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Abstract 

Over the last three decades, the European Incoherent Scatter Scientific Association (EISCAT) has 

provided the scientific community with outstanding high-latitude data for research on the lower, middle 

and upper atmosphere and ionosphere using the incoherent scatter radar technique. The research 

facilities are located north of the Arctic Circle in Finland, Norway, Sweden and on Svalbard, and have 

since they first were taken into operation in August 1981 contributed a remarkable scientific output. This 

research has contributed to the understanding of different space and atmospheric phenomena and 

opened up and to several new fields of research. EISCAT is currently planning the next generation 

research facility, EISCAT_3D, which is an projected investment of more than 1,1 billion SEK (135 million 

ϵύ ǿƛǘƘ Ǉƭŀƴƴed start of construction in 2015, first operations in 2018, and to be in full operation 2021. 

EISCAT_3D is anticipated to provide researchers with opportunities to conduct novel scientific 

experiments that may shift the frontiers in several scientific disciplines, but may also be utilized to 

develop services with specific societal values, see Kero et al. (2013). 

This study examines the economic and societal importance of EISCAT in a spatial context. The results 

indicate that EISCAT generates minor purely economic effects but contributes to strengthening the 

regional competitiveness and attractiveness, mainly though a remarkable scientific output and extra-

regional linkages which enable continual renewal and dynamism of local knowledge. EISCAT has also 

implied a large injection of research funding to the region. It is argued ESICAT should not only be 

considered as a research facility with great scientific value but also as an interconnecting infrastructure 

and organisation in value creating knowledge networks with global reach. The study suggests that 

EISCAT_3D is an investment with many important potential implications but that the related 

development work needs to carefully consider how to promote a high level of absorptive capacity among 

organisations with related activities. It is obvious that a proactive work and cooperation with national, 

regional and local actors will impact a full range of benefits from EISCAT_3D. 
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networks, Spillover effects, European Incoherent Scatter Scientific Association (EISCAT) 
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м LƴǘǊƻŘǳŎǘƛƻƴ 
Northern Scandinavia has, besides many others, a special natural resource, its high latitude, which was 

first exploited in the second half of the twentieth century in connection with an emerging interest in 

space research and the sudden upcoming of the space era, which was initiated with the launch of 

Sputnik on 4 October 1957. High latitudes are of interest in connection with space research because of 

the fact that the hot plasma that fills the solar system and interacts with the planetary environments can 

reach down to the upper atmosphere only in high latitudes, where it gives rise to aurora and many other 

effects. As northern Scandinavia is that part of the auroral regions which has the mildest climate because 

of the Gulf Stream, the living conditions there are like anywhere else in Scandinavia with normal public 

and commercial services and good communications. Northernmost Scandinavia became therefore a 

natural location for space research facilities, starting in Sweden with the establishment by the Royal 

Swedish Academy of Sciences of Kiruna geophysical observatory (KGO) in 1957 (taken over by the 

Government in 1973 and changing name to Kiruna Geophysical Institute (KGI) and in 1987 to the Swedish 

Institute of Space Physics). It was the access to the auroral region that was the main reason for the 

European Space Research Organization (ESRO) to locate the European sounding rocket range (Esrange) 

to the Kiruna area in the 1960s (taken over by Sweden in 1973) and the same arguments were behind 

the decision by France, Germany and Great Britain to be part of the first incoherent scatter radar in the 

auroral zone, scientifically and economically, which led to the establishment in the 1970s of the 

European Incoherent Scatter Scientific Association (EISCAT). It is the first, and still the only, international 

research facility with its seat in Sweden, operating in accordance with Swedish laws. 

For three decades, EISCAT has provided the scientific community with high-latitude data for research on 

the lower, middle and upper atmosphere and ionosphere using the incoherent scatter radar technique 

(Wannberg et al. 2010). Out of totally ten incoherent scatter radars in the world, EISCAT operates three 

of the highest-standard facilities, and an ionospheric heater. The research facilities are located north of 

the Arctic Circle in Finland, Norway, Sweden and on Svalbard, and have since they first were taken into 

operation in August 1981 contributed a solid scientific output, including more than 1600 journal articles 

and almost 100 PhD theses authored by roughly 1600 researchers from more than 30 countries. The 

research associated to EISCAT has had important implications for the understanding of space and 

atmospheric phenomena such as the northern lights and noctilucent clouds. It has also contributed to 

several new fields of research.1 While the scientific value of EISCAT is widely accepted, the knowledge on 

its economic and societal importance is scarce. This question arises when one considers the present 

work with the next generation research facility, EISCAT_3D, which requires a projected investment of 

ƳƻǊŜ ǘƘŀƴ мΣм ōƛƭƭƛƻƴ {9Y όмор Ƴƛƭƭƛƻƴ ϵύ ǿƛǘƘ ǇƭŀƴƴŜŘ ǎǘŀǊǘ ƻŦ ŎƻƴǎǘǊǳŎǘƛƻƴ ƛƴ нлмп, first operations in 

2018, and to be in full operation 2021. EISCAT_3D is a three dimensional imaging radar for making 

continuous measurements of the geospace environment and its coupling to the Earth's atmosphere from 

its location in the auroral zone at the southern edge of the northern polar vortex. It is anticipated to 

                                                           
1
 For instance, studies of transient coherent echoes from the ionosphere, polar mesospheric summer echoes (PMSE), extremely 

narrow natural layers of ionization in the E region, and observation techniques of micro-meteors interacting with the 

atmosphere (Wannberg et al. 2010) 
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provide researchers with opportunities to conduct novel scientific experiments that may shift the 

frontiers in several scientific disciplines. Apart from scientific work, EISCAT_3D could also be utilized to 

develop services with specific societal values, such as navigation systems, space weather forecasts, 

climate change projections, and monitoring space debris and near earth objects. In addition to 

universities, firms and financiers from the existing members of EISCAT that includes China, Finland, 

Japan, Norway, Sweden, and the United Kingdom, there are also participating organizations from 

Belgium, Germany, Poland and Italy in the development of EISCAT_3D, see also Kero et al. (2013). 

The aim of this study is to examine the economic and societal importance of EISCAT, including the 

nature, scale, and spatial configuration of related scientific work and other activities. Meanwhile, there is 

no intention to be explicit about the scientific value of EISCAT. Since the main focus is on the spatial 

aspect of the importance of EISCAT, a fundamental research question that we address is whether the 

establishment of such scientific research infrastructure leads to clustering of related activities in 

proximity to its location(s) or whether they are spread world-wide independently of the location(s). This 

question is central considering the projected investment in EISCAT_3D and prior studies emphasizing 

that highly-skilled professionals are vital in the knowledge-driven economy, influencing the rise and 

dynamic evolution of science-based industries, and in turn also impelling the development and growth of 

cities and regions (Thorn and Holm-Nielsen 2008, Trippl and Maier 2011a, amongst others). Therefore, 

the study is particularly focused on how EISCAT contributes to new and diverse knowledge, including the 

spatial configuration of generating and disseminating new knowledge. In general, a further 

understanding of how knowledge accumulation arises of highly-skilled professionals and around 

scientific research infrastructures is essential for explaining regional growth patterns and uneven 

development. 

To explain these issues, the study reviews different strands of literature and recent insights from regional 

economics, economic geography and planning, including concepts about agglomeration and networks, 

and studies on the location of research infrastructures, the role of research and researchers for regional 

development and growth, and localized learning. Integrating these strands of literature allows one to 

demonstrate the question regarding the relative importance of a scientific research infrastructure within 

a spatial context. The results indicate that EISCAT generates only minor purely economic effects but 

contributes to strengthening the regional competitiveness and attractiveness. EISCAT has also implied a 

large injection of research funding to the region. However, EISCAT appears not to have resulted in any 

substantial clustering of related economic activities, but is, nevertheless, an important node in the space 

cluster in northern Scandinavia that also includes Swedish Institute of Space Physics (IRF), Esrange Space 

Centre (rockets and balloons) and space related educations. In terms of regional competitiveness and 

attractiveness, the study argues that the main importance of EISCAT relates to a remarkable scientific 

output and extra-regional linkages which enable continual renewal and dynamism of knowledge. Indeed, 

ESICAT is not only a research facility with great scientific value, it is also an interconnecting infrastructure 

and organisation in value creating knowledge networks with global reach. However, the regional benefits 

arising from EISCAT are tied to the degree of embeddedness of knowledge networks that facilitate 

localized learning. Indeed, knowledge will not simply spill over the edge and into other organisations; it 

needs to be actively transferred (Rekers 2012). Overall, this suggests that EISCAT_3D is an investment 
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with many important potential implications besides its scientific importance but also that the related 

development work needs to carefully consider how to promote a high level of absorptive capacity of 

national, regional and local organisations including universities and societal actors with related activities. 

The study is organized as follows. Next section reviews related literature. Section 3 presents the 

development and organisation of EISCAT including related research. Section 4 examines the economic 

and societal importance of EISCAT with a specific focus on the scientific outcome and the importance of 

EISCAT in Kiruna, where the headquarters and main activities are situated. Concluding remarks are found 

in the end. 

н wŜƭŀǘŜŘ ƭƛǘŜǊŀǘǳǊŜ 
This section considers the literature on agglomeration and networks including studies on the location of 

research infrastructures, the relationship between researchers and regional development, and localized 

learning. 

The general literature on agglomeration is founded upon the role played by economies of scale in the 

performance and behaviour of firms, industries, and of cities, stressing the importance of geographical 

proximity between firms (Marshall 1920, Krugman 1991, Fujita et al. 1999). Co-located firms are 

suggested to benefit from positive externalities in the form of availability of market information, 

networking with local suppliers, skilled labour pools, and technology transfers. Thereof, agglomeration 

externalities are advantages (or disadvantages) that local firms draw from a concentration of economic 

actors and activities in their close vicinity. Hence, the source of these advantages is external to each 

individual firm but internal to the site in which they are located.2 Agglomeration economies have 

featured prominently in economic studies over the last two decades. Prior work has largely been focused 

on externalities between firms, alternatively university-industry linkages, emphasizing localized 

knowledge spillover effects and functional regions as arenas for knowledge flows (Jaffe 1989, Jaffe et al. 

1993, Saxenian 1996, Audretsch and Feldman 1996, Furman et al. 2005, amongst others). However, the 

evidence appears scarce regarding agglomerative effects arising from investments in scientific research 

infrastructures, especially for non-large scale facilities. Horlings et al. (2012) argue that the existing 

literature provides no direct (empirical) evidence demonstrating that impacts actually occur around 

scientific research facilities and that there is insufficient evidence to support the claim that such 

investments will, for instance, attract and retain talent and promote innovation. 

Helmers and Overman (2013) is perhaps the first study to provide empirical evidence on the relationship 

between agglomeration and a large-scale scientific research infrastructure. Their study considers 

agglomerative effects of investments in a so-called synchrotron light source in the United Kingdom, and 

found that the establishment of the Diamond Light Source in Didcot induced clustering of related 

research activities and increased the research output of nearby organisations, also of organisations that 

                                                           
2
 Agglomeration economies are often classified as intra-industry localisation economies or inter-industry urbanisation 

economies that are external both to the firm and industry, arising from diversity. 
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did not utilize the facility. Rekers (2012) has theoretically portrayed the European Spallation Source (ESS) 

as an enormous injection in the (innovation-based) economy of the Öresund region. She argues that the 

anticipated local benefits associated with ESS are tied to the degree of embeddedness of the facility in 

regional knowledge networks that facilitate localized learning. However, it is also emphasised that 

innovative work is inherently uncertain, unanticipated and non-linear, where investments do not directly 

and predictably lead to successful outputs. The argument is rather that impacts can be proactively 

created. 

Although there are theoretical arguments and some empirical evidence in favour of a positive 

relationship between investments in scientific research infrastructures and agglomeration of economic 

activities, at least regarding investments in larger research facilities, there seems to be a more general 

agreement that scientific research infrastructures forge networks and scientific alliances, which David et 

al. (1992) consider as potential by-products from establishing new research facilities. Johansson and 

Quigley (2004) argue that networks may provide some or all of the external utility gains derived from 

agglomeration, and precisely for the same reasons. For instance, knowledge networks that comprise 

linkages into the global scientific community enlarge the pool of specialized workers that can be 

considered as extra-regional sources of new and diverse knowledge. Owen-Smith and Powell (2004) 

claim that global networks consisting of nodes of excellence function as pipelines of formal (explicit) and 

informal (tacit) knowledge, which may have important implications for regional competitiveness. They 

also argue that spillovers resulting from different alliances are a function of the institutional 

commitments and practices of members of the network. 

The importance of networks is further accentuated by the fact that world-class researchers are strongly 

concentrated in a few major places and tend to embed themselves in these regions by creating multiple 

knowledge linkages to actors from the academic, industrial and policy world, which makes them vital for 

economic development and growth (Trippl and Maier 2011b). In general, highly-skilled professionals 

tend to co-locate and seek places where the most interesting work is being done (Florida 2002). In turn, 

this increases the importance of being part of networks that include nodes of excellence. This should 

especially apply for regions with relatively few (star) scientists and highly-skilled professionals. However, 

as emphasized by Rekers (2012), knowledge does not simply spill over between agents who happen to 

be located in the same area, and is often not the result of active and intended interaction. This suggests 

that in today´s globalized knowledge-based economy, where researchers and knowledge work are 

networked engines of growth and development, it is vital to consider how to promote transactions of 

new and diverse knowledge and how to interpret spatially relevant configurations for knowledge 

accumulation. 

The research on the impact and utilization of non-large scale research facilities appears very limited. 

Falck et al. (2011) have made an attempt to explicitly demonstrate the how the MAX synchrotron facility 

in Lund is utilized by researchers across the world and whether there is scope to consider MAXlab as a 

research infrastructure with regional implications. The main result from this study is that it is not 

possible to consider MAXlab as a regional research facility and without taking into account the 

importance of its Nordic, European, and global linkages. This type of empirical studies is crucial to discuss 



8 
 

EISCAT in Space 

economic and societal impacts associated to research facilities, perhaps especially in remote regions 

with specific environmental conditions. The present study appears to be the first empirical study that 

considers the economic and societal impact of EISCAT in spatial context. 

The study should be conceived in the framework of current attempts to provide a comprehensive map of 

the pathways to impact of scientific research, see Snickars et al. (2013) for a review. The graph below, 

Figure 2.1, has been used by the Research Councils of UK to provide such a structure. Academic impacts 

have several interconnecting dimensions. A research project, or a research program, or a research 

infrastructure, can also generate a wide variety of social and economic impacts. 

Figure 2.1. Characterisation of the pathways to impacts of scientific research 

 

These impacts occur in different time scales but also in different spatial scales. Since research is an 

activity performed in an open global environment economic and social impacts may also occur 

regionally, nationally, and internationally. Since EISCAT has been for a long time identified as a research 

infrastructure of international importance its impacts surely have occurred in the global environment. 

EISCAT_3D has been selected as an EU research infrastructure channelled via the ESFRI organisation the 

current study on economic and social impacts deals with an infrastructure well-founded in the 

international scientific system. Seen in this perspective, it seems natural that a proposal like the one 

presented in Kero et al. (2013) would be a prime candidate for continued high priorities. The question is 

in what way the EISCAT_3D case is further strengthened by investigating its impacts in the region up to 

now and the impacts which might be created by giving proactive attention to the role of space research 

in the region. 
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о 9L{/!¢ 
This section describes the development of EISCAT including a short description of the next generation 

system. For a detailed background to the history and development of EISCAT, see e.g. Hultqvist (2011), 

Oksman (2011), and Holt (2012). 

3.1 The EISCAT Scientific Association, organisation and budget 

In the mid-1970s academies and research councils in Finland, France, Germany, Norway, Sweden, and 

United Kingdom decided to make a joint effort to exploit the incoherent scatter radar technique in order 

to study the aurora and high altitude ionosphere. This effort resulted in the establishment of the 

European Incoherent Scatter Radar (EISCAT) Scientific Association (henceforth: the Association) and 

state of the art radar systems located north of the Arctic Circle in Sodankylä, Tromsø, and Kiruna, and 

later also on Spitsbergen, near Longyearbyen, at Svalbard. Svalbard is an international area under 

Norwegian civil law. Japan joined EISCAT ƛƴ мффс ŀƴŘ ǘƘŜ tŜƻǇƭŜΩǎ Republic of China in 2007, while 

France left the association in 2006 and Germany in 2011. Figure 3.1 illustrates present member states of 

the Association. The exit of France and Germany was partly caused by changes in scientific direction and 

the lack of long term support for research involving EISCAT. There have also been some changes in how 

each nation organises its membership, for instance, which institute is representing member countries in 

the Association. The Association has its formal seat (headquarter) in KirunaΣ ŀƴŘ ƛǎ ǊŜƎƛǎǘŜǊŜŘ ŀǎ ŀ ƴƻƴπ

profit organisation. The council of the Association appoints a director who is responsible for the daily 

management, operation, and development of the facilities. 

Figure 3.1. EISCAT associates in 2012 

 

The main objective of the Association is to make significant progress in the understanding of physical 

processes in the high latitude atmosphere by means of experimental programmes generally conducted 

using the incoherent scatter radar technique. For this purpose, the Association has developed, 

constructed, and operates, a number of radar facilities at high latitudes, which are further described 

below. The Association pursues a set of goals based on its scientific strategy that was adopted in 2007 

and anticipates the next 30 years, regarding improvements of the facilities, techniques and scientific 

methods, collaborations through the global network of incoherent scatter and other middle and upper 

atmosphere radars. It also considers how to spur high quality research related to studies addressing a 

range of important future challenges, including the behaviour of the atmosphere at high-latitude 

regions, space weather effects and the near-space environment including space debris. Overall, the 

Association exists to provide scientists with access to incoherent scatter radar facilities of the highest 

technical standard from the space physics point of view. 

Country Organisation

China China Research Institute of Radiowave Propagation (CRIRP)

Finland Academy of Finland (SA)

Japan National Institute of Polar Research (NIPR)

Solar-Terrestrial Environment Laboratoryof Nagoya University (STEL)

Norway The Research Council of Norway (RCN)

Sweden Swedish Research Council (VR)

United Kingdom Natural Environment Research Council (NERC)
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Figure 3.2. Main expense areas (left figure), and contributions from Associate countries and other operating incomes (right 
figure), 2012 

 
Source: EISCAT Scientific Association Annual Report 2012 
 

EISCAT is mainly funded by the member states of the Association, which have made a long term funding 

commitment. The budget includes administration and supervision of the Association's different activities. 

Additional operations may be funded by short term additional contributions from both associate and 

ƴƻƴπŀǎǎƻŎƛŀǘŜ ōƻŘƛŜǎΦ 5ŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ŀǾŀƛƭŀōƭŜ funding, scientific priorities and operational targets are 

adjusted on an annual basis. In 2012, EISCAT had 22 employees and an annual budget of approximately 

он Ƴƛƭƭƛƻƴ {9Y όϤоΦо aƛƻϵύΣ ŜȄŎƭǳŘƛƴƎ ǇǊƻƧŜŎǘ ǿƻǊƪΦ bŜƛǘƘŜǊ ǘƘŜ ƴǳƳōŜǊ ƻŦ ŜƳǇƭƻȅŜŜǎ ƴƻǊ ǘƘŜ ŀƳƻǳƴǘ ƻŦ 

budget has changed significantly in recent time. The main expense areas are labour and energy costs. 

About two-thirds of the annual budget comes from associate contributions (EISCAT 2012). Figure 3.2 

illustrates the main expense areas (left figure) and associate contributions and other operating incomes 

(right figure) in 2012. 

3.2 The facilities, operation modes, and accessibility 

EISCAT´s facilities represent the state of the art in global incoherent scatter radars, operating three radar 

systems: one 224 MHz tri-static radar system with transmitter in Tromsø and receivers in Sodankylä and 

Kiruna, one 931 MHz UHF radar in Tromsø and two 500 MHz UHF radars on Svalbard. In addition, EISCAT 

operates an ionosphere modification heating facility situated nearby Tromsø.  

In total, there are ten incoherent scatter radars in the world. TƘŜ Ƴƻǎǘ ǊŜŎŜƴǘ ƻŦ ǘƘŜ ²ƻǊƭŘΩǎ ƛƴŎƻƘŜǊŜƴǘ 

scatter radars are EISCAT´s Svalbard Radar and the Resolute Bay Incoherent Scatter Radars (RISR) in 

North America3. The location of each radar site is illustrated in the next section, figure 4.4. The EISCAT 

sites are illustrated in figure 3.3. Figure 3.4 illustrates the radar in Kiruna (above) and Svalbard (below). 

  

                                                           
3
 http://amisr.com/amisr/about/resolute-bay-isrs/ 
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Figure 3.3 EISCAT sites                   Figure 3.4. EISCAT radars 

  
Sources: http://kaira.sgo.fi/2011/03/eiscat-svalbard-radar-part-1.html and http://www.eiscat.com 
 

In general, there are two main operation modes for experimental work at EISCAT. Common programs 

(CP) are designed to the requests of the Association and include internationally and often globally 

coordinated observations of the ionosphere and magnetosphere, as well as long term observations. 

Special programs (SP) cover most user requests and include, for instance, observations of the dynamics 

and structure of the ionosphere and magnetosphere, and coordinated projects involving several 

instruments, satellite overpasses, and rocket launches. There is also an additional mode, other programs 

(OP) covering all other requests. In 2012, the mainland facilities operated approximately 1650 hours. 37 

percent of these operations were made within CPs, 43 percent within SPs, and 17 percent within OPs. 

The Svalbard system operated approximately 950 hours, 48 percent within CPs, 39 percent within SPs, 

and 12 percent within OPs. There are year to year variations in observation time depending on requests 

and type of experiments. The costs of using the mainland facilities amount to roughly 10000 SEK4 per 

operating hour. The corresponding cost is about half for using the Svalbard system, which in relative 

terms is more expensive to operate due to high energy prices. 

In terms of accessibility to the facilities, the member states nominate a contact point for data purposes. 

EISCAT accepts data requests from, and sends data to, the nominated person who acts on behalf of all 

users within that Associate's user community. A limited amount of observation time is available for 

researchers from third party users, i.e. non-member states. Third party time is distributed through 

international competition by peer-review. The decision of third party time is made by the EISCAT 

Scientific Oversight Committee, which reviews applications twice per year. The objective of this process 

                                                           
4
 ¢ƘŜ Ŏƻǎǘ ŦƻǊ ǘƘŜ ¦IC ǊŀŘŀǊ ǎȅǎǘŜƳ ǊŀƴƎŜǎ ōŜǘǿŜŜƴ ϵмллл ŀƴŘ ϵмрлл ǇŜǊ ƻǇŜǊŀǘƛƴƎ ƘƻǳǊ. 

http://kaira.sgo.fi/2011/03/eiscat-svalbard-radar-part-1.html
http://www.eiscat.com/
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is to ensure that the best possible scientific returns are obtained and that each Associate has the 

opportunity to use an equitable share of the scientific results. Research projects using data from EISCAT 

are expected to acknowledge the provided support in published work, such as journal articles and PhD 

theses. 

Demonstrating the allocation of resource time at EISCAT among researchers from member- and non-

member states is not straightforward. This is because research projects may comprise researchers 

affiliated to institutes in both member and non-member states. However, an indication is given by the 

number of researchers with published journal articles from member and non-member states. Journal 

articles are relevant as one of the most important outcomes from the research work associated to 

EISCAT. It should be noted that the amount of resources, research hours, organisation and experience 

underlying published articles may vary significantly between different research projects. This implies that 

this indication is imprecise in nature and should only be considered as a rough estimate of resource time 

allocation.  

Figure 3.4 illustrates the annual number of researchers with published journal articles linked to EISCAT 

over the period 2005-2013, which in total amounts to nearly 700 unique researchers.5 On average, three 

out of four researchers are affiliated to institutes in the member states. Although this result is expected, 

i.e. that researchers affiliated to institutes in the member states are the main users of the facilities, it is 

important to notice that EISCAT is also utilized by many researchers affiliated to institutes in non-

member states. 

Figure 3.5. Annual number of researchers with published journal articles linked to EISCAT, 2005-2013 

 
Note: Year-to-year data. The observations are unique in terms of publications (journal articles) but not researchers, implying a 
researcher is double-counted if he contributed to more than one publication. 
Sources: Own computation of publication data from EISCAT and journal websites 

                                                           
5
 The data relate to annual information for all years except for 2013 which relates to publications between January and 

September. These data sets are described in detail in the next section. 
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3.3 The research process 

The nature of research linked to EISCAT can be described as a multifaceted process that requires time, 

planning, organisation, funding, exploration, and synchronization efforts. The research usually takes 

place within a granted research project and comprises several participating researchers from different 

institutes and countries that may or may not be part of the Association. Larger projects typically involve 

10-15 researchers (for instance, Havnes et al. 2006, Blagoveshchenskaya et al. 2011), while smaller 

projects are often consisted of only a single researcher and his advisor or a few experienced researchers 

(for instance, Grydeland et al. 2005, Baddeley et al. 2011). There are also non-experimental projects that 

seek to describe or anticipate some methodological, technical or organisational developments of EISCAT 

(see for instance, Virtanen et al. 2008, Wannberg et al. 2010). 

 

 

  

Box 3.1 Example of a research project that resulted in several scientific publications 

A tristatic EISCAT UHF radar meteor experiment was designed by EISCAT staff members in close 

collaboration with researchers from the Swedish Institute of Space Physics (IRF) in Kiruna (Wannberg 

et al. 2008). The radar experiment was conducted during one 6-hour VHF and four 24-hour tristatic 

UHF meteor campaigns over the period 2002-2005 (Kero et al. 2008). The 6 plus 96-hours of Swedish 

measurement time resulted in two PhD theses (Kero, 2008 and Szasz, 2008) and nine of the scientific 

articles therein. 

In the related work, Szasz et al. (2008) used a numerical model of meteoroid atmospheric flight to 

estimate the light intensity of meteors detected with the EISCAT UHF radar. The conclusion from this 

experiment was that a reasonable fraction of the meteors should be detectable with sensitive optical 

devices equipped with telescopic lenses. The setup of a coordinated optical and radar campaign was 

also outlined. Subsequently, researchers from IRF contacted the Meteor Physics Group at the 

University of Western Ontario (UWO), Canada, to initiate a new research collaboration. 

30-hours of Swedish EISCAT time with floating allocation in the first half of October 2007 was 

successfully applied for by IRF researchers. This enabled two UWO scientists to travel to Kiruna for 

setting up a camera station at the EISCAT Kiruna site and another camera station near Kilpisjärvi, 

Finland, close to the ground point of the planned radar measurement volume at 96 km altitude. Two 

Swedish researchers stayed at the EISCAT Tromsø site during the first half of October to run the 

experiments and negotiate scheduling with a Finnish team of researchers with 96-hours of floating 

allocation and a Japanese team with 40-hours. 

The meteor experiment depended on clear skies in the late night/early morning hours. Some of the 

Finnish and Japanese experiments depended on geomagnetic conditions and/or a satellite payload 

overhead. The different radar project teams could agree on the scheduling of their experiments, 

which resulted in high quality data. The Swedish EISCAT UHF meteor data was later analysed by three 

IRF researchers and the simultaneous optical data by two UWO researchers. The results have been 

presented at several conferences and published in a scientific article by Campbell-Brown et al (2012). 
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Collaboration between the research team and EISCAT staff is central in most projects. For instance, the 

research team defines an experiment to which EISCAT staff contributes with specific technological 

knowledge and experience, and assists in project implementation. It is not unusual that EISCAT staff is 

also actively involved as researchers in the projects, including authoring journal articles. The specific 

technological knowledge and experience of EISCAT staff makes them a central ingredient in many 

research projects. This implies that EISCAT staff is fundamental for the research output and, more 

generally, in generating new scientific knowledge. An example of the setting up and development of a 

research project including its academic outputs and impacts is described in box 3.1. 

Some research projects require instruments and techniques complementary to the existing EISCAT 

facilities, which are developed and funded within the research projects. Such projects are key points in 

enabling broad research and new scientific knowledge and typically involve frequent users of the EISCAT 

facilities, which, nevertheless, rely on support from EISCAT staff. Experiments using EISCAT and 

complementary instrumentation are normally conducted as campaigns with researchers on sites. 

Campaigns usually last one to three weeks and are vital to researchers as they enable meetings with 

collaborators from other institutions, which may lead to enhanced development in the project. Informal 

meetings occur due to the fact that observational conditions depend on weather and space weather, i.e. 

campaigns usually imply plenty of standby time waiting for the right conditions. Such meetings are 

considered very useful for discussions science topics with collaborators and other researchers on site. 

3.3 The future research infrastructure: EISCAT_3D 

EISCAT_3D will be the next generation international atmosphere and geospace research radar with 

planned start of construction in 2015, first operations in 2018, and to be in full operation 2021. For a full 

EISCAT_3D system, the required investments is estimated to more than мΣм ōƛƭƭƛƻƴ {9Y όмор Ƴƛƭƭƛƻƴ ϵύ 

including млр Ƴƛƭƭƛƻƴ {9Y όмн Ƴƛƭƭƛƻƴ ϵύ contingency. The operating budget will amount to approximately 

65-70 MSEK per year including 30 employees. EISCAT_3D is (at the time of writing, November 2013) still 

a projected joint-investment by the member states of the Association including China, Finland, Japan, 

Norway, Sweden, and the United Kingdom. Third party usage will be possible. The planning of EISCAT_3D 

was initiated within the European Union (EU) Framework Programme (FP) 6 - Design Study (2005-2009) - 

and is now continued with the EU FP7 and funding from the Swedish Research Council (VR). 

EISCAT_3D is designed as a three-dimensional imaging radar system for making continuous 

measurements of the geospace environment and its coupling to the Earth's atmosphere from its location 

in the auroral zone at the southern edge of the northern polar vortex. Fully developed, EISCAT_3D is 

planned to be composed of five radar stations spread out over a distance of several hundred kilometres 

comprising large fields of antennas (phased arrays) are foreseen north of the Arctic Circle in Scandinavia. 

One of the stations will be equipped with a powerful (10 MW) transmitter. This will facilitate combined 

radar observations in magnetic zenith with in-situ measurement payloads onboard rockets launched 

from the SSC Esrange Space Centre in Kiruna. The transmitter and the receivers will be built so that each 

station consists of some ten thousand antennas grouped within an area of one or two hundred square 

meters. The use of recent methods for signal processing and beam formation will enable continuous 

measurement yielding a higher resolution in space and time than has been possible with any other 



15 
 

EISCAT in Space 

existing radar system. The stations will be connected using fibre optics so that the facility can be used to 

perform real time measurements. EISCAT_3D will produce very large amounts of data. The plan is to 

build on earlier Nordic cooperation in super-computing to share the responsibility for data storage and 

analysis between computing centres in Sweden, Norway, and Finland.  

EISCAT_3D will enable novel measurements, ones which have never been combined in one radar system: 

volumetric imaging, aperture synthesis imaging, multistatic imaging, tracking- and adaptive experiments, 

together with the possibility for continuous operations.  The new facilities are anticipated to provide 

researchers with new opportunities to conduct novel scientific experiments and will be decisive in 

defining research frontiers over the next few decades. Including setting up challenging radar 

experiments to solve fundamental questions of cross-layer coupling in the atmosphere, solar-terrestrial 

interactions and plasma turbulence. To gain further insight in climate change and the impact of human 

activity we must understand the natural climate variations. Observations using EISCAT_3D will contribute 

substantially to enhancing our climate models and thus give us more accurate information in the climate 

change field. Furthermore, EISCAT_3D will be used to measure the inflow of meteoric material towards 

the Earth and thus enable a deeper understanding of the mechanisms of cloud formation. This form of 

cloud computing will also be of use to assess the dangers of these fast-flying objects for satellites and 

human space excursions. Further areas of societal relevance where EISCAT_3D can be useful are in the 

mapping space debris and to understand the effects of space weather. This will contribute to guarantee 

infrastructures of vital importance to society continues to function, e.g. satellite communication and 

navigation and power grids. 

п 5ŀǘŀ ŀƴŘ wŜǎǳƭǘǎ 
This section examines the economic and societal importance of EISCAT in a spatial context. First, this is 

done from the perspective that the main purpose of EISCAT is to enable research and the main output is 

new scientific knowledge mostly presented in the form of journal articles and PhD theses. Different 

aspects of related research are investigated in detail. In addition, the section also considers purely 

economic effects of EISCAT and how EISCAT contributes to regional competitiveness and attractiveness. 

The data used are described in the next section, followed by empirical results. 

4.1 Data 

Annual microdata on scientific publications (journal articles and PhD theses) are utilized to examine the 

importance of the EISCAT facilities. The data come from EISCAT Scientific Association (headquarter) 

which keeps an accumulated list of all known publications. We include all known published journal 

articles that have appeared in adequately refereed scientific journals and have an obvious link to EISCAT. 

This is either through the inclusion of an acknowledgement to EISCAT, the use of EISCAT observations, or 

articles having obvious and adequate contents that may take the form of anecdotal evidences and 

prospect papers. Theoretical papers are included if the reported work arises directly from EISCAT 

research. PhD theses are considered as an additional indication on the importance of EISCAT. This type of 

work also indicates the knowledge regeneration rate in related research fields. All reported publications 

are unique, i.e. a publication may only appear once over the specified time period. 
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The publication data are divided into two time periods. The first time period comprises general 

information on all known publications since EISCAT was first taken into operation until the last known 

publication in the present year, i.e. from 1982 to September 2013, implying all available observations are 

included. The second time period comprises detailed information on each publication made between 

2005 and September 2013. This information includes annual metadata on the affiliation of each author, 

collected publication-by-publication from the journal websites, and also additional spatial information 

that has been collected via Google maps through API coding. When an author has multiple affiliations, 

we only consider the first listed affiliation as given on each specific publication. This relatively detailed 

information is used to investigate the spatial configuration of scientific work related to EISCAT and the 

importance of scientific networks. Furthermore, we also use journal impact factor (JIF) information from 

Thomas Reuters to examine the quality of the scientific production related to EISCAT. Further 

descriptions of the employed data are explained in the text below.  

 

The main reason to omit research work that resulted in other publication, such as conference papers, 

technical reports, and student reports (BSc, MSc, Licentiate theses), is the relatively difficulty to assess 

the scientific value and dissemination of such work in comparison to published journal articles and PhD 

theses. Furthermore, conference papers sometimes may be considered as an early form of journal 

articles, at least usually aiming at being published in academic journals. Omitting this form of papers 

should also reduce the risk of the same work being counted more than once. The quality of the 

assembled publication database is estimated to be relatively high. Our assessment is that data are 

representative for the scientific output associated with EISCAT. 

4.2 Overview: Scientific output from EISCAT 

After the facilities were taken into operation in 1981, there has been a remarkable scientific output in 

terms of publications. The first journal articles were published in 1982 and the first PhD theses in 1984. 

Subsequently, more than 1600 journal articles and almost 100 PhD theses have been completed. These 

works are important contributions to the body of knowledge on different space-phenomena in the 

lower, middle and upper atmosphere and ionosphere, and related fields of research. Figure 4.1 

illustrates the annual number of published journal articles and PhD theses over the period 1982-2013. 

 

The annual number of journal articles increased rapidly during the 1980s, from 7 articles in 1982 to more 

than 80 in 1990. The 1990s is characterized by an annual publication rate of about 70 articles per year 

with a peak of 107 articles in 1996. Approximately 50 articles per year were published over the 2000s. 

Viewed over three decades, 7 PhD theses were completed during the 1980s, 46 in the 1990s, 34 in 

2000s, and 10 between 2010 and 2013. Overall, the latter signals a strong development and 

regeneration of researchers using incoherent scatter radar techniques including EISCAT. Although it is 

not an aim of this study to explain why there exist variations in the number of publications from year to 

year, it could be mentioned that access to research funds, trends and regeneration in research and 

education are presumable factors that can be expected impact the development of scientific output in 

terms of journal articles and PhD theses. There is a tendency for the publication rate to decline during 

the 2000s. 
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Figure 4.1. Published journal articles and PhD theses, 1982-2013 

 
Sources: Own computation of publication data from EISCAT 
 

A natural next step is to consider the quality of scientific output. This is challenging since the research 

associated with EISCAT is a highly specialized and multidimensional type of work with long term 

implications. A widely accepted approach to delve into the quality and intellectual structure of scientific 

work is using citation analysis, which has proved to be a valid and reliable method (White and McCain 

1989). Citation analysis considers counts of citations to a given work to acknowledge the influence, value 

and usefulness of that specific piece of work. It has not been possible in this context to collect required 

information to strictly follow scientometric principles to measure and analyse the influence of scientific 

publications linked to EISCAT. Instead, we use an alternative approach to arrive at an applicable quality 

measure of each publication. Journal impact factors (JIFs) are employed to classify each journal - and 

consequently journal articles - into four categories that denote different JIF intervals: <1 Low impact, 1-3 

Medium impact, 3-10 High impact, 10< Very high impact. The impact factor is a measure of the 

frequency with which the average article in a specific journal has been cited in a particular year or 

period.  The classification is founded upon JIF-information for 2012 from Thomas Reuters and seeks to 

separate related journals by importance. The impact factors range from 0.17 to 38.6 with a mean of 2.2 

and standard deviation of 3.2. Journals without impact factor are omitted. Again, there is a tendency for 

the publication impact rate to decline during the 2000s. 

Although this is a rather rough approach that neither is exact nor considers time-variations in the JIF-

values, it is useful as an indication on the overall importance of the body of scientific work related to 

EISCAT. Needless to say, it does not capture the scientific value or exact recognition of each specific 

publication. Instead, it simply signals the overall importance of scientific work associated to EISCAT and 

the likelihood of knowledge diffusion through expected citations. The logic is that many publications with 

a relatively large impact factor suggest the research linked to EISCAT should be of great importance to 
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the scientific community, which are the expected main beneficiaries of the results. Figure 4.2 illustrates 

the annual number of published journal articles by impact factor category. 

Figure 4.2. Published journal articles by impact factor category, 1982-2013 

 
Note: Journal impact factors (JIF): <1 Low impact, 1-3 Medium impact, 3-10 High impact, 10< Very high impact. The number of 
publications with very high impact factor is labelled within the points of the corresponding slope.  
Sources: Own computation of publication data from EISCAT, and information on impact factor (JIF) in 2012 from Thomas Reuters 
 

Most articles are published in journals with a medium or high impact factor, suggesting between 1 and 

10 expected citations per article. Relatively few articles are published in journals with low or very high 

impact factor. In total, 14 articles have been published in top ranked journals (very high impact factor): 

ΨbŀǘǳǊŜΩΣ ΨtƘȅǎƛŎǎ wŜǇƻǊǘǎΩΣ ŀƴŘ ΨwŜǾƛŜǿǎ ƻŦ DŜƻǇƘȅǎƛŎǎΩΣ ǿƘƛŎƘ ŀƭƭ ƘŀŘ ŀ ƧƻǳǊƴŀƭ ƛƳǇŀŎǘ ŦŀŎǘƻǊ ŀōƻǾŜ мл 

in 2012. However, only one of those articles has been published in top ranked journals since 1996. Figure 

4.3 demonstrates that nearly 80 percent of all articles have been published in five different scientific 

journals, which are classified as medium or high impact journals. Overall, these results indicate the 

scientific output related to EISCAT is of relatively high standard and hence should be attractive to exploit 

in various academic contexts. 

Figure 4.3. Five most frequent journals in terms of published articles, by impact factor, 1982-2013 

 
Sources: Own computation of publication data from EISCAT and journal websites, and information on impact factor (JIF) in 2012 
from Thomas Reuters 
 

However, one has to realize that other factors than JIF also affect the choice of scientific journals for 

publication of scientific results based on data from EISCAT. First, space-related journals are generally 
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chosen. Secondly, Annals of Geophysics was a new European journal, chosen because of that by many 

European authors, and, thirdly, the cost of publication to be paid by the author played a role. JIF is also a 

fairly new kind of data structure, hardly known by the authors during most of the period covered. Of the 

journals with JIF above ten mentioned above, only Nature could have been considered for exciting 

EISCAT news, as Physics Reports is not geo/space related, and Review of Geophysics publishes review 

papers, not pertinent most of the period. The conclusions above have, therefore, to be considered as 

indications of impact. 

4.3 The spatial configuration of scientific work linked to EISCAT 

There are several approaches to examine the spatial configuration of scientific work. The perhaps most 

obvious approach is to consider the spatial dimension of the affiliation(s) of each researcher participating 

in research projects linked to EISCAT that resulted in published journal articles or completed PhD theses. 

A subsequent step could be to complete this information with how journal articles and PhD theses are 

cited, or been utilized by different organisations in different contexts. One could also examine career 

dynamics among researchers, and study how researchers from different institutes collaborate to achieve 

new results. In the present context, spatial information is useful to enhance the understanding for the 

importance of EISCAT to researchers in different parts of the world. 

Since citation data have not been possible to collect in this project, we continue by examining each 

ǊŜǎŜŀǊŎƘŜǊΩǎ ǎǇŀǘƛŀƭ ŀŦŦƛƭƛŀǘƛƻƴ ŀǎ ƭƛǎǘŜŘ ƛƴ ŜŀŎƘ ǇǳōƭƛǎƘŜŘ ƧƻǳǊƴŀƭ ŀǊǘƛŎƭŜ ŀƴŘ ŎƻƳǇƭŜǘŜŘ tƘ5 ǘƘŜǎƛǎ 

between 2005 and 2013. This relatively short time period is used instead of the full period (1982-2013) 

because of the time consuming work to collecting required information. Spatial affiliation is the location 

of each affiliated institute by city. If a researcher has registered multiple affiliations on a published article 

only the first listed affiliation is considered. This reduces complexity but also implies that some links may 

be omitted. However, our assessment is that this should not influence the overall results. Moreover, 

since researchers may have contributed to several publications and also have had multiple (first listed) 

affiliations over the period we let the scientific production be denoted by academic authorship. 

Authorship is claimed by individuals who made an intellectual contribution to the completion of the 

research described in the published journal article. This approach implies that when a journal article has 

more than one author there is as much authorship as there are authors. Using authorships should ease 

the interpretation of the spatial configuration of scientific work linked to EISCAT. PhD theses are treated 

as individual work. 

Before the spatial configuration of scientific work linked to EISCAT is presented it is necessary to first 

review the data for the examined period 2005-2013. In total, the data comprises 373 published journal 

articles, including 2060 authorships, made by 678 researchers affiliated to 196 institutes across 31 

different countries. In addition, 27 PhD theses were completed by doctoral candidates from 7 different 

countries, all members of the Association. Figure 4.4 illustrates the spatial configuration of scientific 

work linked to EISCAT over the period 2005-2013. The figure also specifies which countries are members, 

prior members, and non-members of the association, and the locations of existing incoherent scatter 

radars in the world, showing the EISCAT facilities are the only incoherent scatter radars in the European 

Union. 



20 
 

EISCAT in Space 

Figure 4.4. Spatial configuration of scientific work linked to EISCAT 2005-2013 

 
Sources: Own computation of publication data from EISCAT and journal websites, and locational information on latitudes and 
longitudes of affiliations by city via Google maps through API coding 
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Even if the researchers that utilize the facilities are widely spread across the world and EISCAT appears as 

a global research infrastructure, there is a large concentration of authorship claimed by researchers 

affiliated to institutes in the member states (see figure 3.1) and in the United States. Out of the totally 

2060 authorship, 20 percent are linked to institutes in the United Kingdom, 13 percent to institutes in 

Norway, 11 percent to institutes in Sweden and the United States, and 9 percent to institutes in Finland 

and Japan. This implies that totally approximately 75 percent of the scientific production is linked to 

institutes in the member states or in the United States. A complete list of authorship by country is 

provided in Appendix A. 

If we decompose these results by institute, the 10 most productive institutes make up almost 44 percent 

of all authorship. These institutes are situated in Sweden, Norway, Finland, United Kingdom, and Japan. 

The three institutes with most authorship are the Swedish Institute of Space Physics (IRF), EISCAT 

Scientific Association6, and the University of Tromsø. Nearly every fifth of the authorships is linked to 

these institutes. The Arctic and Antarctic Research Institute (AANII), which is a Russian research institute 

situated in St. Petersburg, has most authorship among institutes in non-member states. A list of 

authorships for the 40 most productive organisations is provided in Appendix B. 

4.4 EISCAT as an interconnecting infrastructure and organisation in global knowledge networks 

EISCAT should not solely be considered as a scientific research facility, it is also to be seen as an 

interconnecting infrastructure and organisation in value creating knowledge networks with global reach. 

The value of these networks cannot be ignored since most of the scientific outputs linked to EISCAT are 

the result of joint efforts, i.e. most journal articles have multiple authors that are often affiliated to 

different institutes and frequently also to different countries. Research projects linked to EISCAT should 

therefore enable global transactions of formal (explicit) and informal (tacit) knowledge between 

researchers. 

In general, this suggests that collaboration between researchers is not only crucial for the scientific 

results; it is also an important outcome, at least when knowledge transactions and other effects arise 

through network alliances. Hence, there are potentials for knowledge spillover effects between 

researchers participating in joint-projects. Such spillovers would be worthy of further empirical study for 

instance through interviews, see also Owen-Smith and Powell (2004). A researcher that is member of a 

relatively productive researcher network may benefit from his membership by improved scientific 

productivity and excellence. Other potential benefits may take the form of demonstration effects such as 

insights on alternative working procedures and ways to organise research, and network linkages that 

imply access to additional networks, funds, and research facilities. There may also be benefits in the form 

of new career opportunities and hence that knowledge can be more easily transferred across 

institutions. These are unpriced advantages that can be denoted technological externalities to which 

EISCAT contributes as an interconnecting infrastructure by motivating collaboration between 

                                                           
6
 As a single transnational organisation, EISCAT Scientific Association is the second most productive institute. However, if we 

decompose authorships by subunit, EISCAT in Kiruna and Tromsø would be the 7th and 9th most productive institutes with 60 
and 55 authorships, respectively, while EISCAT in Longyearbyen and Sodankylä would only have a few authorships. 
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researchers. To better understand this, it is necessary to be explicit about research collaborations 

associated with EISCAT. 

Figure 4.5 demonstrates collaborations (internal and external) between institutes7 that resulted in 

published journal articles associated with EISCAT over the period 2005-2013. The figure is founded upon 

the earlier presented data for the period 2005-2013, comprising 373 published journal articles including 

2060 authorships, made by 678 researchers affiliated to 196 institutes across 31 different countries. The 

figure also specifies whether an institute is situated in a member state (nodes are blue), prior member 

state (nodes are red) or third party state (nodes are green). Institutes are nodes proportional to the (log) 

number of authorships. Linkages are coloured by the main source node and widths are proportional to 

the (log) number of pairwise joint-publications. 

The main result is that scientific work linked to EISCAT is largely the outcome of research collaborations, 

and not by individual organisations or researchers. The strongest linkages appear to be between a few 

institutes in the member states, which have many joint publications and also a relatively large scientific 

output in terms of authorships. These nodes and links appear as the main research structure associated 

with EISCAT. The links between institutes in old member states of the Association and Chinese institutes 

are relatively weak. China is the most recent member state of the Association and only joined in 2007. 

The figure also demonstrates the importance of the relatively small EISCAT staff which is linked to a 

remarkable number of joint publications. This is a strong indication of that EISCAT staff is not only vital to 

enable experiments at the facilities, but actively impacts the scientific output of many organisations 

across the world.  

Overall, these results imply that networking is essential and that EISCAT is an interconnecting 

infrastructure and organisation, and hence enables knowledge transactions between researchers at 

organisations in different parts of the world. However, as noted above, whether knowledge spillover 

effects actually exist and arise through these collaborations needs to be verified in a deeper analysis. 

Nevertheless, these many network linkages suggest there are strrong potentials for such effects to arise, 

which is principally interesting if one considers that networks may provide some or all of the external 

utility gains derived from co-locating activities. The gains from these knowledge pipelines involves 

transactions of formal (explicit) and informal (tacit) knowledge, and other advantages including 

memberships in scientific communities that contribute to renewal and dynamism of local knowledge.  

                                                           
7
 Research institutes are used as arbiters to researchers in order to reduce complexity in the resulting network plot. 
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Figure 4.5. Scientific collaborations (research projects) that resulted in published articles, 2005-2013 

 
Notes: Nodes are blue when an institute is situated in a member state, red signifies prior member states (France and Germany), 
and green signifies third party user, i.e. institute from a non-member state that is not a prior member. Institutes are nodes 
proportional to the (log) number of authorships. Linkages are coloured by the source node and are proportional to the (log) 
number of pairwise joint-publications. 
Sources: Own computation of publication data from EISCAT and journal websites 
 


























