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Technology Transfer and the F-2 Fighter: how 
the Japanese defense industry defied the odds

by ME5 Jenny Lu

Abstract: 

Japan’s defense industry, despite being relatively smaller than other developed nations, has  prospered 
technologically. the technology transfers pivotal in bringing Japan to this point would not have been so 
successful without the catalysts of the united states (us) alliance, clusters and civil-military company 
structures to create dual-use technologies. in producing the f-2, Japanese industries did more than 
lightly modify the f-16 or duplicate processes acquired from older licensed production runs—they 
produced groundbreaking innovations and developed new ways of doing things. today, as the us moves 
away from the expensive model of bilateral partnership to the more profitable international arms 
collaboration, Japan too should revise its internal policies—in particular, the legislature on arms 
exports and offensive weapons—to prevent being technologically isolated and shut out of a lucrative 
market.
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InTroducTIon

the characteristics of the Japanese defense 
industry are abnormal. Japan’s defense industry is 
tiny compared to that of other developed nations—
its defense production accounts for just 0.5% of 
total Japanese industrial production.1 indeed, 
the top-ranked Japanese defense manufacturer, 
mitsubishi heavy industries (mhi), is only 25th 
in the global standings, with the second largest 
manufacturer, Kawasaki heavy industries (Khi), 
a distant 47th.2 the Japanese defense industry is 
subject to prohibitive legislature that curtails 
its normal functioning within the international 
arms market. hamstrung by sanctions from its 
own government, most notably the 1976 ban on 
arms exports, ostensibly in reverence of article 
9 of the 1947 constitution, it has had to exploit 
loopholes and resort to creative packaging 
options in order to export. hence it produces 

almost exclusively for the domestic market. this 
is not necessarily a bad thing, considering that 
it effectively enjoys monopoly patronage of what 
is in absolute terms the seventh biggest defense 
budget in the world.3 What is abnormal about 
the Japanese defense industry, apart from its size 
and market, is that in spite of its quasi-isolationism 
it has managed to become a world leader in the 
design and manufacture of components essential 
for defense systems worldwide.4

how Japan managed to go from making graphite 
composites for golf clubs to wing components 
of the fs-X/f-2 fighter is at once a rebuttal 
and validation of the established norms of the 
defense market. “normal” defense markets are 
characterized by strong government intervention 
to promote local defense industries and encourage 
exports in order to maintain a sovereign defense 
industrial base and guarantee the security of 
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supply. Japan’s legislature curtails and severely 
limits its defense industry. “normal” defense 
industries understand that price and value-for-
money (Vfm) are key considerations in defense 
procurement and thus seek to lower cost-per-unit 
through efficient supply chains and increased 
production runs of the product for export.  
Japan, who officially does not export and hence 
conducts only small-lot manufacturing for the 
ministry of defense (mod),5 has nonetheless 
managed to produce, at low cost,6 world-
class defense equipment that meets military 
specifications of performance, reliability and 
quality. “normal” defense industries are driven 
by international competition 
to interact and collaborate 
to generate innovation and 
offer better Vfm propositions. 
Japan’s defense industry has 
managed to achieve that in 
relative isolation. in theory 
therefore, Japan’s defense 
industry should not have 
survived, let alone prospered technologically.

Japan’s success formula is simple: to counter 
its legislative constraints and late-start, it has 
relied on the force-multiplier effect of technology 
transfers as the primary means of accessing 
and managing defense technology. By creating 
conditions conducive to technology transfer 
such as civil-military clusters, by focusing on 
the development of dual-use technologies, and 
by hugging its only security ally, the united 
states (us) close, Japan has produced such 
advanced platforms as the fs-X/f-2 fighter, the 
aegis-equipped destroyer and the four mitsubishi 
intelligence-gathering satellites. this essay, a 
case study of the fs-X/f-2 fighter collaboration, 
will investigate just how technology transfer 
allowed the Japanese defense industry to defy 
the odds.

ThE MITsubIshI F-2 (Fs-X)7

the delivery of the 94th and final f-2 multirole 
fighter aircraft will mark the completion of the 
first joint development and production project 
undertaken by the us and Japan. the project is 
a watershed because in previous cooperation, 
Japanese companies undertook no development 
work—they merely license-produced.8 this is 
significant because most of the value-added 
technology transfer takes place in the research 
and development (r&d) phase. this collaboration, 
which was not even initiated by Japan to begin 
with,9 launched Japan into the exclusive club 

of advanced fighter aircraft 
weapon systems development. 
to convince Japan to abandon 
its pursuit of an autonomous 
fighter, the us agreed to 
a contract in which prime 
contractor mhi and principal 
us subcontractor lockheed 
martin, sharing the work in a 

60:40 ratio, would jointly develop and build the 
new fighter based on the f-16 platform. the us 
had envisaged that technology transfers would 
be reciprocal and bidirectional; different from 
the one-way horizontal transfers, principally 
benefiting Japan, that had been occurring since 
the 1960s. indeed, this contract opened new 
avenues for vertical and horizontal technology 
transfer, as the subsequent sections of this 
article will illustrate, but whether it reversed 
the unidirectional nature of the transfers is 
still a matter of debate. declassified project 
progress updates and production agreements 
published by the us general accounting office 
for congress state that “the value of technology 
transfers from Japan to the us was uncertain.”10 
others declared that the us had “[snatched] 
defeat from the jaws of victory.”11 the literature 
is unanimous in concluding that Japan was the 

The project is a watershed 
because in previous 
cooperation, Japanese 
companies undertook no 
development work—they 
merely license-produced.
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clear victor in this collaboration,12 hence the rest 
of this essay will analyze how Japan managed to 
generate technology transfer gains.

technology transfer takes place when 
systematic, rational knowledge developed by 
one group or institution is incorporated into 
the processes and methods of other groups or 
institutions.13 the success of technology transfer 
depends heavily on the receiver’s willingness 
to engage in the transfer process, and its 
ability to internalize and apply the transferred 
technology.14 receivers cannot be passive and 
their information processing capabilities must 
meet the requirements of the technology transfer 
in question.15 summarizing these requirements 
and conditions,16 there are three phases of 
technology transfer: preparation, installation and 
utilization. each of these phases is influenced 
by technological age and size, organizational 
capacity, capability and efficiency of the 

organization, and environmental, sociopolitical 
and industrial factors.

evaluated in this context, Japan in 1990 was 
perfectly poised to embark on this collaboration. 
the domestic environment was ripe, as was 
the type of technology to be transferred. in 
terms of organization, the density of intra 
and inter-company linkages of experienced 
prime and subcontractors, all of whom are 
engaged in both civil and military work, further 
encouraged vertical and horizontal technology 
transfers across operational environments. 
Japan’s masterstroke was in the way it laid 
the foundations for the implementation of the 
technology by the time the f-2 was conceived. 
to prepare the domestic industries for the 
technology, it engaged in licensed production, 
through offsets of us aerospace components and 
aircraft. to create the environment, it clustered 
similar industries and supporting services, 

Japan Air Self Defense Force F-2 Fighters 
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and insisted on production in Japan. to foster 
the organizational climate, it advocated the 
development of dual use technologies applicable 
across civil and military realms. it is now to each 
of these strategies that this essay will turn. it 
will analyze how these strategies prepared the 
Japanese defense industrial base to assimilate 
and apply the technologies involved in the f-2 
project and postulate what new benefits the f-2 
project has brought to the table. the strategies 
can be conceptualized as three levels of operating 
environments: the macro-alliance with the us, 
the immediate industrial cluster in which the 
f-2’s contractors are located, and the micro-
internal civil-military organizational structure 
of the contractors. the relationship between the 
environments is illustrated in diagram 1, and 
the intersections are points at which technology 
transfer occurs. buILdIng ThE FIghTEr TEchnoLogy 

KnowLEdgE bAsE: ThE us ALLIAncE And 
LIcEnsEd ProducTIon

Japanese aerospace industries have had a  
long history of cooperation with us companies. 
since the post-war embargo on aircraft production 
and development was lifted in 1952, and  
following the unwritten principles of kokusanka,17 
there have been 14 projects to license-produce 
us military aircraft in Japan.18 many more 
civilian projects were also undertaken. the prime 
contractor and main Japanese subcontractor of 
the f-2 project, mhi and Khi were pioneers in the 
field, having begun licensed-production of north 
american f-86fs and lockheed t-33as in 1955. the 
technology transferred from the f-86 then went 
into the production of the locally developed t-1 
jet trainer, which ultimately featured mainframes 
and engines developed and produced by fuji heavy 
industries (fhi) and ishikawajima-harima heavy 
industries (ihi) respectively.19 this is an early 
instance of intra-industry horizontal technology 
transfer, from mhi to fhi and ihi. each time a new 
project was undertaken, Japan would insist on A Standard Missile-3 launched from the Japanese Aegis 
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Diagram 1: The Operating Environments for Technology 
Transfer in the Japanese Defense Industry
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local licensed-production to reap the technology 
transfer benefits. With each production, the 
Japanese components of the aircraft increased, 
from 60 percent in the f-86 to 85 percent in the 
f-104.20 the Japanese industrial strategy for the 
defense industry was clear: the ultimate aim 
was autonomy, and with each cooperation and 
technology transfer, the industry would move yet 
closer. even Japan’s newest fighter, the f-2, does 
not realize autonomy, but the fully indigenous 
mitsubishi atd-X shinshin 
stealth aircraft, scheduled 
for test flights in 2014, might 
just be it. it took 60 years 
of preparation to ready the 
industry for this milestone, 
but without the benefit of 
technology transfers from 
the world’s most advanced 
defense aerospace industry, 
this journey would have taken 
decades longer.

crEATIng ThE EnvIronMEnT For 
TEchnoLogy TrAnsFEr: ThE cLusTEr 
EFFEcT

it is deliberate that Japan’s largest defense 
manufacturers,21 mhi, Khi, mitsubishi electric, 
nec and ihi, as well as other principle and 
lower-tier subcontractors of the f-2 project, are 
all located in one particular cluster, the greater 
nagoya industrial cluster. mhi, who built the 
f-2’s forward fuselage and wings, and performed 
the final assembly; fhi, who worked on upper 
wing components, nose cone and tail assemblies; 
Khi, who built the fuselage mid-section, engine 
and doors; Japan aviation, who co-developed 
the fly-by-wire system; ihi, who supplied the 
engine; and nec and hitachi-Kokusai electric, 
who produced components of the command, 
control, communications and intelligence (c4i) 

systems all operate out of the nagoya industrial 
cluster to reap the benefits of physical proximity 
and specialized infrastructure, and ultimately, 
of innovation. developers of the greater nagoya 
initiative envisioned a living community in which 
like industries would share technology and new 
discoveries, driving innovation and exemplifying 
the monozukuri way.22 comprising sub-clusters of 
automotive, aerospace, information technology, 
biotechnology, ceramics and environmental 

technology, it houses 
universities and research 
institutes and generates 1% 
of the world’s gross domestic 
product. according to michael 
porter, that fact, whilst 
mind-boggling, is only to be 
expected.23 in his seminal 
work, “clusters and the new 
economics of competition,” 
he identifies clusters: 
geographical concentrations 
of interconnected companies 

and institutions in a particular field, as the 
generators of competitive advantage. this 
competitive advantage is generated when 
companies compete to be more productive, 
innovative and efficient, and when they share their 
best practices and discoveries so that they may 
be better than other groupings of competitors. 
Krugman’s parallel argument is that the clusters’ 
ability to pool the labor market, agglomerate 
specialized inputs and generate technology 
spillovers creates this competitive advantage. 
as clusters are particularly excellent incubators 
of competition and cooperation, the corollary, 
therefore, is that they are also particularly 
effective conduits for technology transfer.

in the case of the Japanese defense industry, 
it is not unreasonable to conclude that clusters 
probably compensated for the time lost after 
the war, made up for the lack of international 

The Japanese industrial 
strategy for the defense 
industry was clear: the 
ultimate aim was autonomy, 
and with each cooperation 
and technology transfer, 
the industry would move 
yet closer.
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competition, and effectively retained and 

transformed the technologies originally 

transferred through licensed-production. 

Yamawaki identifies three distinctive features 

of Japan’s clusters that enabled these effects: 

the extensive use of subcontracting between 

manufacturers and suppliers, the hierarchically 

structured relationships between manufacturers, 

first-tier suppliers and second-tier suppliers, and 

the coexistence of many companies with different 

but complementary skills in the cluster.24 a 

mapping of the supply chain of the f-2’s single-

piece co-cured composite wing reveals these 

features. Whilst the composite raw material to 

build the wing came from outside of the nagoya 

cluster, subcontractors within the gni cluster 

provided almost all subsequent components and 

skills down the supply chain. 

sTrucTurIng orgAnIzATIons For 
TEchnoLogy TrAnsFEr:  
cIvIL-MILITAry InTEgrATIon And  
duAL-usE TEchnoLogIEs

in 1958, Japan passed the second aircraft 

promotion law that called for the development 

of an indigenous military industry.25 the caveat 

was that it had to be linked to the promotion 

of the commercial aircraft industry. the desire 

for a technologically advanced, internationally 

competitive civilian aerospace industry was the 

main driver of development—the technologies 

transferred through licensed-production of 

military aircraft were a means to achieve this 

end. the military and civilian sectors would be 

mutually reinforcing, spinning on and off expertise 

and developments as they were acquired. in 

acknowledgment of this industrial strategy, all 

the major contractors of the f-2 project, mhi, Khi 

and fhi, have civil and military divisions, and in 

practice the divisions are often more conceptual 

than physical. the same subsidiary in Khi that 

produces the turbofan for airbus a380 engines 

also produces the turbo shaft engine for the mod 

ch-47J, a transport helicopter.26 this degree of 

civil military integration is especially critical for 

Japan’s defense industry, where the export ban and 

the policy against the procurement of offensive 

weapon systems impose severe curbs on direct 

foreign defense contractor to Japanese defense 

contractor technology transfers. perhaps more 

significantly, a merged civil-military structure 

removed what would have been an additional step 

in the dual-use technology transfer process.

the f-2’s groundbreaking composite wing had 
its beginnings in the chemical industrial sector 
that produced carbon fibers for the manufacture 
of golf clubs and tennis rackets.27 the government, 
recognizing the dual-use potential of Japan’s 
world-class chemical composite technology in 
the defense aerospace industry, encouraged r&d 
efforts with funding in the 1970s and 1980s. 
these efforts opened up a vast market for the 
composite producers and spawned new networks 
of value and supply chains between the chemical 
and aerospace industries. composite technology 
for military aircraft was spun-off into the 
licensed-production of structures for Boeing 767 
airliners, fulfilling the aims of the second aircraft 
promotion law. the seamless civil-military 
structure of Japan’s aerospace industries meant 
that the technology reached the secondary users 
in one step, instead of having to cross from the 
“other” industry to civil aerospace first and then 
to military aerospace. in the same way that the us 
alliance and industrial clustering accelerated the 
technology transfers that help Japan overcome 
its limitations, the merged structure of Japanese 
manufacturers reduced the gradient and size of 
the learning curve.
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concLusIon And PoLIcy  
rEcoMMEndATIons

in producing the f-2, Japanese industries did 
more than lightly modify the f-16 or duplicate 
processes acquired from older licensed production 
runs—they produced groundbreaking innovations 
and developed new ways of doing things. as a 
testament to how far Japan has come, the wing 
technology developed for the f-2 and transferred 
to lockheed martin as part of the contract is now 
being used to build the Joint strike fighter. the 
technology transfers pivotal in bringing Japan 
to this point would not have been so successful 
without the catalysts of the us alliance, clusters 
and civil-military company structures to create 
dual-use technologies.

The F-2’s groundbreaking composite 
wing had its beginnings in the 
chemical industrial sector that 
produced carbon fibers for the 
manufacture of golf clubs and tennis 
rackets.

Japan must now evolve the strategies that 
have proven so effective in the past. its us ally is 
moving away from the expensive model of bilateral 
partnership to the more profitable international 
arms collaboration for economic, political and 
security reasons. if Japan does not revise its 
internal policies, specifically the legislature on arms 
exports and offensive weapons, it will find itself 
increasingly technologically isolated and shut out 
of a lucrative market. technological innovations 
made Japan the second largest economy for half 
a century and they are what will maintain Japan’s 
competitive edge. Yet there is increasing evidence 
that the environment is no longer welcoming of 
innovation. in a commentary on the sad state 
of innovation in the country, the author put the 
blame on the Japanese practice of privileging 

older, presumably less creative workers with 
“regular” jobs, at the expense of fresh graduates 
who are offered temporary jobs, if at all.28 the 
non-competitive employment situation mirrors 
the innovation rut of Japanese industry at large. 
the return to global competitiveness must begin 
with a revolution of societal norms, starting with 
the abolition of protectionist or loyalty policies, 
and through the consolidation of conglomerates. 
this is something western defense industries have  
done in earnest for last two decades, but the  
Japanese defense industry has been slow to follow 
suit. the clusters and civil military structures can 
remain—in fact they should. What must change 
are the obsolete processes and mindsets that 
prevent the Japanese defense industry from really 
taking off.
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