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Abstract

Over the last three decades, the European Incohereatt8r Scientific AssociatiofEISCAT) has
provided the scientific community with outstanding hilgltitude 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 Arctiér€e in Finland, Norway, Swedand on Svalbardnd have
since they first were taken into operation in August 1981 contributed a remarkable scientific olitpsit
research hasontributed tothe understandingf different spaceand atmospheric phenomerend
opened upandto several new fields of researdBISCAT is currently plannihg next generation
research facility, EISCAT_3D, which is an projected investment of more than 1,1 billion SEK (135 million
€ 0 ¢ A (e&standof boyisgfuction in 2015irst operations in 2018and 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 several scientific disciplines, but malgo be utilizedd
develop services withpecificsocietal valuessee 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 contributeerigteening the

regional competitiveness and attractiveness, mainly though a remarkable scientific output and extra
regional linkages which enable continual renewal and dynamism of local knowE&feAT has also
implied a large injection of research fingto 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 studytsubges
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 obviouath proactive work and cooperation withational,
regional andocal actorswill impact a full range dfenefits from EISCAT_3D.

Keywords:Space science, Scientifesearch infrastructurelechnologicalltange Agglomeratiorand
networks, Spillovereffects European Incoherent Scatter Scientific Association (EISCAT)

JELClassificationO03, R11
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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 thecepaa, 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 GulfSream, the living conditions tére are like anywhere else in Scandinavia with normal public
and commercial services and good communicatibfathernmost 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 theralumegion 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 byrance, 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 19ff@és of

European Incoherent Saat Scientific Association (EISCAT).thesfirst, and still the only, international
research facility with its seat in Swede@perating in accordance with Swedish laws.

Forthree decades, EISCAT has provided the stiiecommunity withhigh-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 higheststandard facilities, and an ionospheric heater. The research facilities are located north of
the Arctic Circle in Finland, Norway, Swedad on Svalbardind have since they first were taken into
operation in Augst 1981 contributed a soliscientific output, includingmore than 1600 journal articles

and almost 100 PhD thesasthored byroughly1600 researchers from more than 30 countries. The
research associated to EISCAT has had important implicatiotieefanderstanding o$paceand
atmospherigoghenomrena such as the northern lights and noctilucent clouds. It has also contributed to
several new fields of resear¢iWhile the scientific value of EISCAT is widely accepted, the knowledge on
its economic and societal importance is scarce. This questiaFsasisen one considers the present

work with the next generation research facility, EISCAT_3D, wiglires aprojected investment of

Y2NB (GKIFIYy mMIm 0AfftA2Y {9Y oOmop YACf,firs @ygratiendin g A i K
2018, and to ben full operation 2021EISCAT_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 northerapebrtex. It is anticipated to

! 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 observagohniques of micremeteorsinteracting with the
atmosphereg(Wamberg 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 scientifick, EISCAT 3D could also be utilized to
develop servicewith specificsocietal valuessuch as navigation systems, space weather forecasts,
climate change projections, amdonitoringspace debrignd near earth objectdn addition to
universities, firms and financiers from the existing members of EISCATi¢hatds China, Finland,
Japan, Norway, Sweden, and the United Kingdom, there are also participating organizations from
Belgium, Germany, Poland and Italy in the development of EISCAJeeRIso Kero et al. (2013)

The aim of this study is to examine the economic and societal importance of EISCAT, including the
nature, scale, and spatiabnfigurationof related scientific work and other activities. Meanwhile, there is
no intention to be explicit about the scientifi@lue 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 i
proximity to its location(s) or whether they are spread werliie independently of the location(s). This
guestion is central considering the projected investment in EISCAT_3D and prior studies emphasizing
that highlyskilledprofessionalsare vital in he knowledgedriven economy, influencing the rise and
dynamic evolution of sciengeased industries, and in turn also impelling the development and growth of
cities and regions (Thorn and Holielsen 2008, Trippl and Maier 2011a, amongst othdits¢refoe,

the study is particularly focused on how EISCAT contributes to new and diverse knowledge, itizduding
spatialconfigurationof generating and disseminating new knowledtegereral, a further

understanding ohow knowledge accumulation arises of Highkilledprofessionalsand around

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

To explain these issues, the study revieliferent strands of literature and recent insights from regibna
economics economic geography amanning includingconcepts abouagglomeration and networks,
andstudies on the location of research infrastructures, the roleeskarch andesearchers for regional
development and growth, and localized learningegimating 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 onlypunetyeconomic effectdut
contributes to strengthening the regional competitiveness and attractivert&#&CAT has also implied a
large injection of research funding to the regidttowever EISCA@ppears not to have resulted in any
substantial clustering of related econonaictivities butis, neverthelessan important node in thepace
cluster in northern Scandinavia that also inclu@egedish Institute of Space Phyqi¢’F) Esrange Space
Centre(rockets and balloons) argpace related educationt terms of regional copetitiveness and
attractiveness, the study argues that the main importanE&B8CAT relates ta remarkable scientific
output andextraregional linkages which enable continual renewal and dynamism of knowlbuged,
ESICAT is not only a research itgoiith great scientific value, it is also an interconnecting infrastructure
and organisation in value creating knowledge networks with global r¢daWever, theregionalbenefits
arising fromeISCAT are tied to the degree of embeddedness of knowledgenks that facilitate

localized learningindeed knowledge will not simply spill over the edge and into other organisations; it
needs to be actively transferrg@Rekers 2012)0verallthis suggessthat EISCAT_3D is an investment

5
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with many important poéntial implicationdesides its scientific importand®rit also that the related
development work needs to carefully consider howptomote a highlevel of absorptive capacity of
national, regional antbcal organisations including universities aatietal actors with related activities.

Thestudyis 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 impdance 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.

HWSEt I USR f AUSNJ UdzNB
This section considers the lisgure 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 pldyeeconomies 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 c&ed firms are

suggested to benefit fromositive 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 feanaentration 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 locafefigglomeration economies have

featured prominently in eceomic studies over the last two decades. Prior work has largely been focused
on externalities between firmslternatively universityndustry linkages, emphasizing localized

knowledge spillover effects and functional regions as arenas for knowledge(flaffes 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, especiallfpr 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 ppari 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 largealescientific research infrastructure. Their study considers
agglomerative effects of investments in acaled synchrotron light source in the United Kingdom, and
found that the establishment of the Diamond Light Source dc@iinduced clustering of relat

research activities and increas#ee research outpubf nearby orgarsations, alsoof organistions that

2 Agglomeration economies amten classified as intrindustry localisation economies or intardustry urbanisation
economies that are external both to the firm and industry, arising from diversity

6

EISCAT in Space



did not utilize the facility. Rekers (2012) has theoretically portrayed the European Spallation Source (ESS)
as an enormous injection in the (inreion-based) economy of the Oresunegion. 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 learniigwever, i is also empasised that

innovative work is inherently uncertain, unanticipated and Himear, where investments do not directly

and predictably lead to successful outputfie argument is rather that impacts can be proactively

created.

Although there are theoreticarguments and some empirical evidenaefavourof 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 reseel infrastructures forge networks and scientific alliances, which David et
al. (1992) consider as potential4pyoducts from establishing new research facilities. Johansson and
Quigley (2004) argue that networks may provide some or all of the externig} 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 extreegional sourcesf new and diverse knowledge. Ow&mith and Powell (2004)
claimthat global networks consisting of nodes of excellence function as pipelines of formal (explicit) and
informal (tacit) knowledgewhichmay have important implications for regional compettiess. They
alsoarguethat 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 woldds researchersastrongly
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 (Tripptd Maier 2011b). In general, highdkilledprofessionals

tend to colocate and seek places where the most interesting work is being done (Florida ROQEi,

this increases the importance of bgipart of networks that includeodes of excellence his should
especially apply for regions with relatively few (star) scientists and halillgdprofessionalsHowever,

as emphasized by Rekers (2012), knowledge does not simply spill over between agents who happen to
be located in the same area, and fsem not the result of active and intended interaction. This suggests
that in today’s globalized knowleddpmsed economy, where researchers andwktexlge work are
networkedengines of growth and development, it is vital to consider how to promote trarsascof

new and diversetowledge and how to interpregpatially relevant configuratiafor knowledge
accumulation.

The research on the impact and utilization of Harge scale research facilities appears very limited.

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

in Lund isutilized by researchers across the world and whetiere is scope to consider MAg$ as a

research infrastructure with regional implications. The main result from this stutihat itis not

possible to consider MAab 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

7
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economic and societal impacts asgted to research facilés, perhaps especially ismote regions
with specificenvironmentalconditions. The present study appears to be the first empirical study that
considers the economic and societal impact of EISCAT in spatial context.

The study Bould 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 2.1has been used by the Research Councils of Ukoiade 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 tpathways to impacts of scientific research

Environmental sustainability,
protection and impact

Enhancing the knowiedge economy Enhancing the effectiveness

and sustainability of organisations
including public services and

Training highly skilled researchers ~ Pusinesses , : ,
Evidence based policy-making
and influencing public policies
Worldwide academic Improving teaching and leaming Attracting R&D investment
advancement : :
Increasing public
engagement with research
Improving health and well-being Improving social welfare, and related societal issues
Innovative methodologies, social cohesion and/or
equipment, techniques, national security
technologies and
cross-disciplinary Wealth creation, economic
approaches prosperity and regeneration
Commercialisation
and exploitation
hancing thi h
Contributing towards the health EUENIIS oot
 acanenic ke capacity, knowledge and
of academic disciplines skills of public, private and Enhancing cultural
third sector organisations enrichment

and quality of life

Changing organisational
culture and practices

r'e

RESEARCH
COUNCILS UK

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.
EISCAT3Dhas been selected as an EU research infrasireathannelled via the ESFRI organisation the
current study on economic and social impacts deals with an infrastructurdaugitied in the

international scientific system. Seen in this perspective, it seems natural that a proposal like the one
presented m 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 ptiva attention to the roleof space research

in the region.
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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,. $édteygst (2011),
Oksman (2011), and Holt (2012).

3.1 TheEISCAZcientific Associatigorganisationand budget

In the mid1970s academies and research councils in Finland, France, Germany, Norway, Sweden, and
United Kingdom decided tmake a joint efforto exploit the incoherent scatter radar techniqueorder

to studythe aurora and high altitude ionospher€his effort resulted in thestablishment othe

European Incoherent Scatter Radar (EISGé@itific Association(henceforth the Associationland

state of the art radar systemecated north of the Arctic Circle in Sodankyl&, Tromsg, and Kianda,

later also on Spitsbergenear Longyearbyeiat SvalbardSvalbard is an international area under
Norwegian civil lanJaparjoinedEISCAX Y M ddc I Y RepilibicSf GhiBain 2003, While
Francdeft the associatiorin 2006and Germany in 201 Figure 3.1 illustrates present membsatesof

the AssociationThe exit of France and Germany was partly caused by changesitific direction and

the lack of long term support for research involving EISCAT. There have aissobe®changes in how

each natiormorganises its membership, for instance, which instiigsteepresenting member counés in

the Association. The Assiation has its formal segheadquarter) inKirurd ' YR A& NBIA &0 SNBR
profit organisation. The council of the Association appoints a director who is responsible for the daily
management, operation, and development of the facilities.

Figure3.1. EISCA@ssociate$n 2012

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 (ST
Norway The Research Council of Norway (RCN)
Sweden Swedish Research Council (VR)

United Kingdom Natural Environment Research CoutlERC)

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 scattgadar 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 strategwshatlopted 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 considéhow to spur high quality research related to studies addressing a
range of important future challenges, including the behaviour ofdtreosphere atigh-latitude
regions,space weather effects and the nespace environmenincludingspace debris. Ovall, the
Association exists to provide scientists with access to incoherent scatter radar facilitieshighest
technical standardrom the space physics point of view

9
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Figure 3.2. Main expense areas (left figueg)d contributionsfrom Associateountriesand other operating incomes (right
figure), 2012

Other costs___
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SourceEISCAT 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 admistration and supervision of the Associatiodiferent activities.

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

y2ynl d420A1 GS 02 RASa dunding sdenfifiR prigriies and op@tiorsal targdts dvef 6 f S
adjusted on an annual basis. In 2012, EISCAT had 22 employees and an annual budget of approximately

oH YAfftA2Y {9Y 6Yodo aAz2evr SEOfdzZRAY3I LINRP2SOG 62 N
budget has changed significanttyrecent 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 othetiog incomes

(right figure) in 2012.

3.2 Thefacilities operation modesand accessibility

EISCAT s facilities represent the state of the artdbajlincoherent scatter radarsperatingthree radar
systemspne 224 MHz trstatic radar system with transmitter ifromsgand receivers in Sodankyla and
Kiruna, one 91 MHz UHF radar ifromsgand two 500 MHz UHF radars on Svalbaréhddition, EISCAT
operatesan ionosphere modification heating facility situatedarby Tromsg.

In total, there are ten incohent scatter radars inthe worldkTS Y2 a4 NBOSyd 2F GKS 22
scatter radars are EISCAT s Svalbard Radar afbtwute Bay Incoherent Scatter Radars (RiSR)

North Americd. The location of each radar site is illustrated in the rsedtion figure 4.4. The EISCAT

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

® http://amisr.com/amisr/about/resolutebayisrs/
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Figure 3. EISCASites Figure 34. EISCAT radars
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Source: http://kaira.sgo.fi/2011/03/eiscatsvalbardradar-part-1.html and http://www.eiscat.com

In general, there arewo main operation modes for experimental work at EISCAT. Common programs
(CP)re designed to the requests tife Association and includeternationally and often globally
coordinated observations of themosphere and magnetosphere, as well@asy termobservations.

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 rotleinches. There is also an additional mode, other programs
(OP) covering all other requestn.2012, the mainland facilities operated approximately 1650 hours. 37
percent of these operations were made within CPs, 43 percent within SPs, and 17 pethenOMs.

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 mainland facilities amount tmughly10000 SE¥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 thadilities, themember statesiominate 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 observationisieailable for
researchers from thirgharty users, i.enon-memberstates Third partytime is distributed through
international competition by peereview. 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

‘¢KS Ozal F2NJGKS !'1C NIRINJ&aegadsSy Nry3asSa o0SG6SSy emnnn | yR
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is to ensure that the begtossible 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, suduaml articles and PhD

theses.

Demonstrating the allocation of resource time at EISCAT among researchers from mantbeor

member states is not straightforward. This is because research projects may comprise researchers
affiliated to institutes in bdt member and normember states. However, andication is given by the
numberof researchers with published journal articles from member and-m@mber states. Journal

articles are relevant as one of the most important outcomes from the research workiassbto

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 natuemd 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 2002013, which in total amounts to nearly 700 uniq@searchers.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.

Figure3.5. Annual number of researchers with published journal artitiked to EISCAZ0052013
I Vember states [ Non-member states

300
|

200
|

100
|

2005 2006 2007 2008 2009 2010 2011 2012 2013

Note: Yearto-year data.The observatins are unique in terms of publicatiofjgurnal articlesput not researchers, implying a
researchers doublecounted if he entributed to more than ongublication
Source: Own computation of publication data from EISCAT and jowebdites

®The data relate to annual informatidor all years excedgfor 2013 which relates to publications between January and
September These data sets are described in detail in the sektion
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3.3Theresearch 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 researghoject 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, Blagoveshchenskay20&tlyl 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 alsxpenmental projects that

seek to describe orrdicipate some methodological, technical or organisational developments of EISCAT
(see for instance, Virtanen et al. 2008, Wannberg et al. 2010).

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

A tristatic EISCATHF radar meteor experiment was designed by EISCAT staff members in closg
collaboration with researchers from the Swedish Instituté&Space Physics (IRF) in KirWannberg
et al. 2008). The radar experiment was conducted during eheu VHF and four 2hour tristatic
UHF meteor campaigns over the period 2WD5 (Kero et al. 2008). The 6 plushifurs of Swedish
measuement time resulted in two Phibeses (Kero, 2008 and Szasz, 2008) and nine of the scie
articles therein.

In the related workSzasz et al. (2008) used a numerical model of meteoroid atmospheric flight {
estimate the light intensity of meteors detected with the EISCAT UHF radar. The conclusion fro
experiment was that a reasonable fraction of the meteors should be detectatilesensitive optical
devices equipped with telescopic lenses. The setup of a coordinated optical and radar campaig
also outlined. Subsequently, researchers from IRF contacted the Meteor Physics Group at the
University of Western Ontario (UWO), Cdaato 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 Kirun
setting up a amera station at the EISCAT Kiruna site and another camera station near Kilpisjan
Finland, close to the ground point of the planned radar measurement volume at 96 km altitude.
Swedish researchers stayed at the EISOAMs@site during the first hdlof October to run the
experiments and negotiate scheduling with a Finnish team of researchers with #6 of floating
allocation and a Japanese team with-d@urs.

The meteor experiment depended on clear skies in the late night/early morning houre. &dlre
Finnish and Japanese experiments depended on geomagnetic conditions and/or a satellite pay
overhead. The different radar project teams could agree on the scheduling of their experiments
which resulted in high quality dat@he Swedish EISCBHF meteor data was later analysed by thr
IRF researchers and the simultaneous optical data by two UWO researchers. The results have
presented at several conferences and published in a scientific article by CafBpheii et al (2012).
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Collaboation 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 implementatids not unusual that EISCAT staff is

also actively involved as researchers in the projects, including authoring journal articles. The specific
technological knowledge anexperience of EISCAT staff makes them a central ingredient in many
research pragcts. This implies that EISCAT staff is fundamental for the research output and, more
generally, in generating new scientific knowledge. An example of the seingd development of a
research projecincluding its academic outputs and impaidslesctied 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 scieintinowledge 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.
Canpaigns 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 caiodis 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 cofitdrs and other researchers wite.

3.3 Thefuture research infrastructureElSCAT_3D

EISCAT_3D will be the next get®n international atmospherand geospace research radaith

planned start of construction in 2013irst operations in 201,8ndto bein full operation2021.For a full

EISBT_3D systenthe required investments estimated tanorethanmZm O0Af f A2y {9Y d&wmMop
includingmnnp YAf A2y {oftvigercyiie operating Budygt wikinbount to approximately

65-70 MSEK per yearcluding30 employeesEISCAT 3B (at the time of writing, November 2013jill

a projected jointinvestment bythe member states of the AssociatiamcludingChina, Finland, Japan,

Norway, Sweden, and thgnited Kingdom. Third party usage will be possiblee planning of EISCAT_3D
wasinitiated within the European UniofEU)Famework Pogramme(FP)6 - Design Study (2063009)-

and is now continued with the EU F@Tdfunding from the Swedish Resear€buncil (VR)

EISCAT_3D designed as a thredimensional imaging radar system foaking 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 vorkerly developed, EISCAT _3D is
planned to be composed difve rachr 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 powerfl0 MW) transmitter Thiswill facilitate combined

radar observations in magnetic zenith withsitu measurement payloads onboard rockets launched

from the SSC Esrange Sp&antrein Kiruna.Thetransmitter and the receivers will be built so that each
station consists of some tghousand antennas grouped within an aref one or two hundredquare

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 possibnwibther
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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 supercomputing to share the responsibility for data storage and
analysis between computing centres in Sweden, Norway, and Finland.

EISCAT_3D will enable novel measurementes which have never been combined in one radar system:
volumetric imaging, aperture synthesis imaging, multistatic imaging, trackimjadaptive experiments,
together with the possibility for continuous operationghe new facilities aranticipatedto 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 crEsger coupling in the atmosphere, sol@rrestrial
interactions and plasma turbulenc&o gain further insight in climate change and the impact of human
activity we must understanthe natural climate variationgbservations using EISCAT_3D will comteib
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 understaigdiri the mechanisms of cloud formation. This form of
cloud computing will also be of use to assdss dangers of these fasfying objecs for satellites and

human space excursions. Further areas of societal relevance where EISCATb&Dseful are irthe
mapping space debris and understand the effects of space weath@hiswill contribute to guarantee
infrastructures of vital importance to society continues to function, e.g. satellite communicattbn an
navigation ancgower grids.

n5F GF wB g &F &

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

4.1Data

Annual microdata on scientific publications (journal articles and PhD theses) are utilized to examine the
importance of the EISCAT facilities. The data come fr@GAT Saigific 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 gher 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 reposterk 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 operatibtharast known
publication in the present year, i.e. from 1982 to September 20fBlyingall available observationare
included The second time period comprises detailed information on each publication made between
2005 and September 2013. This imftion includes annual metadata on the affiliatiof each author,
collected publicatiorby-publication from the journal wesites, and also additional spatial information
that has been collected via Google maps through API coding. When an author hasenaffiiations,

we only consider the first listed affiliation as given on each specific publication. This relatively detailed
information is used to investigate the spatenfigurationof scientific work related to EISCAT and the
importance of scienti€ 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 eason 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 workamparison to published journal articles aRtiD
theses. Furthermore;onference papersometimesmaybe considered as an early form of journal

articles, at least usually aiming at being published in academic joufal#ting this form of papers

should also reduce the risk of the same wbdingcounted more than once. The quality of the

assembled publication database is estimated to be relatively. @gh assessment is that data are
representative for the scientificudput associatedvith EISCAT.

4.2 OverviewXientificoutput from EISCAT

After the facilities were taken into operation in 1981, there has been a remarkal#atificoutput in

terms of publications. The first journal articles were published in 1982taméirst 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 spaloenomena in the

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

illustrates the annual number of published journal articles and PhD theses over the peric@ABB2

The annual number of journal articles increased rapidly during the 1980s, from 7 arti¢@824 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 PhHizses were completed during the 1980s, 46 in the 1990s, 34 in
2000s, and 10 between 2010 and 2013. Ovettad 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 expddtapact the development cdcientificoutput in

terms of journal articles and PhD theses. There is a tendencydathlication rate to decline during

the 2000s.
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Figure 4.1. Published journal articles and PhD theses;2@B2
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A natural next step is to consider the qualitysofentificoutput. 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 piecewadrk. k 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 EISCAfstead, we use an alteative approach to arrive at aapplicable quality
measure of each publication. Journal impact factors (JIFs) are employed to classify each goutnal
consequently journal articlesinto four categories that denote different JIF intervals: <1 Low impa8t, 1
Medium impact, 310 High impaik; 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 uponidfBrmation for 2012 from Thomas Reutersthseeks 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 dedé duringthe 2000s.

Although this is a rather rough approach that neither is exact nor considers/aniions in the JF

values, it is useful as an indication on the overall importance of the body of scientific work related to
EISCAT. Needless to sagoes not capture the scientific value or exact recognition of each specific
publication. Instead, it simply signals the overall importaotscientific work associated to EISCAT and
the likelihood of knowledge diffusion through expected citations. Thggc 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 annwal number of published journal articles by impact factor category.

Figure 4.2Publishedournal articlesy impact factorcategory 19822013
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Note: Journal impact factors (JIF): <1 Low impa8tMedium impact, 30 High impact, 10< Very high impathe number of
publications with very high impact factor is labelled within the points of the corresponding slope.
Sources: Own computation of publication d&tam EISCABNdinformation on impact facto(JIFjn 2012from ThomasReuters

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

10 expected citations per article. Relatively few articles afdiplied in journals with low orery high

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

Whl 0dzNBEQX Wt KéaAaoa wSLENIAQY YR WwS@ASga 2F DS2LI
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
scientificoutput related to EISCAT is of relaliy high standard and hence should be attractive to exploit

in variousacademiaontexts.

Figure 4.3. Five most frequent journals in terms of published articles, by impact facteg 32

No Journal Articles % of total % cumulative JIF JlF-classificatior

1 Annals of Geophysics 418 25.6 25.6 1.138 Medium impact
2 Journal of Geophysical Research: Space Physics 314 19.3 44.9 3.174 High impact
3 Journal of Atmospheric and Solar-Terrestrial Physics 284 17.4 62.3 1.417 Medium impact
4 Advances in Space Research 157 9.6 71.9 1.183 Medium impact
5 Geophysical Research Letters 124 7.6 79.5 3.982 High impact

Top 5in total 1297 79.5

Total articles 1630

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

However, one has to realize that other factors thanaldb affect the choice of scientific journals for
publication of scientific results based on data from EISCAT. $pacerelated 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 datastructure, 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 relatd&kvdaed of Geophysics publishes review
papers, nofpertinentmost of the period. The conclusions above have, therefore, to be considered as
indicationsof impact

4.3 Thegpatial configurationof scientific worlinked toEISCAT

There are several approaches to examine the spatiafigurationof 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 tlesufted 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 contegse couldalsoexamine career

dynamics among researchers, and study how researchers from different institutes collaborate to achieve
new resultsinthe presentcontext,spatial information is useful to enhance the understanding for the
importance of EISCAT to researchardifferent parts of the world.

Since citation data have not been possible to collect in this project, we continue by examining each
NBaSI NOKSNR& &Ll GAlLE FFFAEAFLGAZ2Y +a ftA&aiSR Ay SIO
between 2005 and 2013. This relatively short timeipeis used instead of the full period (198213)
because of the time consuming work to collecting required informat8patial affiliation is the location

of each affiliated institute by city. If a researcher has registered multiple affiliations ohlishped 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 rédatesover,

since researchers may haventdbuted 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 todheptetion 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 spatl configurationof scientific work linked to EISCAhD theses are treated
asindividual work.

Before the spatiatonfigurationof scientific work linked to EISCAT is presented it is necessary to first
review the data for the examined period 206@D13. In total, the data comprises 373 published journal
articles, including 2060 authorships, made by 678 researchers affiliated timdt@6tes 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 spatifiurationof scientific

work linked to EISCAT ouee period 20052013. The figure also specifies which countries are members,
prior members, and nomembers of the association, and the locations of existing incoherent scatter
radars in the world, showing the EISCAT facilities are the only incoherétetr sadars in the European
Union.
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Figure4.4. Spatialconfigurationof scientific work linked to EISCAT 22033
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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 claimeddnrchers

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 instituteim 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 dfoasiip 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 Associatiénand the University of Tromsg. Nearly every fifftthe authorshifsis linked to

these institutes. The Arctic and Antarctic Reseanstitute (AANII), which is a Russian research institute
situated in St. Petersburg, has most authorship among institutes immember states. A list of

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

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

EISCAT should not solely be consideredszsemtificresearch facility, it is algo be seeras an
interconnecting infrastructure and organisation in value creating knowledge nesmmitk 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 andrequently also to different countries. Research projects linked to EISCAT should
therefore enable global transactions of formal (explicit) and informal (tkniwvledge between

researchers.

In general, this suggests that collaboration between researcigenot only crucial for the scientific

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

through network allianceddence, there are potentials f&nowledgespillover effects between

researchers participating in joigrojects. Such spillovers would be worthy of further empirical study for
instance through interviews, see also Ow@&mith and Powell (2004). A researcher that is member of a
relatively productivaesearcher 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 reseamtihgeanork 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 unpricextivantages that can be denoted technological externalities to which
EISCAT contributes as an interconnecting infrastructure by motivating collaboration between

®Asa single transnational organisation, EISCAT Scientific Association is the second most productive institute. Hogvever, i
decompose authorships by subunit, EISCAT in Kiruna and Tromsg would be the 7th and 9th most productive institutes with 60
and 55 authorships, respectively, while EISCAT in Longyearbyen and Sodankyla would only have a few authorships
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researchers. To better understand this, it is necessary to be explicit aboutrchsgalaboraions
associated wWitfEISCAT.

Figure 4.5 demonstrates collaborations (internal and external) between instittitesresulted in

published journal articles associatedth EISCAT over the period 202813. The figure is founded upon

the earlier presented akta for the period 2002013, 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 memtage gnodes 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 nodeidtits are proportional to

the (log) umber of pairwise joinpublications.

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 mygoint 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 mamstaes 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
remarkabé number of jointpublications.This is a strong indication of that EISCAT staff is not only vital to
enable experiments at the facilities, but actively impacts the sdiermtutput of many organisations

across the world.

Overall, these resultisnply 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. Hovegyas noted above, whethdnowledge spillover
effects actually exist and arise through these collaborations seede verified in aleeper analysis.
Nevertheless, these many network linkages suggest therstaneng potentials for such effects to arise,
which is principally interestgnif one considers that networks may provide some or all of the external
utility gains derived from ctocating activities. The gains from these knowledge pipelines involves
transactions of formal (explicit) and informal (tacit) knowledaed other advanages including
memberships in scientific communities that contribute to renewal and dynamism of local knowledge.

"Research instittes are used as arbiters to researchers in order to reduce complexity in the resulting network plot
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Figure 4.5. Scientific collaborat®fresearch projectshat resulted inpublished articles20052013

Notes: Nodesre 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-nw@mber state that is not a prior membénstitutes are nodes
proportional to the(log) number of authorships. Linkaga® coloured by the source node and preportional to the (log)

numberof pairwise joinfpublications.

Sources: Own computation of publication data from EISCAT and journal websites
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