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Abstract

Given the strength of the Swedish air force andrtie of state procurement in industrial
expansion, so called development pairs, the siz#¢ @irection of the non-military but
relatively large Swedish space activity raises ¢joes. The purpose of this article is to
investigate the historic reasons for Swedish spacievities, i.e. research and technology
development, with focus on the early period. Thatikee weight of different policy areas has
changed considerably over time. In our analysisgpace sector in Sweden has adapted to a
multilevel, multi-policy situation and has been tinmental in shaping a science and

technology based social innovation system withdazuthe Kiruna region.

Prologue

Late in the evening on August4961, a group of space enthusiasts fired an Aroelet
acquired from NASA via the Office of Naval Reseafobm Nausta in the military missile
field adjacent to Vidsel in northern Sweden. Todigpusta is most known for the Sirius
(1956) and Vega (1957) experiments measuring thmadamof nuclear devices of a certain
size, but in 1961 those experiments were just pséeret as the Swedish plans to develop
nuclear weaponsThe Arcas rocket was equipped with a payload ajmeaium oxide which
was to explode at an altitude of 80 km enablinggaeshers to study the resulting artificial
cloud? So called noctilucent clouds were at this poimhewhat an enigma for meteorologists
and their investigation was an established lingeskarch within the Stockholm school of
meteorology’ Even though this particular experiment was hantpdng the fact that the
payload never exploded and the cloud never matsdl the campaign was viewed a
technical and organisational success. Sweden hate har debut in space and Swedish

meteorologists had acquired a new tool — spacentéagy.

This episode attracted some media atterftiont surprisingly little given that fact
that this was the year when Jurij Gagarin circalatee globe in Vostok 1 and Alan Shepard
followed him in Mercury 3. This was the year wheankedy declared his intention to put a
man on the moon and bring him safely back to eaHbwever, this was also a time when
missile technology spiced the tensions of the Gblar, something that became frightfully
apparent during the Cuban Missile Crisis in Octob®62. Technology was serving, as so
many times before and after, both the hopes faguiatand the fears of disaster. Sweden had

chosen to remain neutral in the division of the ldidhat followed WWII, a neutrality that in



time became one of the most salient parts of Swadentity, and which served as the main
motive for fostering a strong defence. How wadért possible to fire a rocket, donated by

the US in Lapland, an area of utmost geo-strategiortance?

The sounding-rocket campaign in Nausta and thestfobowing ones in 1962-
1964 at Kronogard not far away but on civilian grduwere part of an effort to launch
Swedish national space activities, which were fdiynarganised in the Space Research
Committee in May 1959. The timing had to do witle tiewly adopted UN resolution, which
resulted in a Committee for the peaceful uses atspinto which Sweden had been elected.
Central members of the Swedish scientific elitektpart, such as Hannes Alfvén, from the
Royal Institute of Technology and Bert Bolin, frahre Meteorological Institute at Stockholm
University (MISU), started in 1947. Bengt Hultgvisgtince 1956 director of the Kiruna
Geophysical Observatory in Norrbotten county, waslena permanent additional member.
The Committee early decided on three areas of iactiOne was to establish a national
experiment programme, another to work with the @ssii a place for sounding-rocket
experiments in Sweden, and a third to take pairtiternational cooperation. Coinciding with
the setting up of the Space Research Committee terattempts to form a European space
organisation, what was to become the European SRasearch Organisation, ESRThe
Committee soon realised that a national programmaldvserve a membership in ESRO and
vice versa.

Already during the first meetings with the Spaceséch Committee, different
research proposals had been suggésiad the US-government had offered to launch
European research satellites at no ¢ddbwever, both Alfvén and Bolin had their own
contacts in the US through which the Arcas rocke¢se supplied® The campaign was
carried out under the auspices of MISU, respongdri¢he scientific experiment in question.
The Swedish Defence Research Agency (FOA) handgabs of safety and protection. Safety
was of course a central question and had been taegrseriously during the whole planning.
One safety zone was established around the laumehnea and another where the rocket and
its part would hit the ground. The wind could bemore than 3 m/s and the field had to be
cleared of the sami inhabitants. If these requirgmevere followed, the risk of hitting a
person was calculated to 10518

The Kronogard campaigns during the summers of 19683 and 1964 were of
another dimension than the Nausta shot. Cost antpleaity increased during the three

years'? Technical know-how was also enhanced, partly thindearning by doing and partly



through education. In the spring of 1962, sevemplefsrom FOA and MISU spent six weeks
at the NASA training camp on Wallops Island, Viiginbut also during the following years,
part of the technical staff was trained in the BditStates’ The staff was eventually
organised as the Space Technology Group, sortidgruwhatever body presently in charge
of the Swedish space activities, a matter that gbamover time.

The sounding-rocket campaigns in northern Swedenhén early 1960s were
formative in the development of Swedish space #ietsv The summers were bright not only
from a meteorological point of vielf.However, clouds less beautiful than noctilucergson
would darken the sky and the road to an innovagimtem for space in Sweden was long and

winding.

The favours of perceived emptiness

The Swedish space endeavour could not have berched in Stockholm, Goéteborg, or even
Uppsala. The comparative advantage of Kronogardtiaempty landscape surrounding it,
allowing undisturbed conditions and plenty of spémerockets to land. Or, to be precise,
almost empty; a few families had to be moved foergwcampaigrt® Kronogard itself was
also there, of course, with main building, barng aeveral outlying shacks. Kronogard was
the unpretentious residence of the state foresittr tve mission to oversee forestry in the
area, which would typically be carried out by casts, who were allotted state land on long
term leases and were expected to carry out somasseiice farming and, principally, do
seasonal forest work for wages. Indeed, the cr@and tolonists were just the last in a series
of small waves of colonizers that had arrived, gsvavith state support, mostly tax levies,
since the 1% century. The Saami, and small numbers of othetdmgathering population,
had been there long before that. So Kronogard wéacit proof that this part of Lapland was
not empty at all, although it was empty enough,sesn from space researchers and the

military agencies in Stockholm.

Emptiness was in that respect a resource, one tnoee long sequence of
resources that have been exploited in Lapland: ffiem and fowl to forest, minerals, and
hydro-electric powet® Emptiness was a valuable resource elsewhere dsWhen new
dangerous technologies were tested after WWII meoplld not be too near. The Americans
went to atolls in the Pacific to test nuclear boyrdosd later on to the desert of Nevada. The
Soviet Union made nuclear tests in distant Sibé€agchstan, or in Arctic Novaja Zemlja.

When NATO needed a test base for missiles and te¢ke Norwegians provided Anddya in



the Arctic Sea. This spatial logic was more or l#ss same everywhere. Risk and secrecy
demanded that people were not present. In Soutkraliass red desert a remote little place,
christened Woomera, the aboriginal word for a thngndevice and geographically almost
Lapland’s antipode, had since 1946 been the cehtiee British government’s effort to build

a range to test and develop missiles to be useéheirexpected nuclear arms race with the
Soviet Union®’

Compared to Woomera Kronogard was located in aergbopulated region,
which in itself could be seen as a result of a sssful welfare state. When the rockets were
launched in Lapland Sweden reached its pinnaclsuotess as an exemplar to the world.
Economic growth was strong and Swedish industryrneebwith health, having reached a top
level of what has been called the “high industeia”® Even Swedish science seemed to be
capable of almost anything. In the twenty five gemnmediately following the war Sweden
received five Nobel Prizes in science and medionly, one of them was the 1970 Physics
prize for one of the founding fathers of the spedence project, Hannes Alfvén.

This superb performance spread throughout the ppufhe municipality of
Jokkmokk, where Kronogard is situated, has nevdraéarger population than in the early
1960’s. Living standards were on the rise and stftecture improved through massive state
investment. There were forest roads to take outithker and to connect the small villages
and colonist’s houses, where the private car wareasingly the norm. This sweeping change
in the North was indispensable for the rocket ld@sc It was not only (a relative) emptiness
that facilitated the first Swedish attempt in spaune at least as much the successful spatial
distribution of wealth and welfare — and the presenf hi-tech military installations and
reserves. After all, Nausta was part of the vasis¥l testing range, another product of the
Cold war, not by far as long as the Woomera corridot compared to the size of the country
of similar proportions.

The spatial spread of the welfare state was ndtowit costs, however. Forestry
and water power projects “industrialized” landscaparutally, again with parallels in
Hinterlands of countries such as Soviet Union, Brand the United Statelg.Probany worst
hit were the Saami, whose seasonal migration asitbr the reindeer, organically following
valleys, mires, and waters, were blocked by nevastfucture and whose lichen grazing-trees
were destroyed by forest clearings. To this madsindscape brutality that was going on for
decades, some rocket launches during a few sharmsu weeks were only a tiny extra
intrusion. But the issue had been raised, not ionkgard but when Esrange was planned in

1961, whether a stray rocket could hit a reindaed now, what would that coétNot that



any casualties were likely, but it did not hurtdemonstrate some responsibility towards the
local economy. The same issue had been hotly d¢latdustralia: scattered ranchers fed
cows and sheep from the barren lands. The mildathorities agreed to build shelters, and a
telephone system to alert the farmers. The abaigidid not get any shelters, nor were they
asked for their consefit. Was the Saami asked for theirs? At any rate, yvehelters were
finally built around Esrange.

If the Swedish space activities were part of arouation system, this system
also made itself known somewhere. If it existeahitst have a geography, a horizontal space,
along with the vertical. Both dimensions turned tube political, because the presence of
space means the presence of people. People omatedgare not what innovation systems
research is very often about. Innovation systemplyinfirms, employment, economics,
whereas people on the ground raise concerns oandika more hands on kind of welfare. To
keep the dual perspective on space activitiesti@sdar fetched as it may seem. It had more
to do with security than what is commonly believidthe official history of Swedish space
activities, the absence of military connectionstigking, as are the aspects of welfare. Indeed,
space in Sweden is a story that has been tolddeutdiboth warfare and welfare.

So, the question is relevant, why include a chapteout it in this book?
Because, we believe, the story that has been ¢oldrshas been too limited and can be told in
a much more interesting way. Nowhere, it seemthase any trace of military consideration.
Given the fact that, as being pointed out elsewhethis volume, the Swedish defence, and
particularly the Swedish air defence, has been gntioa strongest in the world, post WWII,
the all-civilian space activities are somewhat gampg. Why was this not an area of high-
technology development suitable for a warfare statie high aims? Especially in view of the
geopolitical position of Sweden in the polar redddr is the basis for the question wrong?
Were there in fact military connections even thotigly have been downplayed by actors
involved and are hard to find in the material? Aifdhere was military connection somehow,
in what relation did it stand towards welfare? Afdd, in a certain way, warfare and welfare
are both to do with security.

And then what about people? If Kronogard was abeirtg emptiness and act as
invisibly as possible, today’s Swedish space enagais about maximum visibility, with the
first Swede in space in December 2006 and spacw Ipeirt of a science centre in Kiruna in
the far north. What is the road connecting Krondgaith Swedish science and industry?

What was the role of government policy and of theopean space program? How does the



road travelled by Sweden in space fit in the enmgrgstory of post WW Il innovation
systems? And did everybody on the ground fare équesll?

American Military Links to Swedish Geophysics

The early attempts for Swedish science to reacbesp@re closely linked to the military and
to the United States. Air force related science &uwhnology were at the forefront of
Swedish-American cooperation, and Meteorology iriipalar. In Stockholm a new Institute

of Meteorology was established after World Waitliwas built by and around an American
scientific leader, Swedish-born Carl-Gustaf Rosdhg, founding father of what came to be
known as the Stockholm school of meteorology. Aftserking in the Swedish Weather

Institute, the SMHA, and with a licentiate in mathatical physics from the Stockholm

Hogskola, Rossby moved to the United States whexerdse to become a leading
meteorological scientist in the 1930’s servingtfirsthe US Weather Bureau and later at MIT
and at the Woods Hole Oceanographic Institute.

Rossby’s military links in the US were impressive organized comprehensive
training programmes to support the military weatewice during the war, and he headed the
leading meteorological research school, which wasetl on military funding and which was
located at the University of Chicago. He advised Bresident and the highest military
leadership on weather issues. The demand for inepraveather predictions was driven
strongly by the military, especially the US Navydahe US Air Force, and also by the atomic
warfare authorities, including the Atomic Energyn@uission?? When atomic testing began
in the Pacific after the war, and on the Nevada Bi#e from the early 1950’s, the nuclear
fallout became an issue, and the problem with vezgttedictions was a constant challefiye.
All along, Rossby was involved. He was even invitedbecome the formal head of the
Meteorological Project at Princeton, but declinddcs he was now determined to,
unexpectedly, move back to his native in Stockholvhere through swift intervention of
influential scientists, the Air Force, and the Sisadgovernment he received a chair of
meteorology’*

The Meteorological Institute at Stockholm UniveysimISU, was soon to receive,
through sometimes winding institutional roads, samsal funds from American military
sources. CIA’s Office of Scientific Intelligence S0 had in its August 1949 report “The State
of Science in Sweden” concluded that Swedish seiemas of a high standard, and thus
contributed to countering the earlier notion thautnal Sweden could be a threat to US

ambitions® The US Air Force also concluded that involvemantluding funding, in



Rossby’s new Institute in Stockholm would benefie tPrinceton project. The Princeton
project and the new program at MISU were thus esdnlinked, institutionally and through
their US military funding and through a steady atneof military staff from the US visiting
Rossby’s Instituté®

Rossby mobilized military support in Sweden, cotimgcwith the Air Force in
particular’’ In many organizationalbays the Swedish development resembled the American
In 1950 the Swedes started building their own caepwhich was crucial for the work on
numerical weather predictions, with the Swedish Rarce in an important rof&. The
military dimension of meteorology was both an edeny thing and somewhat of a Red
Herring. First of all, neutral Sweden did in facastin clandestine connections with the US
all along the cold war to an extent that was nstldised until public enquiries studied this in
the 1990's (the Neutrality Commissfon Nonetheless, Rossby was cautious to make sure
that the funds were “decontaminated” via a civiliamstitution, e.g., Woods Hole
Oceanographic Institutioff. Even after the demise of the Nordic defence uitiothe winter
of 1949, when Denmark and Norway joined NATO, Noyvemd Sweden maintained their
cooperation in selected areas of strategic inte@® of these areas was meteoroldgy.

Another research environment that benefited froen W% military links was the
Kiruna Geophysical Observatory, KGO, founded in 7485 part of the Swedish IGY-effort,
and renamed twice to become in 1987 the Swediditutesfor Space Physics (under the,
Swedish, acronym IRF). The institute was formedeaurttie Swedish Academy of Sciences
and was initially part of the Academy’s network wbrthern research statioffsPublic
funding was made possible as the Institute was nmadmsenterpiece of Swedish IGY
planning®® The Institute’s first director, Bengt Hultqvist Stockholms Hogskola, prepared
during the interstice between his PhD exam andrtase to Kiruna by following Alfvén’s
seminars at KTH and by making an extended triphto Wnited States in the fall of 1956.
Among his stops was the Geophysical Institute, €ba] Alaska, near Fairbanks, where he
met with the vice president of the American IGY,dBgy Chapman. Another was the Air
Force Cambridge Research Center in MassachusésewiRossby had connectioffs.

In the following years the Kiruna institute undetocontract research for the US
Air Force according to a constantly growing program "HF- and VHF- Auroral zone
propagation”. The first quarterly report comprigkd period 15 October, 1957 to 15 January,
1958 and reports were issued regularly until 198¥n the program ceased. By and large the
Americans funded basic research, and they encadiagdication of results in peer reviewed

journals. Nonetheless, they also secured, in Kiagian many other research sites in Europe,



observations and data that were collected by fheiled partners. The first equipment to be
furnished by the Air Research and Development Comumaas delivered in Kiruna 13
January 1958 In 1958 a new task was added to the programatktsatellites and provide
data concerning time for closest approach, by tef@gc means, to the Space Group of
AFCRC, during the first days after launching of ewnsatellite. Likewise the Swedish
Institute was to provide the American military wiloppler data of every new Sputnik “for
ten days to two weeks”, and the scientists in Karaelivered® The obvious reason for the
Americans to be interested in the Kiruna institwees its geographical location, far north of
the Arctic circle and in vicinity of Soviet territp The close distance to northern Soviet
Union also came in handy when the Americans waitémmation on upper atmosphere
effects of the nuclear weapon tests in Novaja Zzimdjtween September and November 1961
and Semipalatinsk in October 1962 (twice).

The US military funds were crucial for the fledglinnstitute, which could
probably do little but applaud the booster theyeieed. In 1960 a full 55 percent of all funds
at the institute came from the US Air Force, in 9%nd 1961 the contribution was at 40
percent and still in 1963 a third of the income eafrom the American militar§® With
increasing criticism of the United States in Swhdaslitics and media the Air Force program
drew negative attention. Ultimately it was also sfiened by the Swedish government and in
1967 it was terminated.

The Kiruna institute was also involved, albeit osraall scale, in the Kronogard
launches, which again meant cooperation with theedeans, AFCRL as usual and also
NASA this time, and with the Swedish Defence Reseakgency, FOA® Otherwise, the
Swedish military seems to have paid little inter@stthe Institute’s activities? The
explanation is probably that the kind of knowledhat space science could produce seemed
of little interest to them. It was all the more fudsdor the Americans, who were increasingly
interested in gathering of Arctic data, not onlyaameans of keeping track of Soviet activities
but also in order to explore further oceans, clenaind meteorology in the Arctic, which in
the US strategic planning assumed an increasingbpitant position as a potential theatre of
war*! That the Swedish space research community wadsheu with instruments and
research funds should be seen in this context.dBraeof research was reasonably large,
according to the general principles of US militamyst WWII research. To the extent that
early Swedish space science was involved in anyamjilinnovation system it was American,
rather than Swedish. For space research the Sweeles poorly equipped. From a policy

perspective this is crucial. Military and secumstyings, and old networks across new NATO



boundaries, needed to be cultivated if Sweden shstand a chance to move anywhere in

space. At Kronogard they certainly came in handy.

The (slow) growth of a national space programme

During the three campaigns at Kronogard, scientifid technological know-how was built
and maintained. However, the future of Swedish &pactivities was obscured by
uncertainties concerning funding. On the intermaloside, the discussions on a European
Space programme continued during the years of tloket campaigns. Sweden finally
decided to join ESRO in 1962, but stayed out of EL.Ehe European Launcher Development
Organisation, partly because of neutrality consitlens. The ESRO convention was ratified
and operational in 1964. The same year Esrangejeo@ntly located some 25 kilometres
from Kiruna and its Geophysical Institute, became of ESRO’s launching ranges and was
inaugurated in 1966. However, to establish a peem@amational organisation for space
activities was not straight forward. Let us agdapshack a bit and look at that process.

In September 1963, the Space Committee appointegidhar before to investigate
the future of Swedish space activities publishedbificial report which was distributed for
consideration among parties concerffe@he Space Committee proposed the forming of a
Space Institute and a special Space research toMiweover, a special launching site next
to that of ESRO was suggested. The motives for ®hespace activities were scientific,
technical and industrial, and the hopes put onstrigiwere high. The report argued that much
of the technical know-how for telecommunication atata handling, as well as for power
supply of heavy mechanical structures already edistithin Swedish industry. Advanced
propulsion systems and structures had been deklppetly as a result of military initiatives.
Furthermore, the Swedish steel industry and rebeavould be “extraordinarily well
qualified” to solve material problents.

To finance this and the membership in ESRO, an @ramount of 40 - 50 million
SEK would be sufficient, which would correspondhe investment level of France and Great
Britain, calculated in relation to GN¥.Considering the fact that all other Swedish resear
councils together received 46.2 million SEK in 1888 the negative response from the
research community was perhaps not too surprising.

The general opinion from the round of consideratiaras that the space sector
threatened to dwarf all other research areas, where already under severe monetary strain.

A number of instances argued that space activitim® of importance and the amount asked
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for was a fair claim, as long as it did not meacutiback in funding for other areas. Others
favoured that space research should be forcedrpet® for grants in the same was as any
research institution and not form a special progréhe underlying worry was that a specific
research council would short-cut the funding syst&mong the few who wholeheartedly
supported the proposal of the Space Committee waderstandably, the city of Kiruna
which, contrary to everybody else, argued thatabhsts were not too high: “The economic
contribution demanded to carry out the proposalshef Committee is [...] in no way
deterring. In relation to other countries, the saate fairly modest. Doubts for economic
reasons should therefore not be at hdid\pparently the city of Kiruna realised early that
localising space activities in the area could séineeregion. However, this regional argument
was not used either by the Space Committee ordgdliernment at the time.

In conclusion, the round of considerations was tiegjaand the proposal was
buried*® The future of Swedish space activities was preseiit the research bill in March
1964, the first of its kind’ The space initiative was rejected and activitiesusd be
coordinated through the research councils and ¢hentific and technological development
should take place within the ESRO cooperaffbfihe Space Board of the Research Councils
(Forskningsradens rymdnamnd) was re-invented.derdaio handle the Swedish contacts with
the organisation the ESRO Committee was formedtioig two separate space bodi&s.
Swedish space proponents found themselves in tdeness®

A change of European organisation pawed the wag feecond birth” of Swedish
space activities. In 1972, ESRO was, in short,gaised and the European Space Agency,
ESA, was founded. ESA would be engaged in botharekeand industrial development. Parts
of the membership would be mandatory whereas pandd be voluntary. One aim for ESA
was to develop research satellites, which meantdbanding rockets was not of the same
interest any more. This in turn had effects foraBge, which ESA wanted to discontinue.
Here was an opportunity for Swedish space propsnenget the basis of a national sounding
rocket programme, and taking over Esrange from B&A used as an argument in the newly
opened discussions on how to organise the spatar setionally>*

A Swedish Board for Space Activities (SBSA) and executive branch in the
shape of the state-owned enterprise Swedish Spaigmi@tion (SSC) were created in 1972.
Together with the national sounding rocket rangeEatange, Swedish space activities
became, finally, firmly established. The cost foe tyear of 1972/73 was calculated to about

37.5 million SEK, a figure on which almost everydmad choked a few years earlier, but on
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the other hand the budget was largely funnelleoutin the department of industry and so did

not compete with funding of universities and reskarouncils’> The money came forth.

Space as an innovation system?

The history of the Swedish space program up toratdi®80, briefly outlined above, can be
reinterpreted as seen from the angle of innovasigstems. Did there emerge a space
innovation system in Sweden? The question is netragle as it may seem.

From the very start both industrial and securityuanents had been voiced as
motives for Sweden to build a space prograiBpace technology was considered a challenge
of a magnitude that demanded cooperation betweeitiani engineering and military
agencies. In early 1963 industry met with the auilitagencies to discuss the implications of
Sweden’s membership in ESRO. The conclusion wasiftisaveden were to have any say in
the development of rockets — after all, it wasadselate in the day with many rocket types
already available in other countries — cooperatimitween military and industry was
necessary. The FOA deemed it possiblelonitoring from space, and an ability to be pdrt o
a satellite based communication network, wouldny ease be reason enough to stay abreast
with developments.

However, the fate of the 1964 space research nyquialted industrial
development as well. When the space sector fimathyganized it did so along a well trodden
path. By around 1970 it was already an establisheidthat Swedish industrial innovation in
several areas — railways, hydroelectric power, mte technology, nuclear power,
telecommunications to mention some of the most imapmd ones — had relied heavily on state
technology procurement. Innovation systems werdt lwith state funding and de facto
industrial monopolies through state or private canies, the so called development pairs.
Technological competence came through universiaesl schools of technology who
funnelled cohorts of trained scientists and engmegheltered by long term state procurement
the firms of the development pairs could build stranternal research departments which
secured excellent competence flows between untyemsind firm R&D within these sectors
of the economy. As a bonus, the innovation systereated a solid platform for
internationalization, and Sweden’s leading mulimals of recent years are with few
exceptions to be found among the winners in thiteded procurement economy.

When the “second birth” of the Swedish space progw@as conceived in the

1970’s it was this mind frame that guided politiacivil servants, and industry. It was also
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evident that competing among all other fields o$ibascience in the research councils the
Swedish space endeavour would have no future. Ssigoeist come through other inroads.
Industry was one. When ESRANGE was establishedimight of the super power space
race in the 1960’s the elite of Swedish procurerf@mded firms turned increasingly
optimistic about space technology investment aneeld@ment. This optimism could not
have been based on real life Swedish innovatiorgpace technology, because so far there
weren't any. It was based on expectations of sgameoming a future global field of
technology — and of the typical flow of taxpayermag to the R&D divisions of Swedish
multinationals. Enthused by the political signalgraup of Swedish multinationals, SAAB,
ASEA, Ericsson plus, interestingly, including theveglish Defence Telecommunications
Agency, FRA, a military public agency, even got itlea that they would produce their own
satellite.>® This was indicative of the kind of mood that thequrement system of funding
easily installed in the beneficiary firms. Besid&syedish industrial firms had performed
remarkable technological innovations before, in @aft technology, nuclear power, and
telecommunications. Why not space? Curt Mileikowgkgn sales director and later head of
ASEA (now ABB), and himself a PhD in nuclear phgsiis reported to have said in 1965 that
“space is the future” and it needed electric powen space stations. “Today we build trains,
in ten years we build space ships.”

True, the disappointing 1964 bill had overlookeel 8pace Technology Group, but
after some deliberations a deal had been made éettfe ESRO Committee, the Space
Board, and industry (ASEA, LM Ericsson and SAAB)ganteeing 0.5 million SEK a year.
Each part could lower its contribution in relatidm contracts put on the Group.
Organisationally, the Group was placed under tioé ®6 TUAB (Teleutredningar ABJ® This
manoeuvre is of some interest since it points ¢oitiportance of keeping the technical know-
how within the system, a system of which the limitsre obviously blurred. In the 1950s and
the 1960s, Sweden was short on technologicallpeédhpersonnel. This was true in general,
but proved a more severe threat to state enterpndehe defence sector, since they could not
compete with industry by raising salaries as easily

One way to counter this was for defence and ingustjoin forces and create the
possibility of desirable employment. TUAB was suctcompany, formed in late 1958 by
FOA and the Swedish electronics industry to undtertstudies for the new surveillance
system developed by the Swedish defence, STRIE° ®AAB was not originally part of
TUAB, but became a member in the 1960s. Eventualso the Swedish weapons

manufacturer Bofors joined in. The main task of TRJAvas to serve the defence industry
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with investigations. Operations were utterly secféte Space Technology Group was placed
in the same building, but separate from the otheesce avoiding any security difficulties.
The separation considered, seven years of co-4atmn had an influence on the organisation
and modus operandi of the Space Technology Gtdupuring the following years the
industrial return for Swedish space industries im@d in ESRO activities was meagre, and
the national budget for space research small. TieceS Technology Group carried out
assignments for their funding bodies, but evenyuidlé Space Board resigned in 1971, as a
protest against the proposed budget for the foligwiear.

This de facto marriage between industry and mylitaas understandable given the
heavy militarization of the Swedish high tech inties in the 19608 But it was also a sign
of the path dependency of the actor network thdtfoamed around space in Sweden, with
military funded research institutions, and linkdi8 military funding and technology. It was
not yet clear where space would go. That was tnyavhere and it was especially true in
Sweden, where space in the 1960’s had to surviva Irmbo. With time, however, the
military links, and the security arguments, fadetbithe background and civilian R&D and
industrial arguments gained the upper hand, furtimeferlined by the fact that the routine
cooperation with the Americans had come under sgruhe industrial program took an
increasing share of the total costs, partly ascassary outcome of the principles for Swedish
participation of the European Space cooperation.

General procurement policies did not work out aslg#n the space arena as they
had in other areas of industry. The most saliefferdince was the size of the market.
Although nuclear power plants and military aircrafire not that enormously numerous, they
could at least rely on a fairly stable demand. $peesearch instruments were almost
exclusively single commodity items, if they coultddie turned into military or civilian
applications, which, as it turned out, was rarély tase. Space technology did not therefore,
at the end of the day, mature into an independarge scale development pair in Sweden.
After all, only a small number of Swedish firms bew involved, notably SAAB, LM
Ericsson and Volvo Aero.

So what did it become? Perhaps it could be termealigiliary development pair
contributing, with the support of state funds, be tsuccess of Swedish industrial firms in
other business areas. The procurement programaetly tmnuch more important than it may
seem if only the marketed innovations are courtdatought Swedish firms into contact with
advanced technologies and provided networks withomd&uropean and American

companies, such as Boeing that worked with SAAB.bEopart of the international space
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consortia was popular among career seeking yougimeers. Space related knowledge could
be translated into mainstream areas of technolagh s computers in aircraft, which
became a major line of development in SAAB and $sen. Volvo engaged in an attempt to
develop engines that could take ordinary airplam@sspace orbits. The project failed, but the
knowledge involved became part of the collectivariéng of the firm?® Something similar
has been said about SAAB Space and its involveiehe Tele X-project during the 1980's,
the difference of course being that this projecs waccessful with a launch in 1989: “With
Tele-X we moved ahead as a compatiy.”

Towards the end of the 1970’s the government finaade what turned out to be
a major push for traditional procurement policidewever, perhaps somewhat ironically, it
was not the initiative of the government but ord¢taed by the SSC and perfectly timed to
profit from a stale mate in the discussions onw fighter airplane. Disturbances, particularly
in SAAB, made the government prepared to proposaenease of “industrially motivated
funding” at a level of a sensational three times %978 figuré> Again, the military
connection is clear; if the Saab engineers couldpnaduce airplanes they should be set to
work on space technology. The new and higher Ieteyed and in the years to come the
procurement policy continued unabated, despitefabethat its workings were rather of an
indirect nature and implied huge industrial supp®tie program was repeatedly evaluated
and the results were good enough to merit coniioni? However, the better part of the
industrial support came as part and parcel of theiean space cooperation which put limits
to what the Swedish government could do. But tiselte at least demonstrated that industry

used their ability to make something out of the §&#te retour.

Theregional turn

This remarkable development can perhaps best bepieted as a late manifestation of the
strength and path dependency of the Swedish postl\ivibvation policy paradigm. But
times changed again, new hardships were aroundatfmer, and the space sector had to look
for new arguments to underpin its claims on stateding. In Kiruna, where focus was on
basic science, interest in industrial applicatiamsl services came late. Some small early
attempts at commercialization occurred, but the rnencial potential was for the most part
modest and not highly prioritiz€d Kiruna had always been a company town, with onpma

state owned mining company, and a solid state poeseith heavy public infrastructure, an
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infantry regiment, and increasing state subsidites a downturn in the mining industry in the
1970’s.

This was the situation until around 1980, whendheas a considerable shift on
all levels. It started at the policy level where ihdustrial and science policies were now, as
the structural crisis of the resource industrieghia north aggravated, joined by regional
development policy. It was evident that if Kirunsasvto have a future it needed to
complement the mine with other industries, and ‘ideolge” became a chief candidate.
“From mine to mind,” was the new moftd.Increasingly, applied research was now
underscored in official documents about, and frtr, Institute. An early attempt was in the
field of infra acoustics in cooperation with the kd.ife Protection Agency in Umea in
Vasterbotten county which started from researchmathanical waves in the atmosphere.
When regional development initiatives opened upltistitute grasped the opportunity and
asked for new funds directed towards applied rebeak small indication came 1979 in the
budget proposal for 1980, and the following yeafulh bodied proposal was sent to the
government which heeded the call. A key argumerst tivat the absence of relevant high-tech
companies in the counties of Vasterbotten and Nd¢eb made it necessary to locate
development of the product after the research phasige Institute’s facilities, either in their
lab near Umed or in Kirurfd.The above mentioned government effort on spadent@ogy,
which was conceived at the same time, consequbatya regional argument.

In the 1980’s more applications of space relatdaivities grew both in relation to
IRF and Esrange and with explicit policy suppodnirthe state, which now acknowledged
Kiruna as the Swedish space cenifr@ne example was the downloading of satellite irsage
from the SPOT series in cooperation with Belgiumd afrance under the company
Satellitbild, founded in 1982, with regional andtst support, as a subsidiary of Swedish
Space Corporatioft. SPOT provided much better images than the Ametigarisat and in
combination with true map projection images thedpii range became at least partially
successful, although high prizes prevented bothrésearch community and developing
countries from using the images. In 1999 Sateldithised with the remote image division at
the SSC headquarters near Stockholm, and the Emv@otal Data Center, established a few
years earlier as part of an initiative to locateearironmental institute in Kiruna. In recent
years the market for satellite images from Kirumaw within the state owned Metria, part of
the National Land Survey of Sweden, has expandack&to Internet and Google Earth, but

no dramatic growth phase has been reacfed.
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From the early 1990’s Kiruna developed into aatsp campus” with graduate
training of space physicists and a space engirgegniagram with some 80 students and a
three year education in Geographical Informatiost&ys, GIS. This increased substantially
the number of “space workers” in Kiruna from 3004@0, and it would soon reach 500, of
which about two thirds were doing applied work @ueation. Kiruna also achieved an
affiliation with the International Space Campushntiteir headquarters in Strasbourg, France.
Again, the development was reinforced by officialigy which seemed to have no intention
of any traditional procurement driven innovatiothe presence of industrial hi-tech firms in
Kiruna remained too small for that — but insteadufed on the regional dimensiGnAfter

all, people matter.

A multi-level innovation system

We have told a story of Swedish space activitiesfrl945 to the present, from the fragile
hopes of ionospheric physics in the Swedish narta billion dollar industry with a de facto
space centre in Kiruna with some 500 people working daily basis as scientists, engineers,
administrators, university professors, or studelMhat can this story tell us of Swedish
innovation systems? At the face of it, it may seefar fetched idea to call this an innovation
system. The difference between space and powetspfan example was that there was
virtually no market outside the specialized spasearch, in particular since neutrality policy
put a cap on what kind of technologies the Swedefence sector could invest in.

We have suggested above that the Swedish spaceesmqeecould be described
as an auxiliary development pairsince it assisted through high-tech subsidies and
international industrial cooperation the “core” dmpment pairs in aircraft, computers,
telecommunications, engines, and weapons. On tier diand this description is limited to
industrial innovation, whereas in reality the spaoéeavour has widened its base. Perhaps a
better way of describing Sweden’s space activiids regard it as a “post-development pair
technological system,” adapted to multi-policy aims

When, after a long period of uncertainty, the gaweent took on the role of
funding agent for a Swedish space technology ies model was first the development pair.
Yet, investment in space activities, due to theupagties of the market, had to adopt a mode
of radical flexibility. Each company worked on tecdfogies that they mastered and could

develop further; innovation deriving from spacehaties could always be used in ordinary
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lines of product development and R&D. This was sewgtrategy. The Swedish space industry
eventually managed to compete internationally drsgstems, but not more.

For the innovation system it meant adapting to waykon different spatial
scales at the same time and constantly playing eterbgeneous investment schemes.
Activities on the international, national and regblevel was pared with active relationships
with a range of policy areas. First it was indwatpolicy, dealing with the different industrial
branches mentioned above, plus potential emergntpss of the economy in e.g. computer
science or instrument technology. Then it was sgegoolicy; the space activities budget was
presented as part of the general science budgét tivennual long term budgets starting in
1982. Security and defence policy, possibly alseeim policy, was of diminishing
importance since the end of the 1960’s but givem f#ct that so much technological
competence was assembled within the military sdttwould not be altogether avoided, nor
could implications of the fate of the rich milyaand Air Force facilities in the far north of
Sweden. Internationalization was a strong argurfergcientific cooperation, aiming towards
higher national quality. With time, internationabaperation argument became almost
imperative as it turned out to be impossible tddiaw from major common undertakings.

Regional policies became increasingly importanthasstructural renewal of the
Kiruna area became a priority, with significanteets on the budget allocations of several
government offices from the late 1970’s onwards. the same reason, although somewhat
later, education policies became crucial, and extimcept of environment expanded to cover
various dimensions of sustainability and was usedegitimate public investment in the
1990’s there was yet another policy area that tlved&h space sector needed to relate to.
This had a marked effect in Kiruna, where an Emvinental Institute was located in the
1990’s in cooperation with the two northern uniitées of Umea and Lulea.

The Swedish space sector has built its strategy faoposition of weakness,
which it has exploited successfully through flegibldaptation to different policy regimes and
policy goals, which in turn have changed accordimglobal trends and conditions. As an
innovation system it became subordinate, but perhapre significantly it emerged as a
social-scientific innovation system through itserot the transformation of Kiruna. The multi-
level, multi-policy strategy has taken on a citylanregion as an innovation goal. On a small
scale, space activities have transformed Kiruna mscience regiod* Usually, science
regions are built around major universities, reseanstitutes and industrial research parks;
the quintessential model is California’s Siliconlleg. In the last several decades, however,

many smaller versions have appeared around thelw@rshape one of the major structural
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and urban phenomena of our age. As knowledge sonoieves forward and science and
technology occupy larger portions of society, tiedkof social-scientific innovation system
that space activities in Kiruna represent is likielgrow in importance.

This leaves us with a kind of happy paradox. Whgace science never took off
into an independent innovation system, it did sévngtmuch more innovative as it acted as a
driving force in a prototypical process of chanigatthas helped shape the contours of a
northern science region. Over a fifty year perioel 8wedish space sector has made a
transition from the military innovation system, wiét was about to enter in its early years,
to a social and regional science based innovatistes:.

We have turned 180 degrees. The first space scaffare in Sweden was one
that demanded empty space — and even requireddisribution of local people in the small
villages of Nausta. Although unique, it was couamnal kin with contemporary Cold war space
and military science activities in Nevada and Worane sites where secret technologies
were being tested, far away from public scrutingt #ightly interwoven with secret
institutions and public agencies. To survive, anfldurish as a state funded policy arena,
space science has had to do quite the oppositesheiulate domestic industry and populate
the vast Swedish North. In an interesting way th&sinvolvement in innovation systems —
industrial and regional — that has secured the terg viability of the science, not the other
way around. It is also when space science hasdmexioped for people, not in the absence
of people, that it has been successful. Swedistespaence has moved, in a very literal
sense, from warfare to welfare.

The ultimate question is, however, what peoplePdes we should not forget
that the first welfare idea when Esrange was pldnwees to calculate the prize of the reindeer
that might get killed by a rocket from space. Thers of the reindeer were the Saami. The
Swedish space centre used to be privileged hetdimdg. In the ongoing marginalization of
the indigenous economy and culture space actiide® played a role that remains to be
investigated. Still, we can safely say that theassvolves much more than the prize of a
reindeer. The scientists were of course right @irtbalculations: the risk was near zero and
no reindeer was ever killed from a Lapland rocketfar. The casualties have been of a

different kind. Innovation systems are not innocent
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