

















Chapter 10
The Defense Industry of India

INTRODUCTION

India’s military industrial complex is one of the
oldest, largest, and most divers~led in the develop-
ing world. The expansion of India's defense indus-
trial capacity, particularly in the 1980s, was largely
conditioned by the South Asian arms build-up
among China, Pakistan, and India (see figure 10-1).
The growth of the Indian arms industries was fueled
both by increases in domestic defense spending,
which increased from $5.5 billion in 1980 to $9.5
billion in 1989, and by foreign military aid and arms
transfers. Pakistan’s receipt of $1.6 billion in U.S.
military assistance (1982-87), including the acquisi-
tion of the F-16, was met by India s acceptance of a
$1.74 billion arms transfer (1988-93) from the
Soviet Union, which included licensed production of
the Soviet T-72 tank, MiG-23 interceptor, and the
MiG-29 Fulcrum.”India was the third largest
recipient of arms transfers in the developing world
during the 1985-89 period and the largest nonoil-
producing arms importer (see figure 10-2).

Indian defense officials have also argued that the
growing superpower presence in the Indian Ocean
was afactor motivating its arms build-up, including
the experience during the 1971 India-Pakistan War,
when the U.SS. Enterprise was deployed in the Bay
of Bengal. The introduction of sophisticated arms to
the region is also cited as a stimulus for increased
domestic production of weapon systems. India's en-
hanced naval capability, which includes submarines
and aircraft carriers, has already affected two of the
region's six island states, the Maldives and Sri
Lanka. Indian forces suppressed a coup against the
government of President Gayoom of the Maldives
in November 1988, and India continues to frustrate
Sri Lanka's efforts to suppress its Tamil separatist
guerrillas.

To secure its strategic objectives, the Indian
Government has established a large scale defense
industrial sector that includes 9 state-owned defense
industries, 33 ordnance factories, and 34 R&D
establishments and laboratories. The long-term goal
has been to build an indigenous defense industrial

Figure 10-1-South Asia Defense Expenditures
and Military Force Levels, 1978-88
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SOURCE: Office of Technology Assessment, from data in U.S. Arms
Control and Disarmament Agency, World Military Expenditures
and Arrns Transfers, 1989 (Washington, DC: U.S. Government
Printing Office, 1990).

base, capable of supplying a wide range of advanced
defense equipment.

India’s policy of self-reliance in defense produc-
tion has been complemented by imports of sophisti-
cated weapon systems and related technologies
primarily from the Soviet Union (see figures 10-3
and 10-4 on Indian arms imports and figures 10-5
and 10-6 on Indian licensed production activities).
The partial success of this strategy is reflected by
India's advanced production capabilities (for a

1See Ron Mathews, Defence Production in India (New Delhi: ABC Publishers, 1989).
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Figure 10-2-Leading Arms Importers, 1985-88
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and Arms Transfers, f989 (Washington, DC: U.S. Government
Printing Office, 1990).

developing nation) in all weapons categories. jet
fighters, aircraft, and helicopters;, main battle tanks
and armored personnel carriers; diesel-powered
submarines and frigates; ballistic missiles; elec-
tronic and communication equipment; and small
arms, artillery, and ammunition.

However, the Indian defense industries remain
dependent on foreign technology, particularly sys-
tems produced under license from the Soviet Union.
In this regard, the mixed experience of India's
defense industrialization demonstrates that succes-
sive licensed production of sophisticated weapon
systems augments but does not guarantee the transi-
tion to independent local design and production.
Over the past four decades, India s defense produc-

tion program has suffered from the relative isolation
of defense-related production activities. There is
little technology spillover into the private manufac-
turing sector, and civil industrial input to defense
production is negligible.

Since 1985 the Indian Government has encour-
aged greater interaction between defense production
and civil industry by promoting private sector
participation. For instance, a private firm, Kir-
loskars, is providing the diesel engine for the Arjun
main battle tank. The tank’s computer is being
designed by Nelco and Bharat Electronics Ltd.
(BEL) jointly, and Dunlop is supplying the rubber
pads for the tank’s tracks.

The Indian Government has also attempted to
increase exports to offset the foreign exchange
burden created by massive arms imports. Such
efforts, however, are hampered by lack of inter-
national marketing expertise and by restrictive
provisions in licensing agreements. for example,
India's export of MiG-21 spare parts to Egypt was
prohibited by the Soviet Union. India has exported
small arms and ammunition to Jordan, Lebanon, and
Oman, as well as nonarmored vehicles to Malaysia
and Nigeria. The notable foreign sale was the export
in 1983 of eight Chetak helicopters to the Soviet
Union.*

India’s Military-Industrial-Research Sector

Central to India's military-industrial-research sec-
tor are the nine defense firms and the government’s
Defense Research and Development Organization
(DRDO). The defense firms are administered by the
Ministry of Defense; al manufacture weapons and
equipment for the armed forces as well as capital
goods for the civilian sector. Many of these firms
were established by the British during World War |1,
while others were located in the private sector and

subsequently acquired by the government (see table
lo-1).

The largest state firm is Hindustan Aircraft Ltd.,
whose main aerospace production factories are
located in Bangalore and Nasik. Another 10 facili-
ties are spread throughout 6 Indian states.

Bharat Electronics Ltd. (BEL) is the second
largest defense firm. Sixty percent of its production
(radio, radar, and electronics equipment) is for the

Dilip Mukerjee, * Hi-Tech Players in a Dangerous Game Of Catch,” Far Eastern Economic Review, JUNE 9, 1988,
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Figure 10-3-Indian Major Conventional Weapon
import Deals, by Type of Weapon, 1970-90
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Figure 10-5-Indian Licensed Production of Major
Conventional Weapons, by Type of Weapon,
1970-90
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SOURCE: Office of Technology Assessment, from data in Stockholm
International Peace Research Institute, SIPRI Yearbooks, 1970
through 1990, Worid Armaments and Disarmament.

armed forces; the remaining 40 percent is destined
for the civil market (TV broadcasting equipment and
satellite receiver terminals). The third state-owned
defense company is Bharai Earth Movers Ltd.
(BEML), whose products include transport trailers

Figure 10-4-Indian Major Conventional Weapon
import DealLs, by Country of Origin, 1970-90
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through 1990, World Armaments and Disarmament.

Figure 10-6-Indian Licensed Production of Major
Conventional Weapons, by Country of License Origin,
1970-90
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and earth moving equipment. BEML is the largest
exporter of the nine state-owned defense companies.

India’ s naval sector consists of three shipyards:
Magazon Docks Ltd. (MDL), Goa Shipyards, and
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Table 10-1—Indian Defense Production, 1987-88 (1988 dollars, millions)

Selected defense firms Production Profit before tax Exports Employment
Hindustan Aeronautics ................covvuvn... 546 31.0 0.09 43,833
Bharat EIeCtrONICS . . oo v vvee oo 328 24.0 0.80 19,266
Bharat Earth Movers. . .......... ... ..., 431 40.0 35.12 16,151
Magazon DOCKS . ....... ...t 200 28.0 0.00 14,355
Goa Shipyards .......... .. i 14 -.87 0.03 2,091
Garden Reach Shipyards ....................... 63 77 0.00 10,427
Bharat Dynamics . ... 32 3.0 0.00 1,798
Midhani . ... 22 0.26 0.00

Total .o 1,637 124.9 36.04 109,428

SOURCE: Office of Technology Assessmen, 1991.

Garden Reach Shipyards. Established in 1774 and
acquired by the Ministry of Defense in 1960, MDL
is India s preeminent shipyard, capable of building
warships such as frigates and submarines, as well as
cargo and passenger ships. At present approximately
60 percent of the yard’'s production is in the civil
sector, specializing in ship repair, construction of
off-shore oil platforms, and floating docks and
cranes. Goa Shipyards Ltd. was acquired in 1964 and
is a subsidiary of Magazon Docks. It specializes in
ship repair and engineering work. Located in Cal-
cutta, Garden Reach Shipyards is engaged primarily
in ship repair and engineering activities, such as the
manufacture of air compressors, turbine pumps,
diesel engines, and generators. Two-thirds of its
production is for the civil sector.

Three relatively small defense firms are engaged
in missile production, machine tool manufacturing,
and the development of alloys. Bharat Dynamics,
Ltd. has produced under license Aerospatiale’'s SS-
11-B1 antitank missile. Praya Tools, Ltd. manufac-
tures machine tools as well as castings and forgings
used in defense production. Mishra Dhata Nigam
Ltd. (MDNL) was established in 1973 principally to
reduce India' s dependence on imported specialized
metals (titanium and tungsten) and alloys for fabri-
cating components for the nuclear and aerospace
industries. It has received significant foreign assist-
ance from France (Creuset Loire and Perchiney -
Ugine Kuhlman) and from West Germany (Krupp).

Unlike many other defense producers among the
newly industrializing countries, India has invested
heavily in its defense R& ~ base to achieve greater
sdlf-sufficiency in defense production, and to reduce
imports of foreign technologies. Under the Ministry
of Defense, the Defense Research and Devel opment

Organization operates 42 major laboratories and
employs 25,000 people, of whom 6,000 are scien-
tists and engineers.

The DRDO functions as a central coordinating
agency for the execution of defense-related research
(see figure 10-7). For example, it conducts research
in the fields of aeronautics, combat vehicles, elec-
tronics, naval science, metallurgy, and rockets and
missiles. Expenditure on defense R& D as a percent
of the total military budget remained relatively
constant at approximately 2 percent until the late
1980s, when it jumped to 4.5 percent. This increase
was necessary to support the design and develop-
ment of India’s most ambitious defense production
programs: the Light Combat Aircraft and Helicopter
projects; the Gas Turbine Engine project; and the
Arjun main battle tank program.’Additional mili-
tary research is conducted within each defense firm,
and by the ordnance factories and universities.

INDIGENOUS AND LICENSED
DEFENSE PRODUCTION
ACTIVITIES

Naval

In response to India's regional ambitions in the
Indian Ocean, the mission of the Indian Navy
changed significantly during the late 1970s. Accord-
ing to one analyst:

The original sea control/shore defense orienta-
tion, which largely emphasized preserving the integ-
rity of India's coastal waters against a Pakistani
threat, has steadily given way to an assertive naval
orientation . . . [The new strategic posture includes]
... the defense of sea lanes and the preservation of

3Y. Lakshmir, Trendsin India’ s Defence Expenditure (New Dethi: ABC Publishing House, 1988), p. 65
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Figure 10-7—Production of the Defense Research
and Development Organization
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zones of influence, where the emphasis has shifted
from a specifically shoreline defense to a portman-
teau conception labelled “defense of the nation’s
maritime interests.

This includes the defense of Jndia's coastline and
seaborne trade as well as its broader economic and
foreign policy interests in the Indian Ocean.

To meet these new requirements, India has relied
principally on weapon systems purchased from the
Soviet Union and Western Europe. The acquisition
of the British carrier, Viraat, formerly the HMS
Hermes, has been complemented by an inventory of
naval aircraft-Sea Harriers, Tu-142 maritime re-
connaissance aircraft, and Dornier 228 light patrol
aircraft as well as a number of antisubmarine warfare
helicopters including Sea Kings and Ka-27s/25s.
Some analysts believe that India is also seeking
collaboration with European shipbuilding compa-
nies to build a third aircraft carrier.

India s shipbuilding facilities are also engaged in
both licensed and indigenous production activities:
MDL has produced frigates under British license and
is producing Godavari frigates indigenously. The
latter 3,000-ton frigate is the only ship of itskind in

the world that can carry two helicopters and support
antisubmarine warfare. MDL also is building two
diesel-powered submarines under license from West
Germany’s Howaldtswerke Deutsche Werft Ag.
(HDW)."India’s naval fleet has been greatly ex-
panded by recent deliveries of five Soviet Kashin Il
destroyers, eight Foxtrot and eight Kilo conven-
tional submarines, and one Charlie | nuclear-
powered submarine.’(A 704-acre submarine dock-
yard has been built with Soviet assistance at
Vishakaputnam, headquarters of the Indian subma-
rine fleet.) Garden Reach Shipyards has manufac-
tured fast patrol craft and inshore patrol vessels for
the Coast Guard. Some observers suggest that these
new acquisitions will enable the Indian Navy to
structure surface strike groups for offensive pur-
poses, while the Navy's submarine force architec-
ture will greatly enhance India's sea control and
denial capabilities.’

Armor

Although India successfully manufactured the
Vijayanta (a modified Chieftain tank) under British
license, its indigenous design and production of a
main battle tank has been delayed. Initiated in 1980
by the DRDO'S Combat Vehicle Development
Establishment, the Arjun main battle tank is still in
the development phase because of problems related
to its power plant. The power plant remains under
development at the Gas Turbine Research Establish-
ment. Delays in this program led to the Defense
Ministry’s decision to license-produce the Soviet
T-72 tank as an interim measure.

Missiles

The DRDO, and its Defense R&D Laboratory
(DRDL) have made steady progress in Indias
ballistic missile program. The DRDO has produced
and tested the long-range surface-to-air missile
Akash, the surface-to-surface missile Prithvi, which
has a range of 150 miles and can carry a nuclear
payload, the surface-to-air missile Trishul, and the
most advanced antitank missile, Nag. However, the
apex of the DRDO’S missile program has been the

development of a new generation of long-range,
surface-to-air missiles called Agni. With the Agni’'s

4Ashley J, Tellis, | ndia’s Naval Expansion: Rgflections on History and Strategy,” Comparative Strategy, vol. 6, No. 2, 1987, Pp. 192-193.
3See Dr, Michael Viahos, “Middle Bastern, NOrth African and South Asian Navies, ” U.S. Naval Institute Proceedings, vol. 3, No. 3, March 198s.

6Tellis, op. cit., footnote 4, p. 204.
TIbid.
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successful May 1989 test flight, India became the
first developing nation to design and produce an
intermediate-range ballistic missile derived from
civilian space activities’The Agni carries a I-ton
payload and is capable of reaching China's southern
cities; carrying a half-ton atomic bomb, this missile
could hit Beijing (2,200 miles). The Agni program
benefited substantially from foreign technical assist-
ance to its sister space program. West Germany
provided three indispensable missile technologies:
guidance, rocket testing, and composite material
handling and fabrication.’

Aerospace

While Hindustan Aircraft Ltd. (HAL) success-
fully produced the British Aerospace Gnat fighter
and its trainer version, Ajeset, as well as the HS-748
military/commercial transport aircraft, its attempts
to design and produce indigenous supersonic com-
bat aircraft have failed. One example was the
development of the HF-24 Marut fighter during the
late 1950s and 1960s. HAL designed and eventually
fabricated the airframe but neglected to develop a
suitably advanced engine. By the time an imported
engine (a MiG- 19 Vk-7) was modified and fitted, the
plane was technologically obsolete. India has been
forced to abandon its policy of self-reliance in
defense production because design or production
problems frequently resulted in the cancellation of
projects (Ajeet), and because of the lack of engineer-
ing and quality control expertise.India increas-
ingly has relied on licensed production and outright
procurement of foreign weapons systems. As one
Indian defense scientist quipped, “Every time we
need to develop a better mousetrap, the country has
to import a better cat. "

Strong Indo-Soviet military cooperation has de-
veloped in the wake of India's failed policy of
sdlf-reliance in defense production. India is the only
country outside the Warsaw Pact to license-produce
Soviet aircraft, and it has gained considerable
experience in the manufacture of the MiG-21/-2|

bis, and the MiG-27. HAL will shortly produce
MiG-29 Fulcrums.

Beginning in the early 1970s, HAL wanted to
diversify and looked to West European aircraft
companies to license-produce an advanced fighter
and to transfer the technologies related to their
materials and components. Of the possibilities-the
French Mirage 2000, the Swedish Viggen, and the
Anglo-French Jaguar, the latter was chosen in 1978.
Though HAL has assembled two-thirds of the 116
fighter aircraft, attempts to indigenize component
production have been frustrated. One of the major
problems is the preference by the Indian armed
forces to purchase weapon systems from abroad.

In an important departure from its role as an
assembler of foreign-made aircraft, HAL, with the
DRDO, has embarked on an ambitious program to
design, develop, and produce a combat aircraft for
the Indian Air Force (IAF) requirements of the
1990s. The Light Combat Aircraft (LCA) project is
receiving considerable design and technical assist-
ance from U.S. and European companies. General
Electric has supplied seven F404 engines to power
the LCA prototypes. These engines are eventualy to
be replaced by the indigenously designed and
manufactured GTX-35 gas turbine engine. Various
U.S. companies-Allied-Signal, Litton, and Honey-
well-are bidding to provide the LCA’S flight
control and other electronic systems. The U.S. Air
Force reportedly will provide training, consulting,
and test facilities”Finaly, HAL, in partnership
with Messerschmitt-Bolkow-Blohm in Germany, is
in the development phase of an Advanced Light
Helicopter program, which will complement the
IAF's squadrons of Chetak (Alouette III), and
Cheetah (Lama) helicopters.”

U.S. responsiveness to India's requests for tech-
nology transfers and supplies of critical components
for the LCA project marks a significant departure
from the previously strained Indo-American rela
tionship. Some observers believe that if the United

8¢ Another Long-Range MissileDeveloped,” India Weekly, July 17,1987, p. 10, and Richard M. Weintraub, “ IndiaTests Mid-RangeAgni Missile,”

The Washington Post, May 23, 1989, pp. Al, A21.

9For athorougi: account of West Germany's participation in India’s ballistic missile program, :s%a Gary Milhotin, “India’ s Missiles-With a Litte
[

Help From Our
lomterviews With various defense company officials.

iends,” The Bulletin of Atomic Scientists, vol. 45, No. 9, November 1989, pp.

11¢“Fndia: Indigenous Programs Flourish Amid Defense Modernization,’* International Defense Review, vol. 19, No. 4, 1986, p. 436.

12Ian Anthony, “The Trade in Major Conventional Weapons, * in Stockhol m International Peace Research Institute, stert Y earbook 1989, worid
Armaments and Disarmament (Oxford: Oxford University Press, 1989), p. 212.

13Hiroshi Kimura, *‘ Air Forces in the Asia pacific Area,”” Defence Asia-Pacific, vo1. 2, 1989, p. 25.
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States establishes a firm foothold in India s defense
production program, it may achieve the twin objec-
tives of extending U.S. influence and providing
export opportunities for American defense compa-
nies, while reducing India's dependence on the

Soviet Union. The Soviet Union has sought to
counter this challenge to its strong defense relation-
ship with India by offering to integrate the LCA’S
characteristics into the yet undeveloped MiG-35
aircraft.
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Chapter 11

The Developing Defense I ndustries of the Western Pacific

The development and expansion of domestic arms
production capabilities in the Western Pacific coun-
tries reviewed in this chapter—Australia, Singapore,
Indonesia, and Taiwan-have necessitated substan-
tial government investment and procurement (see
figure 11-1). This figure, however, obscures the
disparity in the levels of defense industrialization
among these four countries. One of the primary
reasons for this disparity is their relative access to
advanced arms and high-technology imports. The
small size of Australia’s domestic defense industry
may be explained partly by the ready availability of
weapons systems from the United States and Eu-
rope. In contrast, Taiwan, Singapore, and Indonesia
have more restricted access to foreign arms imports,
which has spurred the expansion of their defense
production programs.

Each of these states has been equipped by Western
countries (see figure 11-2), and there has been
substantial equipment standardization among them,
partly because the United States has been the

Figure n-I-Defense Expenditures in Four
Western Pacific Nations, 1978-88
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SOURCE: Office of Technology Assessment, from data in U.S. Arms
Control and Disarmament Agency, Wor/d Military Expenditures
and Arms Transfers, 1989 (Washington, DC: U.S. Government
Printing Office, 1990).

principal arms supplier to the region. Australia,
Taiwan, Singapore, and Indonesia have all imported
Northrop’s F5-E fighter aircraft. These same four
countries also imported the U.S. AIM-9L air-to-air
missile. In addition, C-130 Hercules military trans-
port aircraft have been acquired by Singapore,
Indonesia, and Taiwan.

The arms production capabilities of these Western
Pacific countries also vary in accordance with their
respective manufacturing bases, military R&D pro-
grams, and government policies. Taiwan’'s technical
expertise and diversified industrial base have ena-
bled it to develop and build an indigenous high-
performance combat aircraft in less than 10 years.
The lack of a sufficient technological base and
financial resources have precluded Singapore and
Indonesia from embarking on similar defense proj-
ects. Instead, Singapore’s and Indonesia’'s more
modest defense production efforts consist largely of
component manufacture and assembly work for the
aircraft, shipbuilding, and ordnance sectors.

The development of the Western Pacific defense
industries, however, has been significantly aided by
the involvement of and technology transfers from
U.S. and European defense companies through
direct investment (Singapore), joint ventures (Aus-
tralia), and licensed production (all) (see figures
11-3 and 11-4). Licensed production activity by U.S.
companies is concentrated in the aircraft sector of
these defense industrializing countries, although
many countries have licensed other types of weap-
ons for indigenous production in the Western
Pacific. Australia, Indonesia, and Taiwan have
manufactured various helicopters under U.S. li-
cense, including Blackhawk, Seahawk, and Bell
utility. Germany dominates in the shipbuilding
sectors of Singapore and Indonesia, providing li-
censes for the production of PB-57 fast attack craft
(seefigure 11-5).

These countries have also benefited from their
location in the lucrative Asia-Pacific market. Sin-
gapore’s reputation as a regional aerospace center
was hoosted by its hosting of the 1988 Asian
Aerospace Show (which included 674 companies
from 31 countries) and by the 1989 Defense Asia
exhibition (the frost defense exhibition in Southeast
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Figure 1 I-2—imports of Major Conventional Weapon
Systems by Four Western Pacific Nations,
by Exporting Nation, 1970 9'
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Asia to be certified by the U.S. Commerce Depart-
ment). The continued increase in Asia-Pacific trade
is aso likely to bolster the region’s domestic and
foreign-based commercial shipbuilding and aircraft
industries.

Figure n-3-Licensed Production of Major
Conventional Weapon Systems in Four Western
Pacific Nations, by Type of Weapon, 1970-90
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International Peace Research Institute, SIPRI Yearbooks, 1970
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THE DEFENSE INDUSTRY
OF SINGAPORE

Although Singapore's development of a defense
industry since the 1970s has been linked closely to
the country’s industrialization program, strategic
considerations provided the industry’s initial impe-
tus. Singapore is located at the entrance of the
Malaccan Straits, which connect the Indian and
Pacific Oceans—the so-called Gulf-to-Japan route.
As an export-dependent economy, Singapore is
vulnerable to interruption of itsvital trade channels.
The country also has been sensitive to regional
developments. the withdrawal of British forces from
Southeast Asia in the 1970s, the increased Soviet
influence in the region, the Viethamese invasion of
Cambodia, and the Communist insurgences in
Thailand, Malaysia, and the Phillipines. In response
to the perceived destabilization of the region during
the 1970s, Singapore encouraged military coopera-
tion within the Association of Southeast Asian
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Figure n-4-Licensed Production of Major
Conventional Weapon Systems in Four Western
Pacific Nations, by Country of License
Origin, 1970-90
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Nations (ASEAN) and through the Five Power
Defense Arrangement.”

On a per-capita basis, Singapore is Asia's third
wealthiest nation (behind Japan and Brunei). Its
gross national product (GNP) growth over the last
several years has averaged 11 percent, the largest in
ASEAN.’The country’s economic dynamism is
explained by its export-oriented industrialization
strategy in aliance with U. S., European, and Japa-
nese translational corporations, which were at-
tracted to Singapore because of its location and
modern infrastructure. Singapore has used this

strong manufacturing base to create the most diversi-
fied and technologically advanced arms industry in
ASEAN.

Singaporean Defense Industrialization

State promotion of defense industrialization has
involved various forms of direct and indirect inter-
vention in the Singaporean economy. The most
important manufacturing sectors are transportation—
aircraft and shipbuilding-and electronics. During
the late 1960s, the Singaporean Government care-
fully promoted the shipbuilding industry, with
special focus on construction and repair. The gov-
ernment invested heavily in three shipyards:

1. Singapore Shipbuilding and Engineering Pte.
Ltd.,

2. Sembawang Shipyard (which was established
as a private limited company with 75 percent
government ownership to take over the Royal
Nava Dockyard), and

3. Keppel Shipyard Pte. Ltd. (which was sepa-
rated from the Port of Singapore Authority to
form a wholly government-owned enterprise).’

Singapore also became increasingly attractive as an
export base for Japanese shipping companies.

In addition to these activities, the Singaporean
Government directly fostered the active participa-
tion of multinational corporations in the country’s
aircraft industries through financial and tax incen-
tives. For example, companies were exempted from
the usual 33-percent corporate income tax for up to
10 years. Companies such as Pratt & Whitney,
Hawker Pacific, TRW, Genera Electric, Sund-
strand, Garrett, and Westinghouse made major direct
investments in component manufacture, assembly,
and repair-service work; they were also attracted by
Singapore’'s skilled low-wage labor. It is estimated
that Singapore's wage costs are half those of the
United States or Western Europe; this has resulted in
production savings of 25 to 40 percent for some
aircraft companies.’

1The bilateral security assistance provided by Britain to Malaysia and Singapore waste rminated in 1971 and was replaced by a broader regional
security agreement called the Five PoweDefence Arrangements. This securityframework iNvVOlVeSBritain, Australia, New Zeal and, Malaysia, and

Singapore.

2World Bank Development Reports (Washington, DC: \World Bank, various years).
3Gary Rodan, The Political Economy ot SIngapor€’ s Industrialization: National State and International Capital (New York, NY: St Martin’s Press,

1989), p. 95.

4David Saw, “The Emergence of theThird World Aircraft |ndustry,” Military Technology, vol. 4, No. 4, 1988, p. 51.
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Figure n-5-Estimated Licensed Production of Major Conventional Weapon Systems
in Four Western Pacific Nations,* 1960-66
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SOURCE: Office of Technology Assessment, from data in Stockholm International Peace Research Institute, SIPRI Yearbooks, 1970 through 1990, World
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Foreign investment in the local aerospace indus-
try rose from $28 million in 1977 to $480 million 10
years later’The decision by overseas aerospace
companies to locate their regional activities in
Singapore has been reflected in the dramatic growth
of industrial output in the agrospace sector: from $47
million in 1977 to $795 million in 1987.°Many
foreign airline companies now use Singapore as a
base for the repair, overhaul, and support of aircraft
engines and other systems. In particular, invest-
ments by Garrett and Vac-Hyd in the aircraft
component industry represented impressive gainsin
technology available in Singapore.’

In order to upgrade technologically the econ-
omy’s defense industrial base as well as sustain
higher value-added manufactured exports, the Sin-

gaporean Government has also assisted the electron-
ics, fabricated metal, and precision equipment in-
dustries. Foreign investment during the 1970s in
these sectors was substantial and included the
location in Singapore of Hewlett-Packard, National
Semiconductor, SCM, Sundstrand Pacific, and Cin-
cinnati Milacron, among others.

After 1979 the Singaporean Government em-
barked on a massive incentive program for invest-
ments in public and private sector R&D. Liberal
capital depreciation allowances were provided for
plant and machinery and subsidized financing for
firms restructuring or upgrading their technological
activities. The government also devised a 10-year
Master Plan (1980-90) to improve the country’s
technological infrastructure. For example, the plan

STbid.
S1bid.

7According to Rodan, Garrett’s investment in a casting project enabled the company tO supply iNAUCLiON hardened parts to other Garrett Plants in
Europe and ﬁ1e United States. vac-Hyd implemented a manufacturing process for the heat weatment Of aircraft engine components. Rodan, Op. cit.,

foolnote 3, p. 134.
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provided for the development of Selectar Air Base
for the aeronautical industries, and for the construc-
tion of the Singapore Science Park to accommodate
the country’s mgjor industrial and scientific enter-
prises. While direct government R&D expenditure
increased dramatically in the mid-1980s (from 0.4
percent of GNP in fiscal year 1981-82 to 0.6 percent
in fiscal year 1984-85), it still lags behind other
developing countries in Asia (South Korea 1.4
percent of GNP, Taiwan 1 percent).’In 1988 the
government launched the International Direct In-
vestment program as a means of broadening Sin-
gaporean investment in industries that access new
technologies and international markets for higher
value-added manufactures and services.

Structure of Singapore’'s Defense Sector

Singapore's defense industries are primarily owned
by the government through a holding company,
Shoeng-Li. Founded in 1967 as the Chartered
Industries of Singapore, the arms industries were
reorganized in 1983 to form the Singapore Technol-
ogy Corp. (STC). STC was structured to gain R&D
production efficiencies through cooperative resource
sharing and to market Singaporean military equip-
ment. STC employs a labor force of over 8,000
employees, generates $526 million in annual sales,’
and is Singapore’s largest domestic enterprise.
Because of government funding, it is able to
purchase the latest technology to develop defense
products in which its subsidiaries have the necessary
expertise.

Although the Ministry of Defense is responsible
for STC'S operations, its subsidiaries are run accord-
ing to commercia guidelines. STC is composed of
four groups:

1 S_ingapore Technologies Industrial (23 compa-

2. gi?%)épore Technologies Aerospace (6 compa-

3. rgiisg)]:a\pore Technologies Marine (1 company),

4, aS;']r(;jg)]apore Technologies Ordnance (17 compa-
nies).

Of the four divisions, Singapore Technologies
Aerospace (STA) is the most prominent. It employ-
ees nearly 3,000 people and has 6 subsidiaries. The
largest of these is Singapore Aerospace Manufactur-
ing Co. (SAMCO), which is responsible for mainte-
nance and refurbishment of the Singaporean Air
Force's inventory as well as those of other air forces
in the region. Singapore’ s defense programs include
refitting the A-4S-1 Super Skyhawk fighter-
bombers with the more powerful GE F404 engines
for the Air Force; refurbishment and replacement of
the avionics system of the C-130 Hercules military/
civil transport aircraft for the U.S. Navy, and
assembly from kits of S-211s and AS-332 Aerospa-
tiale Super Puma helicopters. Two subsidiaries work
on engine overhaul for Pratt & Whitney, General
Electric, and Grumman. Another subsidiary, Sin-
gapore Aero-Components Overhaul, manufactures
subcomponents for the General Dynamics' F-16 and
Northrop’s F5E/F."

STA recently has begun to acquire technology by
investing abroad. STA through STC has a 2-percent
participation in Pratt & Whitney's PW4000 engine
project (more than Japan’s Kawasaki Heavy Indus-
tries or South Korea's Samsung Aerospace). The
engine is aready being used to power the A310
Airbusin Singapore Airlines and could also be used
in Boeing 747 and 767 aircraft, as well as the
MD-1 1. In January 1988 a joint venture was
established between British Aerospace (BAe) and
STA/STC for the manufacture, repair, and integra-
tion of BAe components in return for marketing
services.”In addition to the government-owned
aerospace sector, there are over 25 companies in
Singapore’ s private sector that manufacture aircraft
components and are affiliated with such multina-
tional aviation firms as United Technologies of the
United States and Hawker Siddley of the United
Kingdom.

STC's second major division is the Singapore
Shipbuilding & Engineering Co. (SSE). Its produc-
tion capabilities have been limited because of the
relatively small naval procurement budget and local
private competition for ship repair work from the

8Ibid,, p. 180.
94rmed ForcesJournal International, February 1990, p.67.

105ee “The Singapore Technology Corporation: Singapore's Own Military- Industrial Complex, “ Pointer, vol. 11, No. 1, October-December 1984,

pp. 12-23.

lBilveer Singh, ‘“ASEAN’s Arms Industries: Potentials and Limits,”’ Comparative Strategy, vol. 8, No. 2, 1989, pp. 249-264.

1”" Singapore Shoots for the sky, * Asiaweek, Mar, 11, 1988, pp. 50-51.
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larger Vesper Shipyard. During the mid-1970s SSE
built seven TNC-45 fast attack craft (four for
Singapore's Navy and three for Thailand’ s). It isalso
constructing five Type-62, 500-ton missile corvettes
under license from Germany’s Luerseen Werft. The
naval ship repair business is expected to increase as
a result of France's decision to use SSE for repair
and overhaul work on its fleets operating in the
Indian and Pacific Oceans.

STC oversees Singapore’s ordnance industry. The
ordnance sector consists of six subsidiaries, includ-
ing the former Chartered Industries of Singapore,
Ordnance Development and Engineering (which
indigenously designed and produces the Ultimax-
100 light machine gun), Singapore Automotive
Engineering, Singapore Computer System, Sin-
gapore Automotive Leasing, and Unicorn Interna-
tiona. Together these companies manufacture small-
to-medium caliber infantry arms and their ammuni-
tion, and provide maintenance and modernization
services for the Singaporean Army.

Exports

Singapore’s defense exports, including sales of
finished weapons systems and subcomponents, are
extremely difficult to estimate. As Stockholm Inter-
national Peace Research Institute (SIPRI) analysts
note, there are a variety of trade channels: through
Singaporean private defense-related producers; from
Singaporean and other countries’ companies
through Unicorn, STC's export trading firm; and
through ChartWell, a Singaporean-Chinese trading
company. SIPRI reports that companies which have
exported systems through Unicorn include General
Dynamics; Rascal & Ferranti (U.K.); and Bofors &
Ericsson (Sweden). While Unicorn is the obvious
conduit for most of Singapore's defense exports,
exports from the other two channels are much harder
to decipher. Singapore’ s aerospace exports by STC
subsidiaries were estimated at$116 million in 1988,
making the country the largest exporter of aircraft
and parts in ASEAN.”

THE DEFENSE INDUSTRY
OF INDONESIA

Among the ASEAN countries, Indonesia pos-
sesses the second most diversified and advanced
defense industrial base. Its emergence since the
mid-1970s has been conditioned by the country’s
geostrategic position, in conjunction with a deliber-
ate policy of economic and technological moderni-
zation.

Strategic Motivations and Defense Policies

Indonesia’ s decision to invest in a defense indus-
try reflected the government’s aim to reduce depend-
ence on other countries for the purchase and supply
of weapons. Accordingly, Indonesia shifted its arms
procurement pattern from heavy reliance on Soviet
imports (1958-65) to purchases from the United
States and West European suppliers (1967-76)."

Indonesia is an archipelago of over 13,000 islands
situated along the straits leading from the Pacific
into the Indian Ocean. Indonesia’s articulation of a
security doctrine of wawasan nusantura is based on
its archipelago concept, which posits the indivisibil-
ity of land, sea, and airspace within the country’s
boundaries.”

Since its initial formulation in 1957, various
factors have strengthened Indonesia’'s wawasan
nusantura defense policy. The first was the per-
ceived regional threat posed by the emergence in
1975 of a unified and militarily strong Vietnam. The
second was the extension of Indonesia’s maritime
jurisdictions and its proclamation in 1980 of a
200-mile exclusive economic zone, following the
provisions in the Law of the Sea Treaty. (Both
Indonesia’s Air Force and Navy have been restruc-
tured and equipped with Boeing-737 Surveillers and
Nomad Search Masters as well as a small frigate
force to defend its offshore oil fields and economic
zone claims.)) Third, Indonesia has been concerned
about the continued naval presence of the superpow-
ers and India's expansion of its naval fleet in the
Indian Ocean.

13T Ohlson, *“The Asean Countries: Low-Cost Lalecomers,” M. Brzoska and T. Ohlson, eds., Arms Production in the Third World (London: Taylor

& Francis, 1986), pp. 57-61.
141bid, p. 57.

5Donald E. Weatherbee, *‘Indonesia: |ts Defense-Industrial Complex,” in James Katz, cd., The Implications of Third World Military
Industrialization: Sowing the Serpent’s Teeth (Lexington, MA: Lexington Books, 1986), pp. 165-185.
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Together these strategic concerns and the Indone-
sian Armed Forces defense posture, ‘ Total People's
Defense System,’ have had a significant impact on
the reorganization of the armed forces and the
country’s defense production program. The impor-
tance attached to Indonesia’'s defense sector
stemmed from the national leadership’s belief in the
sector’s contribution to both national security and
economic development. Thisinseparability ismani-
fested by the government’s emphasis on dual-use
defense industries. For example, the impetus for
Indonesia's ambitious aerospace industry derives
from civil as well as military objectives.”This
industry is regarded as an integral part of the
country’s broader industrialization plan. As one
Indonesian Minister reasoned:

Now look at my country: 13,400 islands, from
west to east a distance equal to that between San
Francisco and New York. . . . We need aeroplanes

and helicopters. We have a huge potential market."”

Such reasoning underpins the defense industrial
rationale for Indonesia’s development of its own
airframe industry and design capability to produce
aircraft for the country’s short-to-medium haul
transport routes.

Government Promotion Policies

Indonesia’s defense sector consists of eight strate-
gic industries, though only four are directly engaged
in defense production. These four companies are: PT
IPT Nusantura (aerospace), PT PAL Indonesia
(shipbuilding), PT Pindad (small arms ammunition),
and Perum Dahana (explosives). In addition, the
government runs an R&D institute at the Puspitek
Centre in Serpong, whose function is to develop and
transfer new defense-related technologies to the
defense industries. They are al government-owned
and are under the control of the Council of Ministers
on Strategic Industries.

The overal costs of subsidizing the defense
industries are impossible to estimate because they
are classified as strategic industries, and are thus
closed to external review and audit. Analysts gener-
ally assume, however, that such high-technology
industries are funded by off-budget means.

In addition to the policy of state-ownership, the
Indonesian Government has used a number of
infant-industry protectionist measures. It has banned
the import of small aircraft and ships, and insists that
both private and public transportation operators
purchase state-produced equipment. Indonesia’s do-
mestic airline, Bourag, has been forced to replace its
fleet of Fokker F-50 passenger aircraft with locally
built CN-235s designed primarily for cargo trans-
port.”

In order to expand Indonesia s defense production
base, the government has encouraged extensive
involvement by foreign corporations in the coun-
try’s defense industries. This involvement has oc-
curred through transfers of technology, know-how,
licensing, offsets, and joint ventures. As a result,
Indonesia, like its ASEAN neighbors, is highly
dependent on imported designs, components, and
technical assistance. As figure 11-4 above indicates,
Indonesia' s sources of licensed production are the
most diversified of the Western Pacific countries. Its
aircraft industry has manufactured helicopters under
license from U.S., German, and French defense
firms. In arcraft, Indonesia has relied on U.S,,
Spanish, French, and Italian technology transfers.
Indonesia s arms industry has benefited consider-
ably from such technology transfers, enabling the
sector to increase its technological sophistication
while bypassing many of the usual developmental
stages.

A corollary to a liberal technology transfer policy
is the government’s attempt to generate spillovers
from defense into civilian industries, reinforcing the
acquisition of dual-use technologies. The Indone-
sian Government has provided domestic and multi-
national automotive and electronics industries with
fiscal and export incentives to encourage the devel-
opment of related technol ogies and subcomponents.

Findly, Indonesia’s impressive progress in defense-
related production has been attributed to the efforts
of Dr. B.J. Habibie, Minister for Research and
Development, and director of the Agency for Devel-
opment and Application of Technology (BPPT).
Habibie, a former technical director of the German
aerospace giant, Messerschmitt-Bolkow-Blohm
(MBB), and an Indonesian national, presides over

16§ingh, op. Cit., footnote 11, Pp- 249-264

17¢Indonesia’s Dynamic Aircraft Industry,” Southeast Asia Development Digest, June-July 1986, p. 20.

184rmed FOrcesJournal International, op. cit., footnote 9, p. 62.
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Indonesia’s defense-industrial sector, and is credited
with the development in Indonesia of one of the

world’'s best equipped airframe manufacturing facil-
ities.

Indonesia’s Defense Companies

The centerpiece of the Indonesian defense indus-
try is the state-owned firm, PT IPT Nusantura
Established in 1976 from the Air Force's Institute for
Aviation Industry in Bandung as well as from
Pertamina’ s Advanced Technology and Aeronautics
Division, the company now employs 12,750 people
whose average age is only 24 years old.” Nursantura
reportedly has produced over 92 commuter aircraft
and 125 helicopters. The company, in keeping with
Indonesia' s heavy reliance on technology transfers,
has licensed-production agreements with France's
Aerospatiale for Super Puma antisubmarine warfare
helicopters, Germany’s MBB for BO-105 utility
helicopters, Textron in the United States for 412
transport liaison helicopters, and with Spain’s Con-
struciones Aeronautical S A. (CASA) for the CN-
212 and CN-235 medium transports. Its most
ambitious project is the indigenously designed
Advanced Air Transport Plane, the ATRA 90. This
propfan, 50-passenger aircraft is being jointly devel-
oped with Boeing.”

In July 1989, British Aerospace reached an
agreement to increase industrial subcontracts as a
result of Indonesia’s acquisition of various BAe
products, including the Hawk and the Rapier surface-
to-air missile. Other offset arrangements, which
reflect IPTN’s emergence as a competitive over-
hauled and aircraft parts manufacturer, include
component production for Fokker-100 and F-16
aircraft. (The 1986 F-16 offset agreement with
General Dynamics ensured Indonesia's military
parity with its ASEAN rival, Singapore. )21

The success of the Indonesian aircraft industry is
evidenced by the fact that in 1976 only 10 percent of
the component parts for aircraft were manufactured
locally. Today 90 percent are produced either at the
Bandung factory or by other Indonesian subcontrac-
tors. The Indonesian aircraft industry has also found

a small, but useful export market in various develop-
ing countries: Thailand purchased five CN-212s,
Saudi Arabia bought four CN-235s, Brunel has also
ordered several CN-235s, and Malaysia has pur-
chased one Super Puma.

PT PAL, the naval shipbuilding firm, is Indone-
sia's second major defense concern. Although PT
PAL has built fast patrol boats and search and rescue
vessels using designs from the Maritime Engineer-
ing School, limitations within the shipbuilding
sector have encouraged further foreign collaboration
and purchases. The yard produces under license
Boeing hydrofoils (which are fitted with missile
capabilities) and Luerssen/Fulton Marine missile
fast attack craft. Despite these achievements, Indo-
nesia’ s Navy is reaching ‘‘block obsolescence. ’ In
an effort to sustain a limited modernization program,
Indonesia has purchased four former Dutch Navy
Van Speijk-class frigates. Still, Indonesia’'s aging
fleet will require considerable investment by the
government if it isto remain committed to modern-
izing the PT PAL Surabaya shipyard for naval
shipbuilding. *

The production of small arms and ammunition is
based at the government-owned main factory PT
Pindad. Pindad manufactures semi-automatic rifles
under license from Pietro Beretta of Italy; M-16s and
5.56 assault rifles under license from Colt Industries
in the United States; and FNC rifles under license
from Fabrique Nationale Herstal in Belgium. Indo-
nesia at present does not produce any guided
missiles. A factory at Perum Dhana, however, does
manufacture explosives and rockets.”

THE DEFENSE INDUSTRY
OF TAIWAN

The Carter Administration's “derecognition” of
the Republic of China on Taiwan (ROC) in 1979,
because of the overarching U.S. policy objective of
pursuing normalization of relations with the Peo-
ple's Republic of China (PRC), drastically altered
Taiwan's strategic as well as international positions.
The United States had been the mainstay of the
security of Taiwan since 1954. Taiwan depended

1%*“Indonesia’s Dynamic Aircraft i 4y »» op, cit., footnote 17, p. 22.

20hison, 0. Cit., footnote 13, P. 59.

21Armed Forces Journal | nternational, op. cit., footnote 9, p. 62.
21bid,, p. 63.

Zgingh, OP-cit., footnote 11, p- 63.
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heavily on U.S. security assistance, especialy arms
transfers. Most of these transfers were for aircraft,
combat equipment, and missiles. Divested of formal
security assistance with the termination of the
Mutual Defense Treaty, and with a subsequent
|-year moratorium on U.S.-Taiwanese arms trans-
fers, Taiwan's security was increasingly threatened.
By 1982 the PRC had augmented its military
capabilities, reaching a 10:1 superiority over Taiwan
in armed forces and conventional weapons. In terms
of the naval balance, for example, the International
Institute of Strategic Studies estimates that the PRC
is superior to Taiwan in frigates, 37 to 10; in patrol
an coastal craft, 915 to 73; and in submarines, 93 to

Under pressure from congressional supporters of
the Taiwan Relations Act, the Reagan Administra-
tion recommenced transfer of military equipment,
including air-to-ground missiles and armored vehi-
cles. It also allowed for the extended licensed
production of 60 Northrop F-5E aircraft. The admin-
istration decided, however, not to accede to Tai-
wan's request for the acquisition of an advanced
tactical fighter such as the F-16, the F-20, or F/A-18,
nor the coveted Harpoon antiship missile.

In addition to these strategic concerns, Taiwan's
international isolation increased in the early 1980s,
as other nations feared strained relations with the
PRC should they continue or initiate arms sales to
the idand. The ROC was also excluded from various
international organizations, including the United
Nations. Though Taiwan still retains security ties
with Isragl, Saudi Arabia, South Africa, and South
Korea, there are limits to the exports by these
countries of technologically advanced weapons
systems.

In response to these developments, the Taipei
government embarked on an ambitious program of
“self-reliant national defense. © As one analyst
observed:

This was made possible by the provision by the
United States on a selective basis of technological
inputs and expertise to initiate and advance in-

digenous production programs. . . . As such, Amerc-
can policy provided both the incentives and the
means for Taiwan to develop a defense industrial
capacity.”

Taiwan has relied extensively on licensed produc-
tion of U.S. weapon systems to supplement the
parallel decline in U.S. grant assistance and to
buttress its own indigenous defense production
efforts (see figure 11-4, above). Throughout the
1970s and 1980s, Taiwan has assembled the F-5E
Tiger 1l fighter, the Bell 205 UH helicopter, and
various missiles, including the air-to-air AIM-9J/9L
and the Hawk MIM-23 surface-to-surface missile,
al under U.S. licenses. Taiwan has aso received
assistance from lIsrael to develop its missile and
shipbuilding industries. It license-produces the |s-
raeli Gabriel ship-to-ship missile and the Dvora fast
attack craft.

Unlike other East Asian newly industriaizing
countries, Taiwan's indigenous defense production
program is driven less by export incentives than by
the strategic threat posed by a PRC naval blockade
of Taiwan's principal ports (especialy Kaohsiung,
which handles approximately 65 percent of the
island’s trade). To deter such an attack by the PRC'S
submarine fleet, the Taipei government has invested
heavily in the naval sector (antisubmarine warfare
capabilities and surface attack boats, equipped with
antiship missiles). Additionally, to maintain the
ROC'S tactical air superiority over the Taiwan
Straits, the Indigenous Defense Fighter (IDF), a
supersonic, lightweight fighter, was developed indi-
genously and deployed in December 1989.”

Taiwan’s Defense Companies

Established in 1969 in Taichung, the Aero Indus-
try Development Center (AIDC) is a branch of the
Taiwanese Air Force and currently employs more
than 3,000 workers.” Similar to the experiences of
other aircraft producers in the region, the AIDC's
recent production of itsfirst defense fighter, the IDF
or Ching Kuo, is based on a phased development
program. The AIDC's capabilities grew from main-
tenance and overhaul work to the licensed produc-

Alnternational Institute Of Strategic Studies, The Military Balance, 1990-1991 (London: Brassey’s, 1990), pp. 149-150, 178. Fora thorough overview
of U.S.-Taiwan security relations, see Stephen P. Gillbert, “ Safeguarding Taiwan's Security,” Comparative Strategy, vol. 8, No. 4, 1989, p. 439.
25Janne E. Nolan, Military Industry in Taiwan and South Korea (London: Macmillan Press, 1986), p. 47.

26For a good analysis linking Taiwan's J€fense policy objectives o the country’s arms production program, . A, James Gregor, “ The Republic of

Chinaon Taiwan,” in Katz, op. cit., footnote 15.
27Saw, op. Cit., footnote 4, p-49.
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tion of various aircraft, principally the Bell UH-IH
helicopter for the Army and the F-5 E/F fighter for
the Air Force.”

The IDF aircraft, which analysts claim to be
comparable to the Northrop F-20, will replace
Taiwan's obsolete front-line interceptors, Lockheed
F-104s and Northrop F-5E/Fs. The production costs
of this program are estimated at over $1 billion, but
financing has not been a constraint. The fighter's
short delivery time would not have been possible
without substantial assistance from U.S. defense
companies, which supplied technical expertise and
components. General Dynamics, in consultation
with the government-owned Chungshan Institute of
Science and Technology (CIST), helped to design
the airframe (which closely paralléels the U.S. F/A-18
Hornet). In addition, nearly 100 Taiwanese engi-
neers received training and technical assistance at
Genera Dynamic's Texas facility .29 Other U.S.
companies that have supplied components for the
IDF program include Lear Astronautics Corp, which
provided avionics integration and the fly-by-wire
flight control system; Garrett, which aided the de-
velopment of the IDF's engine (a modified version
of the Garrett TFE-1088 turbofan); and General
Electric, which provided the IDF's “look down-
shoot down” capability with its GD-53 Doppler
fire-control radar, a derivative of the AN/APY-
67(V) radar.”

Concurrently, AIDC has invested heavily in the
indigenous production of components and engines.
AIDC manufactures the Lycoming T-53 engines for
its Bell helicopters under U.S. license. Taiwan's air-
craft industry produces about 40 percent of its re-
quired components in conjunction with local private
industry. Most of its avionics equipment, however,
continues to be imported from the United States.

Taiwan's naval production facility is the state-
owned China Shipbuilding Corp. (CSC) in Kaoh-
siung. In addition to this large shipyard, Thiwan
possesses extensive civilian shipbuilding capabili-
ties. Prior to the recession in world shipping
demand, these shipyards had been engaged in the

extensive construction of oil tankers and large ships
for export. The development of Taiwan's indigenous
naval capabilities has been constrained by the
Navy’s preferred reliance on imports of surplus or
aging U.S. warships.

The CSC shipyards have refurbished nearly 30
U.S. destroyers and frigates, retrofitting them with
modern antisubmarine warfare electronics, fire-
control systems, and Sea Chaparrel air defense
missiles. CSC also has manufactured the PSMM-
MKS5 fast attack craft under a U.S. license arrange-
ment with Tacoma Boat Building Co. Owing to
complications arising from subsequent U.S. restric-
tions on the required missiles, the shipyard has
switched to producing fast attack craft based on the
Isragli Dvora design. Finaly, Taiwan's CSC is
preparing to construct larger warships, ten 2,000-ton
Ulsan-class frigates in cooperation with South
Korea s Hyundai Shipbuilding Corp., and 8 FFG-7
Perry-class frigates with the assistance of the U.S.
Bath Iron Works Shipbuilders.”

Taipei has long considered modernization of its
missiles and access to related electronics technolo-
gies of vital importance to the island’s defense. As
aresult, Taiwan has sought to improve its air defense
system and upgrade its current inventory of U.S.
AIM-9 Sidewinder, Hawk, Maverick, and Nike
Hercules systems (among others). The country’s
modest missile production program is based at
CIST. This R&D center has developed the Hsuing
Feng, a licensed-produced version of Israel’s Gab-
riel 2 antiship missile, and the Ching Feng, a
medium-range, surface-to-surface missile. Although
CIST claims to have produced this latter missile
indigenously, analysts concur that the Ching Feng
was probably reverse engineered from the Lance, a
U.S. missile currently in Israel’s inventory. CIST
also is producing a shorter range missile, the Kun
Wu, an antitank, wire-guided missile (a variant of
the Soviet AT-3 Sagger) .32

Equipment for Taiwan’s ground forces is pro-
duced under the Defense Ministry’s Combined

28For a thorough analysis of Taiwan’s IDF program, see *‘Fighter Made in Taiwan,”” Defense Asia-Pacific, vol. 2, 1989, pp. 4-7.

BGilbert, op. Cit., footnote 24, p. 436.
3+ 'Fighter Made in Taiwan,” op. cit., footnote 29, p. 7.

31¢“Taiwan T. Start Building Warships,”” Defense Asia-Pacific, vols. 3/4, 1989, p. 10.
32Jane’s Defense Weekly, Nov. 17, 1984, p. 890; and Shim Jae Hoon, “Chinese Missile Sales Shake Taiwan’s Diplomatic Ties,” Far Eastern

Economic Review, June 2, 1988.
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Service Forces (CSF). CSF has three departments
related to arms production:

1. the Military Industrial Service, manufacturer of
ordnance and related electronics and communi-
cations equipment;

2. the Military Vehicles Production Service (also
known as the Fighting Vehicles Development
Center), producer of armored vehicles; and

3. the Quartermaster Service, manufacturer of

uniforms, gas masks, parachutes, and other
materiel.

The Military Vehicles Production Service is the
largest and most important of these departments. It
has designed and produced various armored vehi-
cles, including an armored infantry fighting vehicle
based on the U.S. M-118 armored personnel carrier,
and a light, Type 64 tank derived from the U.S.
M-41. Currently, this department is developing a
medium-weight main battle tank.”

Government Promotion of
Defense-Industrial Linkages

The Taipei Government has actively promoted
export-oriented industrialization in conjunction with
defense production activities through the develop-
ment of indigenous R& D as well as through foreign
transfers of technology. Since the late 1960s, Tai-
wan's decentralized science and technology policy
has focused on institution building. The National
Science Council (NSC), created in 1967, has been
responsible for overall guidance, coordination, and
evaluation of R&D activities (including higher
education) in the public and private sectors. Between
1977 and 1987, NSC financed between 50 and 65
percent of the country’s total spending on R&D.*
Such financing has been considered necessary due to
the lack of R&D investment by Taiwan's small to
medium-sized manufacturing fins. Out of the
approximately 2 percent of GDP spent on R&D,
primary emphasis is given to engineering fields,
accounting for 70 percent of total R& D expenditure
during the 1977 to 1987 period.”

In 1973 the Industrial Technology Research Insti-
tute (ITRI) was established to promote public and
private R&D for defense-related applications. Today
ITRI is Taiwan's leading R&D institution and has
played a critical role in the development of the
country’s high-technology defense-related industries.
It both introduces its own R&D products to industry
and facilitates transfers of technology through its
extensive network with universities, research cen-
ters, and domestic as well as multinational firms.

In an effort to boost private sector involvement in
such critical industries as semiconductors, €lectron-
ics, precision machinery, and metallurgy, the gov-
ernment established the Hsinchu Industrial Park in
1980. Modeled after California's Silicon Valley, the
government solicited high-technology firms by pro-
viding tax and duty exemptions, and subsidized
facilities such as factory buildings, transportation,
and communications networks. The Park’s location
near Taiwan's premier universities is also meant to
attract high-tech firms. By 1989 over 98 firms em-
ploying 17,000 people had located in the Park. Total
production in 1988 was valued at $1.7 billion.”

The outlook for Taiwan's continued pursuit of
indigenous development of sophisticated weapons
systems is circumspect. For the foreseeable future,
Taiwan's arms industries will remain dependent on
foreign suppliers of advanced subsystems (avionics
and engines) and manufacturing technology. Addi-
tionally, despite efforts by ITRI, the linkage of
applied, private sector R&D to defense-related
activities is still embryonic. Further efforts have
been frustrated because of the country’s “talent
gap” —the brain drain to the United States of
Taiwan's highly skilled scientific and technical
personnel. Finaly, athough exports of military
equipment to regional neighbors could help recuper-
ate the heavy investments in defense production,
access to such markets is likely to be constrained by
the countervailing pressures imposed by the PRC.
Nevertheless, Taiwan's strong export performance,
especialy of mid-tech eectronics, will be employed
by Taipei as an economic bridge to expand and
strengthen its foreign relations.

33A.3. Gregor, R.E. Harkavy, and S.G. Neuman, “Taiwan: Dependent Self-Reliance,“ inBrzoska and Ohlson, op. cit., footnote 13, pp. 239,243.
343ee Walter Arnold, ““Science & Technology Development in Taiwan and South Korea,”” Asian Survey, vol. 28, No. 4, April 1988, pp. 437-450.

35Paul K C. Liu, Ying-Chuan Liu, and Hiu-Lin WU, “New Technologies, Industry, and Trade — The Taiwan EXperience,” Industry of Free China,
vol. 72, No. 4, October 1989, pp. 23-35, and Industry of Free China, vol. 72, No. 5, November 1989, pp. 7-24.

36Bob Johnstone, “ Taiwan' s Hi-Tech Hothouse,” Far Eastern Economic Review, Aug. 31, 1989, p. 47, and “Hi-Tech Dilemma,”’ Far Eagtern

Economic Review, May 15, 1986.
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THE DEFENSE INDUSTRY
OF AUSTRALIA

The 1969 Guam Doctrine and subsequent U.S.
foreign policies towards the Asia-Pacific region led
Australia in the 1980s to reconsider its forward
defense posture in favor of a strategy that empha-
sized increased autonomy and self-reliance. Conse-
guently, to reduce the country’s heavy dependence
on imports of U.S. defense equipment, the Austra-
lian government has attempted to expand its small
defense industrial base (primarily through increased
domestic weapons procurement) and to promote
overseas exports of local defense products. Addi-
tionally, the Australian Armed Forces were reorgan-
ized during the mid- 1980s to meet the priorities of
first, defending the country, and second, securing
Australia’'s sphere of influence in the Southeast
Asian-Pacific region.

As various analysts have pointed out, defense
planning is exceedingly difficult because, in con-
junction with the country’s continent size and vast
coastlines, Australia faces no clear, direct military
threat.” Instead, Australia’s strategic concerns are
largely regional, deriving from instabilities caused
by the Soviet military buildup of the 1970s and by
its northern neighbor, Indonesia. Australia’'s rela-
tions with Indonesia have often been strained be-
cause of the latter’'s 1963 to 1966 confrontation with
Malaysia, and more recently, Timor. Though an In-
donesian threat to Australia is not considered
serious, India’ s rapid expansion of its carrier-based
naval fleet is of some concern to Australia’s Royal
Navy.

Australia also plays a strong regional role in the
South Pacific, where smaller nations with more
limited economic and defense resources have looked
to Australia as the region’s policeman. The largest
recipient of Australian military assistance is Papua
New Guinea, whose territory has been invaded by
Indonesian “hot pursuit” raids (see figure 11-6).

In view of potential regiona destabilization,
Australia has strengthened its defense cooperation

program with ASEAN states, especially Singapore
and Malaysia. This regional security role has been
reinforced under the Australia-New Zealand-United
States (ANZUS) defense treaty, as well as through
the Five Power Defense Arrangement (Australia,
New Zealand, United Kingdom, Singapore, and
Malaysia). Under these security arrangements Aus-
tralia has provided training and advisory assistance
as well as joint military exercises and exchange
visits of military personnel. The Royal Australian
Air Force (RAAF) has deployed two Mirage fighter
squadrons in Malaysia and has provided P-3C
surveillance aircraft to Singapore and Malaysia.™

Defense Production in Australia

Australia’s unigue strategic position and conse-
guently small military procurement budget have
deterred the development of an extensive defense
industrial base. In addition, with respect to the
acquisition of military equipment generally, there
has been a strong predilection by the military
towards overseas imports, especially from the United
States. In the public sector, the dockyards, eight
munitions factories, and one aircraft company con-
tinue to perform the same defense work as during
World War |1, namely, overhaul and refurbishment
of aircraft and naval vessels and the production of
communications and ground force equipment.”
However, most of Australia’s defense production
activity is located in the private sector, which
primarily consists of aircraft-related industries.

Aircraft

The Australian Aircraft Consortium consists of
the Government Aircraft Factories, Commonwealth
Aircraft Corp., and Hawker de Havilland. This
consortium is developing a new Australian basic
trainer for the RAAF and for export. The Govern-
ment Aircraft Factories manufactures the indigenous
Jindivik remotely piloted vehicle and the Nomad
light transport aircraft.

Hawker de Havilland is the licensed producer of
the Swiss PC-9 trainer. Under U.S. license this
company also assembles Blackhawk and Seahawk

37See Robert O"Neill, *Strategic Concepts and Force Structure in R. 0’Neitl and D. Homer (eds.), Australian Defense Policy for the 1980s (St.

Lucia: University of Queensland Press, 1982).

38p.D. Hastings, ‘‘Australian Regional Defence Cooperation in the 1980s,” in ibid., and Australian Senate Standing Committee on Foreign Affairs
and Defense, Australians Defense Co-operation With Its Neighborsin the Asian-Pacific Region (Canberra: Australian Government Publishing Service,

1984).

39p, Dibb, Review of Australia’s Defense Capabilities, Parliamentary Paper No. 163 (Canberra: AustralianGovernment Publishing Service, 1986),

pp. 110-111.
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Figure 11-6-Recipients of Australian Defense
Cooperation Funds, 1988-89
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SOURCE: Office of Technology Assessment, from data in Graeme Cheese-
man, “Australian Defence Exports,” The Pacific Review, vol. 2,
No. 3, 1989.

helicopters and manufactures the airframe and
landing gear for the U.S. F/A-18 Hornet. The
company provides civil aircraft subassemblies for
the Boeing 737, 747, and 757, the MD80, and the
Airbus A300 and A320, and manufactures parts and
assemblies for the U.S. F404 jet engine. With annual
sdles of approximately $100 million, de Havilland’s
production is divided 60 percent for the domestic
market and 40 percent for export.

Naval

Barrington Slipways Pty. Ltd. is a shipbuilding
company that produces tugs, oil-rig supply vessels
and an amphibious heavy-lift ship for the Royal
Australian Navy (RAN). De Havilland Marine
manufactures the Carpentaria= and Capricornia-
class patrol boats. Managed by the Office of Defense
Production, Garden Island Dockyard is involved in

the repair and refit of the RAN guided missile
destroyer modernization program. Vickers Cocka-
too Dockyard Pty. Ltd. performs naval overhaul
work, including submarines, and construction of
warships and heavy naval vessels for the RAN.

Small Arms and Ordnance

The Australian Government’s Office of Defense
Production includes the Government Aircraft Indus-
tries and the nine ordnance factories. The latter
produce under license munitions, naval artillery, and
small arms (the LIAl assault rifle and the F-1, a
locally designed 9 mm submachine gun). Amal-
gamated Wireless Ltd. is the manufacturer of the
Jindalee over-the-horizon-backscatter radar. The
battlefield optical fiber cable short-haul communi-
cations system, and the HF jammer system for the
Australian Army. Amalgamated is also participating
in the project definition study for the RAN’s new
submarine program.

The potential development and expansion of these
defense industries is frustrated by the lack of
effective guidance from the Ministry of Defense. For
example, during a 1974 Industries Assistance Com-
mission’ s inquiry into the Australian aerospace sec-
tor, Australian aircraft manufacturers complained
that “the lack of any real policy guidelines. . . from
the Government” regarding defense procurement
inhibited any corporate strategic planning for meet-
ing the armed forces' defense requirements. Ten
years later, a review of the government’s own

R

Photo credit: U.S. Department of Defense

The Royal Australian Air Force procured 75 F/A-I 8 Hornet
fighters, which were licensed-produced in Australia by
companies operating under the Australian Aircraft
Consortium. Production began in the early 1980s, and
the last Hornet fighter was delivered in May 1990.
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defense industries acknowledged that “despite sig-
nificant past expenditure the capabilities and capaci-
ties of the Government's defense factories and
dockyards are ill-matched to our strategic needs.”“

To redress Australia s inadequate defense indus-
trial base in the face of its policy of self-reliance, in
the mid-1980s the government initiated a four-
pronged strategy:

1. rationalization of public-sector defense indus-
tries;

2. expansion of defense-related R&D activity;

3. facilitation of greater private-sector involve-
ment in defense production, particularly in the
local aircraft, electronics, and shipbuilding
industries; and

4, promotion of Australia's defense exports.

Of the four, R&D investment and exports have been
accorded the highest priority.

Although Australias main R&D organization,
the Defense Science and Technology Organization
(DSTO), has designed a few sophisticated weapon
systems such as the Jindalee radar, its capabilities
are limited. In fact, observers have commented that
DSTO in effect represents a liability because of its
limited interaction and cooperation with those or-
ganizations engaged in defense-related R&D (aca-
demic ingtitutions, other government R&D organi-
zations, such as the Atomic Energy Commission,
and high-technology firms). In large part this weak
link between government R&D and the defense
industry results from inadequate government fund-
ing: defense R&D is approximately 3 percent of total
defense outlays.

Since 1985 the Australian Government, in con-
junction with the Ministry of Defense, has instituted
a policy aimed at increasing overseas sales of
defense products and services. The objective was to
establish Australia as a regional “center of defense
excellence,” given its already favorable position
within ASEAN and the South Pacific. According to
one Australian defense industry analyst such meas-
ures include the following:

1. technical and R&D assistance from related
government departments, including use of gov-
ernment |laboratories and test facilities;

2. marketing assistance through the Australian
Trade Commission and in concert with defense
personnel (embassy staff, endorsements pro-
vided by the armed forces, etc.);

3. provision of spares held in the ADF's inventory
to secure arms export agreements and speed
delivery times;

4. offset credits for potential buyers of Australian
defense products; and

5. joint ventures between Australian and overseas
firms as a means of increasing export competi-
tiveness. “ (Hawker de Havilland’s involve-
ment in the McDonnell Douglas MDX heli-
copter project is a recent example. )42

These measures were not only directed at securing
a market niche for Australian firms in the interna-
tional arms trade, but were also implemented to
offset endemic balance-of-payments problems stem-
ming from imports of foreign military hardware.
(Approximately 23 percent of the total defense
budget—in 1986-87 A$l.72 billion-is spent on
imports of defense equipment and related technol-
ogy transfers. )43

To date, Australian defense exports have been
relatively modest. They vary from A$100 million to
A$500 million per year and consist primarily of
small arms and ammunition.”The largest importers
of Australian equipment are from the industrialized
countries (the United States and the United King-
dom). Still, Australia’s regional neighbors through
the Defense Cooperation Program have been impor-
tant purchasers as well. Indonesia has purchased
Sabre aircraft, patrol boats, and Sioux helicopters.
Papua New Guinea has imported Nomad surveil-
lance aircraft, and Malaysia and the Solomon Islands
have bought 16-meter patrol boats. However, the
combined effects of overcapacity of production in
world arms markets and Australia’' s relatively small
and unsophisticated defense sector suggest that
Australia’s export potential will remain extremely
limited.

“Cited iN Desmond Ball, “National Security Policy,” in 0'Neitt and Horner, Op. cit., footnote 37, p. 147. See also Dibb, op. cit., footnote 39.
41gee Gracme Cheeseman, ‘‘Australian Defence EXpOrts,” The Pacific Review, vol. 2, No. 3, 1989, pp. 221-222.
42p. Lewis Young, “Australia Abandoning Mind-Set of Fighting OtherGuy’s War,” Armed Forces Journal International, November 1989, p. 46.

4Cheeseman, °P- CIT., footnote 41, p. 221.
“1bid., 0. 220.
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Appendix A
List of Acronymns

A-12 — Advanced Tactical Aircraft

ABRI — Indonesian Armed Forces

ACDA  — Arms Control and Disarmament Agency

ADD — Agency for Defense Development (South
Korea)

ADF — Augdtralian Defence Forces

AECA  — ArmsExport control Act

AFV — Armored Fighting Vehicle

AIDC — Aero Industry Development Center
(Taiwan)

ANZUSs — AudtraliaNew Zealand-United States
Defense Treaty

APC — Armored Personnel Carrier

ASEAN — Association of Southeast Asian Nations

ASW — Anti-Submarine Warfare

ATBM  — Advanced Tactical Balistic Missile

ATF — Advanced Tactical Fighter

AWACS — Airborne Warning and Command System

BAe — British Aerospace

BEL — Bharat Electronics Ltd. (India)

BEML  — Bharat Earth Movers Ltd. (India)

BPPI’ — Agency for Development and Application

of Technology (Indonesia)

BRITE — Basic Research into Industry Technology
for Europe

CASA  — Construciones Aeronautical SA (Spain)

CAIT — Conventional Arms Transfer Talks

CCMS  — Committee for the Challenges of Modem
Society NATO)

CFE — Conventional Forces in Europe

CIsT — Chungshan Ingtitute of Science and
Technology (Taiwan)

CNAD  — Conference of National Armaments
Directors (NATO)

CoCorn — Coordinating Committee on Multilateral
Export Controls

CPM — Naval Research Center (Brazil)

CsC — China Shipbuilding Corp. (Taiwan)

CSCE — Conference on Security and Cooperation
in Europe

CSF — Combined Service Forces (Taiwan)

CTA — Aerospace Technical Center (Brazil)

— Army Technical Center (Brazil)

DASA  — Deutsche Aerospace

DCS — Direct Commercial Sales

DoD — Department of Defense

DPACT — Defense Policy Advisory Committee on
Trade

DRDL  — Defense Research and Development

Laboratory (India)

DRDO  — Defense Research and Development
Organization (India)

DSAA  — Defense Security Assistance Agency

DSTO  — Defense Science and Technology
Organization (Austraia)

DTSA — Defense Technology Security
Administration

EAA — Export Administration Act

EC — European Community

EFA — European Fighter Aircraft

EIA — Electronics Industry Association

ESPRIT — European Strategic Program of Research

in Information Technology
EUCLID — European Long-term Initiative for

Defense

EUREKA — European Research Coordinating Agency

EW — Electronic Warfare

EX-IM  — Export-Import Bank

FAMA-  — Fubria Argentina de Materials
Aerospaciales

FHI — Fuji Heavy Industries

FMS — Foreign Military Sales

FSX — Fighter Support/Experimental

GaAs — Gallium Arsenide

GAO — Genera Accounting Office

GAIT — General Agreement on Tariffs and Trade

GD — General Dynamics

GDP — Gross Domestic Product

GNP — Gross National Product

HAL — Hindustan Aircraft Ltd. (India)

HDW — Howaldtswerke Deutsche Werft Ag.

IAE — Ingtitute for Space Activity (Brazil)

IAF — Indian Air Force

[Al — lsradl Aircraft Industries

IDF — Indigenous Defense Fighter (Taiwan)

IDF — lIsraeli Defense Forces

IEPG — Independent European Program Group

[HI — Ishikawajima-Harima Heavy Industries

MI — lsrael Military Industries

INPE — National Space Research Institute (Brazil)

IPTN — IPT Nusantura (Indonesia)

IR&D — Independent Research and Devel opment

IT'AR — International Traffic in Arms Regulations

ITRI — Industrial Technology Research Ingtitute
(Taiwan)

JDA — Japan Defense Agency

JDF — Japan Defense Forces

JESS| — Joint European Submicron Silicon
Initiative

JMTC — Joint Military Technology Commission
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KFP — Korean Fighter Plane

KHI — Kawaski Heavy Industries

LCA — Light Combat Aircraft (India)

MASHA — Renovation and Maintenance Centers—
Israel Defense Forces

MBB — Messerschrnitt-Bolkow-Blohm

MBT — Main Battle Tank

MDAA  — Mutua Defense Assistance Agreement

MDL — Magazon Docks Ltd. (India)

MDNL  — Mishra Dhata Nigam Ltd. (India)

MELCO — Mitsubishi Electric Co.

MHI — Mitsubishi Heavy Industries

MITI — Ministry of International Trade and
Industry (Japan)

MLRS  — Multiple Launch Rocket System

MOA — Memoranda of Agreement

MOD — Ministry of Defense

MOFA  — Ministry of Foreign Affairs (Japan)

MOU — Memoranda of Understanding

MTCR  — Missile Technology Control Regime

NATO  — North Atlantic Treaty Organization

NSC — Nationa Science Council (Taiwan)

OECD  — Organization for Economic Cooperation
and Development

OMC — Office of Munitions Controls

OPEC — Organization of Petroleum Exporting
Countries

OTA — Office of Technology Assessment

OTH — Over-the-Horizon

PD 13 — Presidential Directive on Arms Transfer
Policy

PLC — Private Limited Corporation

PRC — People's Republic of China

R&D — Research and Development

RAAF  — Royal Austrdian Air Force

UAV
USA
USAF
USN
uTC
WEU
WWII

— Research and Development in Advanced
Communications for Europe

— Royal Australian Navy

— Research, Development, Test, and
Evaluation

— Republic of China

— Republic of Korea

— Remotely Piloted Vehicle

— Rationalization, Standardization, and
Interoperability

— Singapore Aerospace Manufacturing Co.

— Strategic Defense Initiative

— Strategic Defense Initiative Organization

— Stockholm International Peace Research
Ingtitute

— Service Life Extension Program

— Singapore Shipbuilding and Engineering

— Singapore Technologies Aerospace

— Singapore Technology Corp.

— lsrael Military Industry

— Tube-launched Opticaly tracked Wire
Command-Link Guided Missile

— Technical Research and Development
Institute (Japan)

— United Kingdom

— United Nations

— United States

— Union of Soviet Socialist Republics

— Unmaned Aerial Vehicle

— United States Army

— United States Air Force

— United States Navy

— United Technologies Corp.

— Western European Union

— World War |1
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