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he Space Weather (SWE) and Near Earth Object (NEO) components of Europe’s 
Space Situational Awareness (SSA) program usually receive scant attention. Indeed, 
the vast majority of analyses of SSA focus on man-made threats (i.e. security-related 
aspects such as space debris or transparency and confidence-building measures 

(TCBM)). Additionally, SWE and NEO threats are more often associated with science fiction 
than with serious policy-making.   
 
An analysis of the policy options chosen by Europe to mitigate SWE and NEO threats is 
important however. First it is an issue-area where intra-European cooperation works well. ESA 
is the sole actor in charge and the only adequate cooperation forum, even if individual Member 
States show interest in these issues time and again

i
. This could be attributed at least partly to 

the fact that there are almost no security and defense considerations involved in SWE and NEO 
issues.  
 
Second, SWE and NEO mitigation activities are perfectly in line with the broader objectives of 
the European Space Policy (ESP). They foster research and development activities, thus 
contributing to the strengthening of a strong European space industrial base; they have a high 
scientific added value and they have indirect societal and economic impact on Earth. Finally, 
Europe could strengthen its leadership as a global space power by playing a central role in 
international initiatives in the field of SWE and NEO.  
 
To get a clearer picture of Europe’s SWE and NEO-related activities, we will first consider the 
general SSA architecture in Europe (1); then lay down why Europe should care about SWE and 
NEO (2); review past and current actions in these areas (3); and finally replace the issue in an 
international context (4).  
 
SSA focuses on security concerns 
 
In Europe, SWE and NEO activities are set in the broader framework of SSA. Their contribution 
to the program however, is often overshadowed by SSA’s strong security flavor. 
 
Europe’s current activities in the field of SSA  
 
Europe’s SSA program is one of the most important activities of the ESP. It was launched at the 

ESA Ministerial Council of November 2008, in order “to support the European independent 

utilization of, and access to, space for research or services, through the provision of timely and 

quality data, information, services and knowledge regarding the space environment, the threats 
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and the sustainable exploitation of the outer space surrounding our planet Earth
ii
.” SSA’s 

political significance to Europe is high, autonomy being the main rationale behind the ESP. SSA 

will not only ensure Europe’s autonomous access to space, but also strengthen Europe’s 

independent decision-making ability, based on the autonomous collection of space-based 

information. In addition, the envisaged SSA system will “help eliminate duplication at the 

European level”
iii
, thus complying with another priority of the ESP.  

 

SSA activities are currently running under the SSA Preparatory Programme (SSA-PP), which 

started in 2009 and will last until 2012. The main objectives of this phase are: governance and 

data policy definition, design of the overall architecture, federation of existing European assets, 

development of precursor services, of pilot data centres and of a test-bench model for the future 

surveillance radar
iv
. The total funding for this phase is €55 million (comprising €11 million for the 

NEO and SWE segments)
v
. Provided the ESA Ministerial Council of 2012 validates the 

program, the second phase, focused on development and exploitation, will run from 2013 to 

2020
vi
.  

 

The European SSA program focuses on three thematic areas: SWE, NEOs and Space 

Surveillance and Tracking of objects in Earth orbit (SST). The current SSA architecture is 

composed of four elements reflecting this
vii

: 

• The SSA Core Element comprises elements related to system architecture governance, 

data policy, security and the SST segment;  

• The SWE element combines both the SWE and NEO segments.; 

• The Radar Element;  

• The Pilot Data Element.  

What comes out from this description is that the SWE and NEO elements have a prominent role 

in the overall SSA concept. However, future SWE and NEO services will mostly serve civilian 

user communities (commercial and scientific users), and most of the information provided will be 

non-sensitive
viii

. This is in sharp contrast with the security-oriented SST element of SSA.  

 

SSA for space security 
 

SSA was conceived as a dual-use program from the beginning, meant to serve institutional, 

commercial and scientific end-users, but most importantly military end-users
ix
. SSA is indeed 

mostly approached from the security angle. Space has become a “contested environment” with 

a real potential for armed conflict. Irreversible threats in particular (posed by space-based 

weapons, Earth-based ASAT, dual-use satellites and accidental collisions), could lead to a rapid 

increase in space debris. This in turn would have far-reaching consequences, as the low Earth 

orbit could become unusable for centuries. SSA systems have a crucial role in mitigating these 

threats, as they can provide a detailed picture of what is happening in space on a real-time 

basis
x
. Europe’s rationale for engaging in SSA activities is no different: its dependency on space 

assets increased significantly in recent years, which in turn enhanced its vulnerability through 

space, thus increasing the need for an SSA system
xi
. 

 

The dual nature of SSA activities is also reflected in the SSA-PP architecture. ESA is in charge 

of defining the civilian requirements, while the European Defence Agency (EDA) does the same 

for military requirements. The Workplan on civilian-military synergies, which will merge both 

strands of requirement into a single SSA requirement, will be adopted in 2011
xii

. The dual-use 

nature of the SSA requirements is a matter of concern however, and slows down the process of 

integration. SSA is a very sensitive issue, as it is an element of the dissuasion strategy in space, 

allowing identification of hostile activities’ perpetrators
xiii

. Understandably, military stakeholders 

have demanding requirements: establish a military-specific “recognized space picture”, ensure 

data security at EU Confidential level, the imaging mission within SSA should be 100% military 

and the EU military should be represented at every governance level
xiv

.   

 

Conversely, SWE and NEO activities have almost no direct security relevance (military end-
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users need SWE information, but these are not sensitive). This could be an argument to move 

forward on SWE and NEOs faster than on the SST pillar. These relatively favorable conditions 

to strengthen intra-European cooperation are reinforced by the fact that these two issues matter 

for the future of Europe in space.   

 

Why Europe should care about NEOs and SWE  
 

SWE episodes and NEO impacts could cause significant damage to Europe, and the planet in 

general. It is thus important for Europe to develop mitigation strategies. In addition, the SWE 

and NEO elements of SSA are fully in line with some of the main pillars of the ESP.  

 

NEOs and SWE: threats and mitigation strategies 

 

Unlike other natural threats, SWE and NEOs threats can be mitigated. NEOs are “asteroids or 

comets with sizes ranging from meters to tens of kilometres that orbit the Sun and whose orbits 

come close to that of Earth’s”
xv

. Out of the 400 000 asteroids known in our Solar System, more 

than 6 500 are NEOs
xvi

. The worldwide efforts to search for NEOs in order to better understand 

their nature and physical characteristics intensified in recent years. This increased awareness 

about the potential dangers of an NEO impact on the Earth. Until recently, most of the efforts 

were concentrating on large NEOs (with a diameter above 1km). Smaller objects could also 

cause large-scale disasters in case of an Earth impact, not to mention the fact that they could 

be mistaken as a nuclear attack and thus trigger a nuclear retaliation
xvii

.  

 

SWE refers to “the environmental conditions in Earth’s magnetosphere, ionosphere and 

thermosphere due to the Sun and the solar wind that can influence the functioning and reliability 

of spaceborne and ground-based systems and services or endanger property or human 

health”
xviii

. SWE phenomena can cause major damages on Earth. Magnetic storms can disrupt 

the operations of power grids, pipelines, railway signaling, drilling for oil and gas and degrade 

radio signals used for communications. Solar radiation storms can damage electronics and 

power systems aboard spacecraft and airplanes, and also constitute a significant health risk for 

humans. Solar radio bursts interfere with modern wireless technologies (internet, mobile 

phones, satellite navigation), and solar flares can black out high-frequency radio 

communications or strongly degrade GPS accuracy
xix

. Given all this, the lack of awareness of 

SWE harmful effects outside the space community is surprising.  

 

Both threats can be mitigated however. In the case of SWE, mitigation measures include 

hardening systems potentially affected by SWE events, adapting operations (for example re-

routing polar flights) or conduct more accurate impact assessment studies
xx

. In the case of 

NEO, measures would be much more complex and difficult to implement, as they would aim at 

deflecting a dangerous NEO. It remains necessary to gain further knowledge of both 

phenomena, in order to conceive the most suitable threat responses.     

 

NEO and SWE activities in the context of the ESP 
 

NEO and SWE activities are relevant to all ESP priorities
xxi

: international relations (foster 

Europe’s global leadership); industrial policy (design spacecrafts to study NEOs and SWE); 

science and technology (trigger important scientific research on the Sun and on the formation of 

the solar system); ISS and exploration (better understand the long-term effects of SWE on 

humans in outer space); access to space and space applications (protect European space 

assets from SWE and NEOs).  

 

From a broader perspective, NEO and SWE activities contribute to the knowledge-based eco-

nomy, one of the main overall policy objectives of the EU. In particular, there are significant bu-

siness prospects for the development of SWE services
xxii

, and through the setting up of the Pilot 

Data Centres, which will be the interplay between SSA sensors and the SSA service users
xxiii

.     
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All in all, SWE and NEO activities are touching upon the utilitarian aspects of space activities 

(societal and economic added value) but also include trans-utilitarian aspects (knowledge about 

our past, present and future, strive for discovery). As a matter of fact, Europe is already active in 

both areas.     

 

European record in the field of SWE and NEOs 
 

ESA is the main actor in the field of NEO and SWE activities. This ensures a certain degree of 

coherence between all different initiatives and avoids the otherwise traditional governance 

difficulties burdening the ESP. Europe engaged in these two areas before the launch of the SSA 

program. Current activities include: ESA’s SSA-PP, ESA’s General Support Technology 

Programme (GSTP) and the EU’s FP7. Future activities include both the development of 

operational services and dedicated space missions.  

 

Space Weather: provide tailored services 
 

Europe’s interest for SWE is not new and current activities are building on the expertise 

accumulated in the past and on a number of existing assets. The first SWE-related activities 

started in the late 1990’s, when ESA conducted two SWE feasibility studies
xxiv

. In addition, ESA 

launched the Space Weather applications project in 2003. Its objectives were to establish a 

long-term view of the potential for SWE services
xxv

. One of the most important outcomes of this 

project was the creation of the SWE European Network (SWENET)
xxvi

, that became the central 

European SWE resource center gathering service providers, data providers and service users. 

These preliminary SWE services rely on existing in-orbit radiation detectors and science 

instruments as well as on ground based systems located in different Member States
xxvii

.  

 

Current objectives are to coordinate all these initiatives and to extend and refine precursor 

services. In addition, an SWE Service Coordination Centre (SSCC) will be established in 

Belgium, and will represent the interface between the SWE sensors and the SWE service users. 

Finally, several SWE-related research activities are taking place under the EU’s FP7
xxviii

. 

 

The objective for the operational phase of the SWE component is to provide real-time space 

weather information, forecasts and warnings, supported by a data archive, applications and 

services. Dedicated spacecraft could be launched at a later stage to constitute a comprehensive 

SWE monitoring system. SWE services using the collected SWE data will focus on spacecraft 

design, spacecraft operations, human spaceflight, launch operations and non-space systems 

operation
xxix

. The main idea here is to provide tailored services for each user group, as each of 

these has different needs
xxx

. 

 

Discover and track NEOs to prepare for a deflection mission 
 

In the case of NEOs, Europe is engaged in two different kinds of activities. A first set of 

initiatives taking place in the framework of ESA’s SSA-PP focuses on the discovery of new 

NEOs and on the tracking of the most dangerous ones. A second set of activities managed by 

ESA outside the SSA program aims to find concrete ways to deflect threatening NEOs.  

 

The SSA-NEO system gathers observations and data brought by a large number of European 

and international assets. The detection and tracking activities will rely on existing sensors (such 

as telescopes located in various ESA Member States), ground-based sensors used by the SSA 

surveillance and imaging service, and future additional sensors (a set of 3,5m-class telescope in 

the Southern hemisphere and three additional 1,5m-class telescopes)
xxxi

. The NEO Pilot Data 

Centre (the SSA-NEO Small Bodies Data Centre (SBDC)) will be located at ESA/ESRIN in 

Frascati
xxxii

. Future NEO services will have five missions: maintain and update Europe’s 

catalogue of small bodies, provide estimates of likelihood of Earth impact, detection and 
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tracking of NEOs, assess the consequences of any possible impact and study possible 

mitigation measures
xxxiii

. Finally, a specific call within FP7 is dedicated to NEO activities in 2010-

2011
xxxiv

. 

 

ESA’s research on concrete mitigation measures started much earlier. An important milestone 

was reached when the NEO Mission Advisory Panel (or NEOMAP) presented its final report in 

2004. It analyzed the scientific rationale for six NEO missions and recommended to proceed 

with a rendezvous mission. The purpose of such a mission would be to provide a vital link 

between threat identification and effective threat mitigation
xxxv

. The “NEO precursor mission” 

stemming from these recommendations paved the way for a future actual NEO deflection 

mission. The Don Quijote mission was selected to fulfill these objectives. It will consist of an 

orbiter and an impactor spacecraft, trying to demonstrate that it is possible to deflect an NEO by 

direct impact
xxxvi

. 

 

The international dimension 
 

NEO threats and SWE episodes are global by essence, as they would affect the whole planet. 

As a consequence, several initiatives are ongoing to coordinate the responses at the 

international level. Europe is both relying on international data for its own SWE and NEO efforts, 

and steering international efforts.  

 

In the area of NEOs, the UNCOPUOS Scientific and Technical Subcommittee established a 

Working Group on NEOs. During the 2011 session, it defined its workplan for 2012-2013: 

finalizing draft international procedures for handling the NEO threat and raising awareness 

among decision-makers
xxxvii

. In addition, four international Planetary Defense Conferences have 

been organized since 2004. Their goal is to involve all spacefaring nations in the NEO mitigation 

discussion
xxxviii

. As for SWE, the International Space Weather Initiative (ISWI) was launched as 

a follow-up to the 2007 International Heliophysical Year. It intends to further the deployment of 

SWE instruments, to expand data analysis, to increase global coordination for the development 

of data products and to increase public outreach in heliophysics
xxxix

. 

 

Europe’s NEO and SWE activities are firmly rooted in this international framework. Europe is 

relying on foreign data to develop new user services. In particular, it cooperates with the 

NOAA’s Space Weather Prediction Center, and it relies on a worldwide network of telescopes 

and systems to collect data on NEOs. Most importantly, Europe is increasingly seen as a global 

leader on these issues. ESA became a major sponsor of the Planetary Defense Conferences
xl
, 

and the European Commission invited Russia and the US to participate in NEO-related FP7 

activities
xli

. Within the ISWI, France and Switzerland, are instrument lead and many other 

European countries are hosting instruments
xlii

.  

 

Conclusion 

 

There is a striking paradox between the general lack of awareness about NEO and SWE issues 

– both among decision-makers and the general public – and Europe’s wealth of expertise in this 

field. NEO and SWE activities are important pillars of Europe’s SSA program, but the latter is 

dominated by space security concerns, thus overshadowing the NEO and SWE components. 

However, this may provide an opportunity for Europe to lead on these two issues. Indeed, the 

absence of data security concerns makes it easier to cooperate. In addition, ESA is the sole 

leader of European initiatives in the field of NEOs and SWE, thus avoiding the traditional 

governance hurdles characterizing the ESP. NEO and SWE policies are also in line with all the 

priorities laid down in the ESP, and could strengthen Europe’s leadership on the international 

space scene, a crucial condition to become a global space power. Finally, NEOs and SWE 

programs could reinforce people’s interest for European space activities. All things considered, 

one of the main tasks for ESA and Europe at this point might simply be to raise awareness 

about their activities in the field of NEO and SWE threat mitigation.   
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