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Abstract Keywords
The main purpose of this study is to analyze the efficiency and total factor Defense Industry of NATO and
productivity (MTFP) of the 12 defense industries in NATO and the EUROZONE Countries

EUROZONE with the data of the 2013-2017 period. GDP, defense

Data Envelopment Analysis,
expenditures, import for the defense industry and logistics performance index

were used as input variables; while total sales and export values of defense Malmgquist Total Factor

industry were used as output variables in accordance with the data acquired Productivity Analysis
from World Bank (WB) and SIPRI. Static DEA and MTFP were applied to data.
According to findings of the CCR models; the USA, UK, France, Germany,
Spain, and Netherland were observed as efficient DMUs in all years; whereas About Article
the other six countries were inefficient ones. Additionally, according to BCC
model, only Turkey and Canada were observed as inefficient ones for five Gelis Tarihi: 11.02.2019
years. MTFP analysis revealed that Turkey and Germany were the two Kabul Tarihi: 24.04.2020
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Introduction

One of the tools that states prefer in order to solve their problems or achieve their goals is
diplomacy while the other one is military power (Duchacek and Thompson, 1960:596-597). It
has been generally known and experienced that military power has been used in cases where
diplomatic activities fail. Therefore, for a country, military readiness to different contingencies
has always been important (Rosencrance, 1973:231). Examining the recent history, it is seen
that there are so many conflicts and crises throughout the world. The crises and conflicts such
as in Syrian, Palestinian, Iraq and Lebanon crisis in the Middle East; conflict in the Caucasus
arising from the Russian invasion of Crimea; conflicts in African countries, especially in
Nigeria and its neighboring countries Cameroon, Chad, and Niger, which were created by
Boko Haram Terrorist Organization; clashes between China and its neighboring countries in
the China Sea and the conflict created in Afghanistan by radical Islamist groups have been still
remained unsolved. In this context; due to the countries' concerns of survivability, the
existence of strong-armed forces and the strong defense industry that can support armed
forces is still inevitable as it was in the past.

The defense industry, which provides high technology and high value-added products in
every area of the manufacturing industry, has always maintained its importance for the
country's economy with its dual usage and high export value. The production volume of the
defense industry was approximately $ 375 billion in 2016 and the US and Western European
countries seem to be the dominant players in this market (SIPRI, 2018a). Therefore, it has
become inevitable that countries' defense industry should be unique and have a cost-effective
structure. In other words, they cannot compete with the dominant ones due to increasing
external dependency. In sum, it can be asserted that one of the basic requirements to compete
in such a huge market is assuring production efficiency by using scarce resources more
efficiently. In this context, the main purpose of the study is to measure the efficiency and total
productivity level of 12 countries in NATO and developed Eurozone.

In this regard, in the first section of the study, the conceptual framework was explained. In the
second section, the methodology of the study and thereafter in the third section, the findings
obtained from Data Envelopment Analysis and Malmquist Total Factor Productivity Index
were presented. Then in the fourth section, the findings obtained were discussed. In the last
section, the limitations of the study and the field-specific suggestions were expressed.

Conceptual Framework

Industry, which is characterized as the engine of economic growth, covers all production
activities that transform raw materials and semi-finished goods into finished goods by
processing them by means of labor and capital. In this respect, the defense industry is actually
a sort of manufacturing (Karluk, 2005:205).

The literature shows that there has been quite a lot of study suggesting that the industrial
sector has a driving role in economic growth throughout the historical process. Most of these
studies have been carried out after the Second World War (Prebisch, 1950; Lewis, 1954;
Chenery, 1960; Clark, 1961; Nurkse, 1966; Kuznets, 1966; Kaldor, 1966).

Kaldor (1966, 1968) 's first law is expressed in equations 1 and 2 below. The variable IND in
the first equation refers to the amount of production realized in the industrial sector. Equation
1 can also be expressed as in the form of equation 2 by using the growth rates.
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GDP = Bo+ BiIND + w (1)
GDPR = Bo+ B1INDR + ut @)

According to this basic law, there is a positive relationship between the economic growth rate
and growth rate of the manufacturing industry sector. Due to the returns to the scale in the
manufacturing industry sector, as the returns of capital accumulation and investments
increase, this leads to economic growth by creating positive externalities. Hence, according to
this law, the manufacturing industry can be characterized as the driving force of economic
growth (Kaldor, 1966, 1968).

On the other hand, the defense industry can be defined as a branch of industry that is
composed of public and private enterprises while producing goods in almost every field of the
manufacturing industry. Besides, the products of the defense industry are of significance
because of high and high-medium technology and dual usage.

In addition, the interaction between the defense industry and macroeconomic variables reveals
that the defense industry has a very important role in the manufacturing industry and
economic structure, primarily due to its high value-added share (Senesen, 1989: 271).

Sweezy et al. (1975) found that defense expenditure has contributed significantly to support
employment by increasing effective demand. Onder (2012) also explains that defense
expenditure had a positive effect on employment.

Mcintosh (2006) states that if the capacity utilization in the manufacturing industry is low (i.e.
unutilized capacity), there will be favorable economic outcomes with the establishment of the
national defense industry. At this point, it can be argued that the establishment of the national
defense industry will significantly increase demand in the economy through creating an
increase in the demand of the products that are closely related to defense industry, such as
chemical industry, plastic & rubber industry, petroleum industry, main metal industry,
machine industry, electrical machine industry, metal goods industry, shipbuilding industry,
motor (land and air) vehicle industry (Senesen, 1989:268).

It is also known that the defense industry has different effects on the balance of payments in
the short and the long run. In the short run, the industries, especially ones that are producing
weapons systems requiring advanced technology will have characteristics of import
substitution at the beginning. Accordingly, they will have inconveniences of the import
substitution industrialization, because the production will probably require large amounts of
external resources. However, the effect observed in the long-run is favorable in general.
Investments in the developing countries, which create great pressure on the balance of
payments at the beginning, become useful in the following years to compensate for the foreign
exchange deficit (Simsek, 1989:195)

The benefits of the R&D activities, which are thought to accelerate as a result of the
improvements in the defense industry, can be summarized as follows: more efficient use of
resources, prevention of brain drain and benefitting from labor force of researchers, increases
in production, quality and standardization, more effective use of existing capacity together
with the widespread use of new technologies and new investments, increases in
competitiveness and export opportunities in foreign markets (Simsek, 1989:193-194).

It is emphasized that defense expenditure has a significant impact on the manufacturing
industry due to its positive contributions to the process of industrialization. These positive

Sayfa 87 | 2020; 18 (Ozel Say1); TBMM 100. Y1l Ozel Sayis1



Economic Efficiency and Total Factor Productivity of Defense Industries in NATO and
EUROZONE

contributions have shown up, especially with positive externalities that defense expenditure
has created through accelerating infrastructure investments. At this point, Kaldor (1976) states
that defense expenditure causes high industrial growth and creates a modernization effect in
important sectors such as iron and steel and aviation industry. Benoit (1978) also argues that
the infrastructure investments made by means of defense expenditure and the labor power
that specialized in this way can make a huge impact in the industrialization and modernization
of the country.

The data of 2016, which shows the production value of this sector in terms of macroeconomic
structure, indicates that 73 of the world's largest 100 firms are from the North American and
Western European companies. Consequently, it can be said that this sector is dominated by
companies from the US and Continental Europe (SIPRI, 2018b).

As of 2016, world defense industry production is approximately 375 billion dollars (SIPRI,
2018b). Table 1 presents the information about the arms sales of 12 NATO countries and the
EURO region countries included in the study. These are the prominent countries in the defense
industry production (approximately 81% of the total world volume in 2016). The total arms
sales of these 12 countries are about 344 billion 703 million dollars as of 2017.

Table 1. Total Arms Sales of the Countries (billion $)

Countries 2013 2014 2015 2016 2017
USA 269435 237280 228605 215170 237623
UK 44882 38353 39440 36110 39696
France 34700 18888 21370 18570 23382
Germany 6870 5213 5600 5980 5916
italy 19764 16496 17180 10100 15885
Spain 5150 710 737 710 1827
Turkey 1810 1715 1971 2703 2050
Canada 800 682 760 780 756
Finland 1000 556 432 530 630
Norvay 1080 735 730 770 829
Poland 827 1210 1190 1140 1092
Netherland 20360 14609 12776 12321 15017
Total 406678 336447 330791 304884 344703

Source: https://www.sipri.org/databases

Table 2 presents the world’s largest arms exporter and importer countries between 2013-2017.
As shown in Table 2, these 10 countries dominate the world exports and approximately 89.4%
of the total exports are realized by these 10 countries. On the other hand, the top 10 arms
importer countries perform about 51.4% of total imports.

Table 2. The Main Exporter and Importer (2013-2017)

No. Exporter Share No. Importer Share
(%) (%)
1 USA 34 1 India 12
2 Russia 22 2 Saudi Arabia 10
3 France 6.7 3 Egypt 4.5
4 Germany 5.8 4 UAE 4.4
5 China 5.7 5 China 4.0

2020; 18 (Ozel Say1); TBMM 100. Y1l Ozel Sayisi| Sayfa 88


https://www.sipri.org/databases

Bayrak

6 UK 4.8 6  Australia 3.8
7 Spain 29 7  Algeria 3.7
8 Israel 29 8 Iraq 3.4
9 Italy 2.5 9  Pakistan 2.8
10 Netherland 2.1 10 Indonesia 2.8
Total 89.4 Total 51.4

Source: https://www sipri.org/databases

As of 2017, world defense industry expenditure has reached approximately 1 trillion 739
billion dollars (SIPRI, 2018). The defense expenditure data of the above-mentioned 12
countries are presented in Table 3 (The share of the 12 countries in the total expenditures is
approximately 50%).

Table 3. Defense Expenditure of the Countries (billion $)

Countries 2013 2014 2015 2016 2017
USA 640221 609914 596010 611186 609758
UK 57891 59183 53862 48253 47193
France 61228 63614 55342 55745 55770
Germany 48790 46103 39813 41067 44329
italy 32657 31572 25295 27934 29236
Spain 12765 17179 14937 14893 16226
Turkey 19085 17772 15881 14803 18189
Canada 18460 17854 15317 15157 20567
Finland 3262 3599 3051 3246 3597
Norvay 7235 7334 5815 5998 6568
Poland 9257 10345 10213 9341 10009
Netherland 10328 10333 8668 9253 10048
Total 921179 894802 844204 856876 871490

Source: https://www.sipri.org/databases

When the literature is examined, it is seen that despite lots of studies on the manufacturing
industry (Mok et al., 2007; Lai, 2007; Nandy, 2011; Memon and Tahir, 2011; Yang et al., 2012;
Prusa, 2012; Docekalova and Bockova, 2013; Moon, 2013; Elshamy, 2013; Changjun and
Qiaoyue, 2014; Bakirci et al., 2014; Tath and Bayrak, 2016), the number of efficiency studies on
the defense industry is limited. Bakirc et al. (2016) analyzed the defense industry of the
countries that have the largest 100 defense companies in the world by using MTFP. Bayrak et
al. (2016) examined the effectiveness of the defense industry of 21 countries by using the static
and dynamic DEA method. These two studies can be said the pioneers of efficiency studies in
the defense industry.

In this context; assuming that these DMUs (countries) realize 81% of the world's defense
industry production and about 50% of the total defense expenditure, and therefore they can
be said to represent the population; the main purpose of this study was established to make a
comparative analysis of these 12 countries, then to develop some suggestions to ensure
resource efficiency. For this purpose, the research questions were determined as follows.

Research Question 1: Compared the selected countries with each other, is it possible to assert
that they are effective in terms of both resource utilization and total factor productivity?
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Research Question 2: As a result of this comparison, if there is no economic efficiency, what
should be done about resource management?

Methodology
In this section, the variables and analysis method used was represented.
Data

Data and their sources are submitted in Table 4.

Table 4. Variables and Their Sources

Variable Input/Output Sources
GDP Input World Bank*
2 Defense Expenditure (MEXP) Input SIPRI**
3 Arms Import (AIMP) Input World Bank
4 Logistic Performance Index Input World Bank
(LPI)
Total Arms Sales (TAS) Output SIPRI
Arms Export (AEX) Output World Bank

*  Worl Bank (WB), http://data.worldbank.org/indicator
** SIPRI. https://www.sipri.org/databases/milex

GDP, defense expenditure, arms import values for the defense industry and logistics
performance index were included as input variables; while total sales of the defense industry
and arms export values as output variables. These variables seem to have been used in some
studies (Bakirci vd., 2016; Bayrak vd., 2016) in the literature beforehand.

In order to prevent probable measuring biases and use homogenous values, all variables were
attained from the same sources, World Bank and SIPRI. Additionally, DEAFrontier 2.0
program was employed for the Static DEA and Win4DEAP 1.1.2 program was employed for
the MTFP.

Analysis Method

Data Envelopment Analysis (DEA) used in this study is a method based on the frontier
approach. While covering the outliers, it is different from the regression equation which is
compatible with the average of data (Arnade, 1994:8). This method was first developed by
Charnes, Cooper ve Rhodes in 1978 (Banker, 1992:74) and mainly tries to measure the relative
efficiency of homogenous decision-making units (DMU) using the same input and the same
outputs (Ramanathan, 2003:19). In other words, based on frontier approach, DEA is a
technique which measures relative efficiency of DMUs using different inputs and outputs
defined in different kind of measures (Ramanathan, 2003:19). In that context, DEA can be
described to be a non-parametric method that measures the efficiency of the homogenous
Decision-Making Units-DMUs (Cullinane et al, 2006). One of the most important features of
DEA is that it can provide us with the source and degree of the inefficiency of DMUs (Cooper
et al, 2000:4).
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The fractional CRR programming model is the first model developed by Charnes, Cooper, and
Rhodes; and was formed by the proportion of weighted outputs to weighted inputs for each
decision-making unit (Charnes et al, 1978:430).

The fractional programming model for CCR input, accepted as one of the DEA models in the
literature, is defined as seen in equation 3. In the model, (m) is used as input number and while
(s) is used as the output number. Efficiency value for DMUs, (n) times, is measured as the ratio
of weighted inputs to weighted outputs (Zhu, 2003:77).

Z UrkY'rk

Ex = Maximum *=— 3)
ZVikXik
=)

Here, (s) is the number of produced output; (m) is the number of input used; (urk) is the weight
given to the (rth) output by the decision unit (k); (Yrk) is (rth) amount of output produced by
the decision unit (k); (vik) is the weight given to the (ith) input by the decision unit (k); (Xik)
is (ith) amount of input used by the decision unit (k); (n) is the number of decision-making
unit; (Ex) is the efficiency value of the decision unit (k).

As the efficiency scores cannot be more than “1”, the restriction is described in equation 4.

Inputs and output cannot be negative. So, these restrictions can be explained as follows.
un>0; r=1,.....,8
vik>20; i=1,.....m

Malmquist Total Factor Productivity Analysis, which was developed to overcome the
restrictions emerging from the static structure of DEA, measures mainly the changes of Total
Factor Productivity between two points while using distance functions (Griffel-Tatje and
Lovell, 1995:169-175).

This index was first used in 1982 by Stan Malmquist (Grosskopf, 1993:175). It is defined to be
the ratio of input and output distance function values to measure the change in total factor
productivity of a firm between two time periods such as s and ¢ (Coelli et al., 2005:289).

The output-oriented Malmquist TFP index is defined as shown in equity 5 (Fare, 1994:66-80).

D£+1 (x“‘l, yt+1)

Dt (xt+1, yt+1)
Mt+1 xt’ t’ xt+1’ t+1 ) = [ 0 ’ x 5
o ¥y ) PHEED DI,y ©)

Mo > 1 means that there is an increase in TFP from the period of “t” to “t+1”; Mo < 1 explains
that there is a decrease in TFP from the period of “t” to “t+1”; and Mo=1 describes that TFP
remains constant from the period of “t” to “t+1” (Coelli, 1996:28).

Equation 5 can be defined to be equation 6 (Grosskopf, 1993:177).

t+1 (ot ot b+
Mgt (xb vt x

1 yt+1) _ D5+1 (xt+1 t+1) [D (xt+1 yt+1) D£+1 (x“'l,y“'l) (6)
’ DE(xt, yt DE(xt,y DFFE(xt, yt)
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Empirical Results

As seen in Table 5, considering the results of the CCR input-oriented model; the USA, UK,
France, Germany, Spain, and Netherland seemed to be efficient DMUs for five years. These
efficient countries were observed as the reference ones to the inefficient ones. The other six
countries including Turkey were observed under the efficient frontiers.

Table 5. Results of CCR Input Oriented Model

DMUs Input Oriented Model
2013 2014 2015 2016 2017
USA 100 100 100 100 100
UK 100 100 100 100 100
France 100 100 100 100 100
Germany 100 100 100 100 100
italy 87,81 88,76 86,92 84,84 84,55
Spain 100 100 100 100 100
Turkey 67,50 66,65 68,07 69,50 69,65
Canada 50,33 53,51 51,67 52,96 53,01
Finland 56,95 64,06 63,99 66,01 66,05
Norvay 42,63 43,76 66,68 47,20 47,11
Poland 48,90 53,37 54,79 55,26 56,33
Netherland 100 100 100 100 100
Average 79,51 80,84 82,67 81,31 81,39
Standart Deviation 24,10 22,62 1994 2159 21,46
Inefficient DMUs 6 6 6 6 6

Source: Created by the author.

According to the CCR Output-oriented model (Table 6); the USA, UK, France, Germany, Spain,
and Netherland were observed to be efficient ones, while the others were inefficient.

Table 6. Results of CCR Output Oriented Model

Output Oriented Model
DMUs
2013 2014 2015 2016 2017
USA 100 100 100 100 100
UK 100 100 100 100 100
France 100 100 100 100 100
Germany 100 100 100 100 100
italy 88,81 92,76 8991 87,85 88,11
Spain 100 100 100 100 100
Turkey 71,40 76,65 78,07 7911 100
Canada 57,31 58,11 61,67 62,16 63,13
Finland 76,35 74,36 7393 76,71 75,88
Norvay 52,73 53,36 56,65 57,50 58,71
Poland 58,95 57,57 59,69 6186 61,77
Netherland 100 100 100 100 100
Average 83,79 84,40 8499 8543 87,30
Standart Deviation 19,29 19,22 17,92 17,24 17,35
Inefficient DMUs 6 6 6 6 6

Source: Created by the author.
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Evaluating the results of the BCC model (Table 7) which was constructed in accordance with
variable returns to scale; all countries except Turkey and Canada were efficient ones.

Table 7. Results of BCC Input and Output Oriented Models

BCC Input Oriented Model

BCC Output Oriented Model

DMUs
2013 2014 2015 2016 2017 2013 2014 2015 2016 2017
USA 100 100 100 100 100 100 100 100 100 _ 100
UK 100 100 100 100 100 100 100 100 100 100
France 100 100 100 100 100 100 100 100 100 100
Germany 100 100 100 100 100 100 100 100 100 100
italy 100 100 100 100 100 100 100 100 100 100
Spain 100 100 100 100 100 100 100 100 100 100
Turkey 97,77 9655 9514 9611 9718 5553 5351 5411 5515 56,11
i 8958 91,30 90,02 9444 9511 51,77 5381 5234 5512 56,71
Finland 100 100 100 100 100 100 100 100 100 100
Norvay 100 100 100 100 100 100 100 100 100 100
Polond 100 100 100 100 100 100 100 100 100 100
Netherland 100 100 100 100 100 100 100 100 100 100
Average 9894 9898 9876 9921 9935 9227 9227 9220 9552 92,73
Standart .50 308 187 156 1805 1803 1821 1746 1696
Deviation
Inefficient
oML, 2 2 2 2 2 2 2 2 2

Source: Created by the author.

The results of BCC models higher than that of the CCR model. This result consistent with the

findings (Bayrak et al, 2016) in the literature.

Examining the values of improvement that help the inefficient ones reach the efficiency border;
it can be stated that the defense expenditure of all countries should be approximately
decreased by 9%, and arms import should be decreased nearly by 18%. Moreover, thinking
about the improvements of the output variables; it can be asserted that total defense sales of
the countries should be nearly increased by 50%, and arms export of them needs to be

approximately increased by 43%.

Table 8. Total Improvements Values of the Countries* (%)

Variables 2013 2014 2015 2016 2017  Average
GDP - - - - - -
MEXP -811  -823 911 -898  -899 -8,68
AIMP -15,52 -18,98 -16,36 -17,41 -19,88  -17,63
LPI - - - - - -
TAS 71,18 44,06 41,19 4425 47,07 49,55
AEX 40,45 43,05 41,45 4434 47.13 43,28

*Obtained from BCC Output Oriented Model.

Source: Created by the author.

Technical and technological efficiency values obtained from Malmquist Factor Productivity

Analysis (MTFP) are presented in Table 9.
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Table 9: Results of MTFP Analysis (2013-2017)*

TECHNICAL EFFICIENCY TECHNOLOGICAL

CHANGE (TEC) EFFICIENCY CHANGE (TC)

DMUs 2013 2014 2015 2016 2013 2014 2015 2016

2014 2015 2016 2017 2014 2015 2016 2017
1 USA 1.000 1.000 1.000 1.000 1.274 0.984 0.969 1.123
2 UK 1.000 1.000 1.000 1.000 0911 0.987 1.025 0.998
3 France 1.000 1.000 1.000 1.000 1.000 0.792 0.934 0.895
4 Germany 1.000 1.000 1.000 1.000 1.246 1.210 1.230 1.229
5 italy 0.688 1.264 0.746 0917 1.115 1.219 1.056 1.196
6 Spain 1.000 1.000 1.000 1.000 1.233 1.143 1.017 1.129
7 Turkey 0969 1.228 1.038 0.883 1.350 1.150 0.979 1.456
8 Canada 0.775 1.347 0.809 0.996 1.246 1.165 0963 1.181
9 Finland 0774 0917 1.000 0951 1.391 1.048 0.942 1.434
10 Norway 1.027 1.224 0.708 0.804 1.349 1.049 0.934 1.444
11 Poland 1.000 1.107 1.031 0.751 1.008 1.017 0.942 1.147
12 Netherland 1.000 1.000 1.000 1.000 1.369 1.467 0.764 1.241

Minimum 0.688 0917 0.708 0.751 0911 0.792 0.764 0.729
Maksimum 1.027 1224 1.031 1423 1391 1467 1.330 1.444
Average 0.936 1.107 0944 0.963 1.211 1.060 0.987 1.164
Standart
Deviation

Source: Obtained by the author with the WindDEAP program.

* Conducted with Output Oriented Model in terms of Variable Return to Scale.

0.117 0.166 0.117 0.168 0.162 0.165 0.129 0.220

Assuming that the technical efficiency indicates the proceeding to the efficient border
(Mahadevan, 2002:590); the values bigger than “1” means that the DMU gain improvements;
the values smaller than “1” means that the DMU lose efficiency because of becoming distant
from the efficient frontier; and finally, the values equal to “1” means that the efficiency of the
DMU did not change for that period (Coelli, 1996:28).

In that context evaluating the findings in Table 9; the USA, UK, France, Germany, Spain, and
Netherland were observed not to have experienced any efficiency changes for five years
period. The others were seen to have fluctuated between positive and negative values.

Technological efficiency describes the shifting of the frontier which is termed Production
Possibilities Curve-PPC (Mahadevan, 2002:590). As seen in Table 9; only Germany, Italy and
Spain were observed to have experienced positive change. In other words, only these countries
managed to shift their PPC right and they increased their production capacity. By the way, the
others seemed to fluctuate between positive and negative efficiency gains.

Pure efficiency changes in the DMUs are presented in Table 10.

Table 10: Results of MTFP Analysis (2013-2017)*

PURE EFFICIENCY SCALE EFFICIENCY
CHANCE (PTEC) CHANGE (SEC)
DMUs 2013- 2014- 2015- 2016- 2013- 2014- 2015- 2016-
2014 2015 2016 2017 2014 2015 2016 2017
1 USA 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
2 UK 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
3 France 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
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4 Germany 1.445 1.000 1.000 0863 1.022 1.000 1.000 0.977
5 fltaly 1.000 1.000 0.831 0.939 0.668 1.264 0.898 0.893
6 Spain 1.000 1.000 1.000 1.027 1.000 1.000 0.775 1.434
7 Turkey 1.000 1.000 1.000 1.000 0.877 1.428 1.038 0.894
8 Canada 0.769 1349 0.882 1.000 1.080 1.000 0.837 1.038
9 Finland 1.000 1.000 1.000 0.838 0.774 0.717 1.345 0.751
10 Norway 1.000 1.000 1.000 1.000 1.027 1.342 0.708 0.766
11 Poland 1.000 1.000 1.000 1.000 0.888 1.107 1.031 0.997
12 Netherland 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Minimum 0.769 1.000 0.831 0863 0.774 0.717 0.775 0.751
Maksimum 1.445 1.349 1.000 1.000 1.027 1.342 1.345 1.434
Average 1.017 1.029 1976 0972 0.944 1.071 0.969 0.979

S. Deviation  0.150 0.100 0.056 0.060 0.120 0.193 0.160 0.171

Source: Obtained by the author with the Win4DEAP program.

* Conducted with Output Oriented Model in terms of Variable Return to Scale.

Having evaluated the pure efficiency results which are measured with the assumption of
variable returns to scale; the USA, UK, France, Turkey, Norway, Poland and Netherland did
not experience any change for that five years period.

Assuming that the relationship between pure efficiency change with the administrative ability
of the DMUs (Lorcu, 2010:283); it can be stated that these seven countries could not obtain any
administrative gains through the five years period as well. For that reason, it is so hard to

interpret this result furthermore.

Taking into account the scale efficiency scores (see Table 10) which denotes the optimal scale
gains that the countries obtained for this period; the USA, UK, France, and Netherland were
observed to be stable, while others seemed to fluctuate between positive and negative values.

Total Factor Productivity (TFP) change is presented in Table 11.

Table 11: Results of MTFP Analysis (2013-2017)*

TOTAL FACTOR PRODUCTIVITY CHANGE (TFPC)

DMUs
2013-2014 2014-2015 2015-2016  2016-2017
1 USA 1.274 0.984 0.974 1.123
2 UK 0.911 0.988 1.057 1.998
3 France 1.344 0.938 0.938 0.895
4  Germany 1.342 1.112 1.385 1.234
5 Iltaly 0.778 1.162 0.777 1.090
6  Spain 1.233 1.143 1.162 1.340
7  Turkey 1.309 1.445 1.064 0.870
8 Canada 0.921 1.466 0.741 0.706
9 Finland 1.076 0.765 1.459 0.799
10 Norway 1.398 1.444 0.662 0.810
11 Poland 0.759 1.123 0.959 0.861
12 Netherland 1.437 0.766 0.764 1.442
Minimum 0.778 0.765 0.662 0.706
Maksimum 1.542 1.466 1.459 1.442
Average 1.165 1.113 0.970 1.061
S. Deviation 0.267 0.243 0.246 0.373

Source: Obtained by the author with the WindDEAP program.
* Conducted with Output Oriented Model in terms of Variable Return to Scale.

Sayfa 95 | 2020; 18 (Ozel Say1); TBMM 100. Y1l Ozel Sayis1



Economic Efficiency and Total Factor Productivity of Defense Industries in NATO and
EUROZONE

By evaluating the TFP change which is measured by the multiplication of the technical and
technological efficiency change; Germany and Spain were the only ones experiencing positive
values for that period.

Conclusion and Discussion

This study was carried out for the comparative analysis of the economic efficiency of developed
industries in NATO and EUROZONE. CCR and BCC models were used under the DEA's assumption
of constant and variable returns to scale. In addition, Malmquist Total Factor Productivity Index
was used under the assumption of variable returns to scale.

Within the scope of the first research question, “whether the countries have achieved economic
efficiency or not?”, the results of the analysis of both input and output-oriented methods of the CCR
model revealed that while the US, England, France, Germany, Spain, and the Netherlands were at
full efficiency level in all years; the other six countries could not provide resource efficiency.
However; the results of both input and output-oriented BCC models showed that all countries,
except Turkey and Canada, achieved the full efficiency level in all the years.

Within the scope of the second question, “if there is no economic efficiency, what should be done
about resource management?”, it was found that countries should reduce defense expenditures by
approximately 9% and defense industry imports by around 18%; while they should increase the
total defense sales by approximately 50% and defense products exports by about 43% in order to
maintain economic efficiency.

According to the results of Malmquist Total Factor Productivity analysis, the technical efficiency
values of the USA, England, France, Germany, Spain and the Netherlands did not change. In other
words, it has been observed that these industrialized countries maintained their production
efficiency. However, all countries' production possibilities curves shifted to the right in these four
periods, which means all countries' defense industry production volumes increased. In terms of
the optimal scale of production, only Germany experienced a positive scale efficiency. evaluating
the total factor productivity, only Germany and Turkey seemed to experience positive (increasing)
efficiency.

As for recommendations for policymakers; within the framework of Kaldor's first law, i.e. the
positive impact of the manufacturing industry on growth, it can also be stated that the economic
growth may be triggered by the improvements of all kinds of efficiencies (technical efficiency,
technological efficiency, pure efficiency, scale efficiency, and total factor productivity).

Limitations of the Study and Future Implication

This study is limited to these above-mentioned variables, dataset, data period and applied analysis
method. Therefore, these efficiency values are not exact robust values, rather they are the relative
values obtained just from this study.

Consequently, it can be asserted that the study can be expanded, and also the validity of these
results can be increased by varying the data set, the variables, the period of data and the analysis
method.

References

Arnade, C. (1994). Using Data Envelopment Analysis to Measure International Agricultural Efficiency and
Productivity, United States Department of Agriculture Technical Bulletin, No: 1831.

Bakircy, F., Shiraz, S.E. and Sattary, A. (2014). Financial Performance Analysis of Iron, Steel Metal Industry Sector
Companies in the BIST: DEA Super Efficiency and TOPSIS Methods, Ege Academic Review, 14 (1), 9-19.

2020; 18 (Ozel Say1); TBMM 100. Y11 Ozel Sayisi| Sayfa 96



Bayrak

Bakirc, F., Bayrak, R. and Onal, S. (2016). Total Factor Productivity in Defense Industry, Atatiirk University Journal
of Economics and Administrative Sciences, 30(4), 751-768.

Banker, R.D. (1992). Estimation of Returns to Scale Using Data Envelopment Analysis, European Journal of
Operational Research, 62 (1), ss.74-84.

Bayrak, R., Bakirci, F. and Sarikaya, M. (2016). Efficiency Analysis with DEA in Defense Industry, Journal of
Entrepreneurship and Development, 10 (2), 26-50.

Benoit, E. (1978). Growth and Defence in Developing Countries, Economic Developnient and Cultural Change, 26 (2),
271-280.

Charnes, A., Cooper, W.W. and Rhodes, E. (1978). Measuring the Efficiency of Decision-Making Units, European
Journal of Operational Research, 2 (6), 429-444.

Changjun, Y. and Qiaoyue, L. (2014). The Study of The Performance of Manufacturing Enterprises Cross-Border
Mg&A in China Based on super-efficiency DEA, Journal of Chemical and Pharmaceutical Research, 6 (5), 1942-1945.

Chenery, H.B. (1960). Patterns of Industrial Growth, The American Economic Review, 50(4): 5.624-654.
Clark, C. (1961). Growthmanship. A Study in the Mythology of Investment, London: Barrie and Rockliff for the IEA.

Coelli, T.J. (1996). A Guide to DEAP Version 2.1: A Data Envelopment Analysis Program, Center for Efficiency and
Productive Analysis Working Paper, No.8.

Coelli, T., Rao, D.S.P., O’donnell, C.J. and Battese, G.E. (2005). An Introduction to Efficiency and Productivity Analysis.
USA: Kluwer Academic Publisher.

Cooper, WW., Seiford, L.M. and Tone, K. (2000), Data Envelopment Analysis: A Comprehensive Text with Models,
Applications, References and DEA-Solver Software. New York: Kluwer Academic Publications.

Cullinane, K.K., Wang, T.F., Song, D.W. and Ji, P. (2006). The Technical Efficiency of Container Ports: Comparing
Data Envelopment Analysis a Stochastic Frontier Analysis, Transportation Research Part A: Policy and Practice, 40
(4), 354-374.

Docekalova, M. and Bockova, N. (2013). The Use of Data Envelopment Analysis to Assess The R&D Effectiveness
of The Czech Manufacturing Industry, Verslas: Teorija Irpraktika, 14 (4), 308-314.

Duchacek, I.D. and Thompson, K.W. (1960). Conflict and Cooperation Among Nations, New York: Halt, Rinehart,
Winston.

Elshamy, H. (2013). Utilizing Data Envelopment Analysis (DEA) For Analyzing Technical Efficiency of Selected
Egyptian Manufacturing Industries, International Journal of Business and Economics Perspectives, 8 (2), 44-52.

Fare, R., Grosskopf, S., Norris, M. and Zong, Z.Y. (1994). Productivity Growth Technical Progress and Efficiency
Change in Industry, American Economic Review Combine with Journal of Economics Literature and Journal of Economic
Respect, N.84, 66-80.

Griffel-Tatje, E. and Lovell, C.A. (1995). A Note on The Malmquist Productivity Index, Economics Letter, 47, 169-175.

Grosskopf, S. (1993). The Measurement of Productive Efficiency: Techniques and Applications. H.O. Fried, C.A.K. Lovell
and S.S. Schmith (Ed.). New York: Oxford University Press.

Kaldor, N. (1966). Causes of the Slow Rate of Economic Growth in the United Kingdom: An Inaugural Lecture, London:
Cambridge University Press.

Kaldor, N. (1968). Productivity and Growth in Manufacturing Industry: a Reply, Economica, 35, 385-391.
Kaldor, M. (1976). The Military in Development, World Development, 4 (6), 459-482.

Karluk, R. (2005). Transformation Experienced Since the Announcement of the Republic until Present. Istanbul: Beta
Publication.

Kuznets, S. (1966). Notes on Departure, Selected Topics in Economic Development, METU Faculty of Economics and
Administrative Sciences.

Lai, Y.H. (2007). Use of Data Envelopment Analysis to Assess the Relative Efficiency of Laptop Computer
Manufacturers: An Empirical Study, International Journal of Management, 24 (2), 289-295.

Sayfa 97 | 2020; 18 (Ozel Say1); TBMM 100. Y1l Ozel Sayis1



Economic Efficiency and Total Factor Productivity of Defense Industries in NATO and
EUROZONE

Lewis, W.A. (1954). Economic Development with Unlimited Supplies of Labour, Manchester School of Economic and
Social Studies, 22:139-91.

Lorcu, F. (2010). Malmquist Productivity Index: An application of the Turkish automotive industry, Istanbul
University Journal of the School of Business Administration, 39 (2), 276-289.

Mahadevan, R. (2002). A DEA Approach to Understanding the Productivity Growth of Malaysia’s Manufacturing
Industries, Asia Pacific Journal of Management, 19, 587-600.

Mcintosh, M. (2006). Chief of Defense Procurement, European Defence Cooperation, Military Technology, 6 (94), 21-33.

Memon, M.A. and Tahir, .M., (2011). Relative Efficiency of Manufacturing Companies in Pakistan Using Data
Envelopment Analysis, International Journal of Business and Commerce, 1 (3), 10-27.

Mok, V., Godfrey, Y., Zhaozhou, H. and Zongzhang, 1. (2007). Leverage, Technical Efficiency, and Profitability: An
Application of DEA to Foreign-invested Toy Manufacturing Firms in China, Journal of Contemporary China, 16
(51), 259-274.

Moon, H. S. (2013). The Relative Efficiency Analysis of Innovation Activities with Uncertainty: The Case of Korean
Electronic Equipment Industry, Innovation: Management, Policy, and Practice, 15 (3), 305-314.

Nandy, D. (2011). Efficiency Study of Indian Automobile Companies Using DEA Technique: A Case Study of Select
Companies, The IUP Journal of Operations Management, 10 (4), 39-50.

Nurkse, R (1966). Growth in Underdeveloped Economies, Trans: Tunca Toskay, Economic Growth, and Development:
Selected Articles, 1193, Istanbul: Istanbul University Pub.

Onder, K. (2012). An Investigation on The Effect of Defense Expenditure on Economy in Turkey, GJEBS-Global
Journal of Economics and Business Studies, 1 (1), 22-32.

Prebisch, R. (1950). The Economic Development of Latin America and its Principal Problems, Economic Bulletin for
Latin America, 7, 1-12.

Prusa, J. (2012). The Most Efficient Czech SME Sectors: An Application of Robust Data Envelopment Analysis, Czech
Journal of Economics and Finance, 62 (1), 44-65.

Ramanathan, R. (2003). Data Envelopment Analysis. New Delhi: Sage Publications Ltd.

Rezitis, A.N. (2006). Productivity Growth in the Grek Banking Industry: A Nonparametric Approach, Journal of
Applied Economics, 9 (1), 119-138.

Rosencrance, R. (1973). International Relations, Peace or War, New York: Mc Graw-Hill.

Stockholm International Peace Research Institute-SIPRI. (2018). SIPRI Fact Sheet 2017. Accessed: 02.01.2018.
https://www sipri.org /publications

Stockholm International Peace Research Institute-SIPRI. (2018). SIPRI Yearbook-2018. Accessed: 02.11.2018.
https://www sipri.org /yearbook/2018.

Sweezy, P.M., Baran, P.A. and Magdof, H. (1975). The Crisis of Contemporary Capitalism. Istanbul: Bilgi Publication.

Senesen, G. (1989). Possible Impacts of the Establishment of the Domestic Arm Industry on the Economy, 1989
Industry Congress Proceedings Book-I, 267-274. Accessed: 15 January 2015.
http://www.arsiv.mmo.org.tr/pdf/10642. pdf

Simsek, M. (1989). Defense Industry in the Third World Countries and Turkey. Ankara: SAGEB Publication.

Tatly, H., and Bayrak, R. (2016). Assessment of The Efficiency of Automotive Industry Firms Listed in Borsa Istanbul
with Statical and Dynamical DEA, Research Journal of Politics, Economics and Management, 4(1), 119-145.

Worlbank Indicators. (2018). Accessed: 03.01.2018. https://data. worldbank.org /indicator, (2018).

Yang, C.F.,, Pai, C.C, Lee, Z.Y. (2012). “Performance Assessment of The Top Ten TFT-LCD Manufacturers”,
International Journal of Electronic Business Management, 10 (2), 85-100.

Zhu, J. (2003). “Continuous Optimization Efficiency Evaluation with Strong Ordinal Input and Output Measures”,
European Journal of Operational Research, 146 (3), 477-485.

2020; 18 (Ozel Say1); TBMM 100. Y11 Ozel Sayis1| Sayfa 98


http://www.arsiv.mmo.org.tr/pdf/10642.%20pdf
https://data/

