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1. Introduction

This paper provides a framework of defence procergmin Greece. The
methodology used is a cost-benefit analysis andpgdication is made for the new
fighters of the Hellenic Air Force. Whereas prewdaesearch is concentrated on the
effects of defence spending on the economy thidygbuovides an economic analysis
framework for defence procurement. This is the miaiellectual contribution of the
current paper compared to those that already tdahkléssues of defence economics
in Greece.

2. Literature Review

The first author, who has analysed the defence@ums of Greece, was Andonakis
(1985, 1989, 1990, 1995) who proves that militgrgraling has a negative effect on
the economy. Andonakis (1996) concludes that Gff&Benefits could “contribute to
the promotion of co-production programmes and etspas well as the creation of job
opportunities in the Greek defence industry”. Amakia (1997, 1999, 2001)
conclusions are similar.

In his early work, [Kollias and Kollias et. al. (29,1993,1994,1995, 1996a)] he
analysed the defence expenditure of Greece anceYutlater [Kollias (1996b 1997,

1998, 2000, 2001a, 2001b)] he provides a generdy/sis about defence economics
and he tackles the issue of cost-benefit analylsis certain procurement program
relating both these elements to time duration. Begespending has negative effects
on the level of savings and investments, howeverdfiects on consumption are
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positive. Also R & D expenditure in the long ruroprotes the growth rate of the
economy.

Georgiou (1990), Georgiou et. al. (1996) triesneveer the question of the potential
existence of an arms race between Greece and TuBexyrgiou (1990), points that
both countries increase proportionally their spegdiollowing one the other.

However, using data from the 1960-1990 later rese@eorgiou et. al. (1996) does
not prove the hypothesis of an arms race betweenwhb countries. This outcome
contradicts that of Kollias (1996) who pointed dbat level of Greek defence
spending is related with that of Turkey and nothwhat of other NATO countries

and the Hellenic spending does not follow the patté the alliance.

Liousis (1997, 2000) has concentrated in the deweénts of the 1980s and the
1990s, almost exclusively in the arms race aspécaiebence policy. Stavrinos
[Balfoussias-Stavrinos (1996), Stavrinos (1997)jtiah findings point out that
defence spending had a favourable effect in tha@og by reducing unemployment.
These results partially co-inside with those ofli&sl (1994, 1995), and oppose those
of Andonakis (1995, 1997a, 1997b). In a later whik main conclusion is that
Greece has to increase its defence spending inm todealance the expenditures of
Turkey. He points out, that due to the high puldlébt, and the budget deficit the
Greek economy is unable to sustain a long term aawes with Turkey. For Turkey
he concludes that the huge investments in theamnjlgector practically grounded out
the civil sector of the economy and created a hfation, high debt situation. These
results co-inside with those of Andonakis (1995).

The work of Nikolaidou (2000), [Nikolaidou et. £001,2002,2003)] is analysing

the relationship between defence spending and eaicngrowth. Her results point

out that for Greece the major determinant for géedce spending is political (i.e.

threat of war) rather than economic. Also for theék economy, defence spending
has a harmful effect. (Dunne & Nikolaidou 2001)r fHwe case of Turkey evidence
for the 1960-1996 period demonstrates that theaenisgative impact on growth from

defence spending as well. (Dunne & Nikolaidou & gas 2001).

3. The Cost-Benefit Methodology: Theory and application in the case
of defenceindustry

The above literature, does not take into consiamrahe cost / benefit anaysis of
defence articles (aeroplanes, tanks etc) in batintcies. The fulfilment of this gap in
the literature is the intellectual aspiration astpaper. The cost-benefit analysis is a
useful methodology developed in economics for eatébm of various investment
projects. In the defence sector the above methgglol® used extensively for the
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evaluation of defence projects. A typical applioatiof this methodology can be
found in the writings of Hartley & Hooper (1993p)caHartley (2000).

In theory, every country who is engaged in defgmoeEurement or purchases has the
following four policy options: 1) Engagement in ational project exclusively. This
solution allows the country to have a free handhm type of the equipment which
will be produced, the quality of the product and ttumber of produced units. The
absence of participants secures the access ofirtlgée producer to confidential
designing and technology. However, this policy ssariated with high R&D
expenditure and high risk. 2) Collaboration witheoar more countries. This is
especially important for the case of defence ingusince it allows the reduction of
high R&D costs, and also minimises the risk of wagstinancial resources in similar
activities across countries of the same alliancé.i8ensing, co-production, or
subcontracting. Here production cost can be ratlistece certain elements of the
defence equipment are produced in another countihytlaus a cost-focus strategy is
achieved. 4) The final option refers to the casg tme country will simply buy it
from the international market. This transactionm@rtrade) will have two potential
dimensions. The first refers to “off the shelf ®adthat is equipment purchased
without any offsets for the buyer. The second optiefers to arms trade with offsets
for the buyer. Nowadays most nations which arelthire defence producers follow
the “trade with offsets” strategy but the extenthadse offsets is not always clear and
Is not always publicly available information. Whigne authorities of a state decide on
the type of policy that they will follow then thext step will be the determination of
the benefits that will occur from the productiooint production, or simply purchase
of a specific type of defence equipment. These niaebenefits are of two main
types: 1) Military and Strategic Benefits, 2) Econd/ Social Benefits. In the first
category the acquisition of one specific defendelarand its introduction to the
local armed forces will have implications for thghting power of the local forces. In
the case of military aircrafts the benefits for kbeal air-force which will use the new
aircraft include elements like aircraft capabil{iye. time and flights required per
day), range (ability to flight longer distances haitit using intermediate airfields),
size and weight of equipment (more heavily armexdh tihe existing aircrafts), airfield
facilities including smaller airfields with smalleunways and smaller times for
preparation as well as smaller numbers of groumpgh@tt personnel, survivability in
an intensive battlefield (ability to meet multipllereats from SAM systems, BVR
systems, etc.), maintenance and life cycle traitkiding support in remote airfields,
standardisation of equipment with existing aircrafind other systems
(telecommunications, radar systems, ammunition,dt@. The military benefits may
include broader co-operation in the defence sedibus the same company may
provide not only airplanes but also other equipnfeadars, missiles, etc).
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TABLE 1. A Cost-Benefit Analysis-Policy Options and Frameworks for
evaluation of industrial projectsand procurement policies.

Policy Options Benefits Benefits Costs
(Military Strategic (Economic
Factors) Factors)
1. National Project 1. Performance of the 1. Technology transfer 1. Acquisition price
(independence) specific Defencg (this may have dual
Article purpose)
2. Collaborative Project 2. Number of defence 2. Employment| 2. Total nominal cos
(two or more nations) | articles to be producedcreation (Jobs) (acquisition price
or purchased multiplied by the total
number  of  unitg
purchased o}
produced)
3. Licensed or cot 3. Delivery Schedu- le| 3. Balance of Payments3. Life cycle per unit
production time duration Effect cost
3a. initial  capital
inflow,
3b. import substitu-
tion effect,
3c. export creation
4. Imported Equipment| 4. Standardisation 4. Growth (GNP effect) 4. Total life cycle cost

4a. Total payments for
factors of production
4b. Return (after tax

profit)

4c. Taxes to the local
government

4d. Opportunity cost of
local factors of
production

de. Positive and
Negative broader social
externalities including

defence/ security
policy
4a. “Off the shelf” 5. Other  military/ 5. Broader economic
(i.e. equipment strategic factorg costs (capital outflow
purchased without (support for Defencet imports, etc)
offsets) Industrial Base
political support,
broader defence ca-
operation)

4b. Imports  with
offsets

Sources: Modified version originally adopted frorartley & Hooper (1993), Hartley
(2000). Most of the economic benefits refer to lbDthe defence industry from first
to third tyre producers.
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The economic benefits will vary according to thpeyf agreement between the two
sides. These benefits however encompass a vafietgpoomic activities such as job
creation, technology transfer which may includensfar in the defence sector or
transfer in the civil sector. In the case of FDUglcreation of a joint venture between
the companies of the two states the benefits ®tdbal economy will include initial
use of factors of production (capital, labour, landhport substitution effects (since
the specific defence equipment is now producedlligcand possibility of export
increases since the third-tyre producer countrythasbility to export the product to
other countries. Other economic effects refer tomgin rate, profit which will be re-
invested in the domestic economy as well as taxexder positive externalities (like
the creation of skilled labour force), minus anyaéve externalities (such as the
opportunity cost of factors of production, indusktrespionage etc). Finally the costs
refer to nominal costs as well as life-time co3tse nominal cost refers to per unit
cost, as well as, the overall cost of the projédie time costs refer to the total
operational cost for the time period which the sgswill be in service (this for the
case of Greece and Turkey is around 25-30 years thle cost of service and
maintenance as well as middle-life upgrading. Bevatonomic costs may occur due
to various outflows of capital for a variety of seas (payment of foreign suppliers,
payments for imported equipment etc.). The follayviable provides an overview of
the various elements which are (or should be) ohedLin a cost-benefit methodology.
However, for the defence industry adequate infoionafor all the data is not always
possible.

4. A Cost-Benefit Analysis for fighter aircraft: The case of the
Hellenic Air-Force

This section presents the application of cost-beaetlysis for fighter aircraft. The
purpose of the study was to construct a compassilef Efficiency - Cost Indicators
for eight types of fighter aircraft (i.e. EF-20y-27/30 MK, Mirage-2000-5, F-15E,
F-16 / 50+, F-16/52+, F-22A and Rafale B). The a@adors would take into
consideration technical characteristics for Efficig and cost characteristics for Cost.

The basic Efficiency-Cost Indicator (ECI) is themamber for each type of fighter,
and it goes without saying that the one with thghbst ECI is the best choice. In a
second more advanced stage of evaluation the B&¥its “enlarged” in order to take
into consideration some additional factors.

The Efficiency part of the analysis is based fyrstin the technical characteristics and
secondly on the choice of appropriate weights ef\hrious characteristi¢sSince
fighters are very complex weapon systems, the ahhbs to make a choice as to the
number of characteristics that he / she will comsidThe more characteristics
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considered, the more detailed, but also, more cexpphe study is expected to
become.

In this particular study a “middle way approach”samehosen with the selection of
fifteen main characteristics, some with sub-categoras given in the Tables in the
Appendix.

Even more difficult than the choice of the numbleseparate technical characteristics
to be considered, is the choice of weighting-ev&duna Here, a certain degree of
subjectivity cannot be avoided. The analyst thas to be careful and explain his
choices. Table 1 provides our choice for weightstéchnical characteristics. To

illustrate, let us examine in more detail somehefc¢hoices. We provide a weight of 5
(out of a range 1-10) to “maximum speed”, because estimate that this

characteristic is important for modern fighters,t mot essential. Therefore, a
maximum speed difference of 0.5 mach between F{2%Emach) and Mirage-2000

(2 mach) does not play an important role in modercombat.

On the other hand, we give a weight of 10 to “maxmrange”, because of the
particular configuration of the Hellenic Air Foroeeds. (This kind of classification
may differ from one air-force to another). Greaceiain potential military threat
comes from Turkey. One of the main tasks of thdefé Air-Force is first effective
deterrence, the capacity to be able to strikel aaagets of the potential adversary (air
force bases, other strategic objectives locateg desde the enemy, at distances of
more than 1,000 km from the Hellenic’s Air Forcesés).

The second task due to the existence of the Jaferize Doctrine between Greece
and Cyprus is the defence of Cypriot air space (@ymas no air force of its own,

with the exception of some helicopters). Thus, Hif€raft have to be able to reach
and stay long enough under combat conditions oygrus. The distance, between
the nearest Hellenic Air Force base on the islan@rete, to Cyprus is, about 700
Km. Under the above geographical impediment, “ramgene of the most important

traits for the HAF. This might not be the case datountry with different defensive

needs and far less extensive geographical areavas.c

To illustrate our views further, let us considee tfwo sub-elements of point 9, air-
combat. We rank using number 10 of the scale theytBd Visual Range (BVR)”

characteristics and we give only 5 out of 10 fa tdogfights” characteristic. This
has to do with our estimates as to future air cambstimates from the American,
and other air forces, as well as, historical dati@ered from recent conflicts [Kinzey
(1992), Ripley (1992), Chant (2001)], expect that future most air-combats-
interceptions will be fought “beyond the visiblerizon” (BVR). Thus, fewer of the

older close “dogfights” style operations will occur
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This evolution necessitates aircraft that havengtnadar systems, good electronics
(i.e. links with airborne radar systems) and as yraspossible BVR missiles. (i.e.
AIM-120 or MICA). On the other hand, *“dogfight” crecteristics, like
manoeuvrability become less important. Still it inbe stressed once again that the
discussion regarding weights is open to constatit@rassessment according to new
developments and experience.

For the same reasons, as expressed above, we@@uakile capacity of an aircraft to
carry cruise missiles very important and gave t® $lib-point a weight of 190Once

the weights have been chosen, a scale of pointsdoh efficiency characteristic,
must be chosen. We have selected a scale of 1vaii6h gives greater scope for
differentiation than a smaller scale. It must bessted here again, that the results are
not invariant to the choice of scale as to therttefiranking of fighters. A smaller
(i.e. 1-100 point scale) gives lesser differencethe total efficiency score for each
aircraft. Although the efficiency raking would ndhiange, i.e. the “best” fighter in the
1-100 scale would still be the best in the 1-208lescthe ECI may change, since the
ECI is constructed as:

Efficiency Score
Cost

ECI=

Let us consider an example, to illustrate this:uhss that fighter A, scores, 1,200
points in a 1-100 scale and costs $50m, while éigBt scores 1,000 and costs $30m.
The ECI's are 24 for A, and 33 for B, i.e. the mogst-efficient choice would be
fighter B (which is technically somewhat inferiar A, but much cheaper).

Assume now that we change to a 1-200 scale, ahtefigA now scores 2,500 points
while B scores 1,400, the costs being unchangeel twb ECI’'s would now be 50 for
A and 47 for B, i.e. now A would be the most cdiceent choice. We provide this
example, in order to illustrate, the difficultieso®untered by the analyst in the choice
of weights and the scale of score for technicalattaristics. According to our best
knowledge, there is as yet no objective methodvieramme these difficulties. The
best the analyst can do, is to make clear, hisepgates. (The actual weights and
scale chosen and Efficiency scores for the padicstudy are presented in the
Appendix, Tables 2, 3).

Concerning cost, two elements have to be considéiigdd” and “operational” cost
over the expected lifetime of the weapon systemxe@F cost”, is relatively
straightforward, since, it is provided by the proers (i.e. companies), when they
make their offers. “Operational cost” is more ditfit to calculate, since the analyst
has first to estimate the lifetime of the fightehich in our study is considered to be
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25 years. Then, the additional elements of opearatioost have to be estimated, as
they include the following:

1) Spares of all kinds, at base and depot leveluding labour cost and overhead
charges. For aircraft in use, like the third gehemafighters, historical costs are
published (for example the “AFI 65-503 Documenttié USAF Cost and Planning
Factors dated July $81998, was used for the cases of F-16/50+ and -1t
fourth generation fighters, these estimates areg/ \difficult to obtain, because
historical costs do not exist and the only avadasburces are the data provided by
the manufacturers themselves, which for obviousaes may underestimate the cost
of the aircraft. For the case of the F-16/52+ nia deere provided, however since this
aircraft is a more advanced version of the previeuds/50+ model indicators were
constructed taking into consideration the diffeenbetween the two models. These
are as follows: 1) Slightly higher speed, 2) greatnge to 560 nautical miles
(1,037.8 km), which can be increased up to 780icautiles (1,445.5 km), 3) better
radar system [APG-68(V)9] which allows the pilotachieve Multi-Target Situation
awareness (MTS) for four targets simultaneously gar®d to two targets in the case
of the F-16/50+, 4) better GPS system, 5) colow@dens in the cockpit with night
visual capabilities, 6) better fuel capacity, 7)téeavionics and electronic equipment
(these include the Joint Helmet-Mounted Cueing SystJHMCS) and the Advanced
Self Protection Integrated Suite (ASPIS) systemictvhis comprised by the ALR-
93(V)1 radar warning receiver, the ALE-47(V) coumteasures dispensers and the
ALQ-187 Jammer, with Digital Radio-Frequency Mem(@RFM).

2) General depot maintenance. This, requires, gerioverhauls, for repair and
overhead.

3) Personnel and various items, such as trainiothiog etc.

4) Energy (fuel costs). This element of cost depemd the “flying attitudes” of the
various Air Forces. All air-forces, use, often dierners which increase fuel
consumption dramatically. Personnel cost dependhemumber of pilots (two or
one) needed for every airplane, and the rate af ¢oeaircraft. (For example in the
USAF case, 1,25 crew is needed for each F-15E2 5epilots per plane, or 45 crew
members for a squadron of 18 aircrdftfurther, support personnel, has to be
attributed to the aircraft. Again in the case &AF, the support personnel for an F-
15E squadron of 18 aircraft, is 170 organic and ib&&mediate level persofis.

From our study, we concluded, that -in general- tthied generation aircraft are
cheaper to acquire than those of the fourth geio@raowever, fourth generation
aircraft are cheaper to maintain. To illustrate, mention that the ratio of “direct
unscheduled maintenance” versus “main hours pghtflhours” is, according to
French sources: 15 for the case of F-15E, 12 foc#se of F-22A and only 10 for the
case of Rafald.The “mean time” for engine change was reported3%6 hours for
Rafale. Furthermore, the “mean engine change tinas' reported as 147 minutes for
the F-15E, 90 minutes for the F-22A and only 60utes for Rafale.
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The above examples illustrate the practical comiexof collecting, evaluating and
comparing the necessary data. In our study we Ih@en unable to collect even
approximate operational cost estimates for F-22A2% and EF-2000. Thus, we had
to follow the second best solution, of constructihg indicators for the above
airplanes, using just the acquisition cost, willtla caveats that this entails.

Tables 4 and 5 contain the acquisition price (flsggyy according to the estimates,
which were provided by the manufacture®nce again we must stress, that Tables
and the ECI's illustrate the researcher’s subjecpveferences, and so are always
open to criticism if other researchers apply ddférsubjective evaluation criteria. In
other words, cost-benefit analyses as these aretondte taken as indisputable
assessments. However, they are useful, becaussdhgyto illustrate and quantify a
great number of technical, cost, tactical, and gyezice elements, and so they can
serve, as a clear basis, of reference and discudsie believe also, that according to
the brief — earlier discussion of operational ctst, inclusion of this element of cost
would change the simple ECI’'s more in favour ofrfganeration fighters, i.e. Rafale,
F-22A and EF-200.

The basic ECI can be extended in order to includeenelements. In our case, we
considered enlarged ECI’'s which include the follogvil) Time preference, 2) Safety
of delivery and support, 3) General economic effed) Political considerations, 5)
Comparative Developments between the Hellenic bedurkish Air-forces.

1. Time preference. This may be an important element in the decistomaking
process, since defensive needs are not time indepenOne weapon — system may
be absolutely superior in all respects compareothers, but if it will be delivered,
say after six years, it may be too late if the neethe covered is immediate. The
basic ECI can be modified according to the follagviarmula to take time preference
into consideration:

ECI(e), :%EECI

+i)'

I.e., the basic ECI is discounted in “present vahgxording to the discounting factor
I. (subjectively taken again, at 0.05 rate) andtiime horizon of delivery, t being the
year of first delivery. Assuming 1999 as basis ydaequals 3 for fighters to be
delivered in 2002 and 7 for fighters to be deliene 2008. It is clear, that the ECI's
as formulated above, favour deliveries that areersbner, rather than later.

2. Safety of source and support. This, may be important, in particular over the
life-time of the weapon — system, the good fundtignof which depends on the
problem of free delivery of spares etc. If for aegson the parent company ceases to
exist, or does not produce the required spare ,phdsweapon system may become
un-operational. Political considerations play alaorole. In some cases, the
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manufacturer, or more likely, the country of origihthe manufacturer, may want to
exercise pressure to the country, which has aadjulve weapon system by either
with holding or delaying spare part deliveries.

So, the ECI may be expanded, by including a réflety factor attributed to each
manufacturer country combination. The researchdl kdave to express, again,
subjective evaluations of this element, by givindgnigher factor (say 1) to “safe”
combinations, and lower ones (say 0.8 or 0.5)dkier ones.

3. General economic effects. Apart, from being generally expensive, modern
weapon — systems embody high technology and knawtiach is important for the
economy of the acquiring country at large. Cousirikke Greece, have recognized
this and require companies to include in their sffen offset program. This, usually,
requires 100% compensation over a time period @firtitial contact, in the form of
direct investment, know-how transfer, creation oin§ ventures, sub-contractor
contracts, etc., from the company into Greece.dsc ECI can be further modified
in order to include this element, i.e. by givingextain rank to each offset proposal.
This can again take the form of a factor (say betw#-0) why which the basic and
modified ECI will be multiplied.

4. Political considerations: Since the issue of acquisition of modern weapatesys

iIs not politically neutral, the basic ECI can betlier extended using the same
methodology in order to try to illustrate politicafluence and preference. It must be
accepted that huge military contracts are a bairggirlement between countries
wishing to gain also economic and political advgetaAgain, this can be taken into
consideration by multiplying the basic ECI with appropriate factor, which gives
the political importance for the acquiring counfor each of the manufacturer’s
country of origin.

The methodology as presented can be further extietadeclude other elements that
influence choice. The problem is, of course, tlet tore additional elements are
included, the more the basic ECI's (based on teehnefficiency and cost) are
diluted, and the last choice may have little in aoom with the original ECI in its
basic, elementary form.

However, experience demonstrates that this is songgtwhich does happen in real
choices of weapon systems. Therefore, the quaatiidic of such additional factors,
even in the very simple form presented above, htlfging the hidden preferences
of decision-makers and researchers into the oped, so at least, stimulates
intellectual discussion of this sort.
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5. Conclusion

In this paper we attempted to develop a Cost — fteiralysis Model as a strategy
for the evaluation of weapon — systems, giving gsadicular real case study, the
ECI's, constructed to facilitate choice of fightercraft for the Hellenic Air-Force, by

using a modified version of Hartley & Hooper (199%ethodology. Thus, we

departed from the current framework of analysis.

We have tried to illustrate the advantages but #feo inherent difficulties and
uncertainties of such an analysis, which alwaysiearwith it a high degree of
subjectivity. This approach, certainly departsrirthe existing literature on the issue,
since it is focused on the evaluation of specifefedce article(s) (in this case
aircraft), rather than, the already, well developeslies of arms races and general
macroeconomic effects.

We found that the US fighters have a marginal datale superiority over the
Western European and Russian ones. Furthermordyawe demonstrated that the
decision of the HAF to include two main fightersngpared to that of the THK for
one fighter, does not create any essential (sigtagvantage in the Greek-Turkish
arms race. The proposed methodology, in spitesadtibjective character, stimulates
further intellectual discussion in the field.

391



Proceedings of the 10" Annual International Conference on Economics and Security

References

A. Referencesin English.

1. N. Andonakis: “Offset Benefits in Greek Defence@@&rement Policy: Developments and
Some Empirical Evidence”, in Steven Martin (ed.Jhée Economics of Offsets. Defence
Procurement and Countertrade”, Harwood Academidishdys, 1996, pp: 163-176.

2. A. Balfoussias & V. Stavrinos: “The Greek MilitaBector and Macroeconomic Effects of
Military Spending in Greece”, Discussion Paper Bb, Centre of Planning and Economic
Research, Athens, February 1996.

3. C. Chant (2001): “Air War in the Gulf 1991”, Osgr€ombat Aircraft 27.

4. P. Dunne & E. Nikolaidou & D. Vougas (2001): “Deten Spending and Economic
Growth: A Casual Analysis for Greece and Turkey?, Defence and Peace Economics,
Vol.12, pp: 5-26.

5. P. Dunne & E. Nikolaidou (2001): “Military Expendite and Economic Growth: A
Demand and Supply Model for Greece 1960-96", indbeé and Peace Economics, Vol.12,
pp: 47-67.

6. George M. Georgiou: “Is there an Arms Race betw&zaece and Turkey? Some
Preliminary Econometric Results”, in Cyprus JourofaEconomics, Vol. 3 No.1, June 1990,
pp: 58-73.

7. G.M. Georgiou & P. T. Kapopoulos & S. LazaretoMddelling Greek-Turkish Rivalry:
An Empirical Investigation of Defence Spending Dynes”, in Journal of Peace Research
Vol. 33, 1996, pp: 229-239.

8. K. Hartley & N. Hooper: “The Economic Consequenoéthe UK Government’s decision
on the Hercules Replacement”, Research MonograplesS®&o.2, Centre for Defence
Economics, University of York, February 1993.

9. K. Hartley: “Defence Economics and the IndustricdsB”, available in the internet
(www.york.ac.uk/departments/economics/research esflefence papers).

10. K. Hartley: “The Benefits and Costs of the UK Armsade”, Defence & Piece
Economics, 11, (5), 2000, available in the internet
(www.york.ac.uk/departments/economics/research esflefence papers).

11. Ch. Kollias: “Is there a Greek-Turkish Arms Radk%iew from Athens”, in Cyprus
Journal of Economics, vol. 7 1994, pp: 114-130.

12. Ch. Kollias & S. Makrydakis: “Defence spending aBcowth in Turkey 1954-1993: A
Casual Analysis”, in Defence and Peace EconomalsBy 1994, pp: 152-159,

13. Ch. Kaollias: “Country Survey VII: Military spendqg in Greece”, in Defence and Peace
Economics vol. 6, 1995, pp: 305-319.

14. Ch. Kollias (1996a): “The Greek-Turkish ConflistdaGreek Military Expenditure 1960-
19927, in Journal of Peace Research Vol. 33, mgp2217-228.

15. Ch. Kollias & A. Refenes: “Modeling the Effects Defence Spending Reductions on
Investment Using Neutral Networks in the Case @dge”, Discussion Paper No. 57, Centre
of Planning and Economic Research, Athens, Juné.199

16. Ch. Kollias & St. Makrydakis: “Is there a GreekfKish Arms Race? Evidence from Co-
integration and Causality Tests”, Discussion P&m®r60, Centre of Planning and Economic
Research, Athens, March 1997.

17. B. Kinzey (1992): “The Fury of Desert Storm, Thi E&ampaign”, Air-life Publishing.

18. E. Nikolaidou & P. Dunne & N. Mylonidis (2003): “Deand for Military Spending in the
Peripheral Economies of Europe”, in Defence andd’leconomics, 14(6), pp.: 1-14.

392



Proceedings of the 10" Annual International Conference on Economics and Security

19. T. Ripley (2001): “Conflict in the Balkans 19910, Osprey Combat Aircraft 24.

B. Selected Referencesin Greek.

1. N. Andonakis: “Economic Analysis of Defence Expimet in Greece”, in the Hellenic
journal Spoudai, Vol. 35, (3-4), pp: 205-234.

2. N. Andonakis: “The political Economy of Defencepnstwar Greece”, Athens, Symeon
editions, 1995.

3. N. Andonakis: “Defence and Economic DevelopmenGieece”, Diatton Publications,
Athens, 1997.

4. N. Andonakis: “Defence Spending in the HellenicoBomy: Trends, Effects and
Prospects”, in the volume: “Epetirida 1998”, editsdthe Hellenic Foundation for European
and Foreign Policy (ELIAMEP), pages: 79-86.

5. N. Andonakis: “The new Purchase of the Century #mel expected effects on the
development of the Hellenic Economy”, in the volumiEpetirida 1999”, edited by the
Hellenic Foundation for European and Foreign PalEMIAMEP), pages: 227-231.

6. N. Andonakis: “Developmental Outcomes of Defenger@ling in Greece”, Typothito
publications, Athens 2001.

7. N. Andonakis: “Applications of Defence Economiostihe Hellenic Economy”, Papazisis
editions, Athens, 2002.

8. Defence Bible, Annual Edition of Strategy Magazigelitions, 1997, 1998, 1999, 2000,
2001, 2002, 2003, 204, 2005.

9. Ch. Kollias: “The political economy of defence”afatiritis publications, Thessaloniki
1998,

10. Ch. Kollias: “Defence Expenditure of Greece-Turkeg the volume: “Yearbook 2000”
edited by the Hellenic Foundation for European &odeign Policy (ELIAMEP), Athens
2000, pp:253-258,

11. Ch. Kollias (2001a): “The Economics of Defence Bl in the volume: “Yearbook
2001” edited by the Hellenic Foundation for Eurapeend Foreign Policy (ELIAMEP),
Athens 2001, pp: 331-345,

12. Ch. Kollias (2001b): “Greece-Turkey. Defence, Emmits and national strategy”,
Patakis editions, Athens 2001.

13. N. Liousis: “The Hellenic Armaments programme betw the defence necessity and the
economic constraint”, in the volume: ISTAME Workgiso April-July 1997, pp: 199-205,

14. N. Liousis: “What may be the future of Armamentsgrammes of Turkey-Greece after
Helsinki?”, in the volume: “Yearbook 2000” editey the Hellenic Foundation for European
and Foreign Policy (ELIAMEP), Athens 2000, pp: 258.

15. V. Stavrinos: “A comparative analysis of militagxpenditure between Greece and
Turkey: Some crucial conclusions”, in Epetirida 798dited by the Institute of International
Relations, Panteion University, Athens & Sideriblpations, pp: 55-80.

393



Proceedings of the 10" Annual International Conference on Economics and Security

APPENDI X
TABLE 1: WEIGHTING OF TECHNICAL CHARACTERISTICS
Technical Characteristic Weight
1. Speed 5
2. Range 10
3. Ceiling 3
4. Radar
4a. Range of radar 10
4b. Simultaneoustracks ability 10
of radar
4c. Dual use of radar
5. Self protection 8
6. Systems
6a. Targeting systems 6
6b. Navigation systems 6
7. Number of Anti-Aircraft Missiles
7a BVR (Beyond Visual Range) ability 10
7b. WVR ability 3
8. Missile capabilities
8a. BVR 10
8b. WVR 10
9. Air-to-Air Battle
9a. BVR 10
9b. Close contact (Dogfight) 5
10. Air-to-Ground Battle 10
(combination of missions and range)
10a. Weapon L oad 10
10b. Stand-off missiles 9
10c. Hit Accuracy 10
11. Survivability 9
12. Life Duration 7
13. Stealth characteristics 6
14. Helmet tar geting system 5
15. Self escort 10
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TABLE 2: EFFICIENCY SCORES FOR USFIGHTERS (1-200 Range)

Technical F-16/50+ F-16/52+ F-15E F-22A
Characteristics
1. Speed 70 90 100 100
2. Range 150 200 200 200
3. Ceiling 30 35 40 60
4. Radar
4a. Range of 120 150 180 200
radar
4b. 80 160 150 200
Simultaneous
tracks ability
of radar
4c. Dual use of 0 0 0 200
radar
5. Self 70 80 100 160
protection
6. Systems
6a. Targeting 120 140 120 160
systems
6b. Navigation 120 140 120 160
systems
7. Number of
Anti-Aircraft
Missiles
7aBVR 150 170 150 180
(Beyond
Visual Range)
ability
7b. WVR 90 110 150 90
ability
8. Missile
capabilities
8a. BVR 200 200 200 200
8b. WVR 200 200 200 200
9. Air-to-Air
Battle
9a. BVR 100 130 150 200
9. Close 80 100 40 100
contact
(Dogfight)
10. Aiir-to-

Ground Battle
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(combination
of missions
and range)
10a. Weapon 70 100 180 100
L oad
10b. Stand-off 100 120 100 100
missiles
10c. Hit 150 170 150 200
Accuracy
11. 80 100 120 140
Survivability
12. Life 80 100 120 140
Duration
13. Stealth 0 0 0 100
characteristics
14. Helmet 0 50 0 100
targeting
system
15. Self escort 60 80 160 160
TOTAL 2,120 2,625 2,730 3,450

TABLE 3: EFFICIENCY SCORES FOR EUROPEAN FIGHTERS (1-200

Range)
Technical Rafale B Mirage-2000-5 EF-2000 Su-27/30MK
Characteristic (France) (France) (European) (Russian)
S
1. Speed 70 70 70 80
2. Range 150 60 100 200
3. Celling 40 40 50 40
4. Radar
4a. Range of 180 140 180 200
radar
4b. 50 80 150 130
Simultaneous
tracksability
of radar
4c. Dual use of 150 0 0 0
radar
5. Self 100 70 70
protection
6. Systems 100
6a. Targeting 140 60 120 70
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systems

6b. Navigation 140 60 120 70
systems

7. Number of
Anti-Aircraft
Missiles

7aBVR 150 90 200 200
(Beyond Visual
Range) ability

7b. WVR ability 90 90 160 160

8. Missile
capabilities

8a. BVR 200 200 200 150

8b. WVR 200 200 200 150

9. Air-to-Air
Battle

9a. BVR 140 100 180 120

9. Close 70 50 90 90
contact
(Dogfight)

10. Air-to-
Ground Battle
(combination of

missions and
range)
10a. Weapon 140 50 120 100
L oad
10b. Stand-off 200 100 200 100
missiles
10c. Hit 150 100 150 100
Accuracy
11. Survivability 120 80 150 140
12. Life 120 80 120 120
Duration
13. Stealth 100 0 100 0
characteristics
14. Helmet 100 0 100 0
tar geting system
15. Self escort 100 60 100 160
TOTAL 2,900 1,780 2,960 2,450
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[Prices (fly-away), availability, efficiency score and CEl]

TABLE 4: DATA FOR USFIGHTERS

Data/ Types F-16/50+ F-16/52+ F-15E F-22A
Price (in m. $) 32 33 (*) 50 70+ (**)
Availability 2003-2004 2003-2004 2003-2004 2008+
Score 2,120 2,625 2,730 3,450
ECI (s) 3/1 66,25 79,5 54,6 44,2 (***)
ECI (e) **** 18,12 34,56 13,16

(*)= Data for the F-16s block 52+ which were ordkdiring the 1999-2000 period.
Any estimate about the per unit cost of July 20fifepis premature.
(**)=According to one source [Hartley & Hooper (12916)] the cost per unit is

estimated between $80m-$110m in 1992 prices].

(***)=Assuming per unit cost of $78m.

[Prices (fly-away), availability, efficiency score and CEIl]

TABLE 5: DATA FOR EUROPEAN FIGHTERS

Data/ Types Rafale B Mirage-2000-5 EF-2000 Su-27/30 MK
(France) (France) (European) (Russian)

Price (in m. $) 50-60 35 50-65 40-50

Availability 2003/ 1-2 2002 /1 2003 / 3+ 2002 /3
Score 2,900 1,780 2,960 2,450
ECI (s) 3/1 58,6 51,4 59,2 61,25

ECI (e) * 23,19 18,54 34,15 (**) 14,42
(34,79) (**)

1. ECI (s)=Efficiency Cost Indicator-simple,
2. ECI (e)=Efficiency Cost Indicator-enlarged,
3. (**)=0On the assumption that Greece would participatein production.
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! The technical characteristics in the tables actuéted as collected by the manufacturing companies
and the Hellenic Air Force.

2 The suggestion of the use of cruise missiles wHevied by the Hellenic MoD, which ordered in
2001 40 SCALP-Storm Shadow cruise missiles to beethout on modified Mirage-2000 (as well as
the new M-2000-5 which have been ordered).

% We estimated for example that the personnel ceshpur for 1997 for a Greek F-15E is 674 USD,
calculated as follows: 1,25 ratio of crew to aifgra00 hours flying time per year per aircraft, 803
USD per year for salaries — insurance etc. for géloh

“ On the assumption of 300 flying hours per yeargmraft, and a salary of 35.910 USD on average
for each support personnel per year, this amoontsa82 USD ground personnel per flying hour. The
two numbers, 674 and 1982 together would give dic@tion of “labour cost” per flying hour. Similar
calculations have been made for the other costeritanas for example for fuel consumption for an F-
15E according to the “flying customs” of the USAFGentinental US Operations and JP-S fuel as
reported in document AFI-65503.

® This assessment may be biased in an attempt ¢wifake “Rafale” compared to its US made rivals.
However, we use it in order to prove the point, thushortage of comparative information.

® The F-22 and Rafale were not included in the @ffitlAF list, so that no “official” offer was made
for them. Thus, prices for them are estimates, evfil the EF-2000 the price is according to, at the
time DASA'’s, communication to the authors. From tinee of the gathering of the data, until the final
draft of the paper a survey has been publishddtm//www.defenceindustrydaily.comhich provides
the following estimates of per unit cost for thdldwing fighters: Rafale-C: $62,1m, Rafale-M:
$67,9m, Jas-39C Gripen: $68,9m, F-18E Hornet: $@8Rurofighter Typhoon (for German orders):
$102,8m, Eurofighter-Typhoon (for UK orders): $18r8, F-15E: $108,2m, F-35 JSF: $115m, F-22A
Raptor: $177,6m. It is obvious that the per unistcof modern airplanes differs from country to
country according to the size of the order, themigs with which the aircraft will be delivered py

of weapons etc. The different per unit procurentaist of Eurofighter for the German and the British
airforces respectively illustrates the point. Thastcof Eurofighter is expected to rise since the
consurtioum has reduced the number of aircrafts t#wed Russian defence industry has recently
purchased the 5% of the shares of EADS. The pé¢icosts which we include in our tables (see Tables
4-5) apply exclusively for the case of the HAF. Hwer for the case of Eurofighter the total per unit
cost is expected to be higher from that which wégirally provided to the authors by the compaffy, i
this is ordered by the HAF.
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