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1. Introduction

Defense industry and relevant research and development (R&D) and in-
novation have faced many challenges since the end of the Cold War. As the 
challenges have long stemmed mainly from increased defense budget cuts, 
though competition environment and technological asymmetries between 
dominant and emerging actors, new dynamics are added to such already com-
plex set of factors. One factor is fast changes in global and regional strategic 
security environments, unpredictable threats, and technologically and cogni-
tively rapid adaptive adversaries. In the years to come, the convergence of 
emerging trends in the technological, geopolitical and business environments 
threatens to profoundly disrupt the global defense industry.1 

Consequently, three major issues come forward in any discussion regard-
ing the future of defense industry matters. First is to meet the urgent and future 
requirements of defense and security institutions in a timely and suitable man-
ner. In the 21st Century where speed is high and quick adaptation is a must, 

1 Ben FitzGerald, Kelley Sayler, “Creative Disruption: Technology, Strategy and the Future of 
the Global Defense Industry”, Center for New American Security, June 2014, 7. https://www.
cnas.org/publications/reports/creative-disruption-technology-strategy-and-the-future-of-the-
global-defense-industry

https://www.cnas.org/publications/reports/creative-disruption-technology-strategy-and-the-future-of-the-global-defense-industry
https://www.cnas.org/publications/reports/creative-disruption-technology-strategy-and-the-future-of-the-global-defense-industry
https://www.cnas.org/publications/reports/creative-disruption-technology-strategy-and-the-future-of-the-global-defense-industry
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current operational needs take the priority. Thus, defense industry, particularly 
defense R&D and innovation is expected to field new products in order for the 
military and security forces to fight the new threats. On the other hand, defense 
and security industry, especially long-run incremental R&D must respond to 
the requirements of future threats and future strategic environment in order for 
nations’ armies to adapt in a timely manner. In addition to these major issues, 
the sustainability of the defense industry as a business and its contribution to 
nation’s economy is increasingly questioned.

The main question of this article is to find out if the present defense R&D 
paradigm is effective in meeting new emerging and fast changing requirements 
and to discuss disruptive innovation as an alternative. In this regard, firstly, 
dominant paradigm in defense R&D and innovation is analyzed focusing on 
the western defense industry practices, then crisis of this paradigm and the op-
tions to manage it are discussed in the following chapters. Disruptive innova-
tion is taken as an option especially for emerging defense industry actors like 
Turkey. After a short discussion of Turkish defense industry achievements and 
weaknesses, some recommendations in terms of civil-military integration and 
interoperability of soldier-engineer/scientist are made to facilitate innovations.   

2. Dominant Paradigm in Defense R&D and Innovation

The present paradigm in defense matters emerged during and just after 
the Second World War and centered on technology. In the western countries, 
particularly in the United States, armed forces have fielded advanced tech-
nology through an aggressive pursuit of R&D and the development of high-
technology defense industrial base. The Cold War which had lasted roughly 45 
years between 1945 and 1990 strengthened this paradigm. During this period, 
the western countries and Soviet Union allocated big budgets to defense R&D 
since they targeted strategic superiority regardless of cost. This is the main 
reason that R&D spending in the United States represented only 0.8% of fed-
eral budget in 1940, but more than 10% by 1960 – and defense R&D received 
most of these additional resources.2 Arms-race between super and major pow-
ers paved the way for large scale defense contracts; this in turn provided the 

2 Renaud Bellais, “Technology and the defense industry: Real threats, bad habits or new 
market opportunities?”, Journal of Innovation Economics&Management. 12(2) (2012): 59-
78, 60-61.
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relevant industries, largely defense and civilian at limited scale, with a ready 
and secure market, and enabled large scale productions, valuable experience 
and know-how. 

Once driven by the super and major power arms- race, technological su-
periority had continued to be the core of defense procurement after the Cold 
War although the western countries no longer face the threat posed by a major 
competitor like the former Soviet Union. Armed forces believed that strategic 
surprises could only be avoided by exploiting R&D and innovation. This is 
the major reason to explain why defense R&D remained a key dimension of 
defense spending after the Cold War.3 In fact, the conflicts since the 1990s have 
increasingly low-tech wars. For example, the 1990 Gulf War, the interventions 
in Balkans in 1990s and 2003 Iraq Invasion by the US revealed that new “en-
emies” did not have high-tech capabilities.  Furthermore, the counterterrorism/
counterinsurgency missions by highly capable actors against adversaries such 
as Al Qaida, Taliban, ISIL, and PKK are other examples of such low-tech wars. 
After the Cold War it was quite clear that any military competitor, the state 
actors- including China, India and Russia or non state actors like Al Qaida can-
not to reach the western armies’ military capabilities which naturally protect 
them for several years. Nevertheless, huge defense R&D spending remained 
a central component of scientific and technology investment in large arms-
producing countries. 

Between 1990 and 2010, the share of defense R&D budget out of gov-
ernment R&D allocations in the western arms-producing countries saw some 
changes. It dropped 20-35 percent in the UK and France.4 However it was still 
high. The trend in the US followed a similar path, fluctuating between 60-55 
percent. At the start of the 20th century, defense spending averaged about one 
percent of Gross Domestic Product (GDP). Then it spiked to 22 percent at the 
end of World War I. In the 1920s it had ran at about 1 to 2 percent of GDP and 
in the 1930s, 2 to 3 percent of GDP. In World War II defense spending peaked 
at 41 percent of GDP, and then declined to about 10 percent during the height 
of the Cold War. Thereafter it declined to 3 to 5 percent of GDP, with surges 
during the 1980s and the 2000s.5 

3 Bellais, Technology, 60-61.
4 Bellais, 63.
5 “US Defense Spending History”, usgovernmentspending.com, https://www.

usgovernmentspending.com/defense_spending
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3. Crisis of Dominant Defense R&D

While the adversary of the “western world” with high technological ca-
pacity left the arm race, defense budget had decreased over years and technol-
ogy diffused by enabling new actors’ easy access it become apparent that in-
cremental defense R&D is getting increasingly expensive and less able to gen-
erate disruptive technologies. Furthermore existing R&D remained irrelevant 
in some instances since it required considerable long time to create usable and 
suitable innovations to new and asymmetric threats and meet the urgent needs 
of the war fighters. The fixed costs, administrative and support expenses are 
always high for incremental R&D. Particularly fixed costs represent a larger 
share of defense programs, and R&D constitutes a key element in these costs.6 
As this is the case for the countries with well established defense industrial 
complex and larger defense and defense related R&D budgets such as the US 
and the UK, it is more valid for emerging countries in the defense industry with 
limited budgetary resources. 

These developments raise a question: Whether can current R&D policies 
achieve their goals or not? Or whether should they be reviewed, especially to 
manage tensions between capabilities required immediately and the develop-
ment of advanced systems that can take years, even decades? When the armed 
forces of various NATO countries were deployed to Iraq and Afghanistan for 
counter-terrorism mission, it appeared that none of them did have the effective 
equipment to protect against the low-tech attacks by the non-state actors and 
terrorist organization. As result of lack of enough protection, the armed forces 
suffered from high casualty rates, especially from IED. For instance, the IED 
attacks accounted 53% of all US fatalities in Iraq in 2006.7 There is similar rate 

6 Philip G. Pugh, “Retrospect and prospect: trends in cost and their implications for UK 
aerospace.” Defense and Peace Economics, 18 (1) (2007): 25-37; David L. I. Kirkpatrick, 
“Trends in the costs of weapon systems and the consequences.” Defense and Peace 
Economics, 15 (3) (2004): 259-273.

7  Sheila M. Bird, Clive B. Fairweather, “Military fatality rates (by cause) in Afghanistan and 
Iraq: a measure of hostilities”, International Journal of Epidemiology, 36 (4) (August 2007): 
841–846. 

 Sheila M Bird
 “ Illicit Trafficking”, Small Arms Survey, http://www.smallarmssurvey.org/weapons-and-

markets/transfers/illicit-trafficking.html; Nicolas Florquin, Jonah Leff, “Across Conflict 
Zones: Ammunition Profiling”, In Small Arms Survey 2014: Women and Guns; Matthew 
Schroeder,  Dan Smith, Rachel Stohl,  The Small Arms Trade: A Beginner’s Guide, London: 
Oneworld Publications, 2006. 1
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for the US allies in Iraq. As a result of high casualty rates, the governments 
were accused of neglecting the protection of ground forces while allocating 
larger budgets to conventional military platforms like F-35, tanker aircrafts, 
cargo airplanes and aircrafts carriers programs which have little value in the 
war against low-tech adversaries.  

It is assessed that there are significant flaws in the 21st century defense 
programs.  First, armed forces are full of many weapon systems, related equip-
ment and ammunition they do not need. In most circumstances, the stockpiling 
and maintenance expenses of such weapons and equipment overwhelmingly 
exceed the value of keeping them in inventory. As a result, some of them are 
demolished but much more are sent out as military aid to the less developed 
countries living in conflicts. A considerable number of these weapons are in-
cluded in illicit arms trafficking which fuels civil wars and regional conflicts.8 
It is a striking paradox that in some instances, they are used as IEDs against 
manufacturing countries or their allies’ soldiers causing deaths and serious in-
juries. It is interesting that most governments continue to fund less suitable 
larger defense programs while there are urgent needs to protect the soldiers 
against low-tech attacks. The main reason is the way defense programs are de-
fined. That is, armed forces focus on incremental innovations, the governments 
see the public defense companies as strategic assets at any cost and the indus-
try lobbies  to sell what they can produce without transforming the processes 
and organizations, and competing with civil sector. But this is not always the 
best way of solving issues as proved by many conflicts worldwide. The west-
ern armed forces’ persistence to keep the military industrial complexes survive 
at any cost impair the innovation of new suitable defense systems. 

* Corresponding author. MRC Biostatistics Unit, Robinson Way, Cambridge CB2 2SR. E-mail: 
Sheila.bird@mrc-bsu.cam.ac.uk 
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4. Options for Managing Crisis

There are a few options to manage the crisis in defense industry. Some of 
them have been applied since the end of Cold War. These options are divided 
into two parts in this article: One for the dominant actors with a strong defense-
industrial base, the other for the emerging actors. 

The former actors have been pushing to create new markets and new de-
mands. In this regard, the security fears of militarily less capable countries 
increase the sales of defense products. Thanks to the security dilemmas world-
wide, the global transfer of major weapons systems in 2017 rose to the high-
est volume since the end of the cold war as the Middle East nearly doubled 
its imports.9 India and Iran are among the top importers, the US and Russia 
together supplied more than half of all exports. Saudi Arabia is the world’s 
second largest importer after India, increasing its imports by 212%, mainly 
from the US and the UK. The five largest suppliers in 2012–16—the United 
States, Russia, China, France and Germany—accounted for 74 per cent of the 
volume of exports.10 While the Saudis has relied heavily on the US arms India 
has received most of its arms from Russia. The US-China rivalries, the US-Iran 
conflict, the US/NATO-Russia tensions, North Korea aggressive actions in the 
East Asia and Pacific and the Middle East civil wars are main drivers for new 
markets and increased demand for arms sales. 

On the other hand, military aids in the forms arms transfers much or less 
help the existing defense paradigm survive. As underlined by SIPRI, the ten-
sions and conflicts ongoing in large parts of the world in 2016 often have direct 
links to arms acquisitions from abroad. The weapons used in these conflicts are 
sometimes delivered as aid. In other cases, such aid is less linked to ongoing 
conflicts and major tensions but rather is used as a tool to support or improve 
wider political relations or to gain foreign approval for policies.11 

In connection with this, the defense industry diplomacy is increasingly 
used a beneficial tool by the top manufactures to boost the sales. The presi-
dents and heads of governments of various countries have directly engaged 
in lobbying for marketing their defense companies’ products. Donald Trump, 

9 Saeed Kamali Dehghan, “Global arms trade reaches highest point since cold war era.” The 
Guardian, 20 February 2017.

10 SIPRI Yearbook 2017 Summary, p.14. https://www.sipri.org/yearbook/summaries
11 SIPRI, 14. 

https://www.theguardian.com/profile/saeedkamalidehghan
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for instance, signed a $100bn arms deal with Saudi Arabia during his visit.12 
This is not an exception. Big arms deals between the states are made in the 
context of wider diplomatic/political relations. Turkey’s decision to procure 
Russian S-400 system after the resolution of 2015 Russian-Turkish crisis is a 
typical example of this wider diplomacy.13 Furthermore, the dominant actors 
leverage their regional alliances and bilateral/multilateral relations to increase 
arms exports.   

In 1990s the efforts for widening security to include political, societal, 
environmental and economical domains beyond military sphere14 also facili-
tated the defense sector’s markets. Security needs of cities and urban centers, 
cyber security of public organizations and private firms, even, of individuals 
and energy security   opened new markets for defense industry companies. In-
creased awareness of and need for homeland security in the US since 2001 has 
also been a spillover effect on Europe. Homeland security is a fresh blood for 
defense companies since military technology and defense systems are increas-
ingly used in wider security purposes. The US market for homeland security 
(HS) products and services was $23.8 billion in 2006, and that figure in-
creased roughly 50 percent by 2011.15 

In the US, several defense companies launched new programs. Sensors, 
cameras and computer protecting programs are widely used by various cus-
tomers. These developments could be called defense-security nexus which 
gives new impetus to defense companies. In this regard, industry experts and 
market analysts generally agree that the various sectors will likely see 
an influx of technologies in the coming years.16 As the market for such 
technologies has grown, many large companies with a history of govern-
ment contracting joined the field. Today, those are the companies vying for 
the large government contracts, though many smaller niche firms continue 

12 “US nears $100bn arms deal for Saudi Arabia in time for Trump’s visit”, The Guardian, 13 
May 2017.

13 “Erdogan’s March Moscow Visit To Include S-400 Talks”, Radio Free Europe, 24 February 
2017, https://www.rferl.org/a/erdogan-putin-moscow-visit-s-400/28329389.html

14 Barry Buzan, People, States and Fear: An Agenda for International Security Studies in the 
Post-Cold War Era. 2nd ed. Boulder, CO: Lynne Rienner, 1991; Barry Buzan, Ole Wæver, 
Jaap de Wilde. Security: A New Framework for Analysis, Boulder, CO: Lynne Rienner, 1998.

15 Eben Kaplan, “Homeland Security Technologies”, Council on Foreign Relations, 16 
November 2017, https://www.cfr.org/backgrounder/homeland-security-technologies

16 Kaplan, Homeland.

https://www.cfr.org/experts/eben-kaplan
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to attract government contracts. The field of companies consists of some 
three-hundred firms, large and small.17 In fiscal year 2006, small companies 
have been awarded direct contracts that represent 33% of all contract dollars 
spent by the HS department.18 In addition, about 40 percent of the contracts 
with large companies are subcontracted out to smaller firms. Beyond se-
curity purposes, either public or private, there is also wider usage of defense 
products in civil sector including health, food, textiles, etc. This dual or multi 
uses are some ways to manage the crisis that defense companies face.

In addition, many public defense firms in the western countries have seen 
major transformations over the years. Several companies were closed, merged 
or shrunk.19 The shrinking is particularly striking. When Fortune compiled the 
500 listing in 1961, 15 defense companies were in the top 100 of the Fortune 
500. The highest ranked among them was General Dynamics at number 15. The 
2015 listing of the top 100 contains only four aerospace and defense companies; 
and General Dynamics barely made the list, being ranked number 100.20 

In order to manage the crisis in defense industry, the defense companies 
have been transforming their business models. As illustrated on Table-1 below, 
the companies aim major transformation in terms of customer relations, prod-
uct development, production and manufacturing, supplier relationship man-
agement, and their organizations. The end states of these transformations are 
expected to be a more interaction and interoperability between customer and 
companies, flexible and agile outputs, cost optimization, and lean organiza-
tions with talented work force.

17 “Homeland Security Committee to hold domestic terrorism hearings after 
Charlottesville”, HSToday.Us, 17 August 2017,  http://www.hstoday.us/home.html

18 “Homeland security generates multibillion dollar business, USA Today, 10 September 
2006, https://usatoday30.usatoday.com/money/industries/2006-09-10-security-
industry_x.htm

19 “Trends in aerospace and defense mergers and acquisitions”, Deloitte, https://www2.deloitte.
com/us/en/pages/manufacturing/articles/aerospace-defense-industry-mergers-acquisitions-
trends.html

20 Thomas Davis, “The Incredible Shrinking Defense Industrial Base”, Signal AFCEA, 16 June 
2015, https://www.afcea.org/content/Blog-incredible-shrinking-defense-industrial-base
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Table-1: Defense companies must transform their business models1

From To

Customer Relations

• Arms’- length relationships with 
marginal level of trust

• Poor communication and lack of 
transparency

• Conspiracy of hope that leads to 
cost and schedule overruns

• A true partnership with high level 
of trust

• Joint problem solving, with each 
side contributing its distinctive 
expertise

• Mutual and objective assessment 
of probable costs and time-cer-
tain schedules

Product Development

• Protracted, ambitious develop-
ment with uncontrolled scope

• “Generational leaps” in tech-
nology

• Rapid, time-bounded develop-
ment

• Incremental, product-line approach 
to technology

• Life-cycle requirements outlook

Production and 
Manufacturing

• Designed around optimistically 
high volumes

• Long production runs

• Flexible, but designed for lower 
volumes

• Agile production cycles

Supplier Relationship 
Management

• Optimized for suppliers’ capa-
bilities

• Fixed supplier base
• Reactive approach to supplier 

management

• Optimized for cost, flexibility 
and speed

• Agile and global supplier strat-
egy

• Collaborative supplier strategy

Organization

• Organizational structure shaped 
by large platforms

• Heavy infrastructure and allo-
cated support costs absorbed by 
business unit

• Lean infrastructure and support 
driven by business requirements 
and affordability

• Talent managements to develop 
leaders and maintain critical skills

A significant shift in the western countries is that government led R&D, 
particularly defense R&D decreases and private companies’ R&D increases. 
In 2015, there is no longer any defense firm among the top 10 R&D invest-
ing companies.21 Airbus, Boeing and United Technologies which have the best 
scores among defense sector ranked between 38 and 61.22 This leads the west-
ern armies to readjust their defense procurement strategies. Civil firms with 
niche R&D capabilities are increasingly seen better alternatives for creating 
new technologies for the armies. 

For emerging countries including Turkey, there are three options: (1) 
increase the defense spending by enduring socio-economic negative conse-
quences and continue with existing R&D paradigm, (2) cooperation with the 
major arms producing countries with limited technology and market sharing, 
(3) utilization of disruptive technology with a genuine defense strategy.   The 

21 “EU Scoreboard 2016 (World 2500)”, http://iri.jrc.ec.europa.eu/scoreboard16.html#modal-one
22 EU Scorbord.
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focus will be on the third option in the next chapters. First of all, the meaning 
and concept of disruptive innovation will be discussed.

5. Disruptive Innovation

Regarding the term “innovation”, quite similar definitions are given in 
the high popular dictionaries.23  Innovation is the development of new ideas, 
methods, means, technology, organizations and processes. It encompasses new 
technology as well as new ways of doing things. Innovation includes the pro-
cess of invention; however, it goes one step further to make good ideas stick by 
ensuring that new ideas are applied to the benefit of end users.24

Two categories of innovation can be described; sustaining and disruptive. 
Sustaining innovation comes from listening to the needs of customers in the 
existing market and creating products that satisfy their predicted needs for the 
future.25 In other words, it improves existing products rather than creating new 
ones.26 The leading companies in any sector make investment in most profit-
promising products in the market.27 Sustaining innovations can be both radical 
and incremental, however they are most inclined to be incremental.

Innovation in defense industry is mainly sustaining and incremental in-
novation. The defense companies, having a type of link to militaries which are 
main customers, understand their needs and improve existing products. When 
weapon systems and equipment fail to satisfy the demands of the war fighter, 
the defense industry mobilizes R&D to correct this problem.28 This strategy, 

23 “Innovation”, Merriam Webster Dictionary, http://www.merriam-webster.com/ dictionary/
innovation; “Innovation”, Oxford Dictionary, https://en.oxforddictionaries.com/definition/
innovation; “Innovation”, Big Turkish Dictionary, http://www.tdk.gov.tr/index.
php?option=com_bts&arama=kelime&guid=TDK.GTS.5a05de331dabb4.54051040

24 Jon Freeman, Tess Hellgren, Michele Mastroeni, Giacomo Persi Paoli, Kate Robertson, 
James Black, Innovation Models: Enabling new defense solutions and enhanced benefits 
from science and technology, Cambridge, UK:  RAND Europe, 2015, 9.

25 Matt West, “Sustaining vs Disruptive Innovation”, https://mattwest.io/sustaining-vs-
disruptive-innovation/

26 “Disruptive and Sustaining Innovation”, Deloitte, https://www2.deloitte.com/il/en/pages/
innovation/article/disruptive_vs_sustaining.html

27 Clayton M. Christensen, The Innovator’s Dilemma: The Revolutionary Book That Will 
Change the Way You Do Business, New York: Harper Paperbacks, 2003, xv. (Cited in Carey 
M. Wagen,  “Twenty-First Century Defense and Disruptive Innovation”,   United States 
Army War College, 2012, 4. http://handle.dtic.mil/100.2/ADA563406)

28 Wagen, “Twenty-First Century”, 8.

https://en.oxforddictionaries.com/definition/innovation
https://en.oxforddictionaries.com/definition/innovation
http://handle.dtic.mil/100.2/ADA563406
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mainly and firstly applied by the US DOD, is responsible for creating the stron-
gest and most technologically advanced military in the world, the US Armed 
Forces.29 On the contrary, disruptive innovation reinvents a technology, busi-
ness model, or simply invents it all together. It generates new markets and val-
ues, in order to disrupt existing ones. Disruptive innovators significantly alter 
and improve a product or service in ways that the market did not expect. Thus, 
firstly by discovering new categories of customers, and secondly by lowering 
costs and enhancing quality in the existing market.30

In the defense sector, disruption typically takes two forms: new market 
opportunities and new businesses combination of ground-breaking new model, 
service or offering. In the past, it was often the military that was the lead-
ing innovator in advanced technologies. However, with defense R&D budgets 
shrinking and civil companies high spending rates into their own research proj-
ects, that dynamic has changed. The commercial sector is developing tech-
nologies which would have typically been the sole preserve of the military, 
such as drones, unmanned vehicles and voice-controlled technology.31 This is 
disruption in action, and it’s being led by commercial companies, rather than 
the military and military led companies. 

Some western governments and their leading defense organization, 
armies and defense ministries have been trying to leverage disruptive tech-
nologies and commercial innovation for their own needs. For example the UK 
Ministry of Defense has shifted the 20% of its £1.5bn science and technology 
budget on disruptive capability projects.32 As some scholars put it, the global 
defense industry is shifting toward a new paradigm in which an emphasis on 
technology-driven capability development is being undermined by disruptive 
innovations emanating from the commercial sector; dual-use of technologies 
and  commercial industry’s ability to readily adapt to and integrate emerging 
technologies .33 

29 Wagen, 8.
30 “Disruptive and Sustaining Innovation”
31 Tom McFadyen, “Why disruptive technology in defence procurement is more important 

than ever”, DCI, 10 August 2017, https://www.dcicontracts.com/resource-centre/defence-
blog/disruptive-technology-in-defence-procurement/

32 McFadyen, “Why disruptive.”
33 Renaud Bellaies, Daniel Fiott, “The European defense market: Disruptive innovation and 

market destabilization”, The Economics of Peace and Security Journal, 12 (1) (2017): 38-45, 
38; FitzGerald, Sayler, “Creative Disruption”, 9.

https://www.gov.uk/government/organisations/ministry-of-defence
https://www.dcicontracts.com/resource-centre/defence-blog/disruptive-technology-in-defence-procurement/
https://www.dcicontracts.com/resource-centre/defence-blog/disruptive-technology-in-defence-procurement/
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Emerging defense companies/actors can realize disruptive defense inno-
vation by refraining from completely sticking to the dominant paradigm. This 
is especially valid for emerging actors like Turkey. This, first of all, calls for 
finding alternative approaches to creating defense industrial base (complex) 
which is the result of the Cold War symmetric arms race, technological and 
numerical equipment competition, ready customers, huge defense and defense 
R&D budgets. However, the 21st century strategic environment, new emerging 
threats and security needs require well suited, fast manufactured and fielded 
products. The customers, especially the militaries are no longer ready custom-
er to procure vast amounts of defense products since they cannot afford to, are 
not willing for huge R&D expenditures, and cannot wait for long years. Speed, 
surprise and asymmetry are three significant features of the new strategic envi-
ronment with which the customers have increasingly to work. Such a context 
necessitates agility and rapid adaptability. 

6. Need for Transforming Turkish Defense R&D and Innovation 
Approach 

Turkish defense industry, dating back 1980s, is relatively new compared 
to leading western countries like the US and UK. The successive Turkish gov-
ernments have adopted the western dominant paradigm in the defense and de-
fense R&D over the time. As of 2015, Turkish defense industry is situated at 
somewhere between third and fourth levels of 4-level global defense sector.34 
Turkish annual military expenditures have increased since 1960’s. It fluctuated 
between 10.000 and 18.000 $ in the period of 1990-2015 (Graph.1). 

34 Turkey is at the bottom of the third level after Korea, India, Japan, Sweden and Spain. Oktay 
Bingöl, Ali Bilgin Varlık, “Future of Turkish Defense Industry”, TASAM Strategic Report 71, 
October 2015, 14.
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Graph.1: Turkish Military Expenditures35

This period corresponds to the growth of Turkish defense sector. The 
amount is the gross expenditures including personnel, infrastructure and O&M 
costs. The real budget for defense procurement amounts to 22 percent of the 
gross defense budget.36 This means that TAF allocated 2-4 bn $ each year for 
procurement. There are also non- budgetary funds supporting TAF defense 
modernization, totaling defense procurement allocations 4-6 bn $ each year. 
TAF 2016 annual gross defense budget is the 18th in the world.37 This amount 
equals the 1/50 of the US defense spending, ¼ of Saudi Arabia, ½ of Australia, 
and nearly ¾ the UAE. TAF’s programmed projects, Turkish government and 
defense industry ambitions and real requirements, on the other hand, much ex-
ceed the several countries with larger budgets.  Turkish defense R&D spending 
is difficult to assess since there is a tendency to use R&D chapter as a cover of 
other expenses. However, the rate of Turkish R&D expenditures is 0.86 as % 
of the national GDP.38 This ratio is well below the average of Europe (1.87). 

35 “Turkey’s Military Expenditures”, Trading Economics, https://tradingeconomics.com/
turkey/military-expenditure

36 “Defense Expenditure of NATO Countries (2009-2016)”, NATO, 13 Mart 2017, Table-
6a:Distribution of defense expenditure by main category, p.12. https://www.nato.int/nato_
static_fl2014/assets/pdf/pdf_2017_03/20170313_170313-pr2017-045.pdf

37 “The world’s 20 biggest military spenders in 2016”,  Business Tech, 13 December 2016, 
https://businesstech.co.za/news/business/147559/the-worlds-20-biggest-military-spenders-
in-2016/

38 “2016 Global R&D Funding Forecast”, R&D Magazine, Winter 2016 Supplement, 5. https://

https://www.nato.int/nato_static_fl2014/assets/pdf/pdf_2017_03/20170313_170313-pr2017-045.pdf
https://www.nato.int/nato_static_fl2014/assets/pdf/pdf_2017_03/20170313_170313-pr2017-045.pdf
https://www.iriweb.org/sites/default/files/2016GlobalR%26DFundingForecast_2.pdf
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Turkey is 43rd among the certain level R&D spending 60 countries. In terms 
of Global Talent Competitiveness Index, Turkey has made 63/118.39 Quality of 
scientific institutions, tolerance of minorities, gender education and earnings 
gap, brain grain, political stability, corruption are some areas highlighted in 
the index.  Turkish defense R&D spending was some 0.9 bn $ in 201340 and 
is likely to have reached 1 bn $ in 2016. While there are some improvements 
in R&D area, six Turkish companies are in the list of the World 2500 R&D 
investing companies, only one in defense sector.41   

Against this background, while Turkish defense industry joined the global 
defense industry liege and incrementally developed to the certain levels and 
reached the level of sustainment and meeting the needs of TAF, it has three sig-
nificant challenges which continue to deteriorate due to decreasing resources 
and hard competition in the global markets: meeting the urgent requirements of 
TAF with suitable and timely innovations, self-sustainment and contribution to 
domestic economy. Regarding first area, it is not fair to argue that Turkish in-
dustry completely has failed. Rather, timely response and production is an area 
which is not responsibility of solely the industry. It is an issue for all parties in-
cluding the government, the Ministry of National Defense (MOND) and TAF. 

One example is soldier’s pack. In 33 years between 1984 and 2017, Turk-
ish defense R&D to lighten the soldier individual equipment which is approxi-
mately 30 kg has continued.  There are of course some improvements but the 
problem is much or less same. Nevertheless, the required technology to lighten 
the soldier pack existed in 1980s. This is an example of failure. Several chal-
lenges have sustained in other areas for years. However, analysis of counter 
IED attacks reveals many lessons to be learned. Turkey, facing many terrorism 
challenges, has been badly affected by IED attacks. This threat has increased 
since 1984 as shown at the Graph.2. 

www.iriweb.org/sites/default/files/2016GlobalR%26DFundingForecast_2.pdf
39 Bruno Lanvin, Paul Evans (eds), The Global Talent Competitiveness Index 2017, France: 

INSEAD, 2016, 227.
40 Bingöl, Varlık, “Future of Turkish Defense Industry”, 18.
41 These are TOFAS, Ford Automotive, Koc, Aselsan, Arcelik and Turk Telecom with the ranks 

between 547 and 2444. “EU Scoreboard 2016 (World 2500).” 

https://www.iriweb.org/sites/default/files/2016GlobalR%26DFundingForecast_2.pdf
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Graph.2: Number of IED attacks causing casualties by years in Turkey42

It is interesting to see that as Turkish defense industry made huge prog-
ress after 1990s, but IED attacks resulting in casualties dramatically have in-
creased, particularly after 2015. There are two periods which saw dramatic 
decrease, 1999-2004 and 2013-2015 in which PKK ceased its attacks due to 
either military defeat and retreat from Turkey in the end of 1990s or 2013-2015 
“peace process” led by Turkish government. It is contradictory that although 
TAF and Turkish police have heavily engaged in counterterrorism operations 
for more than 30 years and the successive governments allocated huge bud-
gets to defense matters, the defense R&D cannot succeed to produce what is 
urgently needed; better armored vehicles, detection devices, jammers and etc. 
This deficiency became quite visible in European Shield Operations in Syria. 
In this operation, ISIL and PKK/YPG killed 71 Turkish soldiers and many 
more FSA militants, wounded hundreds, and destroyed and damaged tens of 
armored vehicles including tanks with IED attacks.43 

These examples indicate that existing defense R&D is not effective to 
make technological innovations and field better products against the terrorist 
groups which, from the innovation perspective, seem more agile and adaptive 
and fast learning organizations. On the contrary, the public security organiza-
tions and bureaucracy lack effective learning from lessons, adaptability and 
agility. More importantly, state institutions can face difficulty to change their 
present doctrines, hierarchal organizations and way of doing business. 

42 “Global Terrorism Database”, https:www.start.umd.edu/gtd
43 Oktay Bingöl, Ali Bilgin Varlık, 15 Temmuz Sonrası Türk Ordusu: Kriz ve Çıkış, Ankara: 

Barış-Platin, 2017. 85.
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One of the major weaknesses is the lack of interoperability between sol-
diers, and engineer and scientist. This last point is so important that its exis-
tence can pave the way for the better products as the fast innovations in the 
area of communication, signal and observation devices.  One of the factors 
making the innovations and timely improvements in electronic and commu-
nication sector is the interoperability of soldier and engineer/scientist. This is 
result of the fact that signal, communication and automated information pro-
cessing corps officers were selected from the cadets whose major is electric/
electronic engineering in the military academies of the TAF services. Such a 
capability has contributed to acknowledging the war fighters’ urgent require-
ments and defining the military needs with technological ways that helped the 
industry better understand what is to be designed and produced. This means, in 
other words, fast planning, production/procurement cycles and better systems. 
Any other branches of land forces did not have so kind of opportunity. 

The benefits of above case are more than meeting the urgent and future 
needs of the war fighters. With ramification and spillover, dual/multi use can 
be possible as the case that the state owned Aselsan Electronics Company has 
shown. Its productions are widely used by public and private security person-
nel and wider civil sector, domestic or external. Such defense companies can 
sustain without waiting for the state support. 

In Turkey, there are required circumstances for a disruptive innovation. 
First of all, Turkish security forces have fought counter insurgency/terrorism 
more than 35 years. TAF has participated in tens of peacekeeping operations 
since 1990s. There are urgent needs to be met, lessons to be learned, billions of 
dollars spent for defense procurement and a large domestic market for dual use. 

7. In Lieu of Conclusion: Recommendations for Turkish Defense 
R&D and Innovation 

Turkish MODN/TGS and defense industry actors should acknowledge 
that is difficult for Turkish industry to compete with the western dominant de-
fense R&D, self-sustain and meet urgent operational military/security needs. It 
is a clear fact that civilian sector R&D and innovation capacity and spending 
has much exceeded the public/defense sector. There are many civilian firms 
and strong academic/scientific capacities in Turkey to further the science and 
technology which can certainly help defense/security intuitions meet their cur-
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rent and future requirements. What is first needed is to be ready to change 
current R&D paradigm which is incremental R/D and consider disruptive in-
novation. 

This paradigm change necessitates radical transformations in the public 
security sectors. As a starting point, changes must be made to the ways of 
working within the MOND and TAF. Their internal environments should be 
made conducive to innovation. By this way, new opportunities for collabora-
tion will be effectively exploited. The MOND and TAF internal organizations 
should be joint, inter-agency and civil-military integrated. A model for such 
structure can already be studied.44 The MOND and TAF should incentivize the 
external actors to participate in innovation with and for the defense require-
ments.  In this regard, the interoperability of soldier, engineer/scientist at the 
strategic, operative and tactical level as appropriate in peacetime and conflict/
war can contribute to fast and effective learning and better defense planning 
cycles (Figure-1). When the interoperability is ensured and civil technology 
teams are dispatched to joint task forces and strategic level joint operations 
centers, innovative solution to urgent needs  can more easily sensed and real-
ized. 

Figure.1: Interoperability of Soldier-Engineer/scientist

44 For a model of joint, inter-agency and civil-military integrated organization of TAF, see a 
newly published book.  Bingöl, Varlık, 15 Temmuz, chapter 4.
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Once both internal and external players are open to engaging on innova-
tion, the ways for their connections require improvement.  Several engagement 
mechanisms could be found. 

Turkish Government should aim diffusion of defense technologies so that 
commercial firms rather than the government funded and controlled compa-
nies find opportunities to create disruptive innovations and enter the mostly 
close defense-products markets (Figure-2). In this way, disruptive defense in-
novations and related R&D can benefit from multi uses, e.g. defense sector, se-
curity purposes, pure civilian uses. This of course requires acquisition reforms 
and institutional transformations.   

Figure.2: Diffusion of R&D for Disruptive Innovation
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