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Abstract

The media and the public often make claims regarding the excessive cost increases in the
development and production of major weapon systems such as fighter planes, submarines or
tanks. The purpose of this research is in assessing the cost increase of such weapon systems
during their procurement periods with the help of the Paasche price index. In contrast to
other approaches, which focus upon either the specific situations of single weapon systems or
cost increases relative to planned budgets, we compare several projects of military services
and their cost increases over time to reveal generalisable trends.

For this purpose, we used a framework model that allows for performance and cost
comparisons. This paper primarily emphasises the cost perspective by calculating a Paasche
index for each chosen project. As a background case for our analysis, we have used the
acquisition projects for major weapon systems in Germany. However, the framework model
that this study employs is universally applicable.

In contrast to the public perception of cost increases, we could not find any clear trend that
would indicate that modern weapon systems have a significantly higher (or lower) cost
increase than was the case for projects several decades before. To give brief insight into the
empirical findings, the cost increase ratios of the Starfighter and Eurofighter jets have the
same level, while cost increase ratios of other weapon systems (APC tanks, submarines) differ
significantly (to the worse and to the better) over time. Our findings imply that there is no
general trend that today the costs for weapon systems increase more/less than some decades
ago. This paper calculates data only from the regarded seven cases therefore we could not
question the causes for this observation on basis of our sample. However, it appears that,
within a specific service or a specific vehicle type (tank, fighter jet, ship/boat), cost increases
may be similar over time.
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1. Introduction

Although many national armed forces, at least in Europe, have recently reduced their sizes in
personnel and equipment, their military tasks have increased, with a wide range of possible
mission scenarios, including wars against terrorism, fights against piracy, peace enforcement

operations, or military observer missions. This challenge is overshadowed by the reality that
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governmental spending will diminish even more in the near future, and defence is unlikely to
be immune from these cutbacks (Tatham and Worrell 2010; Taylor and Tatham 2008).
Current estimates suggest that the German Ministry of Defence will be required to reduce its
budget by € 8.3 billion over the period 2011-2014 (Klos 2011). In the United Kingdom, a
budget reduction of a minimum of 10-15 per cent in real terms is required over the period

2010-2016 (RUSI 2009).

The challenge to do more with less leads to the imperative to seek avenues for potential
savings. The efforts in this direction focused for many years on reducing the total costs of
ownership / total lifecycle costs (Ellram and Siferd 1998). In the defence sector, savings
initiatives attempted to optimise the total capabilities and costs for a weapon system (Tatham
and Worrell 2010; MoD 1998). The rationale underlying this is the combined economic
analysis of the capital purchase of new equipment and its support and maintenance during its
usage phase. In fact, higher initial quality and hence a higher capital cost could be accepted,
if, in return, the resultant additional costs over the lifecycle would decrease (and vice versa).
The orientation of savings efforts on total cost reduction led to the development of numerous
optimisation programmes and initiatives, such as performance-based logistics, smart
acquisition, and availability- or outcome-based contracting (Geary and Vitasek 2008; DoD

2001; Hypko et al. 2010; Ng and Nudurupati 2010).

However, there is a two-stage approach to any proposed defence acquisition project, and these
two stages combine to ensure project performance. These stages consist of the initial phase,
which involves the choice and procurement of capabilities, followed by the setup of the
performance metrics to be used over the life cycles of the capabilities (Barber and Parsons
2009). Although we completely agree with the necessity of the aforementioned total cost
perspective, the approach of Barber and Parsons reopens questions regarding the potential

perceptions of the capital costs of the initial purchase phase.

In the public’s perception, the costs to buy new defence equipment continuously increase.
Striking examples of costly defence equipment include the European transporter airplane
A400M (~ € 190 million per aircraft) or the future aircraft carrier in the UK (with costs of
over € 3 billion), which are broadly discussed by the media and public (Schwarz 2003;
Bellmann et al. 2011; Schank 2005). These high costs occur despite the fact that technical
performance objectives are often not reached in early phases of the new equipment’s in-
service time. To a certain extent, the cost overruns that occur could be explained by military

decisions to reduce fleet sizes but preserve the same equipment usage profiles, which



significantly increases maintenance costs of highly specialised equipment. The German air
force, for example, has 14 fleets of military jets or helicopters that contain fewer than 25

single items each.

Given the background discussed above, the objective of this paper is to develop a holistic and
conceptual model for the comparison of different weapon systems. Although the model also
allows for consideration of the differences in the weapon system performances, this particular
paper focuses upon the cost aspect of the model’s framework. In this study, we adapt the

model to the particular context of German weapon systems.

Research on this topic is still scarce because much of the data on costs for major weapon
systems are confidential and unreliable. To the best of our knowledge, there are very few
studies addressing this subject. Thus, we first seek to build a general framework of a model
for the cost and performance analysis of different weapon systems. After this introduction, we
will present a brief summary of the literature and practice regarding cost developments in the
defence sector. We will then develop the framework model, after which we will present the
empirical data from seven projects. The findings from these projects and our conclusions will

summarise the paper and provide further recommendations for research and practice.

2. A review of the defence acquisition of major weapon
systems and the study methodology

Major defence acquisition programmes account for a large share of the total defence budget
authority (Ferrara 1996). Air force planes, navy ships or army tanks are examples of complex
and costly acquisition programmes of major weapon systems. To respond to the increased
likelihood of unconventional threats and asymmetrical warfare, military requirements have
been shifting in recent decades. The major weapon systems are no longer as specialised as an
attack helicopter or a main battle tank, but rather are multi-role systems and a type of systems

integrator for the overall force (Rogers and Birmingham 2004).

The increased complexity of defence acquisitions is not only due to changed military
requirements; rather, rapid technology changes that cause premature obsolescence have
become particularly problematic for very large systems with acquisition life cycles spanning a
long period of time (Dillard 2005). Also, the roles and responsibilities in military-industry
cooperation dynamics have shifted and produced new coordination mechanisms. Large multi-
year cost-plus contracts are gone, replaced by a new environment of performance-based

contracts and milestone development designed to protect the military budget from being



overrun (Rogers and Birmingham 2004). However, concurrently, close military-industry
cooperation and performance-based contracts have introduced new dependencies and risks as
well as a high level of uncertainty into the programme management aspect of the acquisition

of major weapon systems.

An analysis of 197 defence programmes in the US from 1960 to 1990 that focused on the
programmes’ capital costs revealed that the average cost growth of these programmes was 20
per cent and did not change significantly for 30 years (Drezner et al. 1993). Another study
reviewed 269 defence contracts in the US and reached the same conclusions (Christensen et
al. 1999). Despite the implementation of more than two dozen regulatory and administration
initiatives, there has been no substantial improvement in the cost performance of defence
programmes for more than 30 years. Even worse, Christensen et al. (1999) identified that after

one reform, the average cost overrun of defence acquisition projects increased.

Another study identifies a clear, even linear, trend of increasing production costs per kilogram
of basic mass empty of combat aircrafts, main battle tanks, attack helicopters and other
weapon systems (Pugh 2007). As a result, that study identifies a steady unit cost escalation,
which continues apace. Similar to our approach that study does not explore the causes for cost
increases, but question the results and their consequences. It states that one consequence is to
compare cost increase tendencies of different weapon systems (e.g. aircraft, helicopter, tank,
unmanned aerial vehicle etc.) and to think about their future affordability and relevance in
warfare (Pugh 2007). Almost in the same direction argues another study, which identifies
progressively higher costs for successive weapon systems and fathoms their causes in relation
to the military threat, productivity or technology developments, and life-cycle costs
(Kirkpatrick 2004). Concerning the linear or even progressive cost development of those
studies, a ciritical point is that it is quite obvious that the basic mass empty of a modern
weapon system is more expensive than its predecessors, e.g. the Eurofighter Typhoon, is more
expensive than the Tornado, the Starfighter, the Messerschmitt 109, or even the Rumpler
Taube aircraft. But it is quite unclear, which cost increase ratio (cost overrun) each weapon

system had and if those ratios could be compared with consequences for the future.

One explanation for cost overruns might be that major weapon systems are technologically
advanced products, often designed to achieve performance levels never before realised
(Ferrara 1996). The resulting high levels of uncertainty and technical risk demand skilled and

intelligent management of cost and performance because unplanned cost increases in defence



procurements can escalate to staggering amounts and can adversely affect resource allocation

decisions, especially when defence budgets are decreasing (Christensen et al. 1999).

Surprisingly, most studies measured the cost overruns (CO) of single projects simply by
subtracting final budgets from final costs (a.o. of Drezner et al. 2003; Christensen et al. 1999).
The calculation of an average cost overrun has been made by dividing the sum of cost overrun

percentages over all regarded projects by the number of projects.

L, CO%; (Final cost; - Final budget;)
o = 2= T ey = ! !
0 C0% n $CO%: Final budget;

Both of these studies could provide an average cost overrun for the contracts that they
considered (and even explored their causes). However, this methodology does not compare

the cost increase of different weapon systems over time.

Therefore, in this study, we use a statistical methodology adopted from market basket
comparisons. Prices, in general, do not move up and down in perfect unison. They move
differently for different items; thus, an increase or decrease in overall price levels cannot be
identified by a simple glance. To calculate an average of these divergent movements, index
numbers are used. These index numbers indicate the average percentage change of prices
from one point of time to another. A commonly accepted approach to measuring changes in
the general price level is the ‘“Paasche index”. Similarly to other indices (such as the
“Laspeyres Index”), the Paasche index is evaluated as a weighted average of price ratios.
Indices have long had a particular significance for practical and theoretical investigations of
cost-related issues and are used to support various calculations, such as those of the cost of

living over time (Fisher 1922; Siegel 1941; Selvanathan 1990).

The measure is defined as follows: x{ is a set of quantities associated with the number i of
items, and P is a corresponding set of prices for a chosen base year. Pf and x| are the values

for the same number of items at another time. The Paasche index for P at t, is calculated as

follows and provides the ratio of price development over time (Siegel 1941):

n t t
i=1X] X B

n t 0
i—1X X B
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We embed the Paasche index, which is used as a new approach for analysing the cost
development of major weapon systems, into an analysis framework to provide a setup which

allows for cost comparison of different acquisition projects in the defence sector.

3. Analysis framework

The comparison of armament prices requires not only a mathematical formula to calculate
prices and cost overruns but also a methodical, academic basis for the collection and
evaluation of price data. Economics provides multiple tools for addressing these types of
issues; although it is only one of the tools available, perhaps the most famous of these
techniques is benchmarking. The objective of benchmarking is to improve economic
processes, products and services by measuring, evaluating, and implementing economic data
and attributes that are attained by inter- and intra-organisational comparisons (Raymond 2008;
Lau et al. 2001; Camp 1989). The literature provides a method for applying benchmarking to
projects by dividing it into several phases, which can increase the clarity, comprehensibility
and adaptability of this tool. In particular, although benchmarking is a continuous and
systematic process, it is often structured into the following stages: planning, data acquisition,
data evaluation and implementation (Maire 2002; Bohnert 1999; Keller 1996). The possibility
of adopting benchmarking by concentrating on the elements that are relevant for defence
procurement issues increases the attractiveness of this approach for the present analysis.
Although the public sector has been the subject of several benchmarking studies (Magd and
Curry 2003; Tavana 2004; Triantafillou 2007; Vagnoni and Maran 2008), benchmarking has
only rarely been applied to defence in particular (Tavana et al. 2009). In this paper, we use
elements of the benchmarking methodology as a foundation for comparing different elements
of defence, addressing, in particular, types of military equipment over time and with respect to

the service using the equipment (Figure 1).

The analysis framework is a type of assortment profile in form of a three-dimensional model
with the following axes: period of procurement, military user, and defence material
(ordnance) category. Accordingly to the benchmarking idea, this paper compares different
weapon systems (vehicles) of different services in different periods with each other in respect

to their cost increase measured with the Paasche index.
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Figure 1: The assortment profile of the analysis framework

The development of the framework was based upon typical considerations of benchmarking
in (public or defence) procurement. We followed the four phases of (1) general conception,
(2) planning of analysis, (3) measurement, and (4) explanation of results (according to similar
approaches: Dresen 1997; Bogan and English 1994). We concentrate upon the model’s
descriptive level. The documentation and evaluation of cost increases of defence procurement
objects (in this case, German Bundeswehr material) is the core of our analysis. The
identification of the causes (explanation of the results) that led to these cost increases is not
the topic of this paper, primarily because there are a number of conceptual complications
involving military expenditures and their interrelation with politics and military strategy
(Brzoska 1995).

Our analysis starts with the first step, general conception, in which the intention and
methodology of the analysis is defined. The objective of this step is to document the cost
increases of military equipment and to relate these to data that apply to the equipment’s
performance, procurement and service life. Based on this information, it is possible to
compare and benchmark the objects among themselves, allowing for a statement to be made

regarding their cost development.

The second step, planning of analysis, identifies the analysis objects via funnel assortment.
The term defence material is very comprehensive and thus had to be constrained to enable an

adequate analysis. In particular, for this case study, we decided to only analyse German



Bundeswehr vehicles, although the chosen method provides the opportunity to analyse all
kinds of defence material, e.g., weapons, ammunitions, or command and control equipment.
Initially, we did not want to focus only on costs, and thus, we defined four pillars of
information regarding one analysis object: capital costs, system costs, in-service lifetime and
performance information. These four terms could represent four analysis levels, which act as
the theoretical basis for developing operating figures. Then, the phase of collecting data and
information was initiated and a profile was evaluated for every analysis object. These

evaluations regarding costs formed the core of the research presented here.

In combination with each single analysis object, the analysis framework in the form of the
three-dimensional assortment profile could be filled. The allocation of objects into three
different time clusters offers the possibility of analysing the defence material of each military
user with reference to their procurement period. The observed time clusters consist of the
following periods: 1955 to 1970; 1971 to 1990; and 1991 to 2011. At the end of each time
period, the acquisition strategy for military equipment in Germany had been restructured. This

could but must not result in similar cost increase ratios for each time cluster.

A second possible research opportunity would be to compare all analysis objects in relation to
their military users. The three possible German users of military equipment are the separate
military services of the army, navy and air force. The last alternative method for comparing
the objects would be in relation to the defence material category from which they arise, e.g.

vehicles and command and control equipment. The latter one is not part of this paper.

The term defence material is very extensive. In its broadest sense, it describes all of the
material that is used by the military. It is possible to generate greater specification by dividing
defence materials into ordnance of weapons and gear, but even these classifications are too
abstract to adequately differentiate military equipment. This study divides defence material
into the following categories: vehicles; weapons and ammunition; and command and control
equipment. These categories can obviously be expanded, if desired. However, this paper
limits its scope to the analysis of military vehicles, such as armoured personal carriers, tactical
aircrafts and submarines. Therefore, we focused on cost increases of major weapon systems

(similarly to Arena et al. 2006).

Whereas the data with reference to procurement, service life and performance level are
processed descriptively, a comparison of cost data requires the development of operating

figures. Price indices, which are used to calculate market baskets of commodities, can



function as the desired operating figures. Initially, the data used for calculations in this study
are standardised by conversion to prices in Euros. If there is no standardisation, the price data
that arise from different years or centuries cannot be accurately compared. Thus, the price
data must be adjusted to the price levels of a base year, which was 2010 for this particular

study. To do so, an individual average rate of inflation is calculated for each year.

i =lyn j
[42010] = 3 Zij=1l]

To calculate the adjusted price for the year 2010, the average rates of inflation are used in the

following compound interest formula.

P2010 = pa x (1 + ;[a,2010])n

This calculation permits all prices to be standardised and subsequently used for any further
calculation of price indices. This research uses the Paasche index to determine the figures
used for standardisation (Allen 2008). This index compares the prices and the quantities of
goods of a base year with those of a comparative year to gain an average cost increase figure.
It is only one method of showing the price increase of baskets of commodities. A second,
similar method is the Laspeyres index. The difference between these two methods lies in the
usage of the quantity of goods. Whereas the Laspeyres index uses the quantity from the base
year Xo, the Paasche index uses the quantity from the comparative year Xi. In this case, the
quantitative data from the comparative year are more reliable (Fisher 1922; Siegel 1941;

Selvanathan 1990).

n t t
poo Zi=mXi X P
pa =

n t 0
i—1X X B

The difference between the calculations of these indices and the calculations underlying this
research is in the amount of goods considered. Although the indices require several goods to
demonstrate the price changes of a basket of commodities, this research should compare the
different prices over time for only one military vehicle. Therefore, a sum of prices is not

needed. To match the requirements of this research, the formula has been simplified.

t t
p:XXP
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The Paasche index produces a value between 0 and . Values that are higher than 1 indicate a
price increase, whereas values lower than 1 indicate a price decrease (Pinnekamp and

Siegmann 2001).

After defining the operative figures, this analysis continues with calculating the indices for
each analysis object from the gathered data. As we had only limited access to real contract
prices and their development, we decided to focus only on publicly available data. One reason
for this decision is that such data are also the primary source of information for the public and
consequently are the data that influence the common perception of cost developments in
defence. To analyse the price development of the German Bundeswehr, we utilised a data
collection method that concentrated on search engines for the Internet, the German National
Library and EBSCO for scientific journals. Obviously, we focused primarily on German data
sources. At the end, we used data from literature (Ambos 1980; Blume 2007; Brzoska and
Voss 1996; Gaul 2008; Henken, 2003; Hilmes 2006; Johannson 1969; Knight 2002; Kollmer
2002; Liebau 2002; Plate 2005; Rauch and Dinse 1998; Scheibert 1987; Schmidt 1979;
Schlotter 1967), statistical and administrational publications (BMVg 2006; Bundesbank 2011;
Bundesregierung 2010; Eurostat 2011; Unciatrends 2011; PSM 2010; Luftwaftfe 2006, 2007,
2011; Royal Air Force 2002) and even “grey” literature from the press or other media

(Behling 2003; IFHS 2010; Spiegel 1992; defense-aerospace.com 2006; Zeit 1991).

The following chapter will present the research findings. It will begin by considering the
armoured personal carriers “SPz Puma”, “SPz Marder 1” and “SPz HS 30”, and will continue
by addressing the tactical aircraft “Eurofighter 2000 Typhoon”, “MARC Tornado” and “F-
104 G Starfighter”. The chapter finishes with the presentation of the findings concerning the

submarine “Type 212 A”.

4. Findings

The investigation of the chosen military vehicles closes the descriptive portion of the
generated model. First, it should be noted that each analysis object must be examined
independently. A comparison between the objects is not considered possible before the data
for each object are collected and evaluated. The following sections will describe the findings
for the armoured personal carrier (APC) Puma and the Eurofighter 2000 Typhoon in detail.
The cost development for each of these objects is displayed graphically, whereas the price
indices for each are calculated in a stepwise fashion. The findings for the remaining analysis

objects are shown without further description. The collection and evaluation of the data



11

concerning the remaining objects were conducted using analogous procedures to those

employed for the presented cases.
APC Puma

The APC Puma is a tactical response to the European Union’s task force concept developed
during the 1990s. This concept demanded the possible global deployment of up to 60,000 men
within 60 days and thus justified the need for a new APC. The project was approved by the
German Bundestag in the year 2002. The result was a highly adaptable system that can be
configured to adapt to various different threats. In particular, an assortment of different
protection levels guarantees the safety of the crew, which consists of nine soldiers. By the
year 2011, the Bundeswehr planned to procure 405 units of this APC. Figure 2 presents the
price development of the unit price and the system price of the APC Puma. Whereas the unit
price describes the value of a functional APC without further equipment, the system price
indicates the total cost of an APC Puma with e.g., weapon systems, command equipment and
crew training. Between the years of 2004 and 2011, the unit price increased continuously
from € 6.261 million to € 9.258 million. The first system price information from the year 2002
was estimated at € 4.878 million. Between the years of 2002 and 2011, this price also
increased continuously, although the rate of increase was lower after the year 2004, with a

2011 system price estimate of € 9.791 million.
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Figure 2: System price and unit price development of the APC Puma
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The calculation of the price indices is initiated by determining the appropriate interest rates to
use for standardising the price data to the year 2010. To do so, the unit price from the year
2004 has been inflated by an average annual interest rate of 1.6 per cent, whereas the price

from the year 2011 has been deflated at a 2.4 per cent annual interest rate.

16.261 mil.€ x 1.0167 = 6.997 mil. €|

[9.259 mil.€ x 1.024™! = 9.042 mil. €|

These standardised unit prices can now be used to calculate the unit price index. The result
shows a unit price index of 1,292. This calculation complies with a real unit price increase of

29.2 per cent within seven years.

405 x 9.042 mil. €
405 X 6.997 mil. €

=1.292 - 129.2% (29.2%)

The following calculation of the system price index proceeds analogously to the calculation of
the unit price index. To permit a better comparison of the two indices, equal periods of time
are chosen. Therefore, the standardisation of the system price data proceeds using the same

average interest rates from the years 2004 and 2011.

[7.511mil.€ x 1.0167 = 8.394 mil. €|

[9.791 mil.€ x 1.024! = 9.562 mil. €|

The result shows a system price increase index of 1,139, which complies with a price increase

of 13,9 per cent within the same period of time.

405 X 9.562 mil. €
405 X 8.394 mil. €

=1.139 - 113.9% (13.9%)

Eurofighter 2000 Typhoon

Another procurement object for which we have a comparatively detailed data set is the
warplane Eurofighter 2000 Typhoon. This project was introduced as an answer to the massive
increase of the air fleets of the Warsaw Pact countries and those nations’ offensive air
doctrines during the eighties (Brzoska and Voss 1996). At first, this warplane was intended to

be an adequate interceptor, but later this plan was altered such that the Eurofighter became a
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multirole warplane, able to operate in both interceptor and fighter-bomber roles (Luftwaffe

2007). The first of these planes was introduced to the German air force in 2004.

Seven years before, in the year 1997, the procurement of 180 fighters in total had been agreed
to by contract. This delivery was divided into three tranches. The first tranche of 44 machines
should have been completely delivered within the year 2006. The second tranche of 68
machines has been contracted in 2004. The third and final tranche was divided into two parts
for reasons of financial flexibility. These tranches, 3a and 3b, constituted 31 and 37 machines,
respectively. Tranche 3a has been contracted in 2009 (IFHS 2010; Knight 2002; Brzoska and
Voss 1996).

Figure 3 displays the unit price and system price increases for the Eurofighter 2000 Typhoon
project. Whereas the unit price indicates the cost of a functional aircraft, which fulfils the
technical requirements of an aircraft, the system price indicates the cost of a fighter aircraft
with weapon systems, pilot and crew training, and thus is representative of the total costs of a
Eurofighter 2000 Typhoon for the German Luftwaffe. The graphs for these two prices in
Figure 3 illustrate the price development for this warplane between the years of 1988 and
2009. Whereas the system price graph indicates the cost development between 1988 and
2007, the unit price graph indicates the cost development between 1994 and 2009. Both
graphs reach their gross high in the year 2004.
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Figure 3: System and unit price development of the Eurofighter 2000 Typhoon
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The different price indices are calculated analogously to the calculations of indices for the
APC Puma. The calculation of the unit price index is based on data from the years 1994 and
2009 (Brzoska and Voss 1996; Stauch and Hofmann 2004). These data are standardised with
the average interest rates of 0.75 and 1.559 per cent (Eurostat 2011; Bundesbank 2011; Gaul
2008; Unciatrends 2011).

186.000 mil.€ x 1.0075% = 87.295 mil. €|

129.553 mil.€ x 1.0155917 = 38.443 mil. €]

These standardised unit prices are used to calculate the unit price index. The result shows a
unit price index of 2.271. This equates to a unit price increase of 127.1 per cent within 15

years.

180 x 87.295 mil. €
180 X 38.443 mil. €

= 2271 - 227.1% (127.1%)

The calculation of system price index is based on the prices of the years 1991 and 2004
(amongst others: Brzoska and Voss 1996; Henken 2005; Spiegel 1992, etc.) with the average
interest rates of 1.6 and 1.99 per cent (Eurostat 2011; Bundesbank 2011; Gaul 2008;
Unciatrends 2011). The calculation with the standardised values demonstrates a system price
index over 13 years of 2.174, corresponding to a price increase of 117.4 per cent during that

time.

[136.100 mil.€ x 1.0167 = 152.095 mil. €|

147.167 mil.€ x 1.01992° = 69.950 mil. €|

180 x 152.095 mil. €
180 X 69.950 mil. €

=2.174 - 217.4% (117.4%)

The price data from the year 2004 include several different cost estimates. As it is not
completely clear which of these values most closely matches the actual price, a second system
price index is calculated using the other price for this year (defense-aerospace.com 2006). As

a result, it is possible to identify a maximum index and a minimum index.

[118.300 mil.€ x 1.0167 = 132.203 mil. €|
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180 x 132.203 mil. €
180 X 69.950 mil. €

=1.89 - 189% (89%)

The second calculation shows a system price index of 1.89, which corresponds to a price
increase of 89 per cent. This implies that the true system price increase lies somewhere

between 89 and 117.4 per cent.
Calculation of the other cases

The calculation of the unit and system price indices that refer to the other objects analysed
was conducted in accordance with the calculations for the APC Puma and the Eurofighter
2000 Typhoon. The two other APCs that were procured by the Bundeswehr during the period
studied are the APC HS 30 and the APC Marder 1. The former was introduced to the army in
the year 1959. The Bundeswehr procured 2,176 of these systems, which were produced and
delivered within six years (Plate 2005; Kollmer 2002). The calculated unit price index lies
between 0.968 and 1.963, which corresponds to a price decrease of -3.2 per cent and a price
increase of 96.3 per cent. The reason for this broad range is that different unit price estimates
were found during the year 1956. Within that one year, the anticipated prices increased from €
76,693.78 to € 127,822. (Kollmer 2002). As a result, the unit price index changes significantly

depending on which of these figures is used for the calculations.

The APC Marder 1 was delivered to the army between 1971 and 1975. In total, 2,136 systems
have been procured. The latest version, the APC Marder 1 AS, is still in use and serves the
Bundeswehr in Afghanistan (Plate 2005; Hilmes 2006; Blume 2007; Scheibert 1987). The
calculation of the unit price index results in a value of 1.064, which corresponds to a unit

price increase of 6.4 per cent within six years.

In addition to the Eurofighter 2000 Typhoon, this research analysed two additional air force
procurement objects. In 1957, the German air force started the search for a new interceptor.
Within the same year the tactical situation changed, requiring the new warplane to also fulfil a
fighter-bomber role. In the year 1958, the Bundeswehr decided to procure the F-104-G
Starfighter. The first of 916 of these machines was delivered in 1961, and the last of these
planes were used until 1991 (Luftwaffe 2006). The calculations of minimum and maximum
unit price indices resulted in the values of 1.41 and 1.984. According to these values, the unit

price increased by a percentage that is between 41 and 98.4 per cent.

The MRCA-Tornado is the second air force procurement object that has been analysed in this

research. The development of this warplane started in 1967. Overall, 805 MRCA-Tornado
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systems have been delivered between 1980 and 1989. This delivery was divided into six
tranches. Unlike the Starfighter and the Typhoon, this warplane was developed as a tactical
fighter-bomber only (Ambos 1979; Schmidt 1979; Liebau 2002; Royal Air Force Historical
Society 2002; Luftwaffe 2011). The analysis for this plane resulted in an unit price increase of
127.1 per cent, which was calculated based on the obtained unit price index of 2.271. The
system price increase lies between 89 and 117.4 per cent, given the calculated maximum and

minimum system price indices of 2.174 and 1.89, respectively.

The only navy procurement object that has been analysed is the submarine type 212. The
contract that confirmed the procurement of the first tranche of these fuel cell propelled
submarine was signed in 1994. The four submarines that made up the first tranche have been
delivered between the years of 2005 and 2006. The two additional submarines that constitute
the German portion of the second tranche are still in delivery (Bundesregierung 2010; BMVg
2006; Behling 2003; Rauch and Dinse 1998). The first public unit price data for this system
were announced in 1991. The unit price index that has been calculated using the data from
1991 and 2009 results in a value of 0.995, which corresponds to a unit price decrease of 0.5

per cent.

5. Discussion

By transferring the results of the analysed single projects back to the analysis framework, we
can compare the cost development percentages. Each single case and its cost development are
placed into the overarching framework. By doing so, it is possible to generate insight into why

certain projects have significantly higher cost increases than others (Figure 4).

Overall, we could not find any clear tendency pervading that the costs of major weapon
acquisition projects in Germany increase over time. It appears that the three considered air
force projects all have similar cost increase rates of approximately 100 per cent (apart from
“best case” calculations for Tornado and Starfighter, which are below 100 per cent). Only the
worst calculation for the APC HS 30 shows a comparable cost increase ratio, whereas all
other calculations for army and navy objects remained far below this figure. We could only
evaluate one navy case, which actually shows cost savings over time. However, this single
navy case is not enough to prove that cost estimations for navy projects are more accurate
than estimates for other services. Nevertheless, cost developments for army projects also stay

far below those for air force projects.
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Figure 4. Empirically analysed cost increases of major weapon systems.

Compared to the general inflation rate of the European Union of all 27 member states which
is 2,5 per cent from the year 2000 to 2012 (Eurostat 2012), the analyzed weapon systems have
the following average cost increase ratios per year according to the data of figure 4: APC HS
30 (1956-1961): 19.26 per cent; APC Marder (1969-1975): 1,67 per cent; APC Puma (2004-
2011): 4.17 per cent; Starfighter (1958-1968): 9,84 per cent; Tornado (1970-1981): 9.48 per
cent; (Eurofighter (1994-2009): 8.47 per cent, Submarine Type 212 (1991-2009): -0,02 per
cent. Even if in almost every project, the cost increase is higher than the general inflation rate,
we did not find any tendency in this data that modern projects are more likely to cost more

(have a higher Paache index) than projects several decades ago.

Other studies identified a linear or even progressive increase of costs over time (Kirkpatrick
2004; Pugh 2007). The cost increase ratios per year of our data is in line with those studies,
which identified out of 30 different weapon systems a cost increase rate per year of between 5

and 10 per cent (Pugh 1994, Kirkpatrick).

In addition to earlier studies, our data and methodology examined the cost increase of a
weapon system, as a ratio by itself. The results of this analysis cannot support the argument

that the costs increase rate steadily rises over time. Modern systems do not have significant
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higher cost increase ratios than older ones. But specific services and their vehicles have higher
cost increase ratios than vehicles of other services, e.g. aircrafts have a Paache index of about
100 per cent cost increase, while army APCs have a Paache index which indicates an average

cost increase of “only” 27 per cent.

Other studies explored the technological, political and industrial reasons for cost increases
(Kirkpatrick 2004). As we do not examine the causes of the cost increase rates in this paper,
the explanatory power of this analysis is limited. Our findings base on cost developments for

major weapon systems only, using the Paasche index methodology.

6. Conclusion

Critics of high defence spending costs often argue their case based on acquisition projects and
their costs with respect to the planned budget (Drezner et al. 1993; Christensen et al. 1999).
We introduced a new perspective on the problem of cost overruns in defence acquisition by
applying another methodology. The Paasche index, closely adapted from market basket
comparison techniques, allowed us to calculate the cost development of acquisition projects
over time and to compare the cost increase of different projects. We rely greatly on the data
used in calculating our results. As we had only limited access to actual contract prices of
acquisition organisations or defence industry firms, we decided to focus on publicly available
data only (literature, journals, press) because these are the (primary) sources of information
for the public. As we compared and matched data from very different sources (literature,
official publications, “grey” media publications) we improved the reliability of our data.
However, as aforementioned, there was only limited access to real contract data. Given this
database, the validity of our results is high, as the Paasche index provides transparent and

reproducible calculations for each weapon system.

Using this method, we intended to challenge the public perception and the aforementioned
other studies addressing cost increases in defence acquisition. In contrast to these
investigations, we could not find any clear trend that indicates that modern weapon systems
have a significantly higher (or lower) cost increase ratio than was observed for projects
several decades before. However, it appears that, within a specific service or a specific vehicle

type (tank, fighter jet, ship/boat), cost increases may be similar over time.

Our research is based on seven chosen acquisition projects for military vehicles only.
Therefore, this result is only a first step for further and broader empirical analysis of

acquisition programmes of major weapon systems. Although our findings in this work are
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limited and can therefore only indicate the price development for analysed objects, we
perceive the usefulness of our methodology for the military, public, and further research.
Similar to other studies (Pugh 2007), which emphasize not the causes but the consequences of
the results, we suggest that in the early phases of new acquisition projects, valid Paasche
indices for similar systems might be useful for assessing the potential tendencies for future
cost developments. This could assist the military in evaluating cost developments in its budget
plan. In addition, the public and politicians could evaluate the success of an allegedly
“unique” acquisition project by relating it to data from similar projects in other decades or
services. Further research may support these practical implications by improving the
methodology for this special context of military acquisition projects. New areas of research
can perhaps be guided by the analysis framework. In particular, the next investigative steps
might focus on other dimensions of the framework, e.g., command and control equipment.
Moreover, other studies might exploit how to use the derived data from a Paasche index of
past acquisition projects to assess the anticipated cost developments for a new weapon

system.
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Collected data: APC HS 30
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Year Unit price Project Quantity

1956 | 76693,78 € (Kollmer 2002) 1,424 bn. € (Engelmann 1967; 882 - 10680 (Kollmer
117597,13 € (Kollmer 2002) Kollmer 2002) 2002)

127822,97 € (Kollmer 2002)

1957 | 153387,56€ (Kollmer 2002) - 30 (Kollmer 2002)
102258,38 €(Kollmer 2002) 2800 (Kollmer 2002)
115040,67 €(Kollmer 2002) 1612 (Kollmer 2002)
77716,37 € (Kollmer 2002)

1958 | 97145,46 €(Kollmer 2002) - 2800 (Scheibert 1987)
89476,08 €(Kollmer 2002) 1612 (Kollmer 2002; Plate
71580,86 €(Kollmer 2002) 2005)

69024,40 €(Kollmer 2002)

1961 | 165147,28 € (Kollmer 2002) - -
135706,69 € (Kollmer 2002)

1962 - - 2176 (Engelmann 1967)

Tab. 1 unit prices, project costs and quantity of the HS 30 from 1956 to 1962

Collected data: APC Marder

Year Unit price Project Quantity

1969 | 357904,32 € (Der Spiegel 1969) 0,901 bn. € (Die Zeit 1969) 2171 (Die Zeit 1969)

1971 | 383468,91 € (Die Zeit 1971) - 1926 (Die Zeit 1971)
400000,00 € (Der Spiegel 2011a; 2136 (Scheibert 1987)
Blume 2007)
511291,88 € (Hilmes 2006)

1972 | 398202,40 € (Der Spiegel 1972) 0,767 bn. € (Der Spiegel 1972) 1926 (600) (Spiegel

1972)
1975 - 306,775 m. € (Der Spiegel 1975) | 600 (Der Spiegel 1975)
2011 | 50000,00 € (Spiegel 2011a) - -

Tab. 2 unit prices, project costs and quantity of the Marder from 1969 to 2011

Collected data: APC Puma

Year Unit price Project Quantity Year
2002 - 4878 m. € 2bn. € 410 (FAZ 2002)
(FAZ 2002)
2004 | 6,261 m. € 7,511 m. € 360 m. € (Rheinmetall 2004) 5 (410) (Jane's Defence
(BWB 2011) (BWB 2011) 3,05 bn. € (Jane's Defence Weekly Weekly 2004)
2004)
2005 - - 3 bn. € (Lange 2005) 410 (Lange 2005)
2006 - - 3,4 bn. € (Sollorz 2006) 410 (Sollorz 2006)
2007 - - 3,846 bn. € (BMVg 2006) -
2008 - - 3,888 bn. € (BMVg 2007) -
2009 - - 3,1 bn. € (Ernst 2009; Der Spiegel 405 (410) (Ernst 2009;
2009; Miiller 2009; Reisener 2009) Miiller 2009)
4,789 bn. € (BMVg 2008)
2010 - - 4,2 bn. € (BMVg 2010) 410 (BMVg 2010)
2011 | 9,258 m. € 9,791 m. € - -
(BWB 2011) (BWB 2011)

Tab. 3 unit prices, project costs and quantity of the Puma from 2002 to 2011



Collected data: Submarine Type 212
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Year Unit price Project Quantity

1991 319,5 m. € (Die Zeit 1991) 1,278 bn. € (Die Zeit 1991) 4 (Die Zeit 1991)

1993 - 1,6 bn. € (Behling 2003) -

1994 - 1,329 bn. € (Gose 2000) 4 (Gose 2000)

1996 - 1,329 bn. € (Spiegel 1996) 4 (Die Zeit 1996; Der
1,431 bn. € (Die Zeit 1996) Spiegel 1996)

2000 | 383,469m. € (Gose 2000) - -

2004 | 425 m. € (Weckbach-Mara 1,7 bn. € (Weckbach-Mara 2002) 4 (Weckbach-Mara 2002)

2002)

2005 - 790 m. € (Lange 2005)

2007 - 824 m. € (BMVg 2006) -

2008 - 915 m. € (BMVg 2007 -

2009 464,5 m. € (BMVg 2008) 929 m. € (BMVg 2008) 2 (BMVg 2008)

Tab. 4 unit prices, project costs, lots and quantity of the Type 212 from 1991 to 2009

Collected data: F-104 G Starfighter

Year Unit price System price Project Quantity
1958 | 2,045 m. € (Johannson 1969) - - -
2,301 m. € (Engelmann 1967)
1959 | 2,965 m. € (Schlotter 1967; - - 30, 66, 210
Wache 2003) (Johannson
1969; Wache
2003)
1959 | 2,369 m. € (Schlotter 1967) - 1,278 bn. € 264 - 364
2,471 m. € (Schlotter 1967) (Schlotter 1967) (Schlotter
2,597 m. € (Schlotter 1967) 1967)
1965 | 2,812 m. € (Schlotter 1967) - - -
1966 | 3,068 m. € (Der Spiegel 1966) - - -
1967 3,835 m. € (Schlotter 3,068 bn. € -
- 1967) (Schlotter 1967)
1968 | 4,09 m. € (Johannson 1969) 5,829 m. € (Johannson 0,282 bn. € 50 (Johannson
5,113 m. € (Johannson 1969) 1969) (Johannson 1969) 1969)
1970 - - 0,230 bn. € 50 (Johannson
(Johannson 1969) 1969)

Tab. 5 unit prices, project costs and quantity of the F 104 G Starfighter from 1958 to 1970



Collected data: MRCA Tornado
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Year Unit price System price Project Quantity
1968 | 5,113 m. € (Schmidt 1979; - - 1500 (Royal Air
Albrecht u.a. 1974) Force Historical
Society 2002)
1969 | 5,113 m. € (Albrecht et al. 1974) 11,453 m. € (Albrecht et - 1085 - 1285
al. 1974) (Schmidt 1979;
(Royal Air Force
Historical Society
2002; Grossner,
Schierholz 1974)
1970 | 7,286 m. € (Grossner, 5,113 m. € (Albrecht et - 905
Schierholz 1974; Ambos 1979) al. 1974) (Royal Air Force
7,593 m. € 7,669 m. € (Schmidt Historical Society
< 7,669 m. € 1979) 2002)
8,180 m. € (Schmidt 1979)
8,436 m. € (Schmidt 1979;
Grossner, Schierholz 1974)
1971 | 7,158 m. €(Ambos 1979) 17,895 m. € (Albrecht et - -
al. 1974)
1972 | 15,339 m. € (Schmidt 1979) 25,564 m. € (Albrecht et - 809
16,361 m. € (Albrecht et al. 1974) | al. 1974) (Royal Air Force
Historical Society
2002)
1973 | 10,226 m. € (Ambos 1979) 17,895 m. € (Der Spiegel | 8,180 bn. €
1974) (Schmidt -
1979)
1974 | 10,226 m. € (Ambos 1979) 22,752 m. € (Der Spiegel - 807 (Der Spiegel
15,461 m. € (Albrecht et al. 1974) | 1974) 1974)
1975 | 12,271 m. € (Ambos 1979) - - -
13,498 m. €
1977 | 14,306 m. € (Schmidt 1979) 26,132 m. € (Schmidt 8,414 bn. € -
17,42 m. € (Ambos 1979) 1979) (Schmidt
1979)
10,392 bn. €
1978 35,790 m. € (Schmidt - -
- 1979)
1979 | 17,946 m. € (Liebau 2002) 34,44 m. € (Ambos - 805(Ambos 1979)
18,028 m. € (Ambos 1979) 1979)
22,962 m. €
1981 | 25,287 m. € (Liebau 2002) - - 40 (Liebau 2002)
1982 | 18,966 m. € (Liebau 2002) - - 105 (Liebau 2002)
1984 | 17,701 m. € (Liebau 2002) - - 165 (Liebau 2002)
1985 | 16,858 m. € (Liebau 2002) - - 165 (Liebau 2002)
1986 | 16,015 m. € (Liebau 2002) - - 165 (Liebau 2002)
1987 | 15,242 m. € (Liebau 2002) - - 165 (Liebau 2002

Tab. 6 unit prices, system prices, project costs and quantity of the MRCA Tornado from 1968 to 1988



Collected data: Eurofighter 2000 Typhoon
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Year Unit price System price Project Quantity
1988 - 33,234 m. €. (Der Spiegel 1994) - 250 (Der
Spiegel 1994)
1991 - 47,167 m. € (Brzoska, Vo3 1996; - 200 (Brzoska,
Spiegel 1992) Vob3 1996; Der
Spiegel 1992)
1992 - 54,095 -102,258 m. € (Brzoska, Vo - -
1996; Der Spiegel 1992)
51,129 - 66,468 m. € (Brzoska, Vol
1996)
76,694 m. € (Brzoska, Vo3 1996)
68,462 m. € (Der Spiegel 1994)
46,016 m. € (Der Spiegel 1992)
46,016 - 51,129 m. € (Der Spiegel
1992)
52,125 m. € (Brzoska, Vo3 1996)
1993 - 76,694 m. € (Brzoska, Vo3 1996) 6,442 bn. € 140 (Brzoska,
46,016 m. € (Brzoska, Vo3 1996) (Brzoska, Vo3 VoB 1996; Der
52,407 m. € (Der Spiegel 1994) 1996) Spiegel 1994)
1994 | 29,553 m. (Brzoska, 66,468 m. € (Stauch, Hofmann 1994) - -
Vof 1996; Stauch, 76,694 Mio. € (Brzoska, Vo3 1996)
Hofmann 1994)
1995 | 37,58 m. € (Brzoska, | 65,108 m. € (Brzoska, Vo3 1996) 6,902 bn. € -
Vol 1996) 80,784 m. € (Brzoska, Vol 1996) (Brzoska, Vo3
1996)
1996 - 44,147 m. € (Cook 1996) - -
1997 - 11,7 bn. € (Sutton 180
- 1997) (Sutton 1997)
2003 - 62 m. € (Weckbach-Mara 2002) 11,16 bn. € 180
(Weckbach-Mara (Weckbach-
2002) Mara 2002)
19,5 bn. € (Der
Spiegel 2003)
2004 | 85,7 m. € (defense- 118,3 m. € (defense-aerospace.com 18 bn. € 180
aerospace.com 2006) | 2006) (Handelsblatt (Handelsblatt
136,1 m. € (Henken 2005) 2004) 2004)
21,3 Mrd. €
2005 - 85,7 m. € (Kirschner 2006) 24 bn. € 180
(Kirschner 2006) (Lange 2005)
2007 - 120 m. € (Der Tagesspiegel 2007) - -
2009 | 86 m. € (Fasse, 2,87 bn. € (Heilig -

Briiggmann 2009)

2009)

Tab. 7 unit prices, system prices, project costs and quantity of the Eurofighter Typhoon from 1988 to 2009
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