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Abstract: The primary objective of the traditional arms industry was to focus on strengthening domestic military
strength. Accordingly, most of the relevant researches have focused on development and evaluation of core
weapons technologies. Relying solely on domestic demands greatly limits the possibility of the arms industry’s
growth. Furthermore, global financial erisis and military budget cuts are compelling the companies to seek
broader markets. However, sigmficant distinction from general export as well as both the competitiveness and
high entrance barrier of the global arms trade makes such endeavor demanding. Such adversity necessitates
dissimilar studies that will focus on evaluating the feasibility of exporting weapon systems and identifying
promising markets. This study presents a three-step analytical procedure that combmes both quantitative and
qualitative approaches to address this issue, selection of buying power indices and evaluation of competing
weapons systems, two-phase screeming for selecting promising countries using both quantitative and
qualitative analyses and final selection of target countries by utilizing the Bruce Merrifield-Ohe (BMO) Method.
The proposed research is evaluated by applying the proposed procedure to two actual weapon system export
cases in Republic of Korea with opposite results a success and a failure.
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INTRODUCTION

In recent years, corporate sustainability issues have
become strategically important to managerial decision
makers in implementing business strategy that considers
every dimension of how a business operates m the
ethical, social, environmental, cultural and economic
spheres. The economic sustainability in which we have
interest can be viewed from three different perspectives;
Market-industry, resource-based and institutional based
(Lloret, 2016). The research indicated that the successful
practices of sustamability using company’s business
strategy will ensure the competitive advantage in targeted
market. Jin et al (2017) emphasized that efficient
coordination of business strategies covering multiple
business aspects can improve the financial performance
and value of a firm which are the evaluation indices
regarded 1mportant from  corporate  economic
sustainability point of view. Baumgartner (2014) noted
that success and profitability of a company can lead to
sustainable growth. To this end, companies necessitate
a sustainable framework that will identify both
opportumities and threats of entering emerging market.
Within this framework, identification of promising new
items which will ensure companies to sustain their
business plays a key role (Jeong et al., 2016). In economic
terms, implementing corporate sustainability strategies
based on this framework will enable more sustainability

and more success (Baumgartner, 2014). The defense
industry is a capital-intensive industry that requires large
scale facility investment and maintenance cost. In
additior, unlike general products, mitial development of
weapon system have a signmificant characteristic
difference. It usually follows the ETO (Engineer To Order)
manufacturing method with extremely limited demand that
is solely requested by the domestic military. Starting in
such bilateral monopoly market, it is crucial to ensure
economic scales by securing both domestic and foreign
demand.

Therefore, it is imperative to augment foreign
demands through export to ensure and increase
competitiveness. However, the defense market is
notorious for its high entry barrier and limited
accessibility to the customer’s weapon purchase
information. And because the decision to purchase
weaponry 1s usually made by the government with its own
political agenda, it is vital for both the government and
the industry to identify promising countries to export to
and develop early response strategy to guarantee
successful weapons trade. To secure competitiveness of
domestic weapon system in target countries (export
competitiveness) and to hold a lead, strategic, market
oriented research analysis must be performed from the
early planning stage and clear identification of the
target market must be made from marketing point of
view.
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In Korea, multilateral analysis of economic feasibility,
technology and military force improvement is being
performed to construct strategies for efficient weapon
system research and development. However, strategic
approach to acquire export competitiveness through
market analysis of market environment and potential
customer’s demands 1s lacking.

It i1s umportant for the defense industry and the
government to develop and improve both related policies
and systems and also to possess innovative weapons
manufacturing technologies. But to vitalize exporting
weapon systemns, it 1s critical to take managerial view of
the defense mdustry into consideration and to conduct
marleting approach to analyzing weapon oriented market
analysis. This study proposes a new decision process to
screen and select promising markets for exporting the
Korean weapon system. The validity and applicability of
the proposed methodology are evaluated with the
application to two cases of exporting T-50, a Korean
advanced trainer jet.

The proposed evaluation model for strategic market
selection enables early recognition of promising countries
for exporting weapon systems. The Korean government
15 amming to boost weapon systems export through
“Selection and focus” and when developing customized
export strategies, the evaluation model is expected to
make a huge contribution.

There has been much research on identifying factors
that have influence on weapon systems export. Although,
it is apparent that the prices of similar and competing
weapons system as well as possession of technological
competitiveness are important, the existence of the market
for the weapons system and the competition level of
market must also be considered (Zolingen and Klaassen,
2003). In addition, marketing ability and A/S capability of
both the government and the weapons firm that wish to
export are also important. Furthermore, when evaluating
the possibility of exporting weapons to a potential market
(country) the support capacity of the exporting country,
diplomatic relationship between the two countries and
compatibility of the weapons system are also important
factors.

By Han and Won (2012), the attractiveness of a
weapons system exporting market was discussed. In their
research, the importance of the following six indices were
emphasized when evaluating export marketability: market
size, market growth rate, threat of competitors, threat of
substitutes, promoting factors and hindering factors.

Korea Institute for Defense Analysis (KIDA)
(Anonymous, 2007) conducted a macro environment
analysis research to identify the regional characteristics
of the weapons markets through dividing the global

weapons market into several regions. From this research,
it was noted that diplomatic relations with Korea,
economic and military level, frequency of armed conflicts
and level of defense science and technology must be
considered when evaluating export of weapon systems.
To vitalize the export, political assistance through
construction of weapons export support organization,
establishment of trans-national weapons export
cooperation network and improvement of financial
support system for weapons export were suggested.

Jang and Ahn proposed using the following 6 factors
to identify 10 promising countries to export weapons to:
size of GDP, relations with neighboring countries, civilian
and military relationship with Korea, defense budget and
compatibility with Korean weapons systems. To expand
the scale of weapons export, establishing govermnment
policies to develop weapon systems with export in
consideration, consolidate relationship between weapons
export and official development assistance and strengthen
analytic function of weapons export market for individual
country/weapon system were proposed.

Security Management Institute (Anonymous, 2015)
considered competitiveness of the weapons system,
environment of the weapons market and government
support as the deciding factors of weapons export. The
competitiveness of the weapons system were subdivided
nto price, performance and quality competitiveness. The
environment of weapons market was categorized as
foreign market demand forecast, competitiveness in
comparison to competing systems and stature of the
exporting firm in the weapons market. Also, the
government support was subdivided into capability of
government support for weapons export and development
level of foundation of export for the target market.

Previous researches were limited to finding weapons
export related factors and emphasizing their importance.
As previously mentioned in the introduction to
successfully export weapon systems, not only do these
factors need to be identified but the overall decision
process that includes the identification of promising
target market needs to be established as well. Therefore,
a three-phased systematic analysis procedure that can be
used to select buymmg power indices and analyze
competing weapon systems, identify promising countries
to export domestic weapon system through comparison
with competing weapon systems and finally select target
countries for export.

There are two key factors that differentiate the
proposed research from the previous researches for
selecting promising countries for weapons export. First,
most existing studies have solely focused on the
quantitative analysis. We differentiate the analysis by
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including both quantitative and qualitative indices. The
second distinguishing factor is that owr approach uses
both multi-phased evaluations and overall decision
making while previous researches generally conducted
AHP (Merrifield, 1978, Saaty, 2003) to obtain relative
importance using quantitative data.

Most of mternational market selection models
attempted to formalize the decision process which was
composed of three stages, namely, screening,
identification and selection (Gorecka and Szalucka, 2013,
Sakarya et al., 2007, Koch, 2001; Cavusgil, 1985). In the
screening stage, firms use macro-level data such as market
size and growth rate to eliminate countries that do not
meet their goals (Kumar et al, 1994). During the
identification stage, sector (or mdustry) level data are
gathered and assessed to exclude non-feasible market.
The final selection stage determines the market which best
fits the company’s objectives given available resources
(Aulakh, 1997). In the final stage, firm-level data are
utilized to analyze forecasted sales, costs and profitability
among others.

In such process, Cavusgil et al. (2004) suggested two
methods to evaluate and decide which markets are
attractive. The first method was to group the similar
countries based on the social, economic and political
factors by using the secondary market data and clustering
approach. The similarities helped decision makers to
evaluate possible synergies (Cavusgil et al, 2004
Huszagh, 1986). To identify key factors for screening,
cluster and factor analysis were conducted (Sethi and
Curry, 1973; Sheth and Lutz, 1971, Samli, 1977. Scholars
have criticized grouping approaches because it focuses
on the country level data and neglects the characteristics
of a specific product. It 1s possible to have a situation
where macro level data are similar but completely different
at a product level market and vice versa. This approach
also failed to consider the accessibility and reliability of
the secondary data which can vary from one country to
another which makes 1t more difficult to compare them
(Sakarya ef al., 2007).

Secondly, market estimation methods were suggested
to rank countries based on aggregate marlket potential and
overall attractiveness. The following criteria such as
market size, growth rate and level of competition were
used for the estimation. Some models used regression
analysis to forecast demand for specific products
(Lindberg, 1982). Market estimation approaches also failed
toinclude the characteristics of a specific product and did
net consider dynamic market environment (Sakarya et al.,
2007).

Based on the existing methods used in civilian
mndustry, we propose the following model to identify the

promising markets (or countries) while reflecting the

characteristics (the price and technology
competitiveness) of weapon system.
MATERITALS AND METHODS

Unlike most civilian exports, exporting a specific
weapon system is limited to only a few number of
countries. Because of the scarcity of candidate countries
to export to for each weapon system, it is crucial to
subdivide and identify the countries with high
probabilities of successful export from the target marlket.
Successfully subdividing the target market requires
technology and performance comparison with competing
weapon  systems as well as deducing price
competitiveness. And even though a country may be a
possible market for export, composite consideration of
other factors such as compatibility with Korean weapon
system, government support, differential marketing
strategies need to be considered. Therefore, in order to
correctly identify target market (country) a new evaluation
model that enables comprehensive analysis of buying
power of export target country as well as technology,
performance and price rank comparison is in dire need. In
addition, it is critical to break from qualitative analysis that
relies on experts tempting to assess every factor and to
harmoniously combine both data-driven quantitative
analysis and expert’s knowledge and experience based
qualitative analysis. To fulfill such demands, a new
evaluation model for clearly identifying strategic target
market for weapon systems export is proposed in this
study.

The proposed methodology of strategic market
selection for weapon systems export consists of 3
stages and 6 steps. The overall procedure i1s depicted
mFig. 1.

The three stages are as follows. First, countries with
the possibility of new weapons purchase and countries
that possess weapon systems that are due for
replacement owing to deterioration are identified. Next,
promusing countries are distinguished based on individual
buying power indices and the actual export possibility to
respective countries. Third, judging from market
attractiveness and export competitiveness of domestic
weapon system in said countries, promising countries are
categorized into strongly recommended, moderately
recommended and partially recommended countries.

The 6 steps are as follows. Identification and
selection of buying power indices, analysis of competing
and similar weapons system, grouping potential countries
for export, 1st screening to select viable countries from
potential countries, 2nd screening to select promising
countries from viable countries and finalizing target
counties for export.
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Fig. 1: Overall procedure of strategic market selection for weapon systems export

Buying power indices are selected from factors such
as GDP, GDP per capita, economic growth rate, military
expenditure, the size of military, the size of weapons
export and import, military science and techmology level,
execution of MOTU with Korea, possibility of military
conflict and a database was constructed for 165
countries.

For the analysis of competing and similar weapon
systems, the mamfacturing country, model name,
operating country, year of acquisition, expected year of
deterioration based on life cycle and export price were
mvestigated for weapon systems similar to Korean
weapon systems. Based on the core technologies
deduced from a swvey of military/export experts, AHP
analysis on the core technologies of Korean and similar
weapons  systems was performed.  Using price
performance ratio, competing weapon system were
selected from similar weapon systems.

Out of 165 countries, countries with above average
military conflict potential and military expenditure were
Grouped (G1) as countries with the possibility of new
purchase. And from countries that possess similar
weapon systems, countries that possess weapon systems
that are on the verge of deterioration and need to replace
them soon were Grouped (G2) as countries that need
replacement due to deterioration. From both group 1 and
2
operating similar weapon systems were reasoned to
believe that they would not purchase Korean weapon
systems and therefore excluded. Tn addition, countries
that are bammed from export by the Mimstry of Foreign
Affairs were also excluded. In conclusion, all the
remaining countries in both group 1 and 2 are “potential
countries for export’.

‘Exportable countries’ were selected from ‘potential
countries for export” (Gl and G2) based on 5 main
categories of buying power indices; Economic, military

countries that are currently mamufacturing and

(]

power, military science and technology, friendly relation
with Korea and possibility of military conflicts. This step
15 labeled ‘1st screening’. During 1st screening, the 5

main buying power indices are converted to T-scores
through normalization. Next, quartiles are established for
all 5 indices. Countries with two or more mdices that fall
1in lower quartile (or Q1) are removed from candidacy.

The remaining countries are called ‘exportable
countries’. ‘Candidates of promising countries’ are
integrated results of overall scores of buymng power
indices and qualitative evaluation results of the experts.
Quantitative overall scores are calculated from the
countries that passed 1st screening by multiplying the 5
buying power indices with relative weights of the indices
obtained from AHP analysis. In addition, military export
experts were suveyed on the qualitative factors to
consider when exporting target weapon systems to
respective countries using 10 point mterval scale.

To normalize both the quantitative and qualitative
scores they were transformed to Z-scores. Based on the
Z-score transformation, countries that scored above
average (which 1s 0) are chosen as ‘candidates of
promising This step 1s labeled 2nd
screening.

The final stage is selecting ‘target countries for
export’. This is done by evaluating export possibilities of
the ‘candidates of promising countries’. Two evaluations
criteria, marlet attractiveness and export competitiveness
in comparison to competing Wweapon systems
manufacturing countries are used to finalize the target
country selection.

countries’.

Detailed procedure; identification of target countries:
Identification of target countries stage 18 shown m Fig. 2.
First, experts are consulted to identify the factors that can
be used to the buying power of each country for the
weapon systems. Next, suwrvey was conducted to obtain
the level of impact each factor has on buymng power.
Based on the survey results, factors are grouped into 5
main categories and the data for 165 countries were
collected Next, AHP analysis was performed to obtain
relative weights within the 5 main categories and relative
weilghts within each sub categories (or mdices).
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Stages | | Detailed steps | |

Detailed procedures

Identification and
selection of
purchase power

Delphi method (1, 2, rounds) for seeking purchasing indicators
Factor analysis for grouping among indicators
AHP method for promising among indicators

indices Database for purchasing power indicators buy 165 countries
Identification of - =
Target Countries
are)y Analysis of Identification of competing and similar ones of target WS
competing and Database for competing and similar WS (e.g., price, core tech. spec. etc.)
similar weapon Expert survey for identifying core technology of WS
system Price-performance ratio analysis between WS

Fig. 2: Identification of target countries stage

Database of weapon systems similar to Korean
weapon systems was constructed and through expert
consultation, core technologies were selected. Using AHP
method, pairwise comparison was performed between
Korean weapon system and similar weapon system. The
results were used to evaluate the technology levels of
each weapon systems. Lastly, price-performance ratio was
used to finally select the competing weapon systems.

Buying power indices: Expert Delphi analysis (Dalkey,
1969) was performed to identify the buying power indices.
In the first round of Delphi analysis, 15 experts from
Defense Acquisition Program Administration (DAPA),
Korea Institute for Defense Analysis (KIDA), Korea
Institute for Industrial Economics and Trade (KIET),
Korea Trade-Investment Promotion Agency (KOTRA)
and Korea Defense Industry Trade Support Center
(KODITS) were consulted to identify specific factors that
can be used to evaluate the target countrie’s buying
power for Korean weapon export.

In the second round of Delphi analysis, 61 experts
from KOTRA, DAPA, export managers in various defense
industries and defense experts n related research centers
were consulted to evaluate the level of impact the 29
indices from the first Delphi analysis have on weapon
system buying power. The survey was performed using
7 point Likert scale. Of the 47 replies, 4 were excluded due
to omitted response and the number of valid response
was 43.

All of the CV values were less than 0.5. Therefore,
additional survey was not performed. To evaluate content
validity, minimum CVR value of 0.4 was used (Choi et al.,
2009). Military expenditure to defense power improvement
budget ratio and acqusition plan to purchase new
weapon systems had less than 0.4 CVR values and hence
removed from the final list. Table 1 shows the results of
Delphi.

Correlation coefficient matrix was obtained for the
buying power indices. And KMO and Bartlett’s test of

Table 1: Results of Delphi

Indices Avg, SD cv CVR
GDP 3.909 0.817 0.215 0.52
GDP per capita 3.727 1.082 0.214 0.59
National growth rate 3.545 0.844 0.268 0.71
Foreign aid 2.978 0.729 0.290 0.84
Import over military budget 2.910 0.931 0.268 042
Military R&D size 3.364 1.161 0.275 0.48
Budget of new Weapon 3.273 0.977 0.265 0.51
System (WS8) acquisition

Altemative payment 3.091 1.064 0.264 0.72
source other than cash

Military expenditure 2.955 0.684 0.241 0.64
Increase rate of 33064 0.04 0.272 0.73
military expenditure

Military budget per capita 3173 0.933 0.286 0.55
Military budget over GDP 3.264 0.931 0.249 045
Military force 2.718 0.957 0.152 0.04
Scale of W8 import 3.355 0.957 0.179 045
Scale of W8 export 3.036 0.689 0.273 0.55
WS requirement 3764 0.969 0.244 0.56
WS possession 4.091 1.205 0.249 0.82
Manufacturing capability of WS 3.864 1.031 0.152 0.91
National Science and 3.727 0.926 0.179 0.55
Technology level

Diplomatic relation with Korea  3.682 0.817 0.273 0.64
Purchase history of Korean WS 3.591 0.963 0.244 0.55
Military related MOU 3.545 0.889 0.295 0.64
agreement with Korea

Government support 3.455 1.091 0.250 0.55
Military aid equipment 3.455 1.199 0.272 0.73
from Korea

Export and Import trade 3.000 0.864 0.286 0.55
in private sectors

Territorial disputes 3.318 1.024 0.160 043

Possibility of military conflicts  2.818 0.614 0.268 0.57
with neighboring countries

Military enhancement budget 2,335 1.502 0.295 0.23
over military budget

Plan for new WS acquisition 2.135 0.950 0.250 0.18

sphericity was performed to test the suitability of factor
analysis. Using anti-image correlation and Measure of
Sampling Adequacy (MSA), variable group was obtained
from factor analysis.

Traditionally, factors with eigenvalues greater than 1
are chosen for analysis. However, the experts and
previous research asserted that the possibility of military
conflicts 1s one of the key factors that have mfluence on
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Table 2: Classification of indicators by factor analysis

Index Indicators Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Score
“Economic” Index GDP 0.81185 -0.11484 0.20528 0.09063 0.01254 0.27457
(International Monetary GDP per capita 0.79913 0.07773 -0.17291 0.04998 0.12586 0.31129
Fund, 2014) National growth rate 0.74200 0.13387 0.39973 0.05841 -0.12596 0.20496
“Military power” index Military expenditure -0.02557 0.67176 0.26273 0.01985 0.15564 0.34352
Increase rate of military expenditure 0.10814 0.65654 0.20950 0.07412 0.32556  0.32579
Military budget per capita 0.16837 0.62637 0.03844 0.34483 0.12588 0.28969
Military budget over GDP 0.32804 0.61713 0.10400 -0.12303 -0.05956 0.34204
Military force (The International the -0.09614 0.58337 0.09745 0.48252 -0.12336 0.2885
International Institute of Strategic Studies, 2016)
Scale of WS import (Anonymous, 2016a, b) 0.14465 0.6332 -0.09512 0.23364 0.12333 0.31245
Scale of WS export (Anorymous, 2016a, b) 0.07478 0.6997 -0.03698 0.32221 0.23865 0.47782
“Military Science and Manufacturing capability of W8 0.08205 0.25110 0.69146 0.13025 0.14765 0.45628
Technology™ index (Anonymous, 2016a, b)
Military R and D size 0.10070 0.51599 0.66172 -0.05242 0.23698 0.16684
National Science and Technology level 0.12913 0.25063 0.68362 0.13051 036145  0.44368
“Friendly relation with Diplomatic relation with Korea 0.08205 0.25110 0.12336 0.69146 0.13025  0.45628
Korea” index Purchase history of Korean WS 0.00192 0.11363 0.05884 0.58325 0.14777  0.19948
Military related MOU agreement with Korea 0.12913 0.25063 -0.12563 0.68362 0.13051 0.44368
“Possibility of military Territorial disputes (Index, 2016) 0.07706 -0.06945 0.34028 0.08205 0.81451  0.65474
conflicts”™ index Possibility of military conflicts 0.41058 0.32569 -0.16169 0.00192 054616  0.39608
with neighboring countries
Table 3: The results of AHP
Index Weight Indicators Weight Rank
“Economic” index 0.171 GDP 0.448 3
GDP per capita 0.221 12
National growth rate 0.331 7
“Military power” index 0.265 Military expenditure 0.192 13
Increase rate of military expenditure 0.128 16
Military budget per capita 0.057 18
Military budget over GDP 0.169 14
Military force 0.141 15
Scale of W8 import 0.080 17
Scale of W8 export 0.233 10
“Military Science and Technology™ index 0.136 Manufacturing capability of WS 0.420 5
Military R and D size 0.352 6
National Science and Technology level 0.228 11
“Friendly relation with Korea™ index 0.227 Diplomatic relation with Korea 0.296 8
Purchase history of Korean WS 0.440 4
Military related MO agreement with Korea 0.264 9
“Possibility of Military conflicts” index 0.201 Territorial disputes 0.467 2
Possibility of military conflicts with neighboring countries 0.533 1
Total 1.000 1.000

weapon system purchase. Therefore, it was concluded
that in addition to the four factors chosen from PCA, ‘the
possibility of muilitary conflicts” was also included.
Table 2 shows the classification of mdicators by factor
analysis.

The extracted factors are rotated to ease the analysis
procedure. Of the many factor rotation methods, Varimax
Method 1s used to sumplify factors. The new factors with
cumulative variance are listed in Table 2. The first set of
indicators are interpreted as *“GDP’, *GDP per capita’ and
‘National growth rate’. The second set of indicators are
‘Miltary Expenditure’, ‘Increase Rate of military
Expenditure’, ‘Military Budget per Capita’, ‘Military
Budget over GDP’, ‘Military force’, *Scale of weapon
system mmport’ and “Scale of weapon system export’ and
the third set of indicators are “Manufacturing capability of
WS, ‘Military R&D size” and “National science and

technology level’. The fourth set of indicators are
translated as ‘Diplomatic relation with Korea’, Purchase
history of Korean WS’ and ‘Military related MOU
agreement with Korea’ and the final fifth set of indicators
are translated as ‘Territorial disputes’ and ‘Possibility of
military conflict with neighboring countries’.

AHP analysis was performed to obtain relative
weights within the 5 main categories and relative weights
within each sub categories (or indices). 20 weapon
systems export experts from DAPA, Defense Agency for
Technology and Quality (DTaQ)) and defense industries
were surveyed. The weights for each mdices and the
source of data are shown in Table 3.

The total weight of evaluation items is 1.0000 with
relative weights of each Indices are as follows. ‘Economic
index” with 0.171, ‘Military power mdex’ with 0.265,
‘Military science and technology index” with 0.136,
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‘Friendly relation with Korea index” with 0.227 and
‘Possibility of military conflict mdex” with 0.201. Detailed
look at the indicators revealed that ‘Possibility of military
conflict with neighboring countries’ indicator had the
highest weight of 0.533 and “Military budget per capita’
indicator had the lowest weight of 0.057.

Among the 5 indices, “Military power’ index had the
highest weight. This can be construed as the level of
military power and the size of military expenditure of each
country has very important impact on the weapon system
buying power. The analysis results shown above are
utilized later when calculating overall buying power
during screening of countries with possibility of weapon
system export.

Analysis of competing and similar weapon systems:
When entering target market for weapon export, it 1s very
important to ascertain the competitiveness of competing
and substitute weapon system. If there are many
competing weapon system in the global market, it
indicates that the competition is fierce and that it is that
much more difficult to export weapon systems to foreign
countries. Another factor that needs to be considered 1s
that when the life cycle of an existing weapon system is
nearing its end, it opens the possibility of export to that
country. Therefore, when considering weapon systems
export, it is very important to identify the competing and
substitute weapon systems, countries that are currently
manufacturing the competing and substitute weapons
and countries that are curently using the weapon
systerm.

The detailed procedure of analyzing competing and
similar weapon systems are as follows. In the first step, a
database iz constructed for weapon systems that are
similar to Korean weapon systems. Based on the required
type and level performance of Korean weapon systems,
weapon systems with identical or similar platform are
mvestigated and the manufacturing country, model name,
operating country, year of acquisition, expected year of
deterioration based on life cycle and export price for each
weapon systems are databased. Detained information
regarding weapon systems were obtained from Tane’s
DSF, Forecast International and several documents
obtained on-line.

In the second step, the data for both Korean weapon
systems and similar weapon systems are provided to a
team of experts and they were asked to freely identify core
technologies that can be used to evaluate technology
competitiveness of relevant weapon systems. The team
consisted of eleven experts working in defense mndustries
and Defense Agency for Technology and Quality (DTaQ)
and they were consulted via e-mail and telephone
mterviews. Based on the response frequency, three core
technologies were identified.

In the third step of the procedure, relative importance
among the core technologies as well as pairwise
comparison of the identified core technologies between
Korean weapon system and similar weapon system was
performed through AHP analysis. Expert’s responses with
consistency <0.2 were excluded from the analysis. For
each type of weapon systems, overall techmology scores
were obtained by using both individual technology points
and relative importance among technologies.

In the fourth step, a matrix of price versus technology
graph 1s constructed by utilizing the export price of similar
weapon systems previously identified from weapon
system database and the relative importance of
technologies.

In the last step, weapon systems in competition with
Korean weapon system in the export market are finally
selected through price versus technology comparison.

Detailed procedure: identification of promising
countries: Identification of promising countries stage 1s
composed of three steps. First, countries with the
possibility of new purchase and countries that need
replacement due to deterioration are 1dentified as potential
countries for export. In the second, exportable countries
are selected through 1st screening. In the third step,
candidates of promising countries are identified using 2nd
screening. Figure 3 shows the detail procedure of stage 2.

Grouping potential countries for export: Countries with
the possibility of new purchase are chosen from countries
that currently do not possess competing and substitute
weapon systems and have both ligh possibility of
military conflict and high military expenditure. Countries
that need replacement due to deterioration are chosen
from countries that currently possess competing or similar
weapon systems that are nearing their end of life cycle
due to deterioration. From the two groups of countries,
the countries that manufacture competing or similar
weapon systems or countries that are banned from export
are excluded.

1st screening to obtain exportable countries: Tn the 1st
screening, the 5 main buying power indices are converted
to T-scores. This 1s done to enable elaborate comparison
of relative level of buying power indices of each
countries. The T-scores are converted values of original
data to values with score distribution of mean 50 and
standard deviation 10. As for calculating the values of
buying power indices, relative importance obtained from
previous AHP analysis are used. Because the countries
with higher buying power indices have higher probability
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Stages | | Detailed steps | |

Detailed procedures

Grouping countries
with export
potentials

G1: Countries with possibility of new purchase (disputes and military ) expenditure
G2: Countries that need replacement due to deterioration
Exclusion from group: WS manufacturing countries, export-banned countries

-~

1st screening to
obtain exportable
countries

Identification of
Promising
Countries (IPC)

T-score calculation for normalizing detailed items by five index
Quartiles of five index by export potential countries
Screening-out rule: countries having two more indicators located in Q1

==

2nd screening to
select export
promising countries

Calculation of quantitative score (weight sum of indicators)

Experts survey for identifying qualitative factors and assigning their scores
Z-transformation scores of quantitative and qualitative scores

Selection rule of candidates: countries in first quadrant in matrix graph

Fig. 3: Identification of target countries stage

Table 4: Qualitative evaluation criteria and necessity

Qualitative evaluation criteria Necessity

Topography/climate characteristics

Even if the weapon system is operating domestically, the topography/climate characteristics of export target ¢ ountry

may require modification (e.g. when exporting to Middle East, additional consideration for sand, dust, temperature

must be made)
Weapon systern compatibility

in target country
Military aid equipment reception
Human network

political decisions becomes
Government support. capability

Weapon systemn in consideration for export must possess compatibility with the weapon system currently operating

Countries with history of receiving military aid equipment from Korea tends to import more weapon systems
Lower the maturity of acquisition system is more important the relationship with circle of people that influence

Active support from the Blue House (the president), Ministry of National Defense (the minister), Ministry of Foreign

Affairs (the minister, local ambassador), Ministry of Trade, Industry and Energy and Defense acquisition program
administration can increase export possibility
Because the end-user is the military, the defense companies are important but government support is also very

irmportant
Relationship with country in
possession of source technology
Relationship with the neighboring
countries
Offset

possibility of export

When any source technology belongs to a foreign country, the relationship between the target export country and

the country that possesses source technology may have influence on export possibility

Relationship with the neighboring countries of target export country must be considered. (e.g. while reviewing

weapon sy stem export to a Middle Eastern country, friendly relations with Turkey hindered its success)

Weapon systern export is typically processed through offset, thus, if the possibility of offset is high, it leads to higher

of weapons export, countries with two or more
indices that lie n the lower quartile are removed from

candidacy.

2nd screening to select promising countries for export:
From the groups of potential countries for export,
candidates of promising countries are chosen through
2nd screening. The selection procedure 1s as follows. The
2nd screening is processed using the quantitative scores
obtamned from the quantitative scores of mdividual
countries and qualitative scores gathered from the survey
of experts. First, the quantitative scores of target
countries are calculated as follows. The overall score of
purchase indices are obtained by multiplying the scores
of 5 main buymg power mdices (economic, military power,
military science and technology, friendly relation with
Korea and possibility of military conflicts) with the
relative weights of each mdex. This 1s defined as the
overall quantitative score.

Next, the qualitative scores are calculated as follows.
First, the qualitative factors when evaluating the
possibility of export are extracted from the survey of
experts. The factors that were identified from expert’s
opinions, although very difficult to quantify must be
considered as shown in Table 4.

Potential countries for export were introduced to the
experts and they were asked to assign points from 5 point
interval scale on 8 factors. Based on the survey, overall
qualitative evaluation scores were obtained for all
countries with expert potentials.

To normalize the quantitative and qualitative scores
for each country, they were transformed to Z-scores. The
transformed scores depict the level of distance (in
standard deviation unit) from mean.

The matrix graph with the X-axis denoting the overall
Z-transformed quantitative scores and the Y-axis denoting
the overall Z-transformed qualitative scores 1s shown. The
countries mn the 1lst quadrant, the countries with both
positive X and Y values are chosen as candidates of
promising countries.
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Stages | | Detailed steps | |

Detailed procedures

Selection of
target
countries

Finalizing countries
for export

BMO analysis with experts survey

Market attractiveness for export

Korean export competitiveness over competing countries

Selection of target countries: high BMO score

Classification of target countries: promising, conditionally promising
and inferior promising

Fig. 4: Selection of target countries

Table 5: Market attractiveness evaluation criteria and necessity

Market attractiveness evaluation criteria Necessity

Possibility of requirement institution

To export a weapon systerm, the target country must display actions in advance that clearly displays the

requirement for that specific weapon system
Evaluate the target country’s possibility of instituting requirement within the next 10 years

Ease of market entry

Export possibility increases as the market entry barrier lowers

Scores are obtained by overall evaluation of previous successful export cases and recognition level of Korea

Possibility of sales profit

Existence of requirement for weapon system is undoubtedly important but the size of the

requirement st be sufficient to ensure satisfactory sales profit
Evaluate sales profit based on the target country’s probable requirement size

Sovereign credit rating

Export possibilities are high for countries with low risk of sovereign credit rating drop

Scores are assigned based on current and future sovereign credit rating of the target country

Relationship with country in
possession of source technology

When any source technology belongs to a foreign country, the relationship between the target export
country and the country that possesses source technology may have influence on export p ossibility

Scores are assigned based on the relationship between the two countries

Table 6: Export competitiveness evaluation criteria and their necessity

Export competitiveness evaluation criteria Necessity

Strategic cooperative relationship

Evaluate comparative advantage in the area of strategic cooperative relationship such as technology transfer,

joint cooperative production, local production, modular export

Marketing ability

Evaluate comparative advantage in information acquisition about the target country and marketing

ability of the Korean weap on sy stern manufacturing company in that specific country

Government support

Evaluate comparative advantage in governmental support of weapon system export

Active support from The Blue House, Ministry of National Defense, Ministry of Foreign Affairs, Ministry
of Strategy and Finance (the export-impoit bank of Korea), Defense acquisition program administration

Weapon systern compatibility
Human network

Evaluate comparative advantage in compatibility with the weapon system operating in target export country
Evaluate comparative advantage in relationship with influential people in political decisions

Lower the maturity of acquisition system is more important the relationship with circle of people that
infhience political decisions becomes

Price competitiveness

Evaluate comparative advantage in cost-effectiveness

Detailed procedure; selection of target countries for
export: As shown in Fig. 4, to select target countries for
export from the candidates of promising countries, Bruce
Merrifield-Ohe method (BMO) is used. Traditionally,
BMO method 15 used to evaluate the validity of a new
business field in a firm by classifying a new business
as promising when the business attractiveness score
15 above 35 and business feasibility (business
attractiveness+business fitness) score is above 0.
Modifications are made to the BMO method for our
paper. First, market attractiveness is evaluated for each
candidate countries through expert survey as shows in
Table 5. Next, export competitiveness as shows in
Table & with respect to countries that manufacture
competing weapon systems are obtained. Using these two
criteria, target countries for export are finally chosen. The

15 experts underwent focus group interviews to obtain the

factor to consider when evaluating market attractiveness
Using the
evaluation criteria for market attractiveness and export
competitiveness, 15 experts were provided with the

and export competitiveness. extracted

information regarding competing weapon systems and
they were asked to score each candidate countrie’s
evaluation criteria using 10 pomt mterval scale. The
scores were totaled and the overall market attractiveness
and export competitiveness was calculated for all
candidate countries.

Omnce all the scores were obtained, the countries with
the total sum of market attractiveness and export

competitiveness over 60 were labeled ‘strongly
recommended’ countries, countries with total sum
between 50 and 60 were labeled ‘moderately

recommended’ and the countries with total sum of 50 or
less were labeled ‘partially recommended’ countries.
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RESULTS AND DISCUSSION

Stepwise application of proposed methodology: T-50
advanced jet trainer 1s a weapon system developed in
Korea for advanced training of Korean air force jet pilots.
Tnitial production period was between December of 2003
and March of 2008. Follow-up production was between
September of 2006 and December of 2012, T-50 13 an
advanced jet trainer with super-sonic flight capability and
T-50 (advanced jet trainer), T-50B (Aerial Acrobatics),
TA-50 (basic tactical tramer), FA-50 (Light attacker) were
developed and manufactured. Using formation standards,
T-50 can operate in an advanced training flight
squadron.

Based on Jane’s DSF data, weapon systems
manufactured as advanced jet trainer were investigated
and M-346, Hawk, Yak-130, L-159 and FTC-2000 were
chosen as similar weapon systems. Table 7 shows
the mformation regarding the competing weapon
systems.

To extract the core technologies of an advanced jet
trainer, experts were provided with a database containing
mformation regarding T-50 and the 5 smmilar weapon
systems. 11 experts from weapon mdustry and DTa( were
swveyed through e-mail and phone interviews and they
were asked to freely describe the core technologies to
evaluate the technology level of advanced jet trainer.
Based on the response three core technologies were
obtained and they were mobility, convenience/safety and

Table 7: Similar and competing weapon sy stems

accessibility. Mobility is the maximum speed and maximum
rate of climb, convenience/safety is the internal cockpit
design with respect to operational convemence and
safety and the accessibility 1s the possibility of flight just
after completion of flight training. These three factors are
also the key factors of technology competitiveness.

The experts were agamn surveyed to evaluate the
relative importance of the three identified factors and rate
the relative superiority of T-50 in comparison to 5 similar
weapon systems. Market price of T-50 and competing
weapon systems were obtained from weapon systems
data base. Overall technology scores of each weapon
systems were obtained from the ATIP analysis of previous
survey. It can be seen that the price of T-50 alone is far
higher than its competitors. However, the overall
technology score 1s far superior. As shows in Table 8,
price-performance ratio of T-50 is still superior compared
to competing weapon systems. But the difference is not
too significant and therefore, all 5 weapon systems were
selected as competing weapon systems.

Potential countries for export of T-50 weapon system
is shown in Table 9. The number of countries with
possible new purchase (G1) is 11 and the number of
countries that need replacement due to deterioration (G2)
is 28. Therefore, the total number of potential countries for
export is 29.

The exportable countries that are obtamed after the
1st screerung step 1s shown in Table 10. For all exportable
countries, T-scores are calculated for 18 sub buying

Main performance

Manufacturing Company Empty weight Max. takeoff Max. speed Max.g Min.g  Rate of Market Time of force

WS name country name (kg) weight (kg)  (km/h) limit (G) limit (G) climb (ft/min) price ($10K) integration

M-346 Ttaly Alenia 4.900 7.100 1.093 8 -3 21.000 2.200 2011~
Aermacchi

Hawk UK BAE 4.400 9.100 1.000 8 -4 11.800 2.062 1992~

Yak-130  Russia Yakovlev 5.390 7.250 1.059 8 -3 9.840 1.870 2010~

L-159 Czech Aero 4.350 8.000 0.935 8 -4 12.220 1.389 1999~
Vodochody

FTC-2000 China GAI - 9.800 1.100 8 -3 31.496 - 2013~

Table 8: Comparison among T-50 and competing weapon systems

Weapon system  Mobility (0.455) Convenience/safety (0.091)  Accessibility (0.454)

Tatal tech. score  Market price $US  Price-performance ratio

T-50 0.58 0.35 0.45 0.50 3.500 0.16
M-346 0.10 0.28 0.22 0.17 1.800 0.15
Hawk 0.10 0.16 0.08 0.10 2.538 0.06
Yak-130 0.10 0.07 0.08 0.09 1.900 0.08
L-159 0.04 0.07 0.08 0.06 1.389 0.07
FTC-2000 0.10 0.07 0.08 0.09 1.620 0.09
Table 9: Potential countries for export
Country Group
Traq, Egypt, Ukraine, Mexico, Philippines, Thailand, 8 outh Africa, Venezuela, Peru, Algeria, Colombia G1 group
(11 countries)
Finland, Qatar, Vietnam, Oman, 8audi Arabia, Poland, S8ingapore, UAE, Sweden, Austria, Belgium, Brazil, US A, G2 group

Brunei, Canada, Chile, France, Germany, Greece, Malaysia, Pakistan, Portugal, Spain, Turkey, Bangladesh, Libya, Indonesia, India

(28 countries)
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Table 10: The five buying power indices for exportable countries

Military power Military Sci. and Tech. Friendly relation with Possibility of military
Country Economic index index index Korea conflicts index
Brazil 37.62 39.99 3249 51.99 27.09
Chile 3338 39.77 34.01 51.42 22.94
Colombia 3277 41.55 35.03 54.77 28.19
Egypt 32.48 41.12 3554 51.38 31.38
Greece 34.12 41.06 32.74 54.96 26.91
India 37.87 56.83 3092 56.47 31.38
Tndonesia 33.65 45.55 34.90 58.35 27.52
Iraq 3247 43.06 3554 53.45 38.32
Oman 3246 51.43 35.54 51.05 25.50
Philippines 3247 39.66 3528 60.99 30.39
Saudi Arabia 34.99 60.86 35.54 49.54 26.49
Turkey 34.07 4829 32.05 57.60 29.92
UAE 36.62 4911 33.76 55.15 25.15
UsA 80.57 71.40 24.04 60.99 27.64
First quartile {cutoff point) 32.36 39.66 30.79 49.44 22.49
25 | e -
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= 1 1
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Fig. 5: The matrix graph

power indices and the scores of 5 main buying power
indices are calculated by using the relative weights of sub
indices. Based on the 5 main purchase indices, countries
in the lower quartile are identified. Tt can be seen from
Table & that cutoff pomts for each index are economic
index with 32.36 points, military power index with 39.66,
military science and technology index with 30.79, friendly
relation with Korea with 49.44 and possibility of military
conflicts with 22.49 pomts. Countries with scores less
than the cutoff points are located in the lower quartile for
each index. For each index, the countries in the lower
quartile are shadowed in the table. Of the 5 buying power
indices, the countries with two or more mdices m the
lower quartile are removed in the 1st screening.

The selection of candidates of promising countries
based on the overall quantified scores and the overall
qualified scores from expert surveyis shows in Fig. 5.
Matrix graph is used for the final selection of target

Z-transformation of quantitative score

countries for export. The X-axis represents the overall
Z-transformed quantitative and the
represents the overall 7Z-transformed qualitative scores.
The countries in the 1st quadrant, the countries with both
positive X and Y values are chosen as the final candidates

scores Y-axis

of promising countries. The 6 final candidate countries are
Indonesia, Traq, Philippines, TJAE and TTSA.

To select the target market, experts were asked to
answer evaluation criteria for market attractiveness and
export competitiveness. Table 11 and 12 show evaluation
scores for Market Attractiveness (MA) and Export
Competitiveness (EC), respectively.

Table 13 show the BMO results that the final target
market countries were identified. Indonesia, Philippines
and USA were labeled ‘strongly recommended’, UAFE and
Saudi Arabia were labeled ‘moderately recommended’ and
Traq was labeled “partially recommended’.
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Table 11: Market attractiveness of six countries

Market attractiveness Indonesia Iraq Philippines UAE Saudi Arabia USA
WS demand of targeting country 8 6 6 7 6 8
Accessibility of market entry into targeting country 8 4 8 5 4 6
Expected amount of WS of targeting country 4 5 4 5 5 6
Credit risk of targeting country 5 4 4 5 5 8
Relation with targeting country and original tech. possession country 7 5 8 6 6 8
Total 32 24 30 28 26 36
Table 12: Export competitiveness of six countries
Export competitiveness Indonesia Traq Philippines UAE Saudi Arabia TUSA
Strategic collaboration 8 5 9 5 6 8
Marketing ability 9 6 8 6 5 7
Government support 9 6 9 7 6 6
WS compatibility 7 5 9 8 8 8
Human network 9 5 9 6 7 7
Price competitiveness 6 4 6 6 6 6
Offset (industrial cooperation) 9 4 8 4 7 7
Total 57 35 58 42 45 49
Conversion to 50 pt. 40.71 25.00 41.43 30.00 32.14 35.00
Table 13: BMO results __ : methodology. UAE was first grouped inte G2 as a country
Target countries Criteria of BMO Counmés - that need replacement due to deterioration. In
Strongly recommended MA+EC:60 Tndonesia, United States, . .

Philippines comparison to the competing weapon system, M-346, the

Moderately recommended MA+EC:50 UAE, 8audi Arabia
Partially recommended Others Irag

Comparison to actual T-50 export case: UAE and
Indonesia was both considered for exporting T-50 weapon
systemn. In the UAE case, the competing weapon system
was M-345 manufactured in Ttaly. UAE possessed
sufficient military budget and T-50 was superior in terms
of techmology in comparison to M-346. And from weapon
system compatibility’s point of view, another key factor
to consider for weapon export, T-30 had better
compatibility to jet fighters that TAE possessed.
However, the price of T-50 was higher thus lowering
competitiveness.

Eventually, although, T-50 possessed lugher
performance, higher price and inferior industrial
cooperation (which UAE demanded) led to a failed
attempt. It was later discerned that the friendly
relationship between Ttaly and UAE greatly raised the
export barrier.

On the other hand, export to Indonesia was a success
even though the military budget was less than UAE’s and
quantitative competitiveness was much higher (YAK-130
from Russia, 1.-159 from Czechoslovakia, FTC-2000 from
China). The price of T-50 was high in comparison to
competing weapon systems and therefore, the
competitiveness was low. However, price inferiority was
overcome with financial support and with the high
evaluation of previously exported basic trainer (KT-1) by
the Indonesian Air Force led to a successful weapon
export.

To validate the proposed target market selection
model, the previous example was applied to the

price was higher but the performance was superior. The
cost-effectiveness was slightly superior and it was
concluded that competitiveness was high. In the Ist
screening, UAE was in the top group for economic,
military power and friendly relation indices. For military
science and technology and possibility of military
conflicts indices, UAE was in the middle group and
therefore, UAE was included in the exportable countries.
In the 2nd screening, UAE received above average points
in both overall quantitative and qualitative scores and
therefore was included in the candidates of promising
countries. In the final stage of selecting promising export
target countries using BMO method, the market
attractiveness high but the strategic
cooperation relationship with the competing country
(Italy) and low evaluation of human network and
marketing ability led to TJAE being labeled as ‘moderately
recommended’ country.

Indonesia, like UAE was grouped into G2 as a
country that need replacement due to deterioration. The
price was higher compared to competing weapon systems
but the performance was far superior. Therefore, the
was much superior. In the 1st
screening, Indonesia was m the top group and Indonesia
was 1ncluded in the exportable countries. In the 2nd
screening, Indonesia received above average points in
both overall quantitative and qualitative scores and
therefore was also, included in the candidates of
promising countries. In the final stage of selecting
promising export target countries using BMO method,
both the market attractiveness and export competitiveness
scores were high and this led to Indonesia being labeled
as ‘promuising’ country.

SCOre 'wWas

cost-effectiveness
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Comparison of the actual successful/failed export
cases and the applied results show near-identical results
thus validating the viable possibility of the proposed
methodology.

CONCLUSION

In this research, a new evaluation model for
identifying target markets for weapon systems researched
and developed in Korea. And the proposed methodology
was validated by comparing the application results with
two actual T-50 export cases where Indonesia (successful
export), Philippmes and USA were labeled as ‘strongly
recommended’, UAE (failed attempt) and Saudi Arabia
were labeled as ‘moderately recommended’ and Iraq was
labeled as ‘partially recommended’ countries. The actual
cases and the application results are sufficiently similar.
Both countries passed the 2nd screenmng and were
mcluded 1n the candidates of promising countries. After
evaluating attractiveness  and  export
competitiveness, Indonesia was labeled as ‘strongly
recommended’ while TJAE was labeled as ‘moderately
recommended’ country. Comparing the application results
with the actual cases, it can be seen that the proposed
methodology can sufficiently identify target markets for

market

weapons export.

To merease reliability and utilization of the proposed
methodology, the further research in the following areas
are considered.

First, systematic construction of global buying power
DB to support weapons export decisions 1s required.
Unlike civilian product export, much factors need to be
considered for weapon systems export. Therefore, more
factors that can be used to clearly define target country’s
buying power need to be identified. And much effort must
be made to acquire related data/information.

Second, research on market price estimation of
competing weapons system 15 also demanded. The umt
price of a weapon system 1s very difficult to estimate
because the price reflects the target weapon system’s
performance, the degree of systematic construction of
main equipment and support equipment and the
negotiation results of export target country. During this
research, many reputable sources were consulted to shed
credibility to the outcome. However, many sources have
different views, evaluations and expectations. Therefore,
acquisition of price information from various sources and
respective credibility as well as technological price
estimation must be made available to both obtain accurate
competing weapon system price and estimation of
competing/similar weapon system’s prices.

Third, acquisition of expert pool for evaluation of
technology performance, target market attractiveness
export competitiveness 1s required. Weapon systems
export requires the analysis of qualitative factors such as
climatic environment of target countries, competition
status comparison with competing countries and
government support. However because of the
characteristics of weapon systems, the number of
technology experts of export experts is few. Therefore,
pool of major technology/export experts from various
institutes such as DAPA, DTaQ, ADD, KIDA must be
built and maintained.
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