour. Building on

decades-long proven R&D, a number of recent operators are developing new launchers,

such as SpaceX with its Falcon 9 programme. The objective is to offer governments and the

commercial operators cheaper alternatives to launch their satellites, compared with the

traditional providers in the space industry. In addition, more R&D is ongoing in different

parts of the world to create the next generation of launchers. For example, as part of its

responsive space doctrine, the United States Air Force is developing an unmanned reusable

spaceplane, with the objective to offer faster and cheaper turnaround times and operations

than traditional space rockets. A first mission of the X-37B prototype started in April 2010

with a successful landing in December, while a second prototype could fly in 2011 (Clarke,

2010). Following the experience of many other space technologies, this type of military-led

R&D could lead in time to technology transfers towards the civilian and commercial space

transportation sectors.
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Innovative terrestrial alternatives. As a final challenge, the take-up of space applications

may be challenged in some cases by the development of innovative terrestrial alternatives.

Space solutions represent the only practical means to obtain telecommunications links or

images from remote areas. But the competition with new and more affordable terrestrial

alternatives is growing, particularly in telecommunications. The delivery of cable and fiber

solutions, as well as new mobile networks, could impede the development of some

commercial satellite applications in well connected urban areas in OECD countries. But this

is also the case in non-OECD countries. As an example, the CAREN project in Central Asia

aims to establish a high-capacity research and education network as a gateway to global

research collaboration. A new broadband Internet network using terrestrial fiber is being

considered for development as an alternative to the current Silk project’s satellite system, to

connect researchers, educators and students in Kazakhstan, Kyrgyzstan, Tajikistan,

Turkmenistan and Uzbekistan (ITU, 2010).
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