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ABSTRACT

There is agreement within industrial organisati@er®mics that an inverted U-shape
relationship exists between the level of competitin an industry and the level of
innovation in that industry. Thus, when consolioiatchanges the level of competition in
an industry we might expect this to have implicagidor the level of innovation in that
industry. The key question for our paper is whethe sort of relationship found to hold,
on average, across all of manufacturing industrgliap in the specific case of the
defence industry. We note that the defence indusisyunusual structural characteristics
and in particular a single (monopsony) buyer ondémand side that can determine the
number of competitors in the industry by imposiegulatory barriers to entry, use its
contract terms to control the profits that companmake, and support industry
innovation through funding R&D by industry and its iown research facilitied/Ve
present data on changes to the structure of thedefi€énce industry and patterns of
innovation, 1989-2007. We note in particular thatustry consolidation has been
accompanied by a steep decline in industry’'s owndéd defence R&D (an input

measure of innovation). We argue that this may X@gamed in part by changes in



industry structure but that industry competitionnist the whole story. We argue that
another part of the explanation relates to pubdiicy: changes in the level of demand,
procurement reform and the changing character ofathe have all played a part in
reducing both the opportunities and incentivesdefence industry innovation. We also
offer a third explanation, namely that changeshia mature of defence innovation may
themselves in part have driven consolidation. Wechiale by considering the concerns
of UK policy makers about the decline in industrg\wn funded defence R&D and the
policy options that may be open to them.



INDUSTRY STRUCTURE, PROCUREMENT AND INNOVATION IN T HE UK
DEFENCE SECTOR

1. INTRODUCTION

In this paper, we investigate the implications ifarovation of the changing structure of
the UK defence industry since the end of the Coldr\WAs elsewhere in the world,

structural change in the UK defence industry hegelg taken the form of consolidation,

usually through mergers, acquisitions and divestsjevhich has reduced the number of
firms competing with each other within the industrindustrial organisation economics
suggests that there is a relationship betweenethed bf competition in an industry and

the level of innovation in that industry. Thus, weght expect that defence industry
consolidation has had an impact not only on pradocand cost efficiency using the

existing technology but for dynamic efficiency flmg from the innovation that leads to

the generation of new products and the introduatiomew technology. While there may
be a “Schumpeterian trade-off” between efforts dbie@ve both forms of efficiency, our

focus in this paper is on the latter, dynamic eficy implications.

The paper is structured as follows. In Section 2, mview economic analysis that
suggests industry-wide innovation has an inverteshipe relationship to the level of
competition in the industry. Consolidation willarige the level of competition and is
thus predicted to have implications for innovatiofihe defence industry, however, has
unusual structural characteristics, in particulasiagle (monopsony) buyer on the
demand side, and we note that this might affectagy@icability of standard industrial
organisation economics theory. In Sections 3 amee4resent evidence on changes to
the structure of British defence industry and clwaggatterns of innovation, 1989/90-
2007. In Section 5, we argue that the observedgdwmin defence industry innovation
may be explained in part by changes in industnycstire but industry competition is not
the whole story. We argue that the policy decisiohgshe Ministry of Defence have
played an important part in reducing the opportesiind incentives for innovation in
the UK defence industry. We also introduce anotret complementary argument: that

innovation may have played a part in changing itrgustructure. Section 6 considers



the concerns of UK policy makers and the policyim@ that may be open to them.

Section 7 concludes.

2. INDUSTRY STRUCTURE AND INNOVATION IN CONDITIONS OF
MONOPSONY

The structure of the defence industry has changgrtfisantly since the end of the Cold
War. This structural change has largely taken timenfof consolidation, usually through
mergers, acquisitions and divestments. The timing eharacter of consolidation has
differed between the major arms producing countrigsthe effect has been to reduce the
number of firms competing with each other withie thdustry.

2.1 Industry structure and innovation

Industrial organisation economics suggests thaetrea relationship between the level
of competition in an industry and the level of imation in that industry. Early economic
theorising in the area tended to focus on the pialevalue of monopoly for innovatioh.

2 Single-firm supply enabled and protected by Higitriers to entry brings with it the
potential of profits higher than those availablariarkets shared among many firms with
low or no barriers to entry and exit. The barriergntry bestow advantages not only of
market power reflected in high profits but alsdatigely speaking, of size, experience,
and the potential of survival. Monopolists, it wagued, not only had profit to invest in
innovation but were large enough to withstand itedble set-backs, experienced enough
to make well-informed decisions, and had the prosp raise capital if they wished to.
The implication was that in markets where entry \eas restricted and competition more

fierce, the prospects for innovation might be undeed.

In more recent times, it has become clear that mpolyois neither necessary nor
sufficient for higher-level innovation performanc&lonopoly is not necessary since, in
industries comprising more than one firm, individfians have proved to have enough

market power to generate internal funds to innavateurther, while capital market

! Schumpeter, J.A. (1954Fapitalism, Socialism and Democracy (4™ edition),London, Allen and Unwin.
2 Galbraith, J.K. (1957 )American Capitalism: The Concept of Countervailing Power (Revised edition),
London, H.Hamilton.



imperfections mean that prospective innovatorstegated unevenly (the experienced,
large and profitable favoured over start-ups, SMigs the yet-to-be-profitable), the
range and depth of financial institutions facikainovation-related investments of
varying degrees of risk in many market environmentslonopoly is not sufficient for

innovation if: (1) the firm is unwilling to innovat(through its owners’ risk-aversion,
preference for distributed dividends, or laziness)(2) is unable to because of lack of
financial resources. A monopoly may not have titernal funds available to invest in
innovation, for example, if its market is contestalne. open to the threat of “hit-and-run

entry” which, in turn, obliges it to price at a nprofit-making levef,

Given the importance of profit in generating oraxdting funds for innovation, it makes
sense to focus as much on the degree of compegisisociated with a market structure as
on the structure itself. While increasing compatitcan act in principal both as a
driving-force behind innovation and an impedimemtrésourcing it, there is a general
presumption that as increasingly fierce competitietuces firms’ profits it will at some
point result in declining industry-level innovationThat said, there is an emerging
consensus based on empirical observation thatidustry moves from a starting point
of very low-level competition to a higher levelpnmvation may initially increaseThis
gives rise to the notion of an inverted U-shape relationship between the fierceness of

competition and innovation performance (See Fig 1)

3 capital markets should not be regarded as impjifecbecause they deny potential innovators fuads
invest: lending institutions may legitimately bskdaverse or simply exercising good judgement based
their experience. Capital market imperfections mase, however, if lenders are poorly informecia
informed less well than potential borrowers.

4 Baumol, W.J., J.C. Panzar and R.D. Willig (1982)ntestable Markets and the Theory of Industry
Structure, New York, London: Harcourt Brace Jovanovich.



Figure 1: The inverted U-shape relationship betwe en
industry competition and innovation

Average innovation rate

Industry competition

To explain the initial range, AB, traditional argants in the literature of industrial
organisation drew attention to the potential beésedf oligopoly: market structures with
few enough players for the conduct decisions oftorteave an influence on outcomes for

its rivals. Scherer, for example, observes:

“Oligopolists have most of the advantages attributea monopolist. Their
ability to suppress price competition increasesanizational slack and
permits a longer run decision-making horizon.... didition, because sales
at tacitly collusive prices are profitable, oligdigts have an incentive to try
increasing their market shares by maneuvering anpnice dimensions -

e.g. through product innovation”.

He goes on:

® Scherer, FM (1980)ndustrial Market Structure and Economic Performance. Second Edition. Rand
McNally: Chicago: p.426.



“The rapidity of innovation increases with the nwembof firms, and ...
sellers with small market shares are more likelyrigger a rapid pace of

innovation than dominant firms, though the latterymetaliate vigorously®.

Others have argued that since all firms in modempetition are driven, to some extent,
to seek new and better products and processesasiog the number of firms may raise
the probability of discovery or increase the intgnef search and thus increase the rate
at which successful innovation outcomes are achievEvolutionary theorists argue that
increasing the breadth and intensity of searchaisiable for generating variety, and
requires the selection mechanism of competitiosdd out what is best fitted for the
existing market environment. More competition hsig always better than none, both
from the point of view of increasing the rate of rket experiments and that of
identifying what will succeed in the marRetFinally, Aghionet al point out that while an
increase in industry competition reduces the prafihs receive, they will still spend
more on innovation, if they expect their profitstire more competitive environment to
fall by less if they innovate than if they do not. It is thedifference that matters. In a
growing industry and starting from sufficiently lovels of competition, Aghion et al
argue that firms may increase their innovation dpem as conditions become more

competitivé.

The range BC can be explained by noting that ise@aompetition reduces the market
power of individual firms and, with it, their prédi - and to such an extent that profit-
hungry innovation investment falls. In a seminaalgsis, Dasgupta and Stiglitz argue
that the simultaneous increase in competition aalirek in industry-wide innovation can

be explained by differences in “technological oppoity”.’® ** Technological

® Scherer, FM (1980)ndustrial Market Structure and Economic Performance. Second Edition. Rand
McNally: Chicago: pp.428-9.

" Geroski, P.A. (1990), “Innovation, technologicgportunity and market structure”, Oxford Economic
Papers. 42(3): 586-602.

8 Metcalfe, JS (1998volutionary Economics and Creative Destruction. London: Routledge.

° Aghion, P, N.Bloom, R. Blundell, R.Griffith, P. Mtt (2002), “Competition and innovation: An inved
U relationship”, National Bureau of Economic ResbaWorking Paper 9269, Cambridge, MA.

19 Dasgupta, P. and J.E. Stiglitz (1980). “Induststalicture and the nature of innovative activifjhe
Economic Journal, 90 (358): 266-293.



opportunity is reflected in the extent to which @iddal innovation investment spending
yields benefit (profit) to the firm and can varyifin industry to industry and one long
period to another. Where or when technologicg@oofunity is relatively rich (poor) and
the benefits from increasing innovation-related nslyeg thus relatively high (low),
industry structure will be characterised by higherels of industry concentration and
higher levels of industry-wide R&D and innovatio.o the extent that lower levels of
industry concentration imply higher levels of conijpen and lower firm-level profits,
the argument suggests that variations in technocébgbpportunity are sufficient to
explain why more competition will be associatedhwl#ss innovation. The model of
Aghion et al points the same lesson but throughffarent mechanism. Here, as the
industry becomes progressively more competitivefitsrare driven down absolutely by
so much that the negative impact on innovationwlietms any positive influence noted

earlier from the differential impact on innovatie@rsus non-innovation.

The work of Aghion et al is important for our puges because, in the empirical test of
their model, they find a strong inverted U-relaship between their measure of
innovation and their version of industry competitiwhen they examine the experience
of nearly 14,000 firms in a large range of indestracross most of British manufacturing
for the period 1968-199%7. It is considerable interest that when the moudegllis

extended to include entry and threat of entry seyrative measures of competition, the

same inverted U-relationship seems to emerge.

2.2 Defence industry consolidation and innovation

1 Dasgupta, P. and J.E. Stiglitz (1980). “Uncertgiittdustrial structure and the speed of R&B&|
Journal of Economics 11(1) (Spring), ppl-28.

12 Aghion et al use a version of the Lerner Indegatzulate their measure of industry competition and
citation-weighted patent count to capture innovaperformance. The Lerner Index is price minus
marginal cost over price. Since marginal costshare to observe, the authors use a version béitis
operating profit (net of depreciation and provisipminus the financial cost of capital all dividegsales.
Their index of industry competition is found by snateting from 1 the arithmetic average of the Lerne
Indices for firms in the industry. In condition&fierce competition, no firm makes any profit, aive a
Lerner Index of zero, and the industry-level indeaches a maximum of 1. As competition becomes les
fierce and some firms make profit, so the valuthefr Lerner Index rises and the industry compmiiti
index falls to lower levels. In general, the megtrior industry competition could include measwks
industry concentratioper se, and/or measure of the height of barriers to enlgtrics for innovation
could include R&D spending (an input measure), paténnovations or levels and changes in totabfac
productivity.

10



The key question for our paper is whether the sbrtelationship found to hold, on
average, across all of manufacturing industry &spiin the specific case of the defence
industry.

The defence industry has unusual structural chewmatits, in particular a single
(monopsony) buyer on the demand side (the natidiraktry of Defence) and this might
affect the applicability in this case of the gehemaalysis. The monopsony buyer of
defence equipment has particular needs for andsvawut innovation and the power to
influence the competitive conditions under whichstppliers operate. Government can
determine the number of competitors in the indublyimposing regulatory barriers to
entry; it can directly affect the level of demantican indirectly affect the level of
competition in the industry by the way it structigogrammes and distributes business
among the firms; it can control the profits thapgliers make through the terms and
conditions of its contracts; and, it can suppodustry innovation through funding R&D
by industry and offering access to the knowledgeeband experimental facilities of
government research laboratoriegjually, of course, it may choose to do none o$¢he
things.

This leads us to another point, namely that cortipetis only one of a number of factors
that drives innovation. David Teece criticises isttiial organisation economics for its
preoccupation with market power and argues thatswigompetition and rivalry are
important there are other factors that influence rite and direction of innovation. The
extent of vertical integration, organisational autt and values and the nature and extent
of a firm's external linkages may all play a parin their study of the US fixed-wing
military aircraft industry, Birker et al extend Rers “competitiveness diamond” to
identify six factors that drive innovation (see UHig 2). The nature and amount of
competition is arguably the most important drivérey say, but other factors are
significant: national factors and in particular tnilability of human resources, physical

resources, knowledge, capital and infrastructune; ¢tatus and attractiveness of the

13 Teece, DJ (1996). “Firm organization, industrtalisture, and technological innovatiodaurnal of
Economic Behavior & Organization. 31: 193-224.
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sector to potential employees; the character opsdpndustries such that innovation in
military aircraft is in part influenced by the coetjlive posture, innovativeness and
financial health of the industry supply chain; t@mposition and level of R&D funded
and conducted by government and industry; and, ddroanditions in terms not only of
total demand but how that demand is distributedsscproducts and industry segments

and also the sophistication and insistence on tyuzflithe buyer:*

Figure 2: The six drivers of innovation in the US f  ixed-
wing military aircraft industry

Statusand | R&D
attractiveness
Support Innovation Demand
industries
National Competition
factors

(Source: Birkler et al, 2003)

2.3 Previous studies

The consequences of industry consolidation for wation in the defence sector have
been the subject of considerable academic andypaliention in the United States.
Kovacic and Smallwood argue that many of the mergeat occurred in the US defence
industry in the early 1990s featured acute tensi@t&een claimed efficiencies (in terms
of cost savings) and the weakening of competitismagporocurement discipline. They

express particular concern about the implicati@ngrfnovation commenting that:

14 Birkler, J, Bower, A, Drezner, J, Lee, G, Lorél, Smith, G, Timson, F, Trimble, W and Younossi, O
(2003).Competition and Innovation in the U.S. Fixed-Wing Military Aircraft Industry. RAND: Santa
Monica, CA.
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“The main potential hazard of mergers is the daribat technological
competition will diminish, and that specific techogies may become
entrenched as the one or two remaining suppli&sz& out innovative
design approaches that threaten their vested stteoe defy conventional

wisdom”1®

Mark Lorell observes that increased innovationambat aircraft has occurred at times
of increased demand, emergence of new compondmidkgies and significant changes
in military threat perceptions and buyer perforneaand capability requirements. Larger
numbers of experienced and credible prime contrectwe more likely than lower

numbers of competitors to promote the greater caitigpeto innovate that leads to new
technology eras. Equally, in most cases, the kepvations that have led to radical
change have come from firms who were not the domipdayers at the time. These
second-rank firms were often willing to take greaézhnological and financial risks in a
bid to displace the dominant market leaders andludenary innovations have rarely
come from the dominant firms of the time. In aduiti higher levels of demand promote
new entrants and much greater competition amongramnors to innovate. A limited

number of dominant credible contractors combineth wiigh barriers to entry may

reduce the incentives for competition to innovaten during periods of rising demaffd.

Birkler et al conclude their study of competitiondainnovation in the US fixed wing
military aircraft industry by arguing that there neepotentially serious questions about
the level of competition and innovation in a futemvironment that may be dominated

by one or two credible prime contractors in fixethgvcombat aircraft:’

Unfortunately, there has been little or no acadediscussion of the impact on industry

level innovation of changes in the structure of the defence industry. This is despite

15 Kovacic, WE and Smallwood, DE (1994). “Competitjpaiicy, rivalries, and defense industry
consolidation” Journal of Economic Perspectives. 8 (4): 91-110.

16 Lorell, M (2003).The U.S. Combat Aircraft Industry, 1909-2000. RAND: Santa Monica, CA.

" Birkler, J, Bower, A, Drezner, J, Lee, G, LoréMl, Smith, G, Timson, F, Trimble, W and Younossi, O
(2003).Competition and Innovation in the U.S. Fixed-Wing Military Aircraft Industry. RAND: Santa
Monica, CA.

13



the considerable consolidation that it has expegdrsince the end of the Cold War and
growing public policy concerns about the declinenustry funding of defence R&D. In
the following sections, we present evidence on gharto the structure of British defence

industry and changing patterns of innovation siheesend of the Cold War.

3. THE CHANGING STRUCTURE OF THE UK DEFENCE INDUST RY

3.1 Prime contract awards

One illustration of the dramatic change in the ctiee of the UK defence industry is

provided by an analysis of the companies receipimgie contract awards. Table 1 lists

the largest suppliers to the UK Ministry of Deferimevalue of prime contract awards in

1990-91 and 2005-06 and the nationality of thoggkers. The table shows significant

changes in the UK defence market and two main paanise. First, there has been a
significant change in the companies in the corgrast. Few of the companies who were
listed in 1990-91 were still there fifteen yearteta Second, the supplier base is more
international: in 1990-91, the only foreign-owneampany was the Westland Group; by
2005-06, U.S., ltalian, French and European trarsma companies played an important

role.

Table 1: Value of prime contract awards to privatesector companies 1990-91 and

2005-06 (with nationality of foreign owned companig)

1990-91 2005-06

Contract awards Contractors Contract awards Cdadotsac

Over £375 million | British Aerospace Over £500 million | BAE Systems
GEC Finmeccanica (lItaly)
Rolls Royce General Dynamics (US)
VSEL QinetiQ Group
The Weir Group

£151-375 million Babcock Internationall £250-£500 million | Babcock International
British EADS (Europe)
Telecommunications EDS (US)

14



Dowty Group Halliburton (US)

Ferranti International Lockheed Martin (US)
GEC Siemens Raytheon (US)

GKN Rolls Royce

Hunting Engineering Serco Group

Racal Electronics Thales Defence (France)
Thorn EMI

Vickers

Westland Group (US)

(Source: UK Defence Statistics 1991 and 2006)

3.2 Structural change in the industry
Structural change in the UK defence industry hagelg taken the form of consolidation
and Figure 3 shows the process of mergers, adguassitjoint ventures and divestments

that has led to the emergence of three of the U#&ding defence contractors.

The 1990s saw a number of medium sized defenceawmbots (such as Racal, Ferranti
and Alvis) and divisions of diversified engineerifigns (such as Dowty and GKN’s
armoured vehicles division) exit the market throudivestment of their defence

businesses or merger.

The most significant transaction for the compegiti@ndscape of the UK defence market
was the 1999 acquisition of GEC Marconi by BritAsérospace that led to the creation of
BAE Systems. During the 1990s, UK government defeimclustrial and procurement
policy had sought to sustain the GEC Marconi-Bmitherospace duopoly as a means of
maintaining a level of credible competition in tH& defence market. The formation of
BAE Systems created a firm that had a central aslealmost all major UK defence
programmes from nuclear submarines to fast jet @braiocraft and (with its acquisition

of Alvis Vickers) armoured fighting vehicles.

15



There were also a number of new entrants includiimgneccanica, Thales, EADS,
General Dynamics and QinetiQ. In most cases, these new owners rather than new
entrants in the strict sense of the term. The eafrQinetiQ was the product of the
privatisation of the greater part of the UK goveemt’s defence research establishments.
The entry of foreign firms such as Finmeccanica @hdles was through the acquisition
of existing UK defence businesses or buy-outs of piftners in established defence
joint ventures. This process was encouraged by#government in part as an attempt

to create a credible competitor to BAE Systems.

16



Figure 3: The consolidation of the UK defence indusy and the emergence of BAE Systems, Finmeccaniead Thales
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3.3 Consolidation

The overall effect of these structural changes lbeen to reduce the number of firms
competing with each other within the industry aitgb the extent of competition within
industry sub-sectors does differ. Table 2 listsdbmpanies in the UK defence industry
that have what the Ministry of Defence describeplagform systems level capability.
This shows that there are single UK sources ofqiat systems level capability in some
segments. In the case of fast jet combat aircthis, has been the case for several
decades. In the case of armoured fighting vehicless has been the product of
consolidation over the last decade - from five @renprime companies (GKN Defence,
Alvis, Vickers Defence Systems, RO Defence and Mlair©efence Systems) to one -
BAE Systems Land Systems. In other segments, phkatig C4ISTAR, there are a

significant number of UK based companies with pliatf systems level capabilities.

Table 2: Companies with platform systems level capity (2006)

Sector Company

Fast jet combat aircraft & maritime patidBAE Systems

fixed wing

Helicopter AgustaWestland UK
Eurocopter

Strategic airlift (C-130) Marshall of Cambridge

Submarines Babcock Naval Services Ltd

BAE Systems
KBR (including DML)

Complex surface warships & Royal Fleddabcock Engineering Services Ltd

Auxiliary BAE Systems
KBR (including DML)
Thales
VT
Armoured Fighting Vehicles BAE Systems
Complex weapons MBDA (UK)
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Raytheon Systems Limited
Thales
BAE Systems UWS

Non-embedded C4ISTAR BAE Systems, Thales, EADS, eGzn
Dynamics, Lockheed Martin, Northrap
Grumman, Raytheon, Selex
Communications, VT Communications,
Ultra Electronics, BT, EDS, Fujitsu,
LogicaCMG, QinetiQ

CBRN Smiths Detection
General Dynamics UK
SERCO Assurance
EDS

(Source: Ministry of Defence, Defence Industriab&tgy, 2005)

4. THE CHANGING PATTERN OF INNOVATION IN THE UK DE FENCE
INDUSTRY
We now turn to consider changes in the pattermbvation in the UK defence industry

using R&D spending as a proximate measure of intimvan the UK defence industry.

4.1 Defence R&D trends

Let us begin by looking at the trend changes irall/&/K defence R&D spending since
1989. Figure 4 shows all defence R&D conductechan WK by performer and the first
point to emphasise is that total defence R&D spemdias fallen dramatically in real

terms since the end of the Cold War. Defence R&DW half in real terms between

18 We fully recognise and accept that R&D is an inpe@asure for innovation and is also an incomplete a
imperfect representation of innovation performam&D is a “traditional indicator” of innovation tha
captures “only a limited amount of the innovatiorannovative potential that exists in the UK” (IHar

M., P. Nightingale and V. Acha (2008Jhe Innovation Gap: Why Policy Needsto Reflect the Reality of
Innovation in the UK. London, NESTA (National Endowment for Science fredogy and the Arts),
Research Report (October). That said, aerospacdefadce, together with pharmaceuticals, account fo
over half of the R&D performed by the UK’s top 78@mpaniesibpid, p20), suggesting that R&D may be
more important as a driver of innovation in defeti@n in many other sectors of industry.
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1989 and the low point in defence R&D spending @92 and despite an increase in

recent years it was almost 40 percent lower in 2088 it was in 1989.

Defence R&D conducted by government in its own degeresearch establishments
accounted for around one-third of all UK defence DR&ntil the privatisation of the
government’s defence research establishments ith. ZD8fence R&D conducted in the
government research establishments fell by alm@gtefcent in real terms between 1989
and 1994 and after recovering slightly it was sBll percent lower in 2000 when
compared with 1989. The sharp decline in 2001 @datxed by the privatisation of the
defence research establishments to form Qinet\@hath point defence R&D conducted
by QinetiQ was reclassified as industry R&D and ggowment conducted R&D fell
significantly.

Defence R&D performed by industry represents thgelst share of defence R&D
conducted in the UK (around two-thirds of UK deferiR&D prior to the formation of
QinietiQ). The value of defence R&D performed bydustry also fell dramatically
between 1989 and 1996 by 39.5 percent. Despitacedse in later years, defence R&D
conducted by industry in 2005 was still almost 2écent below its 1989 levél.

Figure 4: Defence R&D conducted in the UK by perfomer 1989-2005

19 Universities conduct only a modest amount of de$eR&D in the UK and will not be considered here.
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4.2 Defence R&D performed by UK industry

The figures discussed so far relate to the valudebdénce R&D performed by industry
rather than the sources of funds for that R&D. Feghb looks in more detail at defence
R&D in UK businesses and shows the changes indbecss of funds for defence R&D
in UK businesses between 1989 and 2005.

This shows that industry’s own funded R&D has alsvagen a relatively small share of
the defence R&D conducted by UK businesses andithedw a remarkable decline
between 1989 and 2005. In 1989, industry’s own éndefence R&D accounted for
20% of its R&D - by 2005 this had fallen to a Bttbver 11%. In 1989 industry funded
defence R&D worth £610 million (in 2005 prices). B05 this had fallen to a little over
£250 million. This represents a dramatic declinealofiost 60% in real terms between
1989 and 2005. This is all the more remarkable whememember that all defence R&D
spending was around 40 percent lower in 2005 thamas in 1989. Industry R&D

spending also fell by considerably more than defgmocurement spending during the

same period.

While the UK defence industry may have been fundinigstantially less R&D from its

own sources there has been a striking increasénanimhportance of funding from
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overseas. Overseas sources of funding for defe@@ed®nducted by UK companies has
more than doubled since 1993 to reach £927 mililor2005. Overseas sources have
increased from 22% to 41% of funding of defence R&MJK businesses. Whilst there is
no further information available from the CSO asht® precise sources of these funds we
may speculate that this reflects the growing imgare of international collaborative
projects (particularly the Joint Strike Fighter) a®ll as increasing efforts by UK
companies to obtain research contracts from forgauernments (particularly the United
States). The statistics do not indicate Europeanr@ission funding as being important.

At the same time, UK government funding for deferiR&D conducted by UK
businesses has declined. In 1989, UK governmemifigraccounted for 58% of defence
R&D - by 2005 it had fallen to 42%. Indeed, by 20f#erseas funding was on par with
UK government funding. In some part, this is likébyreflect a shift in UK government
funding - rather than funding defence R&D diredtyme defence R&D is being funded
by the UK government through international collatime programmes such as the Joint
Strike Fighter. However, in large part the declimé&JK government funding reflects the
steep decline in UK government defence R&D sineentiid 1980s.

Figure 5: Sources of funds for defence R&D in UK bsinesses (1989-2005)
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5. DISCUSSION

In Section 2, we reviewed work from the industaeganisation economics literature that
seeks to understand how an industry’s changing:tsirel and competition may help

explain changing levels of innovation within an ustty. We raised the question of

whether this theory holds in the specific casehaf defence industry with its unusual

(monopsonistic) characteristics. In Sections 3 dnde described the changes in the
structure of the UK defence industry since the [E880s and noted the steep decline in

innovation funded by the UK defence industry.

5.1 Industry structure and changes in defence indiry innovation
Can an explanation for the dramatic decline in stdufunded defence R&D be found in
the inverted U-shape relationship between indugttycture and innovation postulated by

industrial organisation economics theory?

If the inverted U-shape applies here, a fall inustdy innovation is predicted to occur

under one of two scenarios: (a) starting at a naideto low level of competition,
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industry structure then changes to bring abouttdoyeer level of competitive pressure
(in Figure 6, a shift to the left from;Aowards A); (b) starting at a moderate to highelev
of competition, industry structure changes to yel&n more intense competition among
firms (in Figure 6, a shift to the right from; @wards C).

Suppose first that we cannot calibrate the modekayg at what intensity-level of
competition, relative to that associated with peatovation performance, the industry
was operating at the start of our period of obg@ma However, if we can say
something about the direction in which the levelkcompetition in the industry moved,
and if we accept that an inverted U-shape relatipnsolds in the UK defence industry,
we could infer from that, and the observation timatovation fell, whether it was in
1990/1 at the left-hand side of the peak or thitrigOn the other hand, we have to be
open to the logical possibility that at the sanmeetias industry innovation fell, intensity
of competition increased (decreased) from an olbéyviow (high) initial level of
competition. In that event, we would have evidethes the inverted U-shape hypothesis
did not hold in this case.

Figure 6: Industry structure and changes in defen  ce
industry innovation in the UK

Average innovation rate

Industry competition
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Comparing the groups of prime contractors, the remd§ companies awarded major
contracts in the British defence industry fell Bl over our period of analysis - from
16 to 13. But “the defence industry” is, like dahdustries” a construct and it is of at
least as great interest to disaggregate it int@dtmponent partS If we do that, we
discover from Table 2 that in three sub-sectoes {ast jet combat aircraft and maritime
patrol fixed wing; strategic airlift; armoured fighg vehicles) it would have been
impossible for conditions to have moved from lessnbre internally competitive since
in 2006 there was only one firm. There were a®® humbers of competitors in
helicopters (2) and submarines (3), and in the m@n@ sectors, two with 4, one with 5
and one (non-embedded C4ISTAR) with 15. Of thbsé¢opters and submarines had
become no more competitive in terms of firms peniog MoD work. But this is a very
mixed bag and it seems possible that some subrse(to particular non-embedded
C4ISTAR) may have become more competitive rathen fless’ Clearly, it would be
dangerous to put down observed changes in R&D aogés in industry structure alone.
But a possible explanation for what we observe may be that scenario (a) above applies

to some, possibly most sub-sectors, scenario (b) to perhaps one sub-sector, and that the
joint impact of changes in both groups is sufficient to explain the observed decline in
overall R&D.

5.2 Non-structural explanations: the role of goverment

Changes in industry’s own funded defence R&D mayXx@ained in part by changes in
industry structure and competition but competitismot the whole story. The level of
demand, procurement reform and the character ofaddnihave all played a part in
reducing both the opportunities and incentives defence industry innovation and
explain in part the observed decline in industrgisn funded defence R&D. Let us

consider each in turn.

20 Kovacic and Smallwood (1994) do something siniitatheir analysis of competitiveness in US defence

industry.

% The picture is complicated by the fact that sutters can be defined in different ways. On theepth
hand, however sub-sector boundaries are drawemains quite possible for competition to have desed
in some cases and increased in others and tothielsame overall result.
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The level of demand reduced the opportunities and incentives for defemdustry
innovation. There are simply fewer new defence ggent programmes and programmes
have been cancelled or delayed. Thus, there arerfewportunities for industry to
innovate and less incentive for industry to invesits own R&D directed at existing or
anticipated UK MOD requirements. This cannot be whmle story, however, because
industry’s own funded R&D has fallen more sharphart UK defence procurement
spending. Equipment spending fell by 21% in reahtebetween 1990-2000. Industry’s
own funded R&D fell by 28% during the same period.

The Levene procurement reforms introduced in the 1980s had the effect of reducing
incentives for industry innovation. A shift from steplus towards fixed price contracts
sought to shift programme risk from the MOD to ghrane contractor and had the effect
of reducing industry’s incentive to pursue highk+#isgh return radical technological
innovation®? Simultaneously, government commitment to “valuerfney” achieved,
wherever possible though competition, reduced itmgugpportunities for earning more-
than-normal profit in the production phase. Thia igritical point because we have noted
how economic theory emphasises the importance afitpn generating or attracting
funds for innovation. The balance between risk @vdard on UK defence contracts has

been an issue of on-going concern for the UK defendustry.

Equally, perhaps some of the decline in own fun&&D can be explained by the
character of demand. In their US study, Birkler et al emphasise theamiance of the
sophistication and insistence on quality from tlhwdy and how: “The composition of
demand shapes how firms perceive, interpret, asgorel to buyer need$®. The
experience of several high profile technology fiaki(Nimrod in the 1980s and Bowman
in the 1990s) has made the MOD risk averse wheantes to technological innovation

and there has been an emphasis within MOD on métahaologies rather than radical

22 Equally, there are good reasons to argue thatekiene reforms may have increased incentives for
process innovation as prime contractors soughhfoaove efficiencies in their R&D and manufacturing
activities. At the same time, it may have increaseéntives for prime contractors to shift somehaf
responsibility (and risk) for innovation down thegoply chain.

23 Birkler, J, Bower, A, Drezner, J, Lee, G, Lorddl, Smith, G, Timson, F, Trimble, W and Younossi, O
(2003).Competition and Innovation in the U.S. Fixed-Wing Military Aircraft Industry. RAND: Santa
Monica, CA: p.54.
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technological innovations. The Levene Reforms waceompanied by cuts in UK
defence R&D. The MOD made clear in its 1987 Statdme the Defence Estimates that
it would no longer fund “gold plated” technologiclutions that required the funding of
new R&D programmes. Instead, the defence industiyldvbe expected to seek off-the-
shelf technological solutions wherever possibléezifrom the civilian sector or (more
likely) from teaming with foreign firms to acceschnology developed overseas. Taken
together, the effect of these policy changes appeaave been to reduce the incentive
for innovation in the UK defence industry.

5.3 Innovation to industry structure: “reverse flow causation”?

While we have focused mainly on arguments relatwgstry structure to innovation, we
must also be open to possibility that any obsemetationship between the two could
equally well be the result of causation flowingrfrannovation to structure rather than (or
more likely as well as) from structure to innovatio

Business investment in innovation can have sewdfatts with structural implications.
If undertaken by incumbents, it can raise bartiemntry against potential entrants and/or
create and sustain competitive advantage for iddalifirms, positioning them to grow at
the expense of others, and perhaps take them Bvendertaken by outsiders, it can

provide a means of entry that would not be posstilerwise.

We know that the cost, complexity and risk assedatith defence innovation has
increased dramatically over time and that this l&en one of the drivers of
consolidation. If large multidivisional and multguiuct defence companies are better able
to spread the costs and risks of innovation thehgpes what we have seen is innovation
driving consolidation. In the case of the UK defenadustry, many medium sized
companies came to the conclusion during the 1a894@nd early 1990s that increasing
R&D costs and risks combined with declining marieportunities meant that they either
had to grow (through acquisition) or exit (throutjliestment). Many chose the latter and
redirected their capital (and innovation effortgpithe civil arena.
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On the other hand, the non-UK companies that halkenttheir place have done so on the
back of successful investment in defence-orientetbvation undertaken overseas. In
particular, we have in mind US companies such ase@é Dynamics, Lockheed Martin
and Raytheon. We have noted how the Levene Refsignsilled a growing demand on
the part of the MOD for off-the-shelf solutions thavolved lower development risk and
less need for MOD R&D funding of new technologi€onsequently, the 1980s and
1990s saw MOD award contracts to overseas firmesioff relatively stronger innovation
track records. The scale of US defence R&D spentdbigjive to Europe meant that US

companies were particularly well positioned to ascade UK market.

The impact on the level of competition in the inttysis ambiguous. The changes
included a fall in the number of players in the ustly suggesting a reduction in
competition. Simultaneously, it led to an incredsethe exposure of incumbents

operating in the UK to outsiders.

6. POLICY ISSUES

Our analysis suggests that changing industry streainay be necessary to understand
the decline in industry’s own funded R&D but itnst sufficient. In part, the MOD as
monopsonist has reaped what it has sown: in péaticthe Levene procurement reforms
had the effect of reducing the opportunities anckimives for industry defence R&D
investment and the risk-reward balance appearsnmin a disincentive to industry
investment. The level of industry funded defence[Ri& a matter of policy concern to

government?

6.1 Does the decline in industry’s own funded R&D atter?

Let us begin by considering whether government hoare about the decline in own
funded R&D in the defence industry. The main reaadty it may matter is that the
decline in own funded R&D may reduce diversity withthe UK defence innovation
system. Diversity is enhanced where the defencasing is willing and able to generate
its own ideas and propose new solutions to MODsTikimost likely to occur where

4 Ministry of Defence (2006 Defence Technology Srategy. Ministry of Defence: London.
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industry funds its own R&D independent of MOD. ttiidustry is becoming increasingly
dependent on funding from MOD or overseas defensgrammes (as the data suggests)
then the capacity of the defence innovation systengenerate new ideas may be
impaired. This is important because the MOD’s &bilio generate technological
innovation itself has been severely reduced bypiatisation of QinetiQ (its former
defence research establishments) and the MOD de=fB&D budget is being cut in
favour of budgets supporting the operations in lad Afghanistaf’ It is also important
because the MOD’s Defence Industrial Strategy @ets vision of the future where: “as
industry sees that we are able to insert new chpataipidly as technology develops, it
will be motivated to invest its own resources, gkide our research, to help us
understand the opportunities and offer unsoliciggeposals for improving our
» 26

capability”=> There is little evidence that such a situation &&sted over the last two
decades.

Against these arguments there are some good reasqguagstion whether MOD ought to
be concerned about the decline in own funded R&WDustry’s own funded R&D has
always represented a relatively small share of Bt€nce R&D spending and within that
the figures for own funded defence R&D are domidditg a small number of large prime
contractors” This raises the question of whether MOD is wisefdous its policy
attention on prime contractors. We know that tHe ob primes is increasingly as systems
integrators with responsibility for the managemeharchitectural innovation, suppliers
are increasingly responsible for design, develograed production of key sub-systems
and components are sourced from globalised comalertippliers. If significant
innovation now occurs at all levels of the supghaio as well as at the prime contractor
level then this suggests that the focus of politgrdion needs to shift towards the supply
chain. Equally, there is recognition that the beyastience and technology base beyond

the traditional defence-industrial-scientific coewphas the potential to play an important

% Select Committee on Defence (200Me Work of the Defence Science and Technology Laboratory and

the Funding of Defence Research. Eighth Report HC84. The Stationery Office: London.

26 Ministry of Defence (2005 Defence Industrial Srategy. Ministry of Defence: London: p.63.

" The data does not allow us to break it down bymamy but we know from the DTI's R&D Scoreboard
that aerospace and defence sector R&D is highlgemtnated with the two largest R&D spenders (BAE
Systems and Rolls-Royce) accounting for over 70R&D spending. There is no reason to think that the
defence industry alone is any less concentrated.
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role in defence innovation and that we are seeisifa from a closed to a more open

defence innovation systefh.

6.2 Policy options
If the MOD has reaped what it has sown then wligny, options are open to policy

makers concerned to increase the level of own fdifileD in the UK defence industry?

Should policy makers seek to change industry stra@t This returns us to our starting
point in industrial organisation economics theoffie U-shape relationship between
structure and innovation suggests that policiesedimat increasing competition may
stimulate an increase in industry innovation,some circumstances. An increase in
competition in the armoured fighting vehicle or swdsine sectors might well stimulate
an increase in industry own funded R&D as wouldak& entrants sought to establish
themselves and established companies sought toddéfeir incumbent positions. In
other sub-sectors (such as C4ISTAR) increased ditmpemight actually have the
effect of reducing industry innovation. At the mameincreasing competition may
simply reinforce incumbents in their belief thaethlK is an unattractive market and
cause them to redouble their efforts to shift theug of their investments from the UK to
the US%

If increased competition may stimulate innovationsome circumstances then what
regulatory tools could policy makers use to inceeasmpetition? MOD has already
made the UK defence market contestable by threajeor actually opening up its
national markets to competition from foreign firnifowever, there is some evidence to
suggest that foreign (and especially US firms)eoming concerned that they are used
as stalking horses to generate competition witl@aving a realistic chance of winning
those competitiond. Sustaining contestability is important. EqualiOD might
enhance competition through procurement reforms reke it easier for non-defence

8 James, AD (ed) (2008The Dynamics of Innovation in the Defence Sector: Economics, Technology and
the New Security Environment. Cheltenham: Edward Elgar.

29 Harrison, M (2007). “Cobham urges more defence R&@nding”. The Independent. 16 March 2007.
%0 Codner, M, Willett, L and Heywood, L (2007he Defence Industrial Srategy -- An Analysis of
Industrial Responses. London: Royal United Services Institute.
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suppliers to act as prime contractors. We admit tthe latter is an old chestnut that has
been the aspiration of procurement authorities oth Isides of the Atlantic for two

decades or more without leading to any discerrahbnge.

Should policy makers seek to change the balaneeeketrisk and return on procurement
contracts? The importance of profit in generatingtracting funds for innovation is a
core element of industrial organisation economiety and it has been the source of
considerable tension between industry and goverhmehe UK. Prior to the publication
of the MOD’s Defence Industrial Strategy, BAE Syssehad publicly complained about
the profitability of its UK contracts and threatdnt® withdraw from the UK market in
favour of the US! More recently, a spokesman for the UK industryoeisgion the

Society of British Aerospace Companies (SBAC) wasted as saying:

"The MoD wants to change the balance of investnemtefence R&D.
But we have not seen a change from the governmeheibalance of risk
and reward. The government needs to create anoanvant in the UK in

which companies feel comfortable to invest".

There is growing interest in the potential for lotegym fixed price contracts for the
delivery of a service rather than an item of eq@pm(“power by the hour”). Such
contracts are used in civilian markets where tray act to incentivise industry to invest
in innovation as a means of increasing industry&fipmargins within these fixed price

contracts.

Should policy makers shift their attention towartte contribution of supporting
industries to innovation? Looking at the US, KingdaDriessnack argue that policy
makers may be better served by focusing on innowatiithin the supply chain rather
than seeking to sustain competition amongst priowdractors. In their view, ensuring

31 Barrie, D (2005). “British defense industrial $égy secures BAE Systems as U.K. champhwgtion
Week & Space Technology, December 17, 2005

%2 Gilbert, N (2007). “Prepared for a fight: battlentinues over defence funding’he Guardian. March
13, 2007.
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that work is delegated to appropriate tiers of thgply chain will help sustain
competition and innovation while prime contractoas focus on their core capabilities in
systems integratioff. The same can be said of the UK and the Defencastril
Strategy and Defence Technology Strategy indidatethere is an increasing recognition
amongst policy makers of the importance of the Buplpain to defence innovation. The
Defence Technology Strategy includes discussioimam to broaden the supplier base,
“spin in” technologies and stimulate new entrardsthe supply chain. The Defence
Industrial Strategy includes a recognition thatcprement policies need to ensure that
suppliers receive proper returns for innovation #rad value flows through to the layers

of the supply chain that are innovating rather theimg retained by prime contractdfs.

7. CONCLUSION

We conclude that, in the special case of the defendustry, industrial organisation

economics theory is necessary but not sufficientafo understanding of how industry
innovation has changed in the UK. We have noted imalustry consolidation has been
accompanied by a steep decline in industry’s owrdéad defence R&D and we have
argued that this may be explained in part by chaemgendustry structure. We have also
argued that industry competition is not the whdierys and that another part of the
explanation relates to public policy. The MOD asnamgsonist has reaped what it has
sown: changes in its level of demand for defenagpegent, procurement reforms that
have shifted the balance of risk and reward fousty and the changing character of
demand have all played a part in reducing bothdhportunities and incentives for

defence industry innovation. We have also propaseddird explanation, namely that

changes in the nature of defence innovation maynseé/es in part have driven

consolidation.

% King, DR and Driessnack, JD (2007). “Analysis ofrpetition in the defense industrial base: an F-22
case study”Contemporary Economic Policy. 25 (1), 57-66.
34 Ministry of Defence (2005Defence Industrial Srategy. Ministry of Defence: London: p.66.
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In this paper, however, the constraints of thelalde data mean that we have been able
to do no more than speculate on many of thesedsdt@r instance, our analysis has been
based on an input measure of innovation (defenc® Rfending) and it would be
desirable to develop suitable output measures.aftirsgy point could be a time-series
analysis of patenting data for UK defence comparffegent data have their critics, of
course, and the role of secrecy in the defencenseseans that patenting may only
provide a partial account of the innovation outpluthe defence industry. Nevertheless, it
would be a start. Equally, an analysis of theipabflity of defence companies operating
in the UK market would be desirable albeit full pfctical difficulties. There is also a
need for case studies of defence equipment inrmvath the UK as a means of
understanding the dynamics of the innovation poaasd the relative importance of
competition, industry R&D, government conducted R&Dd linkages with overseas

sources of technology.
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