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Abstract

This chapter discusses developing (non-high income) states’ participation in the produc-
tion and trade of parts or whole units of major conventional weapons, their integration
into a transnationalized global arms industry, and the underlying industrial prerequisites
that make that participation and integration possible, Drawing on the vertical boundaries
of the firm literature, the chapter provides a theory that explains some aspects of post-
Cold War shifts in the compaosition and location of arms production. The chapter further
discusses characteristics of the small arms and light weapons industry. A highly lethal
industry with far-ranging adverse effects on public health, education, and institutions of
law and order and therefore on work incentives-and investment climate, it is suggested
that the horizontal boundaries of the firm literature, especially the product-cycle hypoth-
esis, may explain certain features of the spacial and temporat diffusion of small arms
production, technology, and supply. Newly emerging literature on small-arms demand
is also discussed. Furthermore, the chapter examines the widening presence of non-high
income states in the production of weapons of mass destruction. Vertical contracting and
Ré&Df/patent-race literatures are applied to the case of nuclecar weapons.

Major conclusions of the chapter include that data sources are poor, that arms pro-
duction and trade theory is underdeveloped, and that although non-proliferation regimes
may have slowed weapons proliferation, they have failed to stop it. We observe industry
entry in all weapons categories and in future may expect to see further increases in in-
dustry participation by non-high income statcs, should they choose to do so. This is the
natural consequence of the gradual development of non-high incomes states’ produc-
tion capacities. We also observe, however, that states sometimes exit the arms industry
or choose not to participate in it, despite their capacity to do so.

Keywords
ammunilion, arms industry, arms production, arms trade, arms transfers, developing

states, major conventional weapons, small arms and light weapons, non-conventionat
weapons, offsels, weapons of mass destruction

JEL classification: D20, F14, H56, L64, 033
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L Introduction

The prospect of violent conflict induces people, as individuals and in groups such

.as states, (0 acquire arms. Arms acquisilion tikes place along a spectrum from seif-

production to trade, but acquisition by theft, especially of small arms, or by illegal
transfer, including the clandestine transfer of critical production technology, is not un-
common. Although agricultural implements and hunting gear can and have been used
as weapons, the bulk of the production of arms loday is a specialized industrial activity
carried out for a political purpese, namely the defense or conquest of a physical space
or sphere of interest by threat of violence against enemy populations.

States are not self-sufficient in weapons production, Virtually no regular or irregular
armed force is equipped with a comprehensive range of arms that is self-produced in its
catirety. Instead, the rule is that self-produced weapons are complemented by weapons
imported from elsewhere, Even “self-produced” weapons rely in some measure on
imported components or services such as specialized materials, metals, blucprints, soft-
ware, training, maintenance, repair, and other goods and services. Consequently, trade
is invariably part of modern arms industries’ business.

Complete weapons or weapon systems once were produced in one state and then
transferred to another. The phrase “arms trade” made sense in that context and is re-
ferred to here as “whole unit” arms trade. Increasingly, however, trade in arms-related
components and services dominates trade in complete systems [Sprague (2004), UK
Government (2004)]. It is “people, idcas, and technologies, rather than weapons [that}
move across national borders” [Markusen (1999, p. 40)]. A firm in one state may pro-
duce a weapons platform, to be stocked with weapons acquired from one or more other
states. Training, maintenance, and repair, even financing, are yet different parts of the
overall system and can be supplied in many ways. Modemn arms production and arms
trade now resemble counterparts in other globalized industrial activities such as automo-
biles, an equally fragmented and transnational industry that includes many developing
states as part of the overall production system [Bitzinger (1994)]. Markusen (2004)
suggests that the commonly employed phrase “military industrial complex” be replaced
with “international military industrial complex”. By way of example, the American F-16
fighter jet is assembled in the United States, South Korea, Taiwan, and Turkey with high-
tech components supplied by Germany, Israel, Japan, and Russia, and price-sensitive,
commercial parts coming from Brazil, Poland, Spain, and South Africa [Markusen and
DiGrovanna (2003)].

The industry's transnationalization carries dramatic implications for arms produc-
tion and arms trade data collection efforts. Twenty years ago, a sale originating in any
one state would most likely also have been produced in that state. Today, a sale orig-
inating in any one state may still be credited to that state but production is as likely
to take place in a variety of locations around the globe, including the recipient state.
Arms production statistics, always having been poor, do not systematically track this
“outsourcing”. Likewise, arms trade statistics are imputed values that do not necessarily
correspond to financtal flows and economic burdens. Arms preduction and trade sta-
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tistics offered by governments and international organizations are sparse in coverage
and detail, and although Revision 3 of the Internationai Standard Industrial Classifica-
tion (1SIC) code contains a category for weapons and ammunition production, reporting
compliance by states is spotty. In some respects, less can be said today than in the past
about the volume, location, and flow of arms production and arms trade [Dunne and
Surry (2006))." _

Another difficulty arises in that today many developing states are bifurcated, exhibit-
ing both extremely well developed economic sectors as well as cxtremely undeveloped
ones, Examples include Brazil, China, India, Russia, Malaysia, Mexico, and Turkey, all
with potential or actual arms production levels on par with or exceeding that of states
such as Australia, Austria, Belgium, Canada, the Netherlands, Sweden, and Switzer-
land (see Section 2.2). Additionally, states that 20 or 30 years ago were classified by an
average per capita income Criterion as developing states, such as Greece, Israel, South
Korea, Spain, and Taiwan are now classified as developed or high income states. In con-
trast, states formerly classified as “industrialized” include Albania and desperately poor
former Soviet republics such as Kyrgyzstan. The movement across income categories
complicates comparisons to be made among states and over time, a difficulty com-
pounded by the emergence of non-conventional and small arms production and trade
activities that have yet to command economists’ full attention. This chapter treats all
non-high income states, as defined by the World Bank’s 2004 per capita gross national
income rankings, as developing states.?

This chapter reviews what is known about non-high income states’ arms industries
and arms trade, Section 2 discusses these states’ participation in the production and
trade of major conventional weapons, their integration into the transnationalized arms
industry, and the industrial prerequisites that make that participation possible. This sec-
tion also offers a new theory of arms production that would explain certain shifts in
production location and composition observed in the post-Cold War period. Section 3

! In other respects, more can be said. For instance, within the Buropean Union national arms cxport reports
have become the norm, although the quality of the reports is not always to researchers’ liking. For updates, see
SIPRI's arms transfer web site at www.sipri.org/contentsfarmstradfatlinks_ gov.html [accessed 28 September
2005), On arms industry definition, data, and transparency, also see Baoer (2006). Hartley (this volume}, and
Surry (2006).

2 The World Bank classiftes economies by income. Based on 2004 GNI data, economies with per capita
income of US$R25 or less are low-income economies. Other categories are lower-middle income economies
(US$826-3,255), upper-middle income economies {US$3,255-10,065), and high income econumies (above
US$10,065). The 35 political entities in the high income category are Andorra, Aruba, Australia, Austria,
the Bahamas, Bahrain, Belgiom, Bermuda, Brunei, Canada, Cayman Islands, Channel Islands, Cyprus, Den-
mark, Faeroe Iskands, Finland, France, French Polynesia, Germany, Greece, Greenland, Guam, Hong Kong,
Tceland, Treland, ste of Man, Italy, Japan, South Korea, Kuwait, Liechtenstein, Luxembourg, Macaoc, Malta,
Monaco, the Netherlands, the Netherlands Antilles, New Caledonia, New Zealand, Norway, Portugal, Puerio
Rico, Qatar, San Marino, Saudi Arabia, Singapore, Slovenia, Spain, Sweden, Switzerland, the United Arab
Emirates, the United Kingdom, the United States, and the Virgin Islands (US). The special political status
of Taiwan prevents the World Bank from listing it but it is treated as a high income economy. Traditionally,
researchers refer to all other states as “developing” economies. ’
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addresses the small arms and light weapons (SALW) industry. Highly lethal, it produces
far-ranging adverse effects on personal safety, public health, physical infrastructure, and
institutions of law and order and therefore on work incentives and investment climate.
Economists have studied civil wars [e.g., Collier and Sambanis (2005)] but as vet have
not particularly studied the SALW industry that has fueled them. Section 4 examines
the widening presence of non-high income states in the production of weapons of mass
destruction (atomic, biological, and chemical), also as yet little studied by economists.
Section 5 concludes.’ Chapter 29 in this volume discusses arms trade and armns race
theory {Garcia- Alonso and Levine (this volume}], and Chapter 33 studies arms industry
procurement and policy issues {Hartley (this volume)]. In contrast, the present chapter
emphasizes data-related issues with respect to non-high income states, although some
theory is also presented. Arms production, acquisition, trade, or use by non-state actors
are not addressed.* .

2. Major conventional weapons
2.1. Arms transfers

Regarding arms transfers, three major data sources are available. They are, first, an
annual publication entitled “Conventional Arms Transfers to Developing Nations™, pro-
duced for the United States Congress by its Congressional Research Service [CRS
(2005)}; second, the formerly annual but now irregularly issued World Military Ex-
penditures and Arms Transfers (WMEAT), published by the Bureau of Verification and
Compliance [BVC (2002)], an agency of the United States Department of State; and,
third, the annual STPRI Yearbook, issued by the Stockholm International Peace Research
[nstitute [SIPRI (2005}].5 Of the three, CRS and WMEAT claim to measure financial
values of trade in a/f arms and arms-related goods and services. For example, the CRS

* So-called non-lethal weapons are not studied here. Exploratory research for a draft of this chapter found
that their development and deployment appears as yet limited to a handful of high income states [see, e.g.,
Dando (2002, 2005), Davis (2005}, Lewer and Davison (2003)}. 1t should be noted that non-lethal weapons
are not necessarily non-lethal. For instance, a hostage taking event in Moscow on 23 October 2002 ended in
the deaths of about 120 of 800 hostages when Russia awthorized the use of a non-lethal chemical (fentanyl)
that depresses respiration, Instead, ull weapons operate along a continsum of lethality [Lewer and Davison
{2003, p. 49].

4 For this, see, e.g., Collier and Hoeffler (this volume), Enders (this volume), and Sandler and Arce (this
volume).

3 Among econamic researchers, WMEAT and SIPRI have been the maost pupular data sources. Since the
lormer is not regularly produced anymore {the last data point is for 1999} it is not discussed here. Suffice it
to say that the WMEAT data, should a new edition be issued, will not he comparable to earlier editions as
major database valuation changes were made in 1997. London’s International Institute for Strategic Studies,
1188, annually publishes The Mititary Balance le.g., TISS (2004)]. It does not provide its own arms trade data;
instead, it reproduces some CRS numbers.
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Figure . World arms transfer volume, 1950-2004, in constant 1990 US3 million, SIPRI trend-indicator
values. Source: SIPRI (unpublished data).

defines its scope as pertaining to “all categories of weapons and ammunition, military
spare parts, military construction, military assistance and training programs, and all as-
sociated services” [CRS (2005, p. 2)]. Transfer data for major conventicnal weapons are
not separated from transfers in other arms. SIPRI is the world’s only data source with
regard to major conventional weapons alone. .

Recognizing that arms transfer volumes, although expressed in US dollars, do not
necessarily reflect financial flows, SIPRI refers to its data as “trend-indicator values”
(TIVs) and generally refers to arms {ransfers rather than to arms frade. SIPRY’s arms
transfers database tracks deliveries of six categories of major conventional weapons.
They are: aircraft, armored vehicles, artillery, radar systems, missiles, and ships [precise
definitions are in SIPRI (2005, p. 523)]. Specifically excluded are small arms and light
weapons, trucks, artillery under 100 mm caliber, ammunition, support equipment and
components, and services and technology transfers. Figure | shows world arms transfer
volumes, 1950-2004, as measured by TIVs, in constant 1990 US millions of dofars.®
The high point of the global arms transfer volume as tracked by SIPRI was reached in
1982, at nearly US$42 billion (in constant 1990 Uss).’

® The data for Figure | were kindly made available by SIPRI and are published here for the first time. In
contrast, the annual SIPRI Yearbook contains data for only 10 years at a time.

7 Until 1998, SIPRI did not attempt 1o calculate the annual fingncigl value of arms transfers. Cal-
culated from official government data, for calendar year 2003 — the latest estimate available — SIPRI
deems that value to lie between US$38—43 biilion, or about 0.5 o 0.6 percent of world trade for all
goods and services [SIPRI (2003, p. 442)], a relatively modest number. For background information, see
www.sipri.org/contents/armsirad/ai_gov_ind_datahtmi [accessed 28 September 2005}
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Table 1
World rank and volume of transfers in major conventional weapons, leading suppliers, 1950-2004, selected
years (in constant 1990 US$m, SIPRI trend-indicator values)

Country Sam Sum

rank/ 2000- 3950 1960 1970 1980 1590 2000 2004 1950-

supplier © 2004 . 2004

01/Russia 26925 0 0 0 0 0 4016 6,197 - 49,169 [1992-2004]
0Z/USA 25,030 1,446 5074 7,138 8,588 7,901 6,400 5,453 465,685

03/France 6358 15 889 1,608 2,958 1,605 717 2122 - 86,230

O4/FR Germany 4,878 0 135 1,096 1,249 1468 1,195%% [091** 47,640

05/UK 2,450 1,456 1804 478 1,040 1,569 1,121 985 80,470

t 06/Ukraine 2,118 0 o 0 0 0 32 452 5,316 [1992-2004]
* DB/China 143 0 282 699 828 848 157 125 35739

* 10/Israel 1,258 0 0 13 227 46 272 283 5,508

¥ 13/Belarus 44 0 .0 (] 0 0 261 50 1,837 [1993-2004]
' j4fUzbekistan 595 O 0 o 0 ] 0 170 595  [2002-2004}
¥ 15/Spain 479 O 4 70 11 130 50 75 4,546

f 19/South Korea 313 O 0 L B § QY 6 0 1,328

t 21/Georgia 248 0 0 0 0 0 54 20 120 [1999-2004]
* 24/Brazil 310 2 0 158 68 0 160 2,573

* 25/Indonesia B0 0 ) 5 4 0 0 50 443

* 2%/South Africa 122 ¢ 25 3 M 0 17 35 641

* 28/Turkey 17 o 0 0 1 0o 21 18 181
*29/NorthKorea 9% 0 0 (] 5 4 o 0 1,96

t 30/Kyrgyzstan 92 0 0 o ] ] 0 0 153 [1995-2004)
% 33/Singapore 73 ¢ 0 0 0 5 1 70 616

* 34/Jordan 77 ¢ 0 0 0 0 0 7 435

* 37/Libya 0 0 0 0 65 36 0 ) 219

* 38/Lebanon 45 0 0 0 0 0 0 0 48

* 39/India “4 0 ¢ 0 ] 2 16 22 190

World total 84,479 6,358 14,006 22,069 36,744 26,053 15,838 19,156 1,341,671

Source: SIPR1 (unpublished data).
Note: Numbers preceding states’ names are arms export volume ranks (out of 117 states or entities) for the
years 2000-2004.

:uc_.:.ﬁ,_v. part of the USSR.

$Formerly non-high income states.

*Mon-high income states other than Russia.

**For reunified Germany. Non/high-income state status as per World Bank's 2004 per capila gross national
income (GNT) rankings.

1n addition to the world’s top-3 suppliers for 2000-2004, Table 1 presents arms trans-
fer volume data on the leading arms suppliers among current or former non-high income
states (apart from Russia). They include five former republics of the Soviet Union (Be-
larus, Georgia, Kyrgyzsian, Ukraine, and Uzbekistan), all of whom are non-high income
states; four formerly non-high income states that now are high income economies (Is-
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rael, Singapore, Spain, and South Korea); and the top-ten non-high income states that
are neither former Soviet republics nor states that have progressed to the status of
high income economies (highlighted in bold type face). Following SIPRI practice, for
the listed states the table is rank-ordered by the values for the last five years, 2000—
2004.

According to Table 1, apart from Russia, non-high income states as suppliers play
& miner role in the world arms market. In total, for 2000-2004, the top-10 former and
current non-high income states (Ukraine through Indonesia) commanded a modest 8.8
percent of the world market for major conventional weapons. If Israel, Spain, and South
Korea are removed from this calculation on the ground that by 2004 all had become high
income economies (and if South Africa, Turkey, and North Korea are added to remain at
atotal of 10 non-high income states), the percentage drops to 6.8. If one further excludes
the now independent non-Russian republics of the former Soviet Union to arrive at the
10 states that have been non-high income states for the entire 1950-2004 time-period,
then the percentage of arms transfer participation of non-high income states as suppliers
drops to a small 2.7 percent of the total for the 2000-2004 pericd, and about two-thirds
of that is accounted for by China alone, This compares to over eighty percent for the
world’s top-5 arms suppliers. For the 55 year time-period summarized in Table 1, it is
clear that supplies to the world arms market by former and current non-high income
states are puny, the only exception being Russia. The snapshot listing by decade shows
that only China and South Africa have a continuous history of arms exports. The record
for the other non-high income states is spotty and small in value. The combined ex-
ports of major conventional weapons by Brazil, Indonesia, South Africa, Turkey, North
Korea, Jordan, Libya, Lebanon, and India for the entire 55-year .on-_umzon are about
equal to that of the United States for 2004 alone.

Figure 2 displays arms export volume data from 1950-2004 for 10 selected former
and current non-high income states. Drawn 1o the same scale except for China and
Spain, a number of observations may be made, First, Brazil, China, and Israel all appear
to have suffered from arms export bubbles. The case of Brazil’s short-lived success due
to the Iran-Iraq war of the 1980s is well known®; those of China and Israel are not.
Of the three, only Israel has recovered its arms export volume, in part by managing the
post-Cold War conversion process better than most other states [Lewis (2003), Chen
{2003)). Second, most of the depicted states® arms export volumes are subject to severe
swings in amplitude, e.g., the Koreas, Singapore, and Spain. Third, the Koreas appear
to have entered the export market at about the same time. Fourth, only China, Israel,

% Brazil’s arms industry has since then collapsed, and so has its arms trade. From 1985-1989, Brazit’s TV
was USF1.385m, world-rank #11 [SIPRI (1990, p. 221)]; for 1990-1994, this dropped to US$262m, rank #19
ESTPRI (1995, p. 493)]; and for §995-1999 to US$99m, rank #30 [SIPRT (2000, p. 372)1. Its US$131m, #24
ranking for 2000-2004 is due to US$100m TIV in 2004 alone. It may, however, be possible to argue that
Brazil’s successful production of commercial regional puassenger aircraft is an outgrowth of its erstwhile mili-
tary aircraft ambitions [Perlo-Freeman (2004)]. Similarly, from ca. 1975 to ca. 1990, Egypt was a reasonably .
prominent armns exporting non-high income state, bt not since then.
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Figure 2. Arms supplies by selected non-high income states, 1950-2004; all figures are &mgi to the same

scale except for Spain and China; all values are constant 1990 US$ million SIPR! trend-indicator values

(TIVs). Source: SIPRI (unpublished data}. Note: The vertical lines for Tsrael (1983), South Korea :mwuu.

Singapore {1981), and Spain (1980) are set at the years during which they achieved per capita GNP sufficient

to count them among industrialized or high income states, as teported in the World Bank’s annual World
Development Report.
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South Africa, and Spain have been consistent exporters for most of the time-period.
Fifth, Turkey has been a dedicated arms manufacturer since the early 1980s but its
lack of arms export performance suggests that its products are not deemed competitive.
(Likewise, India — not displayed in Figure 2, but listed in Table 1 - is a minor player in
the arms export market.) And sixth, there is no immediately obvious relation between
arms transfer volume and transition from non-high income to high income state for the
four now-high income states in Figure 2, namely Israel, Singapore, South Korea, and
Spain. .

Since the main interest in this chapter concerns non-high income economies as arms
producers and suppliers, data on arms recipienss are not presented. Suffice it to say that
the top-10 non-high income states received, for 2000-2004, about 41.1 percent of all
major conventional weapons shipments,” whereas the top-10 high income economies'?
jointly received about 28.6 percent. Six former or current non-high income states —
China, India, Israel, Singapare, South Korea, and Turkey — appear as top suppliers and
as top recipients. For 2000-2004, all six imported substantially more, in arms transfer
volume terms, than they exported. That even the most active former and current non-
high income states play but a small part in the international arms market as suppliers of
whole unit major conventional weapons stems, in part, from their poverty and small size
— so0 that their overall heft in the market is necessarily minimal — but also from a lack of
international competitiveness of their products: Why for example purchase a helicopter
made in South Africa when numerous high income states offer more advanced wares at
competitive prices?

Even though non-high income states are not particularly successful as arms sellers,
they nonetheless have undertaken substantial efforts as arms producers. These etforts,
and the reasons therefore, are discussed in the ensuing section.

2.2. Arms production

States produce arms for ostensibly defensive purposes, namely the preservation of ter-
ritorial integrity and the maintenance of spheres of influence. Underlying this are acute
or precautionary political motives {Brauer (2002)]. But the specific form and volume of
arms production are more nearly a matter of economics. First, arms export control and
supply restrictions impose a constraint that can compel domestic production of arms
components or of whole units by otherwise arms-importing states, even if it is an”o.
nomically inefficient to do so. Supply restrictions merely raise the cost of achieving
the objective [Garcia-Alonso and Levine (this volume)). States such as Brazil, China,
Egypt, India, Iran, Iraq, Pakistan, South Africa, and Turkey all have been subject to
such cost-increasing export-supply resirictions. A competitive market model would re-
flect a supply restriction as a rise in marginal cost, thus increasing the market price of

:N They are: China, India, Turkey, Egypt, Pakistan, Iran, Algeria, Yemen, Poland, and Brazil.
Greece, the United Kingdom, South Korea, the United Arab Bmirates, Australia, the United Siates, Israel,
Canada, Saudi Arabia, and Etaly.
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major conventional arms, and hence providing an incentive for market entry either by

the restriction-affected state or by other states-for whom market entry may now become

profitable,

A related, and second, reason for entering domestic arms preduction is to mitigate
of remove uncertainties with regard to the reliability of supply lines so that credible
threats of supply interruptions lose their sting. If the recipient were to turn clsewhere, it
would be subject to the same threat from a new supplier. In the absence of an effective
supply guarantee, the recipient state may thus choose to engage in a minimum of arms
self-production. Note that all states mentioned in the preceding paragraph either have
or had status ambitions as regional powers (Brazil, China, Egypt, South Africa, Turkey)
or were or are engaged in regional conflict (India and Pakistan, Iran and Iraq), ie.,
all are cases in which supply restrictions might have proved particularly onerous, thus
spurring indigenous arms production efforts. These first two reasons suggest that arms
production and trade may be jointly determined [Alexander, Butz and Mihalka (1981)].

Third, it is hoped that domestic arms production might stimulate the domestic econ-
omy. Appeal has been made (a) to potential arms export carnings and export-promotion
industrialization,!! (b) to foreign exchange savings from foregone arms imports and
import-substitution industrialization, (c) to employment effects stemming from do-
mestic arms production (growth-pole industrialization), and {(d) in conjunction with
co-production agreements, to military and non-military technology transfers that are

" to benefit the domestic economy at large (human capitat imports embedied in technol-

ogy). As an empirical matter, these goals do not appear to have been fulfilled [Brauer
and Dunne (2004)].

Fourth, arms demand is a function of security preferences, national income, and the
price of arms as wel! as the price of complementary and substitute goods [Garcia-Alonso
and Levine (this volume)]. The influence of security preferences on arms demand (im-
ports) has been addressed in the preceding paragraphs. The influence of national income
on arms demand is ambiguous. In the absence of domestic arms production data, stud-
ies can only measure the effect on the arms import component of overall arms demand.
In a recent panel regression study, Smith and Tasiran (2005) found no systematic ef-
fect of income on arms imports but did find a non-linear effect of military expenditure
(a proxy for security perceptions) on arms imports. As to the third item, prices, Smith
and Tasiran (2005) report evidence that arms imports are price sensitive on the order
of minus one: a one percent rise in price is associated with a one percent reduction in
arms import quantities. Whether a higher arms trade price leads to compensating self-
production or co-production (or to displacement into black market trade) or, conversely,
whether a price reduction is symmetrically associated with declines in self-production
are questions not as yet investigated.'?

11 Both President Vaclav Havel of then-Crechosiovakia and President Nelson Mandela of South Africa nsed
this hope as an argument to continue to subsidize domestic arms industries following the overthrow (in 1989
and 1994, respectively) of their predecessor governments [Braver (2002)].

12 Also not investigated is the question of the influence on arms import demand of prices of complementary
{e.g., weapons training) and substitute (e.g., diplomacy) goods and services,
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As is true for the case of transfers in major conventional weapons, SIPRI is also
the world’s major comprehensive source of information for the production of such
weapons.'3 However, data with respect to non-high income states are scarce as data
collection efforts are focused on the world’s largest arms producing companies,'* For
instance, for 2003 the only non-high income states represented among SIPRIs top-100
arms producing companies are Russia (first appearing at rank 29), India (33), and South
Africa (80) [SIPRI (2005, Table 9A.1)]. Data for Chinese companies are unavailable,
and they are spotty for Taiwan. Bauer (2006} has proposed six criteria by which to assess
arms industry transparency. They are: availability, reliability, comprehensiveness, com-
parability, disaggregation, and relevance, but an assessment by Surry (2006) finds that
even for high income states, usable arms industry data along Bauer’s criteria arc sparse,
in part because reporting obligations that states routinely place on other industries are
frequently not placed on arms makers,

Such as they are, the data suggest that, as with arms trade, substantial shifts have
occurred with regard to arms production. In the 19505 and 1960s, “First World” and
“Second World” states produced whole unit arms and traded a surplus to those who
could not produce them (the “Third World™), at least in part to shore up regional spheres
of influence. Several fundamental shifts have upset this once straightforward First-to-
Third World and Second-to-Third World relation. First, during the 1970s and 1980s, an
increasing number of non-high income states made economic progress enabling them
to devote some of their improved capacity toward the indigenous production of major
conventional weapons. Table 2 shows a guadrupling in the number of non-high income
states as exporters of major conventional weapons from the 1950s to the 1980s. (The
increasing number of high income states in Table 2 is the result of former non-high
incomme states becoming high income states over time.)

Second, the number of non-high income arms producing states was greater in the
1980s than in the 1950s. But the number of suppliers in the early 2000s is less than
that for the 1960s, and that of the 1990s is less than those for the 1970s and 1980s.
Although there does not appear to exist any explicit theory on the matter, it is plausible
that the “bubble” of non-high income arms producing states from the 1950s through
the 1980s was the combined result of improved domestic production capacity and the
exigencies of the bi-polar Cold War years that encouraged domestic arms production

13 The production of weapons is a flow variable and differs from the stock of weapons. According o BICC
(2003, p. L5R), the stock of major conventional weapons held by “industrialized” states felt from an index of
183 in 1991 to an index of 100 in 2001. In contrast, non-high income states’ stock of such weapons remained
essentially constant: an index of 105 in I99f as against an index uf 14X in 2001. In absolute numbers, the
stock of major conventional weapons in non-high income states of 208,800 pieces is larger than the 199,500
items in possession of industrialized states. A reasonable composite index of weapons lethality has not yet
been developed. Such an index wonld need to include not merely the potential lethality of the weapon itself,
but also the probability of successful deployment which hinges, among other things, on the training of the
attending military personnet.

14 Thug, while we have some knowledge about states’ arms transfers, we cannot infer states™ arms retention
as our knowledge of states” armns production is incomplete.
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Table 2
Count of states as exporters of major conventional weapons, by decade

19508 1960s 19705 1980s 1990s* 2000s* (“00-"04)
High-income 20 25 7 30 32[32] 26 [26]
Non-high income 9 23 38 37 27 [43] 21393
Total 29 48 65 67 591751 47 [65]
TIVs*™ 154,688 196,828 315,884 365,873 223919 84,479

Source: computed from SIPRI (unpublished dara).

*Numbers before brackets exclude states formerly part of the Sovier Union, Czechoslovakia, and Yugoslavia,
all of which are classified by the World Bank as non-high income states (using 2004 GNI per capita as the
criterion). Numbers in brackets include the successor stales.

**The TIVs are in constant 1990 US%m.

efforts, even if economically inefficient [Markusen and DiGiovanna (2003, p. 10)]. For
example, the Movement of Non-aligned States, founded in the 1950s, included Egypt,
India, Indonesia, Pakistan, and then-Yugoslavia and, for a time, China. Brazil, although
never a member of the Movement, generaily expressed similar policy positions, All
entered substantial arms production efforts during the Cold War years.

Third, with the end of the Cold War, the drive for “indigenization” faltered; fixed-cost
driven “structural disarmament” [Dunne and Surry (2006)] makes completely indige-
nous development and production of major conventional weapons unaffordable to all
but the United States. Instead, the industry globalized to generate cost savings via
specialization in component preduction, niche market targeting, and supply-chain in-
tegration [Dunne and Surry (2006)]. Arms-offset deals proliferate and have become
a standard feature of virtually ail arms-trade deals, with heavy emphasis placed on
co-production, licensing, and — especially — technology transfers [Brauer and Dunne
(2004)]. The raison d'étre motivating indigenous arms production is moving from the
politically determined end of the spectrum toward the commercially determined end.
Whereas states’ defense industrial base used to be defined primarily in terms of home-
state based prime and subcontractors [Dunne (1995)], post-Cold War it has become
defined in global terms, frequently involving firms that at their core are decidedly civil-
ian producers such as information technology firms [Dunne and Surry (2006)]. Major
arms-producing corporations may still be headquartered in the United Kingdom and
the United States in particular but vadous aspects of production are “outsourced”, fre-
quently at the demand of buying states (arms trade offsets),

The relative paucity of quantitative state-specific arms production data, as compared
to arms transfer data, has led some scholars to take a different tack to learn about non-
high income states’ arms production. Reasoning that the production of major conven-
tional weapons requires advanced human and physical capital inputs, Kennedy (1974),
Wulf (1983), and Brauer (1991, 2000} constructed potential defense capacity (PDC) in-
dices from International Standard Industrial Classification code data and matched these
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Table 3
Potential defense capacity (PDC) index for selected high income and non-high income states (1936-1995y*

Group 1%+ Group 2+ Group 3**

Argentina 33.6 Chile 19.4 Australia 336
Brazil 51.6 Egypt 24.7 Belgium 343
Bulgaria 537 Hungary (8.6 .Canada 31.5
China 325 India 42.1 France 59.7
Czech Republic 371 Indonesia 57.2 Cireece 44.2
Mexico 6L.8 Iran 18.0 South Korea 544
Pakistan 13.1 Romania 60.8 Netherlands 26.5
Poland 66.4 Ukraine 55.1 Spain 86.2
Russia 54.1 Yugoslavia 62.9 Sweden 59.0
South Africa 23.0 Switzerland 10.3
Turkey 55.5 USA 64.7

Sowrce: unpublished data based on Braver (2000).

*The PDC index refers to a percentage that measures in how many of 283 arms-production relevant indus-
trial categories a state recorded production in any year (1986-1995), The categories consist of nine major
industry groups: industrial chemicals; other chemicals; iron and steel; non-ferrous metals; metal products;
non-electrical machinery; electrical machinery; transportation equipment; scientific, ineasuring, controlling
equipment.

**Group | states are non-high income states with continuous, high-level arms production; Group 2 states are
non-high income states with continious, low-level arms production; Group 3 states are high-income arms
producing states.

with qualitative, rank-ordered indices of arms production. Covering the mid-1970s to
mid-1990s, Brauer (1991, 2000) has shown that the higher is a state’s potential to
produce arms, the higher is its rank-ordered actual arms production (Spearman rank-
correlation coefficient of 0.6). Remarkabty, the PDC index for the most arms-production
engaged non-high income states exceeded that of the average high income state. Even
second-tier arms producers among non-high income states reached an average PDC in-
dex lying within 10 percent of that of the high income states. (A selection of states is
listed in Table 3.}

A comparison of PDC indices for the group of low-level but continuously engaged
arms producers to that of high-level and very engaged arms producers among non-high
income states proved statistically equivalent, suggesting that the difference in actnal
arms production levels, despite comparable potential, is explained by factors such as
location: the former group consists of states located in relatively “tranquil” world re-
gions, the latter are in relatively “hostile” world regions. Following the trajectory from
the 1970s to the 1990s, the studies further showed that non-high income states engage
in domestic arms production as they advance their human and physical capital and reach
a PDC level that lies on par with the average high income state. Some non-high income
states have arms production potentials they do not fully use {e.g., Mexico, Turkey), oth-
ers have strained local capacities beyond what they can sustainably deliver (e.g., India,

Ch. 30:  Arms Industries, Arms Trade, and Developing Countries 987

Indonesia), and still others could conceivably produce at a higher level than they have
in the past (e.g., Greece, Singapore; both now are high income economies).

2.3. Transnationalization of arms production and trade

In the mid-1990s, it was customary to speak of “tiers” of arms production and of an
arms production “ladder” that non-high income states could climb as their indigenous
capacities improved [Krause (1992), Bitzinger (1994}]. But with the end of the Cold
War, non-high income states have been brought into a transnationalized system that
includes all products, including arms. Comprehensive data to demonstrate this point are
not available, Instead, this view is a judgment based on numerous country, firm, and
product-specific case studies [Braner and Dunne (2002, 2004), Markusen, DiGiovanna
and Leary (2003), Dunne and Surry (2006)]. A theoretical mew:mmoz is offered in
Section 2.4,

Some non-high income states simply abandoned arms production aspirations, for in-
stance Argentina [Cavicchia (2003), Scheetz (2004)], or otherwise significantly retooled
their arms production efforts. Conversion from military to civilian products in the 1990s
proved much harder for example for non-high income states’ platform producers than
for subsystem and component preducers who more easily adapted to the world arms
component market or shifted activity into world commercial markets, or both [see the
cases in Markusen, DiGiovanna and Leary (2003)].

Although no guarantee for sustained success, competitively sourced, made-to-
order component production, enabled by targeted technology tramsfer and indige-
nous technology development, is the key to this diffusion of arms production [Conca
(1998), Schwartz (1987), Bitzinger (1994)]. Like the “world car”, the “world weapon™
[Markusen (1999)] permits non-high income states to enter the industry as parts suppli-
ers at lower entry costs than full-scale, whole unit self-production would require. The
1990s saw spectacular geographic shifts in manufacturing location from high income
to former and current non-high income states, resulting in huge investments in tech-
nology transfers and skill development. World manufacturing has become modularized
and dispersed, and yet systems integrated. Although not to the same degree, the same
trend applies to the world armaments market. We now see non-high income states, for
example South Africa, exiting certain full-line arms production efforts in favor of en-
tering tailored component production tied to transnational producers headquartered in
high income states [Dunne and Lamb (2004)].1% Consequently, the erstwhile twin mo-
nopolies of design and production held by the “West” and “East” (primarily the United
States and the former Soviet Union) have eroded. While weapon design remains dom-
inated by high incorme states, especially the United States — in part because requisite

15 Other states, such as India, that resist this integration and continue with an indigenous arms production
program virtually unchanged from the Cold War years, appear to pay a heavy economic, and potentially
military, price for that resistance [Maheshwari (2003), Baskaran (2004)).
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R&D wxm.u:&::mm are 50 burdensome — component, assembly, and fully independent .
{even if licensed) production is being relocated to former and current non-high income

states. This ."._Pm sparked, certainly in the United States, a debate over arms-offset related
production relocation, and Congress now. requires of the Administration to provide an

annual report detailing, inter alia, the economic and employment effects of arms trade |
offsets on the US economy. For the year 2002, for instance, the United States estimates -

a mewvmum 25,450 work-years due to offset agreements it signed that year [BXA (2005,
p. 3-2)1.

Transnationalization increases the difficulty of putting monetary values to the arms
m_.m.‘._n. This need not be so as a matter of principle, but appears to hold true for the arms
industry [Bauer (2006), Surry (2006)]. A particular trade package may originate in the
United Kingdom or the United States and be assigned an arms export value but may
be produced in considerable part in the recipient state or another state or states, The
average offset agreement asked of the United States in 2003 was 121.8 percent of the
arms export contract value [BXA (2005, p. v)].1® Offset ransactions — in fulfillment
of previously incurred obligations — amounted to US$$3.6 billion that year, the highest

value recorded for the 1993-2003 period. For this time-period, US companies reported -

6,593 offset transactions with 46 states for a total vajue of US$27.1 billion [BXA (2005,
p- vi)]. World-wide numbers are not available, but a large number of recent case studies,
drawn from every continent, indicate that since the end of the Cold War the industry has
seen a spectacular rise in arms trade offset deals through licenses, co-production, and
unrelated trade by second-tier high income and non-high income states atike [Brauer
and Dunne (2004)]. While the practical details of offset mechanics are inventive, the
available evidence suggests that the hoped-for results — cost reduction vis-a-vis arms
imports, employment generation via new and sustainable work placement, technology
transfer that would spin off to the civilian sector, and consequent generalized economic
development — can be documented only in rare cases. Opportunity costs associated with
mandated arms trade offsets, to force or compel the development of an indigenous arms
indusiry, appear to be higher than voluntarily negotiated arms trade offsets between
supplier company and recipient buyer state [Markowski and Hall (2004)].

Regarding arms production, some small high income states such as Austria and Nor-
way are hardly distinguishable from big non-high income states such as Indonesia or
bifurcated states such as South Africa. High income and non-high income states alike
are jointly integrated into a common second tier dominated by system designers in the
first er [Markusen (1999, 2004), Bitzinger (2003)]. This trend is likely to continue. Yet
other tiers are formed by capable non-high income states that do not wish to produce
arms (e.g., Mexico} and “stagnating” rather than “developing” states that continue to
fall behind in capacity development (e.g., Nigeria). In all, it is questionable whether the

1 . . :
© This was due to an unusnally high requirement for a single high-valued contract that year. The average
offset agreement requirement for the eleven years 1993 to 2003 was 71.4 percent (US$50.7 billion worth of

offset agreements out of US$70.9 billion in arms export contracts) [BXA (2005, Table 2-1, p, 2-2)], but with
arising Irend, ,
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formerly strict distinction between high income and non-high income arms producing
states should still be kept.

It would also appear that the “ladder” model of arms production needs to be aban-
doned. The point of the “ladder” was to measure how far a state had progressed on the
road to arms self-production, even self-sufficiency. During the Cold War period, this
served a useful function as states attempted go-it-atone, whole unit production of ma-
jor conventional arms, but with the end of the Coid War and the transnationalization
of the industry a new arms production model would seem to revolve around the dif-
tusion of arms-related technology transfers and foreign direct investment transmitted
through various forms of offset work, i.e., tssues related to economies of scale, scope,
agglomeration and, ultimately, to cost rather than to location. High income and non-high
income states alike “pick and choose” just how they wish to participate in the market.
Section 2.4 offers a theory that explains some of the observations made thus far.

2.4. A theory of arms production

Relatively little work has been dene on theoretical models of arms production and
wade. A supply-and-demand model by Alexander, Butz and Mihalka (1981) is re-
viewed in Anderton (1995), as are a Heckscher—Olin based neoclassical trade model,
an economies-of-scale model, an economies-of-learning (dynamic increasing returns)
model, and models of imperfect competition and arms trade. Anderton (1996) adds
a supply-and-demand model with externalities, a small game-theory model, and a
product-cycle modei. The extensive theoretical work over the past 10 years of a British
research group revolving around Paul Dunne, Maria Garcia-Alonso, Paul Levine, and
Ron Smith is reviewed by Garcia-Alonso and Levine (this volume). Depending on the
research question, each of these theories has its uses. This subsection outlines a new
theory. It is based on the “boundaries of the firm™ literature [Williamson (1983)] 17 and
proposes an explanation for the observed shifts in the location and composition of arms
production discussed in the prior sections.

Define vertical infegration in the arms manufacturing sector as an activity that takes
place within the confines of a single state, rather than within those of a single firm. A
make-decision then is the decision to retain all pertinent weapons production activity
within the state (in-state), and a buy-decision is the decision to engage in a cross-border
purchase for all or parl of a state’s weapons needs (out-of-state). A state thus faces a
make-or-buy decision-making problem comparable to that a firm within a state faces.

Assuming output to be constant, define, further, rechnical efficiency as the degree to
which a state uses least-cost production processes — “the steady state production cost
difference between producing to one’s own requirements and the steady state cost of
procuring the same item in the market” [Williamson {1985, p. 92)] — and agency ef-
ficiency as the degree to which exchange processes have been organized to minimize

17 A textbook version is in Besanko et al. (2004),
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Figure 3. A theory of arms production. Source: Based on Besanko et al. {2004, p. 144).

agency, coordination, and transaction costs, For example, when a buy-decision cxposes
a state to substantial hold-up risk, agency costs of market exchange as opposed to those
wc.mn.n by exchange in a vertically integrated organization (in-state) may not have been
minimized. Markets aggregate orders and, on account of the resulting economies of
scale, scope, and agglomeration, exce! in the direction of minimizing production costs
c.E at the expense of potentially significant agency risks. In contrast, vertical integra-
tion excels in the direction of minimizing agency costs [Coase (1937)] but loses the
unique advantages competitive markets deliver in terms of preduction efficiencies. For
example, buying critical components from out-of-state because the world market can
exploit economics of scale beyond what can be achieved in-state may enhance technical
efficiency but perhaps only at considerable contracting costs, including those of con-
tract monitoring and enforcement. Conversely, vertical integration may deliver tighter
control over agency-related costs but lose scale efficiencies. Thus, technical and agency
efficiency need to be balanced to minimize the sum of both kinds of costs.

Figure 3 [based on Besanko et al. (2004, p. 142)] measures on the vertical axis make-
minus-buy cost differences. A positive (negative) value denotes that the make-decision
is more (less) expensive than the buy-decision, i.c., vertical integration of a production
activity in-state is more (less) costly than using out-of-state exchange. The horizontal
axis measures asset specificity, k. Assets can be (a) specific to a location (e. g., an aircraft
hangar located near an airfield and flight-training airspace), (b) specific to a particular
Ec&uomo: purpose {e.g., materials tailored to certain heat-resistance tolerances), (c)
specific to physical assets (e.g., a guided-missile production facility), and (d) specific
to human resources (e.g., investment in skills training dedicated to military-production
related tasks). The more specific the asset, the further cut along the horizontal axis

it is measured, and the less malleable the asset is for redeployment into alternative
uses.
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Ignoring all dashed curves for now, in the figure the solid curve marked AT is the
tocus of all make-minus-buy technical efficiency cost minima, Likewise, the curve
marked A4 is the locus of all make-minus-buy agency efficiency cost minima. The
first, AT, declines as asset specificity k increases. For low values of &, in-state produc-
tion incurs a cost penalty for “standardized transactions for which market aggregation
econommies are great” [Williamson (1985, p. 92)]. At low £, it is thus preferable to pur-
chase out-of-state. For example, competitive market firms specializing in the production
of heat-resistant materials to high tolerances can spread the necessary R&I> over many
customers (slates), conferring cost advantages relative to vertically integrated in-state
production. In contrast, if asset specificity is high (e.g., warhead shockwave-modeling
as an input to blast munitions production or nuclear-powered aircraft carriers as an in-
put into the production of national security), then the more specialized uses for the
input imply fewer sales outlets for outside suppliers. Consequently, the advantages of
scale, scope, and agglomeration dissipate and become less prominent. The cost differ-
ence — AT — assumes only a small positive value and becomes asymptotic to the asset
specificity axis. In other words, the cost disadvantage of in-state production relative to
out-of-state acquisition is smaller the larger is asset specificity, k. In the exireme case,
an input is unique te the firm (state) and the market’s scale economies are exhausted.'®
Ome important implication is that a firm (state} “will never integrate for production cost
reasons alone” [Williamson (1985, p. 94)]. Agency costs drive the integration deci-
sion.

Regarding AA ~ agency or governance costs — vertically integrated production
is more costly than market exchange (positive values) when asset specificity is low
(k < k*) and less costly when asset specificity is high (k > k*). For example, when
technology developed in-state is transferred to an out-of-state supplier to produce pro-
pellers for military submatines {(a highly specific asset), the risk of leakage of critical
national security information to third parties rises. In the judgment of decision-makers,
this may make AA assume a negative value (the agency cost of using the market out-
weighs the agency cost of in-state production), wherefore vertical integration might be
preferred over outsourcing. .

The final curve in the figure — AC — is the vertical sum of AT and AA at each k.
Thus, to the left of £**, the combined technical and agency costs of in-state produc-
tion exceed those of out-of-state production (AC > 0). Consequently, for low asset
specificity, a state should acquire inputs from ont-of-state.!? To the right of &**, the
use of highly asset specific inputs argues for in-state production (AC < 0). Atk** a
point of indifference between in-state production and out-of-state acquisition is reached
(AC = 0). A joint downward (upward) shiftof AT, AA, and AC results in a movement
of k** to the left (right) and would reduce (enlarge) the range of out-of-state acquisition

18 Even when scale economies are exhausted, the market may retain seope and agglomeration advanlages.
!9 Whether this refers to component inputs into arms production or W arms inputs into national security
production does not matter for the theoretical argument.



992 J. Brawer

and correspondingly expand (limit) the range of asset specificity over which in-state
production is preferred. In the extreme, k™ lies at the origin so that AC < 0 over all
feasible k {since k cannot be negative). All arms production would then be contracted
in-siate.

Consider now a highly adverse international security environment (e.g., the Cold
War petiod) where even allies cannot be fully trusted and agency costs attributable
to out-of-state exchange are particularly high, reflecting, for instance, the risk of los-
ing technology secrets through offset production in another, even if notionally friendly,
state. Holding AT constant, AA shifts downward. This would capture a situation in
which a state believes that agency costs are so high that no out-of-state producer can be
trusted to deliver on a contract. Trusting the market then is always perceived to be more
costly than in-state production. Consequently, AC also shifts downward and moves &**
to the Jeft along the k-axis, reducing to zero the range of asset specific inputs acquired
out-of-state. All inputs of any specificity necessary for weapons production are now
produced in-state.

Technical and agency efficiency may not be independent of each other. For example,
since 1982, the demand for, or at least trade in, major conventional weapons worldwide
decreased and reduced economies-of-scale benefits. In-state production would be dis-
advantaged relative to out-of-state purchases, resulting in an upward shift of AT for
each level of k (the dashed AT in the figure). But for low levels of asset specificity,
k < k*, the agency efficiency advantages of the market may now be less pronounced
as decreased scale may reduce the agency cost of vertical integration while increas-
ing the agency cost of more reliance on the market (additional layers of contracting,
for example). In contrast, for high asset specificity, X > k*, the agency advantages of
out-of-state relative to in-state production may become more pronounced (for exam-
ple, hold-up problems within vertical integration may become more serious whereas it
may be possible to hedge market hold-up problems against a large number of poten-
tial out-of-state suppliers). As a consequence, AA rofates counter-clockwise around &*
(the dashed A A curve in the figure), the slope of AC becomes steeper, and £** moves
rightward to become &***. Decreased post-1982 demand therefore would have been
predicted to increase the range of asset specificity over which out-of-state procurement
would occur.””

Even if agency effects were symmetric for all &, the combined cost — the dashed AC
—would shift k** to k*** if lower agency costs associated with market exchange relative
to the agency costs of vertical integration shifted A A uniformly upward. The threshold
up to which a state should then entrust acquisition of arms production inputs to the
market (out-of-state) rises, This may also be seen by comparing £** with point . Fora
given k, namely k**, the positive value of point D on AC represents an excess of make
over buy costs. In-state production has become dearer. Insisting, nonetheless, on in-state

20 For the United States, especially since 11 September 2001, the opposite conclusion would be drawn as
demand for military-related goods and services has increased. .
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production only emphasizes the inefficiency of domestic arms production efforts that
some non-high income states appear to insist on even in the post-Cold War world. This,
then, would provide an explanation for certain observations made in Sections 2.2 and
2.3, namely (a) that the number and location of arms production by non-high income
states has changed in the post-Cold War world (fewer whole unit suppliers) and (b) that
the product palette of the remaining non-high income state producers is changing toward
supply-chain integration rather than vertically-integrated, in-state, domestic production
of whole unit major conventional weapons.

While this model may not be empirically testable (e.g., because: of the difficulty of
operationalizing a concept such as “asset specificity™), its heuristic usefulness lies in
capturing many factors relevant to a state’s make-or-buy arms procurement decision.
For the defense indusiry as a whole, and arms production specifically, agency efficiency,
technical efficiency, and asset specificity drive the decision-making behavior.

3. Small arms and light weapons

Conventional arms present an enormous potential for concentrated destruction. Yet
states use such arms infrequently. In contrast, small arms and light weapons (SALW) are
used frequently, by state and non-state actors alike. Today, they are the primary arms to
cause injury and death among civilians and military personnel [Bourne (2005, p. 156)].
The Small Arms Survey, an annual report of the eponymous project of the Graduate In-
stitute of International Studies in Geneva, Switzerland, estimated that “at least 500,000
people are killed each year by small arms and light weapons™ and calls these weapons
“the real weapons of mass destruction” [SAS (2001, p. 1)]. As compared to the last
major war fought with majer conventional weapons — the United States—Iraq war of
2003 — this death toll would be equivalent to a series of major wars being fought each
year.”!

As compared to major conventional weapons, SALW - like land mines — are rel-
atively easy to manufacture (even in home production/craft industry), and because of
their low weight they are easily transported, smuggled, and concealed. It has been
suggested that the improvement in small arms technology (lighter, hardier, deadlier,
simpler, cheaper) is one factor explaining the rise in the number of child soldiers re-
cruited and deployed [Singer (2003, p. 38317 The abuse of SALW causes severe short

2l The Small Arms Survey 2005 [SAS (2003)] devotes a chapter to estimating conflict deaths (rather than
overall SALW-related deaths). Using pre/post-conflict crude motality rates (CMRs) o calcalate “excess”
deaths, and using estimates of deaths directly related to violent armed conflict, it finds that for sub-Saharan
Africa in the early 2000s, roughly 25 percent of all conflict deaths are “direct” deaths and 75 percent “indirect™
deaths (due to conflict-related privation). Of all “direct” conflict deaths, in tum, between 60-90 percent are
attributable 1o SALW. The total (direct and indirect) conflict death (ol may be larger than 300,000 people
annually.

22 This combines with an increased “labor pool” of potential child soldiers, generated by factors such as
continuous war and the ATDS epidemic that has left millions of orphaned children.
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and long-term economic consequences in non-high income states, principally through
microeconomic effects on health, education, work incentives, and investment climate
that camulate into adverse macroeconomic outcomes [Collier et al, (2003)]. Magni-
fied through institutional uncertainty or failure (e.g., regarding law and order, and the
administration of justice), the result is lagging tax-revenue collection and insufficient
nnon.o_.:mn development [SAS (2003, 2004), Florquin (2005)]. Private and public hu-
manitarian and development aid is made more difficult or altogether impossible by the
presence of small arms, with many reported instances of private charities and public
agencies withdrawing from field work on account of tangible threats to their workers
and the communities within which they work [Godnick, Laurance and Stohl (2003),
SAS (2005, p. 251)]. Among the costs of small arms one must therefore count avoid-
ance, prevention, or defensive behavior by those charities and agencies that remain in
the mm_ﬂ_.mm well as the foregone benefits of work made impossible. Likewise, private
corporations operating in non-high income states have seen security expenditures rise,
and a burgeoning industry of “private military companies™ has sprung up to provide
security services [Leander (2005)]. Laurance (2005) provides an overview of the newly
emerging small arms research field.

3.1. Definition, data, and marker characteristics

Small arms are “revolvers and self-loading pistols, rifles and carbines, assauit rifles,
sub-machine guns, and light machine guns.” Light weapons are “heavy machine guns,
:.mbn-:m_a under-barrel and mounted grenade launchers, portable anti-tank and anti-
aircraft guns, recoilless rifles, portable launchers of anti-tank and anti-aircraft missile
wwwﬂ.nn:m. and mortars of less than 100 mm calibre” [SAS (2001, p. 8)]. SALW are long-
lasting capital items, wherefore stockpiles are large in relation to the annual flows of
weapons production and withdrawal. Correspondingly, the market for ammunition —
the most obvious firearms complement ~ is large as well. (Stockpiles and ammunition
are discussed in Section 3.2.)

The Small Arms Survey is the world’s foremost data collector and analyst on SALW,
fulfilling for small arms the role that SIPRI fulfills for major conventional weapons. The
Survey provides annually updated information on small arms and light weapons prod-
ucts, producers, stockpiles, trade, and related issues. Since the Survey began publishing
only in 2001, time-series data that could be used for purposes of inferential statistics are
not yet available.

The SALW industry is the most widely distributed segment of the arms industry.
Producers of small arms, light weapons, or associated ammunition comprise at least
1,249 companies in more than 90 states [SAS (2004)], including many non-high income
states. At least 25 states host illicit (as opposed to legal or legally licensed) small arms
manufacturing sites, including such unlikely states &s Trinidad and Tobago. Craft or
homemade small arms production is not uncommon, for example in Afghanistan and
Pakistan. In South Africa, between 1994 and 1999, of 106,000 illegally owned weapons
seized by government authorities, 16 percent were homemade.
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During the Cold War, the SALW market was duopolistic, dominated by the United
States and the Soviet Union. Since then the market has fragmented [Duffield (2001,
p. 172)]. Major producers now are high income states such as Austria, Belgium, France,
Germany, the United Kingdom, Israel, Ttaly, Switzerland, and the United States, and
non-high income states such as Russia and probably China. The precise reasons for the
industry’s fragmentation remain uninvestigated, but reasonable hypotheses would in-
clude, on the demand-side, the explosion of civil wars, usually fought with SALW, and,
on the supply-side, the pursuit of new markets for high income states’ weapons prod-
ucts. From the 1980s 1o the 1990s the number of states and the number of companies
producing SALW has been growing. Formerly stable supplier-recipient relations in the
legai SALW market have become unstable as seliing and acquisition have shifted from
political to economic motives [Mussington (1994, p. 163)]. Even the covert small arms
market has shified from global suppliers to regional suppliers (e.g., from Uganda to
Rwanda; from Uzbekistan to Tajikistan). One economic reason for this is that the con-
duct of covert trade carries political risks (e.g., the Iran-Contra arms trade scandal in the
United States in the 1980s). That risk is mitigated when arms flow through other coun-
tries, and neighbors to states in conflict are best placed to facilitate such flows. Another
reason pertains to the complex of issues related to regime security, the provision of se-
curity services, and violence-based natural resource extraction and wealth creation, ail
of which are highly localized affairs that correspondingly encourage the “localization”
of the SALW trade [Duffield (2001), Cooper (2006)].

3.2 Trade values, production volumes, stockpiles, and prices

Market value estimates are difficult to establish as even the legal part of the market
lacks transparency. Some data for the legal SALW trade (inciuding ammunition) can
be abtained from national export reports and from the United Nation's COMTRADE
database which, however, relies on voluntary national customs reports and suffers from
known defects that result in an understatement of the size of the legal trade. North
American and west European states tend to report with some regularity but other ma-
jor SALW exporters and importers do not. For 2001, the value of documented legal
SALW exports amounted to US$2.4 billion [SAS (2004, p. 1009].2* This is based on the
UN'’s Harmonized System (HS) of reporting. Another estimate for 2001, based on the
UN’s SITC (Standard Industrial Trade Classification) code, arrives at a US%2.8 billion
estimate [SAS (2004, p. 107)], the difference being accounted for by slightly varying
definitions used in the HS and SITC codes. Both definitions are more restrictive than
the SALW definition offered at the beginning of Section 3.1. When one includes addi-
tional SITC codes to capture additional customs transactions related to small arms, the
average annual value of the legal SALW trade is thought to Lie between US$5-7 bil-
lion for 19942001 (in constant 2001 US$), similar to the annual world trade in sports

mw;nmﬁm:.f.ﬁmm:?&:c.:_ﬁaEmcmmoag:._azg.imwis?Ew%mo:mﬂa_ba_dm ,ﬂ_..a.:m*nqz?nm
Www Tisal.ovg). :
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footwear c._. .m.oun: fish [SAS (2004, p. 107)]. While this would capture certain military

and :o:-nz_:ﬁ weaponry in addition to SALW, and would therefore overstate the legal

.w>.r¢< irade, it is also strongly suspected that states hide substantial weapon transfers

in _Eogo:m..mozn&nm SITC codes. For example, the SITC “C2” group records cus-

85.,4, n.msmmoﬁ.uo_.m for swords, cutlasses, bayonets, lances, and parts thereof, in mn_.a:moz

to air-guns, rifles, pistols, and truncheons. But it is not credible that ggnmz 1994 and

2001, the Netherlands, Germany, the United Kingdom, and others would have traded

hundreds of millions of doHars worth of swords and bayonets, as the SITC transaction

records suggest. In addition (o the annnal legal US$5-7 billion SALW trade, the covert
grey, and black markets are thought to constitute an additional 10-20 nn_.co:m say, Cmﬁ.

_u_EMn mm>m {2001, pp. 165-168)]. Of the entire trade, the anpual global mvE:..m_:Eo:

mﬂmom mw%owm_mw Hm be worth more than the annual global market of the weaponry itself

SALW production volume estimates suggest at least 120 million units produced from

1980-1998 [SAS (2001, p. 13)]. The number of SALW products is multiplying and

new weapon designs are introduced in part to facilitate the modernization of armed

forces in the post-Cold War world. The shrinking size of post-Cold War armies, more-
_over, has led to surplus weapons being sold (to recover revenue in an era of mr.J_:c.u
defense budgets) and thus being recycled into a burgeoning secondary market _m>m
(2004, p. 57)]. Prices of the AK47 assault rifle have been recorded as low as US$15
{Duffield amoor.v. 172)1.%* However, unlike other commodity prices, weapon prices
are h._cﬂ Qﬂn.—u.m:nm:w collected, foreclosing certain research avenues. A welcome ex-
nm.vcoq._ is Hﬁ:_noﬂ.m data collection effort {Killicoat (2006))] which reports that AK47
prices in civil-war afflicted states have been constant in current terms (or falling in real
terms) between 1990 and 2005, while prices in non-civil war states have increased in
current terms. (See Table 4 for a listing of black market prices in selected states.)

. The SALW .mboca stockpile has grown to about 640 million units for small E.nW alone
j.n; not counting light weapons), even as the market for annual production has fallen in
size and value [Khakee and Wulf (2005)]. Intentional weapaon collection and destruction
programs, such as those conducted in association with combatant disarmament, demo-
bilization, and reintegration (DDR), snare relatively few énm@osm.ﬁ On onommmow DDR
processes have been mismanaged and collected weapons recycled onto the EE_SH_ [SAS
Gocm. p- Nmk.—:. Stockpile security is exceptionally low. Catastrophic state collapse, such
as in Somalia 19%1-2 and Iraq 2003, have resulted in the looting of milkions om mili-
tary, police, border, intelligence, and other service weapons. In Albania, in 1997, some
750,000 weapons were thus looted, about 80 percent of the national stockpile Ermmn_n_
(2001, p. 171)], an important precursor to the arming of ethnic Albanians in neighborin
Nﬁwmce.c and the ensuing war there that ended with a 78-day US-led NATO air war nE:m.
paign in early 1999. Even in stable but otherwise poor states, hundreds of thonsands of

24 P

At one point in 2003, an Arab source reperts that in Basra, in south, i
. : \ Ir - . ”
rice o vers FSAS (200 oy erm Irag, AK47°s briefly “traded” for a

25 : H
From the mid-1990s to the mid-2000s, only about & million aut of 640 miliion [see SAS (2004, p. 58)).
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Table 4
Black market prices for AK47 assault rifle, selected siates, current USS (1990-2005)*

Statef/year 1990 1995 2000 2005 State/year 1990 1995 2000 2005
Afghanistan 80 100 100 150 Liberia 100 100 100 45
Algeria 400 400 300 200 Mozambique 160 60 15 30
Argentina 800 700 1,000 1,200 Pakistan 120 200 200 230
Belarus 150 250 140 160  Philippines 250 300 300 328
Botswana 200 250 200 200  Sierra Leone 270 150 120 100
Colombia 609 800 350 400  Singapore 1,200 £200 1,500 1,500
Congo, DR 200 215 120 50 Somalia 165 00 0 120 160
Cote d'Ivoire 150 100 100 120 South Africa 160 200 195 180
Croatia 330 180 250 300 Sudan 150 150 100 36
Iraq 300 250 250 150 United States 420 450 480 500
1srael 2,500 3,000 2,800 3,000 Zimbabwe 200 250 200 150
Kenya 500 100 200 150

Alt states™* 448 425 559 534

— civil war 382 376 378 348

- 10 cvil war 530 464 669 655

— all African states 235 177 139 140

Source: Killicoat (2006).
*The data were kindly provided by Mr. Killicoat.
**Sample size varies by year.

weapons are lost annually through graft and theft by officials and uniformed personnel
alike [SAS (2004, p. 56)). Further numbers are stolen from civilian homes and recy-
cled onto the black market. Governments are only slowly instituting reform measures
(o track ownership, possession, and trade. ]

Ammunition preduction, like weapons production, is widely dispersed across the
globe. At least 76 states produce small-caliber munitions [SAS (2003, p. 13)]. The com-
panies that produce ammunition are generally not those that produce the weapons [SAS
(2003, p. 13)]. The two industries are separate from each other (as is the small arms
industry from the light weapons industry). Small arms ammunition consists of primer,
propellent, projectile, and a casing, each of which in turn tends to be produced in dis-
tinet industries; ammunition factories are often no more than assemblers of the final
product [SAS (2005, chapter 1)]. Technologically, ammunition production is generally
simpler than the production of the comresponding weapon, requiring little more than
simple explosives and basic metal fabrication skills, even if to some tolerances. Produc-
tion machinery is widely available on the world manufacturing market. This suggesis
low industry-entry costs and considerable scope for competitive pricing. Nonetheless,
the number of primer producers worldwide is small, apparently in part because primer
production involves more complex skills and tools than other ammunition components
[SAS (2005, pp- 13, 30)]. There is some evidence that, as for the case of major con-
ventional weapons, the more industrially capable a state, the more likely that it will be
engaged in ammunition production.
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3.3. Supply, technology, diffusion

In mE.ﬁ of falling annal production runs, SALW production is dispersing across more
suppliers and more states. The reguisite technology is often simple ABQM S0 Hdm small
arms :.E.: for light weapons), and production costs can be quite low. The AK47 assault
w.nn mc.a instance, designed in 1947, received 1 much disregarded patent only in 1999;
its Qm.,,.,,_m: simplicity — it has only nine moving parts - has spawned widespread desi =,
copying, m:a it can be manufactured for well below US$10{/unit [SAS (2001, p S.m_
Few m.ﬁmn_:nm are known about the underlying production technology and its mu.n.q:n".om
over time and geography. Licensing of SALW appears commonplace, perhaps EQ,m 80
than for major conventional weapons, and in a number of cases has _n.a to the ncE_u_m.ﬂm
ﬁEmwﬂ, of production lines overseas. By way of example, production of man-portable
air defense systems (MANPADS) — a relatively sophisticated product — has migrated
in the form of derivatives, copies, or licensed production from China to F_Emﬁn_w and
Naorth .Woﬁm_ from Russia to China, Egypt, Romania, Bulgaria, North Korea, Poland
and Vietnam, and from Sweden to Pakistan [SAS (2004, Table 3.2 p. wM:_ Amon \
assault rifles, the Kalashnikov AK series has been licensed to at least wc mgzmm. ImnEnm
& Koch’s G3 to at least 18 states, and Herstal’s FN-FAL to at Jeast 15 states mm%m (2001
Table _..&. p- 20) where additional examples may be found}. Unlike for the case of Em.om
conventional arms, a large number of non-high income states have become mﬁonnmm_?_
exporters of SALW produced under license [SAS (2002, pp. 40--54)].
. SALW production and diffusion do not appear to have heen specifically theorized
in the economics literature. An initial hypothesis might simply pose that firms in E.ms
Income states run against “horizontal boundaries”. Economies of scale and scope hav-
ing been .nxw_o:mn at home, the profit-maximizing move might be to transfer mature
product lines overseas.’® The original manufacturer gains license fees, increasing the
retumn on the initial R&D, while freeing up limited design and ancom_o: capacity for
new product lines and redeploying skilled personnel to higher-valued pursuits. Vernon
.A 1966) mﬂurmwﬁnn that mature preduct lines also migrate out-of-state to _un:mn. capture
u.:mon.:m:o: available in local markets and thus to adapt the product 1o local needs:
R producers i any market are more likely to be aware of the possibility of mnqoncn..
Ing new products in that market than producers located elsewhere would be” [Vernon
(1966, p. 192)]. Licensing can also be used to circumvent home-state eXport restrictions
m.:g to compete for market share overseas. For the licensee, advantages include domes-
tic production using proven design and technology, thus curtailing nwm econemic risk of
self-production or the economic cost of imports. .

The produet life-cycle hypothesis hints at why the thought that smatl arms technol-
ogy has reached a technological platean and is “likely to remain on this plateau for
years to come” [SAS (2004, p. 20)} is perhaps wrong. The basic firearm platform may
not have changed much in 50 years, but innovations and add-ons have drastically jn-
creascd the portability, durability, range, accuracy, and penetraling power of mnmwﬂ_a

2 P
26 This is Vernon's {1966) product life-cycle hypothesis,
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[see also SAS (2003, pp. 20-25)]. The trajectory may instead be one of incremental ad-
vance within 2 mature technology, similar to the way that innovations in complementary
clectronics have enhanced performance for example of unmanned acrial vehicles. Sig-
nificant advances in materials science, precision production processes, and weapons and
ammunition design include innovations such as sound and flash suppression technol-
ogy, night scopes, armor-piercing ammunition, and fragmenting munitions. Moreover,
add-ons such as range finders, laser targeting, and rapid fire mechanisms enhance the
weapon as well. For armed forces, all such innovations are associated with the search
for increased battlefield flexibility and higher kill-per-shot “productivity”, but for R&D-
intensive producers they represent the employment of scarce resources better not spent
on maintaining mature product lines. It is thus likely that these innovations, once they in
turn mature, will find their way from producers in high income states to those located in
non-high income states. In addition to the assault rifle and MANPAD cases mentioned
earlier, another example is that of the RPG-7, a more than 40-year old rocket-propelled
grenade launcher design, variants and derivatives of and ammunition for which now
are produced by at least 11 non-high income states. The low cost of the weapon (used:
US$10), its rugged design, light weight, and easy upgradability for a variety of cheap
munitions make it a preferred weapon for state and non-state actors alike.?’
Ammunition is a complement to SALW. It is frequently the ammunition, not the
weapon, that is the limiting factor to SALW use, misuse, and abuse [SAS (2005)].
For instance, during the 1994 Rwandan genocide, victims often were rounded up with
firearms but slaughtered with bladed weapons to conserve ammunition (i.c., the lack of
the firearms complement induced weapons substitution), Groups elsewherc, for exam-
ple in Mali, have been documented to source or craft-produce weapons (0 fit munitions
stolen from police or military depots. Ammunition has limited shelf-life as propel-
lents degrade, especially when improperly stored in the more extreme environmental
conditions found in many non-high income states. Also, the cost of ammunition — a con-
sumable — can quickly outweigh the cost of the weapon, so much so that cash-strapped
groups have been documented to severely punish group members for injudicious ammu-
nition use [SAS (2005, pp. 18-20)]. Not much is known about SALW training, main-
tenance, and repair (TMR) requirements, another complement to SALW. One would
predict that the higher the TMR cost, the less pervasive the spread and penetration of
SALW thronghout the world. Anecdotal evidence would support this view. A case study
on MANPADS for instance suggests that trairing requirements for proper operation are
extensive [SAS (2004, p. 83)]. .

Supplicr, intermediary, and recipient states — or actors in thosc states — each need to
deal with different, if any, small-arms related laws and regulations. It is not straightfor-
ward to determine whether any particular SALW trade is a legal, covert, grey, or black
market activity. An arms transfer from a state to a broker may be legal under the trans-
ferring state's laws, but the broker’s follow-on trade through intermediaries may not be

27 Non-high income state RPG-7 producers: Bulgaria, China, Egypt, Tran, Irag, Pakistan, Poland, Romania,
Russia, Slavakia, and Thailand [SAS (2004, pp. 35-37, cspecially Tabie 3.11)].



1000 J. Brauer
well _.n.mc__mﬁna (a grey market), and the arms may be imported altogether illegally into
:ﬁ. ultimate recipient state (a black market). One commentator E%Sm that Eoo market
relies as much on powerful law-breakers as on weak law-mukers [Bourne (2005)]. For
mxm_ﬁ&o_ only 25 states have implemented explicit laws or regulations Hnmmh&_wm N.EE
_unow.n::.m [SAS (2004, pp. 142, 161)], and they differ widely in reporting requirements
.Eo::c::m‘ verification, compliance, and enforcement. At the international level, onl :
in ._E« 2001 did some member states of the Unitcd Nations agree on a :_unomamaaw
of >Q_ou.8 Prevent, Combat and Eradicate the Illicit Trade in Small Amms and Light
.En.mn..:_m in All Its Aspects™. Biennial meetings of states in 2003 and 2005 have resulted
in limited progress on agreed-upon actions. The overall regulatory environment remains
weak. There would he opportunities (o apply economiic theory developed with regard
to other global challenges, say on international environmental regulation, to the case of

international arms trade regulation but this dees not a
ppear to have been d t
[see, e.g., Sandler (1997)]. P oe fo de

3.4. The demand for small arms and light weapons

Untit the mid-2000s, the SALW demand side was ignored with virtually no economics
papers available even as the standard neoclassical theory of consumer demand suffices
to generaie a first cut at understanding the demand side.?® At the level of the individual
the primary determinants of demand are preferences, resources, and the prices of m>;¢
m:_n_ E.mmq complements and substitutes.?” To understand why people acquire small arms
is as H.Bmo;mzﬂ as to understand why they do not. From the difference in the n:o._om
behavior we may expect to learn what accounts for the switched state, For example, the
removal of certain constraints associated with the end of apartheid in South >m._.n,m in
Em.K unieashed an explosive expression of previously “hidden” demand for small arms
,:.dm has been difficult to reverse. In contrast, some communities have been ww:nﬁ:mm
with E.Em_S only a small extent [e.g., Kyrgyzstan; see SAS (2004, chapter 10)].

A gun is most “productive” in defensive or predatory situations when it is cycled
among several users, but groups of people (families, clans, gangs, police forces, etc.)
must develop an effective internal control mechanism to prevent gun abuse SEJNE z._.w
group. Research on how groups maintain internal cohesion and preveat within-group
gun .mgmo may provide important clues to unraveling SALW demand in larger social
entitics. The huge literature on the economics of crime has yet to be exploited Ho,_mE.:
what lessons may be transferable to the small arms demand research field [see, e
Cook and Ludwig (2000), Hemenway (2004)]. e

Final demand for self-defense, recreation, or sport-hunting purposes needs o be sepa-
rated from derived demand by those for whom weapons are an input into the Unoa_.._n%on

28 This section relies on Braver and Muggah (2006).

29 . - -
Collier et al (2003) discuss demand factors suc| as the relation of natural reson TE W O Civil w d
t al, (200 and factors such as th 1 Aivi
. . LT ealth to civi ar an

. 30¢  Arms Indusiries, Arms Trade, and Developing Countries 1001

of goods or services such as commercial hunting, pest-control, or security services, or
the production of disservices such as banditry. These broad categories of demanders
should not be conflated, not only because the underlying preferences differ but also be-
cause the means both groups bring to bear on demand are vastly different. We would
expect gun collectors for instance to finance gun acquisition from earned income or by
trading one asset for another, e.g., to liquidate financial holdings for a gun collection,
hoping that the latter will appreciate faster than the former. Consumers need to consider
the tradeoff of resource expenditure on a gun to resource expenditure on other goods
anid services. Thus, even in the presence of high motivation, limited rescurces and high
sun (or ammunition) prices erect an effective barrier to acquisition. In contrast, produc-
¢rs, €.g., those with the intent to abuse small arms for criminal purposes, view guns as
a tool that earns a return on investment. Thus, the demand for small arms by these two
aroups of acquirers would be expected to follow markedly different trajectories and dy-
namics. Theory would also suggest that producers of armed violence would search more
actively than final demanders for improved technologies of vielence — hardier, lighter,
more easily concealed, and more powerful fircarms. Effective regulation of a bad or
disservice requires a capable and effective enforcement apparatus, but it is precisely the
absence of this apparatus that provides the space that brings producers of violence into
sustained existence.

Demand-related basic data collection and empirical studies have been carried out only
as from the mid-2000s, primarily as case studies commissioned by the Small Arms Sur-
vey, Field-based research has been planned for a number of non-high income states, e.g.,
Burundi, Congo-Brazzaville, Macedonia, and Sudan, and initial research has been com-
pleted for non-high income states such as the Brazil, Papua New Guinea, the Solomen
Islands, and South Africa [Nelson and Muggah (2004), Muggah (2004), Kirsten et al.
(2004), Lessing (2005)]. Each case highlights different aspects of how motivations and
means combine to stimulate or inhibit small arms acquisition or (abjuse. For example, in
Papua New Guinea {PNG) the comparatively recent arrival and use of modern firearms
has escalated traditional forms of violent conflict to levels that threaten to exceed local
capacities to cope. While the range of types of firearms is surprisingly diverse, field
study found that the numbers of such arms are comparatively modest, at least in part
because of unusually high ammunition prices. This is an inriguing finding as it points
to the possibility that at least in some cases policy intervention may most usefully fo-
cus not on firearms per se but on the supply-chain or on complementary products and
services [SAS (2005, chapier 1}].

Field research has also documented interesting dynamics of local trade in small arms.
In PNG., income and assets of various types (e.g., pigs, crops, and women) were found
to be exchanged for firearms. Thus, the means of small arms acquisition refer not only
to the exchange of earned income for arms but include grants, loans, and the depletion
of unusual assets. Further, key informant interviews in PNG revealed weapon acquisi-
tion not only by individuals but also by village or tribal collectives, and surveys showed
that tribes would readily rent weapons, or the services of mercenaries, Lo pursue vio-
lent armed contlict with neighbors. Given their high metivations and limited means, the
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tribes display sophisticated choice behavior to achieve their objectives. The endemic
nature of violence among PNG tribes may reduce the likelihood of success for individ-
ual preference or motivations-based demand intervention. Rather, in this case initiatives
may be more successful if they focus resources on raising the price of firearms, am-
munition, and related repair and service, as well as raising the price of firearm (abjuse
through strict and accountable law enforcement, a strategy that appears to have bourne
some fruit in the Solomon Islands [see Brauer and Muggah (2006)].

Data on the distribution of SALW by user category is difficult to come by, mostly
because estimation of ownership by unregistered and/or illegal owners involves large
uncertainties. To cite just one example, for 2003 for I} Latin American states one
estimate suggests 8.8 million firearms in possession by uniformed (military and po-
lice} forces. This contrasts to 11.6 million civilian registered firearms and an additional
estimated 25 to 60 million civilian nnregistered firearms [SAS (2004, Table 2.2, p:
51}, Similarly lop-sided distributions are obtained virtually whenever an estimate is
attempted. Overall, the civilian market is estimated at 80 percent of the overall market
ISAS (2004, p. 21)]. .

In sum, the SALW market has not been well examined theoretically or empivically.
Nor is the raw material of underlying data conducive 1o testing whatever hypotheses the-
ory might generate. Diplomats” work has focused — as for the case of the other weapons
classes — on supply-side regulation such as arms trade and weapons registries and non-
proliferation schemes. Unfortynately, as production Lechnologies migrate, the states
with the weakest capacity to create and enforce supply-side regulations are also the
states where most of the SALW problems lie. This does not make supply-side research
superfluous — it is certainly worth learning more about the mechanics of the diffusion of
weapons production and trade and associated complements — but if effective small arms
and violence control policies are to be found, research on the demand-side as well as on
intermediate markets along the supply-chain will have (o play 2 much bigger part than
has been the case thus far.

4. Non-conventional weapons
4.1. Atomic weapons

A number of non-high income states are or have been engaged in the praduction of
atornic, biological, and chemical — or ABC — weapons.™ Economic information be-
yond basic count data (who produces what) is scant, For example, a certain well-stocked

30 Atomic weapons beleng (o the larger rubric of radiological weapons, A radiological weapon is any com-
bination of an agent and a distribution device capable of causing radiologicat contamination. Thus defined,
release of any radioactive material (e.g., materials used in nuclear medicine) through any disiribution device
(e.g., dynamite) would count as a radiological weapon. In practice, such weapans still are restricted 1o atomic
bombs, hence the limitation in this section on these weapons.
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defense academy library carries over a dozen books on Pakistan’s atomic program —
half of them published in Pakistan — but in none of them does one find any reasonably
derived program cost or budget information. One estimate, based on United Nations
Special Commission (UNSCOM) mission data for Iraq, puts Pakistan’s annual cost for
its program, started in 1972, at between US$500-700 million, not counting the cost for
delivery systems [Mian (1995, p. 63}]. Even an up-to-date encyclopedia on weapons of
mass destruction [Croddy, Wirtz and Larsen (2005)], while carrying information on ac-
tual weapons and delivery types and technology, carries virtually no economic content.
One can conclude only that when states do demonstrate possession of non-conventional
weapons they have obviously achieved their production - at whatever cost. Regarding
trade, spectacular information comes to light occasionally, as when Pakistan’s Abdul
(Qadeer Khan’s illicit -nuclear proliferation network was exposed in 2003. As for the
case of major conventional weapons, an arms embargo spurs the drive to find substitute
suppliers. For example, Pakistan first approached the United States to acquire facili-
ties to produce weapans-grade plutonium. Rebuffed, Pakistan redirected its efforts and
eventually succeeded with technical assistance from China and North Korea and finan-
cial assistance by Libya and Saudi Arabia [Lavoy (20053, pp. 275-276}1. Abdul Qadeer
Khan received training in Germany, and Germany and Canada provided pre-cursor nu-
clear technology [Langford (2004, p. 72)]. And US-supplied F-16 and French-supplied
Mirage-5 jets provided the weapons-delivery capability. But because of an embargo
placed on the F-16 in 1990, Pakistan substituted these by commencing its ballistic mis-
sile program, again with Chinese and North Korean help. By 2005, more than two dozen
nations were in possession of ballistic missiles and, although an old design, almost 30
states had either purchased the SCUD missile or purchased the underlying technology
to develop their own versions.

A similar story can be told for South Africa which, under an international arms trade
ban, developed its own atomic weapons capability, using pre-curser technology from
the United States and France. The United States detected a low-yield, high-altitude
nuclear explosion off South Africa’s coast in 1979 but programs details, including
suspected atomic trade relations to Israel, are unknown, South Korea also dabbled in
atowmic weapons manufacture but abandoned its efforts under US pressure in 1972, In-
dia’s atomic program was built with pre-cursor assistance from Canada, France, Russia,
and the United States, As for the case of South Africa, many of its scientists were US
trained [Langford (2004, pp. 70-72)]. Before it was expelled from Trag, UNSCOM doc-
umented Iragi trade in atomic weapons-related equipment and physically destroyed or
removed 48 operational missiles, six operational mobile launchers, 28 operational fixed
launch pads, 32 fixed launch pads under construction, and other missile support equip-
ment and materials [Segell (2003, p. 390}]. While [rag’s program strained its industrial
capacity, it was able to acquire by trade much preparatory material although at unknown
cost,

According to the Nuclear Threat Initiative, the following current or former non-high
income states have or have had weapons-related atomic programs or functional atomic
weapons: Argentina, Belarus, Brazil, China, Egypt, India, Iran, Iraq, [srael, Kazakhstan,
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Libya, North Korea, Pakistan, Russia, South Africa, South Korea, Taiwan, Ukraine,
Uzbekistan, and a?.mcﬁm&m.u_ Of these, Argentina, Brazil, Iraq, Libya, South Africa,
South Korea, and Taiwan have withdrawn from their respective efforts’2; Israel has
never publicly acknowledged such production; Iran’s efforts are widely rumored but
not factually confirmed; North Korea has announced possession of atomic weapons and
appears to have carried out a nuclear test explosion in October 2006; and China, India,
and Pakistan all have tested atomic weapons and are known to possess delivery vehicles
and targeting technology. The latter — delivery and targeting — are complementary to
atomic weaponry and constitute a substantial technological hurdle to overcome (see
Section 4.4).

While supply-side control of critical input technologies has slowed weapons prolif-
eration, the idea of non-proliferation does not appear to have worked. Under perceived
duress or threat even states with scant industrial and human resources have made obvi-
ous progress toward the production of such weapons. Entry into this industry is possible,
even if at unknown but probably enermous cost, perhaps explaining why some states
have chosen 1o exit this scgment of the market (Brazil, Libya, and South Africa) or to
rid themselves of their inheritance {Belarus, Kazakhstan, Ukraine) when their political
situation and threat perception changed.

4.2. Biological weapons

Regarding biological weapons, 147 states are party to the 1972 Biological and Toxin
Weapons Convention (BTWC). Entered into force in 1975, it prohibits the develop-
ment, production, and stockpiling of biological weapons (BW). Some states have signed
but not ratified the BTWC, e.g., Syria. Unlike the CWC (see Section 4.3), the treaty
does not provide for a verification protocol, and it is not anticipated that such will be
achieved during the next 10 or 20 years. This has led states to engage in confidence-
building measures and to invest in biosecurity initiatives. Confidence-building measures
include annual declarations and reports regarding high-risk facilities, outbreaks of un-
usual diseases, promotion and publication of relevant research, and cross-state scientific
interaction. However, since 1986 fewer than 40 states regularly issue such declarations,
with most non-high income states abstaining [Croddy (2005a, pp. 43-47)].

Tran, Iraq, Libya, South Africa, and the former Soviet Union are known to have devel-
oped and/or used biological weapons. India is known to possess a defensive bioweapons

! Syria is sometimes alleged to be among this group. but according to the Nuclear Threat Initiative there
is no evidence o suppost this assertion. The evidence regarding Egypt is only slightty stronger. For all other
states mentioned, the programs and/or weapons are either publicly known or else the evidence is deemed
compelling.

32 On 7 August 2005, former Brazilian President Jose Sarney publicly acknowledged that Brazil had an
active atomic weapons program under its military dictatorship phase, 1964-1985, This was Brazil's first
public acknowtedgment of its erstwhile program {Andrew Hay, Reuters news story, & August 2005). Three
weeks later, Jose Luiz Santana, former president of Brazil's nuclear enesgy commission publicly stated that
the militury were “preparing a lest explosion” when the program was stopped and dismantled in August 1990
(Michael Astor, Associated Press news story, 30 Auvgust 2003).
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research program. BW activity is alleged for China, Cuba, Egypt, and North Korea, Of
the Soviet follow-on states, Belarus, Ukraine, and Uzbekistan have eliminated or are
eliminating BW sites. The situation in Kazakhstan is unclear.’® Brazil, Pakistan, and
Russia have undisputed BW potentials but there is no convincing evidence that this has
been used to research or manufacture BW agents. On Syria’s and Taiwan’s BW inten-
tions and/or capabilities there are conflicting reports.

Today, the only practical (efficient) mass-dispersal method of delivering biological
weapon agents — i.e., bacteria, viruses, and toxins — is thought to be through the use
of infectious aerosols. But processing of biological materials to requisite diameters of
between ! and 10 microns, while maintaining viability in storage and dispersal, is con-
sidered to be “technically demanding™ [Croddy (2005b, p. 53)). Small-scale biclogical
weapons production probably does not lie beyond the scientific and industrial capabil-
ities of certain non-high income state-actors but as yet appears to carry little military
or diptomnatic value as compared to alternative applications of scarce military-related
resources. )

4.3, Chemical weapons

The Organization for the Prohibition of Chemical Weapons (OPCW) implements the
provisions of the 1993 Convention on the Prohibition of the Development, Produc-
tion, Stockpiling, and Use of Chemical Weapons and on their Destruction (CWC, for
short) ** As of 31 December 2004, 167 states have ratified the trealy. Among non-
signatories are Egypt, Iraq, North Korea, and Syria. Of these, Iraq and Syria are known
to have acquired (the latter through Egypt), produced, and/or used chemical weapons.
So has Libya, but on 19 December 2003 it renounced the production and use of weapons
of mass destruction and signed the CWC in 2004 (it still needs to ratify the treaty). Is-
rael has signed but not ratified the treaty. The CWC includes an “anytime, anywhere”
inspection provision and as of December 2002, 1,276 inspections at 5,237 declared sites
had been carried out. Five states declared possession of chemical weapons stockpiles,
to be destroyed within 10 to 15 years. By early 2005, twelve CWC members had de-
clared more than 60 former chemical weapons production facilities; ten states declared
possession of “old”, i.e., pre-1946, chemical weapons: and three declared harboring
“abandoned” chemical weapons deposited there by other states party to the CWC (the
largest, over a million munitions, by Japan in China).*>

33 It has received United States funding to dismantle sites but still holds “extensive collections of virulent
strains of human, animal, and plant pathogens” [Nuclear Threat Initiative; www.nti.org (accessed 31 Angust
2003)].

M Explosives are chemical weapons of course but are aot covered by CWC, Military analysts consider ther-
mobaric (fuel-air) explosives used by the United States and Russia {e_g.. in the 1990% in Traq and in Chechnya,
respeclively) as equivalent to low-vield tactical nuclear weapons [Clark (2005}, Likewise, atomic weapons
rely on physical propersies (e.2., shockwaves) of chemical reactions and are not considered chemical weapons.
3 Declared stockpiles: in Albania, the United States, Russia, India, and South Korea; former production
facilities: in Bosnia-Herzegovina, China, France, India, Tran, Japan, Libya, Russia, Serbia and Montenegro.
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Although there are limitations on what must be declared, and vigilance must be main-
tained regarding future chemical weapons production, it is generally thought that the
CWC and its supervision, advice, and inspection regime work well. ¢ The OPCW sec-
retariat has about 500 empleyees and, for 2003, a €75 million budget [Hart (2003, pp.
93-96), STPRI (2003, chapter 13)]. Nonetheless, a report in Science expresses concern
about rapidly advancing production technology, such as “miniaturized reaction systeins
for chemical synthesis and production . .. |with] dimensions ranging from credit card
size to notebook size” |Nguyen (2005, p. 1021)]. Severat lethal compounds are known
to have been produced in this way. Chemical warfare agents are grouped into choking,
blister, blood {systemic), and nerve agents. Other agents, such as incapacitants (riot-
control agents), are considered non-lethal in the intended dosage. Their use as a method
of warfare is forbidden under the CWC.

Liutte is known about production and delivery costs of biological and chemical
weapons but as compared to atomic weapons they are generally believed to be eas-
ier and cheaper to produce. However, this does not necessarily make it easier or cheaper
to deliver such weapons. For long-distance regional or intercontinental ballistic mis-
sile use for instance, in addition to solving the same long-distance delivery problems
as for atomic weapons, biological agents will need to be suitably refrigerated and pro-
tected during re-entry and subsequent high-speed dispersal. Heat generated during an
explosion can destroy biological or chemical agents. To prevent this, complex spray
dispersal methods are needed. Furthermore, unlike for the case of atomic explosions,
suitable meteorological and topological conditions must be present for CBW agents to
bring about the intended effects. Some analysts thus believe that the operational utility
of CBWs for state actors in state-on-state warfare is questionable [Enders and Sandier
{2006), Davis (2005, p. 85), Spiers (2000, pp. 57-73)J. The general absence of their use
by state actors in war is indicative.’” However, studies in the operational use of non-
conventional weapons for small-scale use in geographicaily limited environments {e.g.,
points of troop disembarkation) are advancing rapidly and are in the public domain.
Combined with equally rapidly developing molecular biology, chemical, and delivery-
technology engineering knowledge and its dispersion through open-access science has
analysts concerned that substitution into asymmetric weaponry by non-high income
states and non-state actors is attractive, even likely. The more overwhelming a potential

South Korea, the United Kingdam, and the United States; possesston of pre- 1946 CW: in Australia, Belgium,
Canada, France, Germany, [taly, Japan, Slovenia, the United Kingdom, and the United States; abandoned CW:
in China, ltaly, Panama.

38 Intransigent states such as Iran (atomic weapons). Iraq (atomic, biological, and chemical weapons), and
North Kerea (atomic weapons) can ohviously delay inspection regimes which increases the burden placed on
the reliability of intelligence information.

37 Libya's prime minister repottedly cited ABC-program cost as compared 0 the expected military and po-
litical benefit of the resulting weapons as the reason for the country’s 19 December 2003 decision to renounce
weapons of mass destruction; similarly Gadda in a Le Figaro inlerview in November 2004 {STPRI (2005.
pp. 633-634)]. .
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adversaries’ conventional force advanlage, the more compelling the option to subst-
tute into alternative weaponry becomes, The binding constraint appears to be neither
cost nor production capability bul organizational and statutory; the development of a
new warfare doctrine using cheap, novel, and unconventional weaponry might requirc
a complete overhaul of the armed services partition into army, navy, and air force and
would probably require formal withdrawal from the BTWC and CWC that most, but
not all, states have signed and ratified.

The weapons are also attractive for state coveit operations. South Africa’s Project
Coast (later, Project Jota) included one CW and one BW production site, the former
with 120 staff members, the latter with 70. Work focused on chemical incapacitants
and bioregulators to affect physiological function. The resulting agents are suspected to
have been employed in Mozambique and Namibia, border states to Seuth Africa, but the
most direct application is reported to have been the use of hard-to-trace agents against
individual “enemies of the state” [Bale (2003, p. 268)].

4.4. Missile technology and space-based activities

A complement to work on atomic and, although to a lesser extent, biological and chem-
ical weapons is work on delivery technology, especially but not only with regard to
missiles and missile technology. States such as Brazil, China, India, North Korea, Pak-
istan, Russia, and South Africa have been able to make substantial indigenous strides
in this regard. Some of them have rendered assistance to states such as Syria that are
thought to have tried but been unable to produce missiles with completely indigenous
resources. Having no illusion about the outcome if it became entangled in a conventional
war with Israel, Syria has the motivation to develop alternative war-fighting means. Yet
despite 30 years of effort, it apparently does not possess the economic wherewithal to
do so. Comparing Syria to states that have had a measure of success, such as Frag, might
muake it possible to deduce, at least qualitatively, the relevant success threshold even in
the absence of specific weapons-related cost and production data.

Cost (or export revenue) information on ballistic missiles is not reliably available.
SIPRI notes scattered prices, mostly below US$2 miltion per unit. For these missiles,
however, pay-load is small and target inaccuracy high. When fitted with conventional
warheads, the weapons would therefore not be suitable for war-fighting, and their value
may be psychological rather than military [SIPRI (2004, pp. 554-555)). Fitted with
ABC-weapons, target accuracy hecomes less important. But if fitted with accurate guid-
ance systems, ballistic missiles with conventional warheads become more valuable, Tt
is generally held that such systems will shortly become widely available at commercial
{i.e., market-based competitive) prices. Still, missiles are complicated devices requiring
a host of inputs such as special fuels, engines, warheads, re-entry vehicles, and guidance
systems so that competitive exports by non-high incomes states may yet lie a while into
the future.

Quite a bit of information on non-high income states’ space-related production activ-
ities 15 available but it is scatted and unsystematic. This information rarely comes with
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any sort of cost figures or information regarding human and physical input require-
ments. Only three states — China, Russia, and the United States — have active military
space programs and only the United States has the capability to weaponize satellites.
This requires expensive logistics that presently no state other than the United States
can afford [UNIDIR (2003, p. 6)]. Siill, as has been the case for conventional weapons,
“rapid growth in commercial space activities and the inherently dual-use nature of most
space systems” [Hays (2003, p. 22)] will increasingly subject space Lo economies. of
scale and scope and hence primarily to economic rather than to political opportunities
and constraints. For example, high-resolution space-based photography is readily and
cheaply available from the commercial sector, whereas only a few years ago use of such
intelligence assets were restricted to the then-superpowers. Thus the militarization of
space — the use of outer space for military purposes — if not the weaponization of space
is already happening. S

A typology divides military space missions into (a) space support, (b) force en-
hancement, {c) space control, and (d) force application missions [Hays (2003)]. By
the mid-2000s, no state has deployed weapons in space, nor can any assert control of
outer space (the ability to-deny military use of space to others). But a number of states
have developed or are developing space support infrastructure to use space for force
enhancement, e.g., for integrated tactical warning and attack assessment and for intel-
ligence, surveillance, and reconnaissance, and of course for communications, position,
velocity, time, and navigation (GPS) purposes.

Thirty-seven current or former non-high income stales possess agencies, corpora-
tions, or facilities related to commerciat, civilian, or military use of outer space.’® Many
of the uses are for communication, navigation, and earth observation rather than for
military purposes and involve shared or cooperative ventures. For example, Nigeria
launched its first satellite in September 2003, While it provided little more than the
money, it is indicative of the globalized nature of even this market that it could purchase
the United Kingdom-built satellite and have it launched from Russia. Brazil curtailed its
bailistic missile research in the early 1990s and joined the Missile Technology Control
Regime but continues research on space launch vehicles. While much current space-
activity of non-high income states in benign, there is no doubt that at least some of the
current activily can be switched to military purposes.

4.5. ABC-weapons production and entry/exit theory

In the Cold War context, theoretical work was primarily directed toward nuclear arms
races and their threatened use, but this presumed the physical existence of the weapons

kg They are: Algeria, Azerbaijan, Brazil, China, the Czech Republic, Egypt, Hungary, india, Indonesia, Iran,
Iraq, (Israel), Lebanon, Malaysia, Morocen, Nigeria, North Korea, Pakistan, the Philippines, Peru, Poland,
(Portugal), Russia, (Saudi Arabia), (Singapore), Slovakia, (Slovenia), South Africa, (South Korea), (Spain),
Syria, (Taiwan), Thailand, lunisia, Turkey, Ukraine, and Uruguay. See www.globalsecurity.org [accessed 17
September 2003]. Former non-high income states are listed in parentheses.
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[see, e.g., Brito and Intriligator (1995)]. The post-Cold War atomic weapons economics
literature with regard to non-high income states is relatively thin. Singh and Way (2004)
test a “theory of proliferation” with a model whose empirical variables include domes-
tic political factors, the external security environment, and economic variables such as
industrial capacity. Instead of a binary dependent variable, the option to “go nuclear”
is stratified into four stages: (a) no interest in atomic weapons efforts, (b) exploration
of an atomic weapons option, (c) active pursuit of atomic weapons acquisition, and (d)
actual production of one or more atomic weapons, Covering 154 states with data from
1945 1o 2000, ideally the model would predict not only the states interested in atomic
weapons bat also the time-path of the nuclear-weapons stage or stages any specific state
may have taken. Despite some prediction misses, the model does a credible job of iden-
tifying which state enters which stage at which time. In particular, the model identifies
threat perceptions (motivations) and industrial capacity (means) as the drivers in the
decision to acquire atomic weapons. Not all states with the means to “go nuclear” have
the motivation to do so; conversely, and worryingly, some states with the motivation to
acquire nuclear arms may, in future, arrive at the means to do so.

The Singh and Way paper is a theory of entry, not of exit. Why and how a state may
choose to dispose of nuclear weapons is not modeled [Singh and Way (2004, p. 883)].
Exit is modeled, even if only incidentally so, for the case of Ukraine in a paper by Jehiel,
Moldovanu and Stacchetti {1996). Ukraine disposed of its nuclear inheritance by nego-
tiations that matched the projected maintenance cost with dismantlement “aid” it could
exiract from Russia and the United States as against potential proliferation offers from
other bidders. Part of the vertical contracting literature, the model captures a sitnation
in which “buyers have preferences over which other agents may get the good” [Jehiel,
Moldovanu and Stacchetti {1996, p. 815)] and asks about the optimal selling strategy
when the ultimate buyer’s acquisition generates negative externalities for non-buyers.
For example, if Iran had bought Ukrainian atomic weapons, a negative externality would
have been created for neighbors such as Iraq. One result of the model is that the seller
can credibly commit not to sell at all. Instead of selling weapons, Ukraine sold disman-
tlement. The scenario is at least superficially similar to that of environmental protection
groups purchasing pollution credits with the objective of removing them from circula-
tion or of conservation societies purchasing patches of rainforest to withdraw them from
potential cultivation.

Still, aimost no theory work has been done with regard to the underlying production
issues that bring atomic weapons into existence. One paper [Koubi (1999)] — based on
the commercial R&D and patent literature — develops a three-stage military R&D race
model. An important aspect of the model is that states are posited to monitor and react
to their relative position in the race, as the outcome of the race carries implications
for the distribution of military power. Unlike some commercial R&D races in which
a winner-takes-all outcome may induce the losing competitor to switch resources into
angther R&D project, in the military R&D race there can be importaat benefits for
ihe loser to catch up with the winner. Thus, the dynamics of the military race differ
from that of the commercial race. In Koubi's model, the loser thus never concedes.
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Instead, it intensifies its efforts the further behind it falls. Moreover, so long as any
benefit is derived from eventual success, independent of the order of arriving at the finish
line, a state will not unilaterally withdraw from the race [Koubi (1999, p. 545)1." An
interesting application concerns the nuclear arms efforts in the non-high incomes states
of China, India, and Pakistan. While the Indo-Pakistani nuclear test explosions in 1998
refocused world attention on that pair of states, [ndia’s policy is directed elsewhere: its
efforts are not aimed at increasing the distance to Pakistan but at catching up with China,
the more so since Chinaz assisted in the development of Pakistan’s nuclear arsenal [Singh
{1998}]. Koubi’s model implics that if China races to catch up to the United States —
possibly to snare Taiwan as the prize - then India races to catch China, and Pakistan
races to catch India. Instead of viewing arms races as an n-state race where n = 2,
as much of the literature has done (e.g., Greece—Turkey, or India—Pakistan), such races
might better be viewed as n-state races where n > 2.

In sum, while some threat of development of biological and chemical weapons by
non-high income state-actors remains, the major threat lies in the continuation of at-
tempts to research, develop, and deploy atomic weapons atop ballistic missiles, The
record is too faint to ascribe costs to the effort non-high income states undertake. But
the record is clear in indicating several aspects of interest: {a) proliferation of atomic
weapons-related technologies does take place; (b) some non-high income states success-
fully enter the industry; (¢} atomic weapons anns races between and among non-high
income states do take place; and (d} some non-high income states exit the atomic
weapons industry, possibly irreversibly. As yet, a theory that would account for all four
of these facts does not appear to have been tformulated [Singh and Way (2004)].

5. Conclusion

Several themes emerge from the foregoing pages. First, data availability is poor for
major conventional weapons, poorer for small arms and light weapons, and poorest
for non-conventional weapons. Second, theory is not well developed regarding arms
production and arms trade activities of non-high income states. An effort has been made
here to show that models from outside the defense economics literature may be brought
to bear to the subject matter: the vertical boundaries of the firm, the product life-cycle
hypothesis, and the vertical contracting and R&D patent-race examples employed in

this chapter all come from within the literature on the theory of the firm. Perhaps other -

field literatures may be parsed and tapped in a similar manner. Third, just as former non-
high income states such as Greece, Israel, Portugal, Singapore, South Korea, Spain, and

¥ Koubi’s model precludes consideration of a preemptive strike by the military R&D winner since this would
be equivalent to a commercial winner-takes-all scenario. In this scenario, the loser is better off to stop its own
efforis and redirect resources to another race. However, an avowed and credible policy of preemption may
discourage laggards in the race from pursuit, or otherwise ditninish laggards® intensity of effort, a scenario
that may apply to the Middle East [Koubi (1999, p. 551)].
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Taiwan graduated from low-level conventional arms production to become producers
of reasonably sophisticated platforms, compongenis, weapons, and weapon systems, 80
now we stand on the threshold of a number of current non-high income states being
able to graduate toward the production of similarly advanced weapons. What might give
pause is that the aforementioned set of states consists of smal} populations of inherently
smal! economic and military weight. In contrast, current non-high income states such
as Brazil, China, India, Indonesia, Malaysia, Pakistan, Russia, and South Africa pack
much more potential economic and military weight. Economies of scale and scope may
assume a more important role in arms production and trade dynamics than before as the
internal market of these countries might now compete with those of the United States
or of the European Union.

Fourth, although non-proliferation regimes have siowed weapons (or precursor-
technology) proliferation, they have failed to stop it. Supply-side restrictions do not
overcome demand-side pressures. We observe industry entry in all weapons categories
and in future may expect to see further increases in industry participation by non-high
income states, even if in a different form than hitherto (e.g., more cross-border integra-
tion of supply-chains). This is the natural consequence of the gradual development of
states” human, physical, and institutional capital, i.e., the development of their produc-
tion capacities. Given the means, all that is required is a motive to engage in indigenous
arms production. This, fifth, puts an increasing burden on the quality of world diplo-
macy. The more readily available are the means to fight, and the more these means
migrate to non-high income states and non-state actors, the more urgent for research
and policy to address the formation of conflict-preferences and to study the design of
effective self-policing or intervention mechanisms. Sixth, while all states benefit from
the mutual production of mutual security, only in the rarest cases can it be said that
non-high income states derive specific economic benefits from weapons production and
associated trade.
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