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Chapter 9

The Composition of Trade

Many of the changes occurring in U.S. trade can
only be understood by examining specific sectors.
Themes developed in earlier chapters, such as the
rapid diffusion of information technologies, the in-
creased importance placed on flexibility and adapt-
ability, and the higher degree of interfirm linkage,
also apply in an international context—but unlike
the discussions of networks in chapters 3 and 6, the
present chapter is limited to a brief analysis of pro-
duction sectors heavily involved in international
trade. These include:

● autos,
● textiles and apparel,
● machine tools,
● agriculture,
● energy,
● construction,
● business services, and
● computer software.

Among other things, the discussion covers the “ex-
port” portion of final demand (see figure 1-4 of ch. 1).

● semiconductors,
● drugs and medical supplies,

MANUFACTURING

High-Technology Trade

The variety of existing definitions of “technology
intensive” has led to confusion and contradictory re-
sults in analyses of the position of U.S. producers
in export markets. Part of the dilemma involves the
curious combination of processes associated with the
high-technology industry. “High technology” can
range from advanced research and development fa-
cilities, product development, or marketing to rela-
tively primitive manufacturing operations. Indeed,
assembly of the most sophisticated computer or tele-
communications device may involve a production
process virtually identical to the one traditionally
used to produce garments, and skill levels of the
employees involved are often roughly equivalent.1

Therefore, while part of the enterprise may draw an
advantage from an ability to use technology effec-
tively, part of the work may depend on the avail-
ability of inexpensive labor.

Much of the production of high-technology goods
has become a global operation, with components
shipped to a variety of different countries before fi-
nal assembly-leaving a complex trail of value-added
around the world. Moreover, different countries have

established very different strategies for producing
high-technology goods. For example, U.S. produc-
ers have taken advantage of low-wage foreign as-
sembly of semiconductors: in 1983, nearly 80 per-
cent of U.S. circuits were assembled abroad. The
Japanese, however, have kept manufacturing close
to their design facilities, and assemble 90 percent
of their circuits at home.2 The complexity of this sit-
uation makes it difficult to assess accurately differ-
ences in national comparative advantage.

Decisions about whether or not to produce a tech-
nology-intensive product in the United States depend
on complex factors, few of which are easy to include
in an assessment of comparative advantage. While
some high-technology products (such as generic
drugs or semiconductor memory chips) lend them-
selves to economies of scale and mass production,
others (such as application-specific semiconductors
and private branch exchange (PBX) systems) require
close contact and coordination with a customer. Fur-
thermore, many high-technology goods (particularly
pharmaceuticals) are produced offshore to avoid U.S.
regulations or trade restrictions.

‘M. Fernandez-Kelly, For We Are Sold, land My People: Women and
Industy in Mexico’s Frontier (Albany, NY: State University Press, 1983).
See p. 310 for definitions of “high technology.”

‘Charles Ferguson, “American Microelectronics in Decline: Evidence,
Analysis and Alternatives,” paper prepared at the Massachusetts Insti-
tute of Technology, Cambridge, MA, November 1985.
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The United States still commands a much larger
share of world technology-intensive exports than any
other nation. The Organization for Economic Coop-
eration and Development (OECD) estimated that in
1982, only three countries—Japan, Britain, and the
United States—had an overall comparative advan-
tage in “high R&D intensive industries” (aerospace,
office machines, electronics and components, drugs,
instruments, and electrical machinery); and only
four—the United States, Japan, Germany, and Can-
ada—in “medium R&D intensive industries” (autos,
chemicals, non-electrical machinery, rubber& plas-
tics, and non-ferrous metals).

However, the United States lost market share in
all products except computers and consumer elec-
tronics between 1970 and 1980. Of the 10 high-tech-
nology products considered,3 the United States lost
market share in 8 while Japan gained in 10. The
overall pattern is striking: U.S. losses are almost per-
fectly mirrored by Japanese gains.

Between 1965 and 1982, U.S. exports of ten broad
product categories grew only slightly more slowly
than those of all of the other large suppliers (the 14

3 U.S. Department of commerce, “An Assessment of U.S. Competi-
tiveness in High Technology Industries,” Washington, DC, 1983, pp.
44-45. The product groups considered are drugs & medicines, business
machines & equipment, computers, electrical and electronic machines
& equipment, telecommunications equipment, electronic components,
consumer electronics, jet engines, aircraft, and scientific instruments.

4 Guided missiles; communications equipment and electronic com-
ponents; aircraft & parts; office, computing, & accounting machines;
ordnance; drugs & medicines; industrial organic chemicals; scientific
instruments; engines, turbines & parts; and plastic materials, synthetic
resins, rubber & fibers.

largest OECD countries), with the exception of Ja-
pan. Japan’s high-technology exports grew by an
average of 21.9 percent per year during this period,
compared to 15.5 percent for the United States and
16.1 percent for all other countries taken as a group.5

Since 1965, Japan’s share of all high-technology ex-
ports has more than doubled, from 7.2 percent in
1965 to 17.3 percent in 1982.

By the OECD’s measure, however, the “erosion”
of U.S. comparative advantage in these industries
has been slight. In the high R&D intensive indus-
tries, the comparative advantage of three countries—
the United Kingdom, France, and Japan—increased
during 1970-83; Japan also “shed” its advantage in
low R&D intensive industries most rapidly. The com-
parative advantage of the Netherlands, Sweden, and
particularly Germany increased in the medium R&D
intensive category.

An examination of imports (see table 9-l), how-
ever, reveals strikingly different patterns. Japanese
import penetration, low in all areas of manufactur-
ing, increased only slightly during 1970-80. At the
beginning of the period imports were low in the
United States, as in Japan. But import penetration
increased rapidly in the United States. Between 1974
and 1981, U.S. high-technology imports grew nearly
twice as fast as output for domestic consumption.6

5 Victoria Hatter, “U.S. High Technology Trade and Competitiveness, ”
Office of Trade and Investment Analysis, International Trade Adminis-
tration, U.S. Department of Commerce, Washington, DC, 1985.

6 Lester Davis, “New Definition of ‘High Tech’ Reveals That U.S. Com-

petitiveness in This Area Has Been Declining,” Business America, vol.
5, No. 2, Oct. 18, 1982.

Table 9-1 .—Rates of Import Penetration for Manufacturing: International Comparisons

High R&D -
intensive industries

Country 1970 1975 1980

United States . . . . . . . . . . . . . . . . . 4.8 7.7 14.3
Japan . . . . . . . . . . . . . . . . . . . . . . . . 6.6 6.4 7.9
Germany . . . . . . . . . . . . . . . . . . . . . 21.6 28.4 42.5
France . . . . . . . . . . . . . . . . . . . . . . . 23.1 23.3 28.8
United Kingdom . . . . . . . . . . . . . . . 18.6 31.2 44.2
Italy . . . . . . . . . . . . . . . . . . . . . . . . . 18.3 25.3 33.4
Canada. . . . . . . . . . . . . . . . . . . . . . . 42.6 45.7 58.0
Australia . . . . . . . . . . . . . . . . . . . . . 42.2 39.7 43.1
Netherlands. . . . . . . . . . . . . . . . . . . 71.0 67.8 69.8
Sweden . . . . . . . . . . . . . . . . . . . . . . 44.9 46.1 54.6
Belgium . . . . . . . . . . . . . . . . . . . . . . 75.7 87.3 N.A.

Medium R&D - Low R&D -
intensive industries intensive industries

1970 1975 1960 1970 1975 1980

7.0 8.9 11.2
5.5 5.0 6.9

22.8 27.4 33.4
23.7 26.0 31.6
22.0 29.3 43.1
23.8 27.7 41.8
58.5 59.2 59.2
30.6 30.4 32.5
80.5 79.3 85.6
44.4 48.1 53.5
88.0 86.3 N.A.

4.8 5.7 6.1
3.5 4.4 5.4

16.8 21.6 27.4
11,8 14.7 17.7
13.4 17.4 18.4
11.9 17.8 25.4
12.7 14.1 13.8
14.2 14.8 18.5
38.3 43.4 51.0
23.1 27.2 28.3
40.3 48,8 64.0

NA = Not available.

SOURCE: Organization for Economic Cooperation and Development, OECD Science and Technology Indicators II Resources Devoted to R&D, Technological Perform-
ance and Industrial Competitiveness and Annex, 1985.
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Japanese high-technology imports from the United
States have, however, also grown rapidly in the past
few years, increasing 42 percent during 1982-86.7

Japanese trade in semiconductors is shown in ta-
ble 9-2. While the Japanese share of both U.S. and
world markets grew substantially during 1982-85,
more than 90 percent of Japanese demand for these
products was met by Japanese suppliers at a higher-
than-market price. Indeed, many of the Japanese
firms that produce semiconductors (Hitachi, Toshiba,
Fujitsu, and NEC) were also major consumers of
these devices, and the higher costs were absorbed
because management was willing to undertake a
long-term development program.8

Another analysis of U.S. performance indicates that
since 1962 the U.S. world market share has declined
in 10 out of 17 technology-intensive sectors, though
in four of them—telecommunications apparatus, me-
dicinal & pharmaceutical products, scientific, medi-
cal & controlling instruments, and plastics—shares
seem to have stabilized or improved slightly between
1977 and 1982.9 While its international trading po-
sition in aircraft has declined, the United States still
holds a commanding 45 percent of the world mar-
ket. Market share in 2 of these 10 products—office
machines and photographic supplies—has declined
only slightly.

A set of case studies suggests that U.S. firms con-
tinue to perform relatively poorly in areas such as
semiconductor memory chips, telephone hand-sets,
and generic drugs, where comparative advantage de-

TWi]]lam  Finan, pery  Quick,  and Karen Sandberg, “The U.S. Trade
Position in High Technology: 1980-1986,” report prepared for the U.S.
Congress, Joint Economic Committee, Washington, DC, October 1986,
pp. 10-12.

Sc. Ferguson,  op. Cit.,  footnote z.
9Michae]  Ah. and f-foward  Rosen, “Trends in Technology Intensive

Trade: With Special Reference to U.S. Competitiveness,” Bureau of In-
ternational Labor Affairs, U.S. Department of Labor, 1980; and United
Nations, Statistical Yearbook: 198,?, New York, NY, 1984.

pends primarily on price, while the Nation continues
to do well in areas such as application-specific semi-
conductors, advanced telecommunication systems,
and biotechnologies-all of which require careful co-
ordination with the consumer. The characteristics
of these specialized markets often require that pro-
duction facilities be located close to customers be-
cause it is necessary to adapt new products to shift-
ing consumer needs.

The extent to which this U.S. advantage could be
challenged by skillful foreign producers is largely un-
known. There is reason to believe that markets for
specialty products will increase as both industrial and
individual customers begin to appreciate the flexi-
bility inherent in new production technology. This
would seem to benefit U.S. producers. On the other
hand, the Japanese have proven successful at en-
tering specialty markets and exploiting flexible chip
production systems. They have, for example, estab-
lished 25 to 50 design centers for semiconductors
around the world.10 Relatively standardized products
can be made at a central location and adapted
through software or site assembly to fit a variety of
different applications. Both of these effects would ap-
pear to work to the disadvantage of U.S. firms in-
capable of competing in the production of the basic
good. Some of the value-added would, of course, still
remain in the United States, although not necessarily
in the hands of a U.S.-owned firm.

Semiconductors

The dramatic reversal of the U.S. role in the open
market for “merchant” semiconductor manufactur-
ing is symptomatic of the problems the United States
is facing.11 The United States is in grave danger of

Ioc.  Ferguson, op. cit., footnote 2
I Isee further discussion of competitiveness in this and other indus-

tries in N. Bruce Hannay, “Technology and Trade: A Study of U.S. Com-
petitiveness in Seven Industries, “ in R. Landau and N. Rosenburg, The
Positive Sum Strategy (Washington, DC: National Academy Press, 1986).

Table 9-2.—Japanese Semiconductor Market Shares by Region

Year North America Western Europe Japan Rest of world Total

1982 11 7 90 31 33
1983 13 8 91 33 37
1984 16 10 91 34 38
1985 18 11 92 35 40
SOURCE: Charles Ferguson, “American Microelectronics in Decline: Evidence, Analysis, and Alternatives,” Massachusetts Institute of Technology, Cambridge, MA,

November 1985; based on data from Smith Barney, Dataquest, Semiconductor Industry Association, and The New York Times.
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losing its leadership in both the design and the pro-
duction of semiconductors sold on the open mar-
ket. On the other hand, the sharp decline in the la-
bor content of semiconductors, and the increasing
need to tailor semiconductors and products associ-
ated with them to specific markets, seems to indi-
cate that competitive position in this area will in-
creasingly depend on skills in managing and
marketing technology rather than on low wages.

Loss of U.S. leadership may be partly due to
changes in the structure of the industry: where rela-
tively small, entrepreneurial firms funded by ven-
ture capital used to enjoy profitable operations in
well-defined market niches, the industry now re-
quires the management skills, capital resources, and
patience of a major firm. Major Japanese firms en-
tering the semiconductor business were able to pro-
vide such resources, while small U.S. firms had dif-
ficulty expanding.

Both the development and production costs of
semiconductors have grown explosively. The 32-bit
microprocessor chips now entering the market will
sell for as little as $100, but are as powerful as the
large mainframe computers operating a decade ago.
Their development was a major undertaking, requir-
ing a complex network of computer-assisted design
and simulation equipment that cost at least $50 mil-
lion. A semiconductor manufacturing facility could
be purchased for $2 million in 1975, while a state-
of-the art facility for producing a “very large-scale”
integrated semiconductor device today may cost up
to $200 million. Components of the manufacturing
process have themselves become extraordinarily
complex and expensive. Masking units that cost $2
million for the semiconductors of the late 1970s cost
$15 million for 256k-chip production in the mid
1980s. Optical systems that once cost up to $300,000
have been replaced by computer-driven electron-
beam devices capable of sub-micron resolution cost-
ing $3 to $4 million.

The severe reduction in world demand for semi-
conductors in 1985 (sales were down by 18 percent)
increased the problems of U.S. producers. Large Jap-
anese firms maintained market share while U.S. pro-
ducers suffered 25 to 60 percent losses.12 Many
smaller firms were forced to sell technology to com-
petitors, including the Japanese.

Various factors have been responsible for the
emergence of the Japanese semiconductor industry:

●

●

●

●

a capacity for effective reverse engineering;
a management system capable of coordinating
large, expensive, and technologically sophisti-
cated development and production operations;
a strong focus on specialized, high-volume prod-
ucts; and
a national program that successfully blocked im-
ports during a critical period of the industry’s
development.

The dramatic progress of Japanese skills in this area
is highlighted in table 9-3. The Japanese captured
only a small share of the semiconductor market in
the 1970s, but dominated semiconductor production
by the 1980s.

The Japanese have also begun to challenge U.S.
producers in the initial design of advanced mem-
ory units, and even of the more sophisticated
microprocessor units. In what maybe a classic case,
Hitachi has become Motorola’s second source pro-
ducer of its MC68000 chip. And using an improved
semiconductor technology (CMOS), Motorola is now
a second source producer for Hitachi’s chip. The
large Japanese firms are also challenging U.S. pro-
ducers in the development of the 32-bit processors
that represent today’s state of the art. The Japanese
are expected to have a virtual world monopoly on
one-million bit memory units available in open mar-
kets (IBM and AT&T have proprietary designs not
sold on the open market, in part because of anti-
trust considerations).

The strategy giving the Japanese this lead has also
propelled them into a leading position in equipment

Table 9-3.—Japanese Share of World Markets
in Random Access Semiconductor Memories

Integration level Japanese share of
(thousands of world markets

bits/chip) (percent)

1970 . . . . . . . . 1 0
1974 . . . . . . . . 4 5
1978 . . . . . . . . 16 40
1982 . . . . . . . . 64 70
1985 . . . . . . . . 256 85
1987 (est.) . . . 1,000 90
SOURCE: Charles Ferguson, “American Microelectronics in Decline: Evidence,

Analysis, and Alternatives,” Massachusetts Institute of Technology,
Cambridge, MA, November 1985, baaed on data from Dataquest, Ham-
brecht & Quist, and the Semiconductor Industry Association.12 C. Ferguson, op. cit., footnote 2.
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designed to produce advanced semiconductors. De-
vices for optical masking at megabit levels are sold
by four Japanese companies and one U.S. company,
Teradyne, which is struggling to maintain its mar-
ket position. Three of the Japanese firms are owned
by semiconductor producers (Fujitsu, NEC, and
Hitachi).

U.S. losses to Japanese producers in these areas
were not primarily due to unique Japanese access
to materials or labor, but owed much to trade pol-
icies, dynamic management, and marketing strate-
gies designed to capture the benefits of economies
of scale. The strategy succeeded primarily because
of Japanese ability to learn rapidly and continuously,
at first through acquisition of U.S. technology in open
purchases and reverse engineering and more re-
cently through independent innovation.

Telecommunications

Like semiconductors, telecommunications equip-
ment is a curious amalgam of mass produced,
commodity-type products, such as telephone hand-
sets that compete primarily on the basis of price, and
highly sophisticated, specialized products requiring
close interaction with customers during initial instal-
lation and servicing. U.S. producers have virtually
abandoned the commodity market to low-wage na-
tions. AT&T ceased domestic production because it
could not compete with low-wage production from
overseas despite the low labor content of hand-sets.

The shifting value of the dollar, especially in com-
parison to the yen, may be changing this calculus.
Tokyo-based Fujitsu has begun to export celluar car
phones, modems, and computer disk drives from its
plant in Texas because the labor and overhead rates
per hour are lower than those in Nasu, Japan.13

U.S. producers continue to enjoy a significant share
of domestic business telephone equipment markets,
particularly PBX and large telephone-switching
equipment. U.S. production of satellite systems, fiber-
optic, and other major components of telecommu-
nications systems remains quite competitive, al-
though the Japanese challenge in optical transmis-
sion is growing.

13’’ For First Time, Fujitsu Exports Gear Made in U. S.A.,” Communi-
cations Week, Feb. 15, 1988, p. 34.

A key question is to what extent do advanced tele-
phone and communications systems resemble con-
sumer electronics commodities, and to what extent
do they resemble highly specialized, application-
specific devices requiring a strong local manufactur-
ing capability? Even advanced telecommunication
products may soon be made overseas. The astonish-
ing power of low-cost microprocessors and memory
units makes it possible to develop generic products
that can be cheaply tailored to meet a variety of pur-
poses. Because of this, there is no guarantee that
U.S. producers can continue to enjoy even the spe-
cialty end of telecommunications markets.

The U.S. position is heavily influenced by the fact
that most large telecommunication systems abroad
are owned and operated by governmental or quasi-
governmental concerns that discourage foreign pur-
chasing. Japan recently sold half the shares of the
Nippon Telephone and Telegraph system to private
owners, but foreign purchases have not been large.
The United States has elected to open its markets
to foreign sales without insisting on the right to sell
into other public systems.

Drugs and Medical Devices

U.S. pharmaceutical manufacturers rely on inter-
national sales for a significant portion of their income.
In 1982, 41 percent of total sales were to foreign
countries, compared to 30 percent in 1967. But for-
eign firms are beginning to encroach on U.S. mar-
kets rapidly and U.S. firms are increasingly produc-
ing overseas. The position of U.S. firms is threatened
in part by a gap in research investment. Japanese
and European companies are spending about 11 per-
cent of each sales dollar on research, compared with
about 7 percent for U.S. manufacturers.14

In a survey of large pharmaceutical firms, inter-
viewees noted that the decision to locate abroad is
driven predominantly by the need to reduce inno-
vation costs and gain market shares. In a few cases,
manufacturing abroad is required by local import
laws that make it impossible to market a drug un-
less it is produced within that country’s borders,
Firms also locate outside the United States for tax
reasons. Since pharmaceutical plants are highly auto-
mated, whether located in the United States or
abroad, cheaper labor does not play a large role. An

14 Standard and Poor’s Industry Surveys, Health Care, Sept. 1, 1983.
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example of the movement abroad is illustrated by
the fact that in 1980, two major U.S. drug compa-
nies introduced 94 products world-wide—of which
only 11 were manufactured in the United States.15

Foreign trade is also an important source of in-
come for the U.S. medical devices industry. In 1984,
exports—which accounted for about 12 percent of
industry shipments—exceeded imports by nearly
two-thirds. Even so, U.S. trade surpluses have be-
gun to decline. Historically, the United States has
a net trading deficit in medical devices with only one
of its major trading partners, West Germany. How-
ever, in recent years Japan’s medical exports to the
United States have grown much faster than U.S. ex-
ports to Japan, and the United States has now in-
curred a trade deficit with Japan in this area.16

Other Manufacturing

Competition in manufacturing fields outside of
“high-technology” sectors (examined here are autos,
textiles and apparel, and machine tools) also depends
on sophisticated technology, although often in a less
visible way. Sophisticated production technology is
needed to compete in an economy where energy
prices, the value of the dollar, costs of critical mate-
rials, and a variety of other factors can change rap-
idly and unpredictably. The ability to track progress
in both products and production processes is becom-
ing a key to survival in fields as diverse as apparel
assembly and auto manufacturing.

Autos

The auto industry has been a dominating force
in the U.S. economy for more than 50 years. The
industry is heavily linked to other parts of the econ-
omy. In recent years these links have extended to
include advanced electronics and materials, used
both in autos produced and in production equip-
ment. In 1960, the United States produced half the
world’s autos. Today Japan is close to that figure.

IsResults  Of interviews  with executives of several major pharmaceu-

tical firms conducted for the Office of Technology Assessment by the
Conservation for Human Resources, Columbia University, New York, NY.

ISLI.S, Department of Commerce, Bureau of Industrial Economics, U.S.
/mfustria/  Out/ook,  1987 (Washington, DC: U.S. Government Printing
Office, 1987).

The United States imported 38 percent of all autos
sold in 1986.17

Foreign sourcing of auto parts has recently become
increasingly common. The suppliers of the imported
components or finished vehicles may be partly or
fully owned by the importing U.S. manufacturer (see
table 9-4), or may be unrelated in terms of equity
holdings—a process known as “out-sourcing.” Of the

IW.s, f)epartrnent  of commerce, Bureau of Economic Anal@, “Na-

tional Income and Product Accounts,” Survey of Current Business, vol.
67, No. 6, July 1987, Table 1.17.

Table 9-4.—Major U.S. and Foreign Equity Holdings
in Auto Firms, 1987

U.S. ownership of foreign firms:
American Motors Corp.
49% of Arab American Vehicles Ltd., Egypt
31% of Beijing Automobile Works, China

Chrysler
50% of Diamond-Star Motors Corp., USA with Mitsubishi
24% of Mitsubishi Motors Corp., Japan
16% of Maserati S.P.A., ltaly

Ford Motor Co.
70% of Ford Lio Motor Co., Taiwan
25% of Mazda Motor Corp., Japan
48% of lveco-Ford Truck Ltd., Great Britain (with Fiat)
10% of Kia Motors Corp., South Korea
42% of South African Motor Corp., South Africa
30% of AMIN Holdings, Malaysia
30% of Otomobile Sanayi Anomin Sirketi, Turkey

General Motors Corp.
50% of Daewoo Motor Co., Ltd, S. Korea
39% of Isuzu Motors Ltd., Japan
24% of Volvo GM Heavy Truck Corp., USA with Volvo

5% of Suzuki Motor Corp., Japan
50% of New United Motor Manufacturing, USA with

Toyota
49% of General Motors Kenya Ltd., Kenya
49% of Constructor Venezolana de Vehiculos,

Venezuela
46% of Autos y Maquinas del Ecuador
31% of General Motors Egypt S.A.E
22% of omnibus BB Transported S. A., Ecuador
20% of Industries Mecaniques Maghrebines S. A., Tunisia

Foreign ownership of U.S. firms:

Japan
Fuji Heavy Industries Ltd.: 49% of Subaru-lsuzu

Automotive Inc., USA
Isuzu Motors Corp.: 51% of Subaru-lsuzu Automotive

Inc., USA
Mitsubishi Motors Corp.: 50% of Diamond-Star Motors

Corp, USA
Toyota Motor Corp.: 50% of New United Motor

Manufacturing Inc., USA

Europe
Renault: 42% of Mack Trucks Inc., USA
SOURCE: Automotive News, 1987 Market Data Book Issue.
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big three, Chrysler is the leading out-sourcer. In
terms of value, about 70 percent of the components
of Chrysler’s vehicles are manufactured by outside
suppliers.18 Auto makers also supply their U.S. auto
assembly plants with components produced by their
own foreign plants. In addition, each of the big three
imports at least one foreign-made vehicle and resells
it under a domestic brand name.

Experiences are mixed. Some changes (such as
lighter materials and electronic controls) have been
introduced, but more innovation is needed. A com-
parison with the Japanese auto industry suggests that
more changes in organization, management, and la-
bor relations will be required.19 U.S. firms have taken
major steps to restructure domestic production, and
have entered joint ownership arrangements with Jap-
anese firms.

Textiles and Apparel20

Textiles and apparel imports have risen sharply,
leading to a 1986 deficit of over $21 billion. This is
4.5 times higher than the 1980 deficit (in current dol-
lars). Trade growth was particularly rapid in areas
where a significant amount of hand labor is required
(a significant part of the apparel market) while U.S.
producers maintained share in areas where highly
automated processes keep labor costs low.

The introduction of a “quick response” system,
which holds inventories low and avoids overstock-
ing, could do much to help U.S. producers compete
with low-wage nations simply by virtue of signifi-
cantly reduced inventories. However, this will re-
quire major changes in how information flows be-
tween the different components in the production
and retail chain.

Virtually all textile production technology is cur-
rently being imported, and producers of textile ma-
chinery and apparel assembly machinery conduct

.

18 Kevin Flaherty, “Foreign Sourcing by the U.S. Automobile indus-
try,” report prepared for the U.S. Congressional Research Service, Wash-
ington, DC, Nov. 8, 1985.

19W.J  Hampton and J. I?. Not-man, “General Motors: What Went

Wrong?” Mar. 16, 1987, p. 102.
zOThis section is drawn from U.S. Congress, Office of Technology

Assessment, The U.S. Textile and Apparel Industry: A Revolution in
Progress–Special Report, OTA-TET-332 (Washington, DC: US. Gov-
ernment Printing Office, April 1987).

virtually no research. U.S. textile machinery manu-
facturers that dominated the global market for looms
in 1960 now make none of the widely used, ad-
vanced programmable/shuttleless looms that can in-
crease output by 200 to 300 percent. In 1983, more
than 90 percent of U.S. textile equipment produc-
tion was of replacement parts for old U.S.-made
looms.

The single major investment in advanced apparel
production in the past decade involved a joint project
between industry, labor, and the U.S. Government.
The project, known as the Textile/Clothing Tech-
nology Corporation (TC)2, spearheads the U.S. effort
in automated sewing. Thus far, it has succeeded in
automating the production of sleeves for men’s suits.
Industry and organized labor are providing approx-
imately $5 million a year for these and related ef-
forts, and the Federal Government has pledged $3
million. This amount could be much greater; Japan
is spending $80 million to develop a fully automated
apparel process for the 21st century. While TC2 is
an effort to automate sewing production, the Japa-
nese effort is state-led industrial restructuring on a
large scale.

Machine Tools

It is somewhat ironic that the basic tools of mass
production cannot themselves be mass produced.
Of total world machine tool production, 75 percent
is produced in relatively small batches, and 85 per-
cent of all batches have fewer than 50 parts.21 Small
batch production and the need for careful integra-
tion of the design, installation, and operation of so-
phisticated machine tool systems would appear to
give domestic producers a natural competitive advan-
tage. In fact, foreign producers—particularly those
in Japan and West Germany—have made major in-
roads into U.S. markets. In 1985, the United States
imported 41 percent of its machine tools-nearly half
from Japan, and about 14 percent from West Germany.

A quota on machine tool imports took effect Jan-
uary 1, 1987. It applied to Japan, Taiwan, West Ger-
many, and Switzerland, limiting their shipments to
the United States for 5 years. These temporary res-
traints were ordered on national security grounds

21 U.S. Department of Commerce, International Trade Administration,
“A Competitive Assessment of the U.S. Flexible Manufacturing Systems
Industry,” July 1985, p. 8.
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so as to give domestic producers time to modern-
ize. Domestic producers could gain a 20 percent mar-
ket share from the quota for Japan alone.22

Since much of the equipment marketed by Japa-
nese firms was developed internally by firms that
needed the equipment for their own production, the
Japanese enjoy a good international reputation for
bringing equipment to a plant that works as adver-
tised and performs comparatively reliably. This gives
them a considerable advantage in overcoming pro-
ducers’ reluctance to invest in equipment fraught
with many unknowns.

In part because of an overt government program
to improve metal fabrication, Japan is the largest pro-
ducer of machine tools and robots in the world. In
1984, Japan exported more than one-third of the ma-
chine tools it made and imported only 3.4 percent
of its consumption. Most of the industry’s produc-
tion is relatively small in scale—81 percent of the
firms employ fewer than 20 workers. Nonetheless,
a growing fraction of the production is moving to
South Korea, Singapore, and Taiwan, as well as to
licensed manufacturers in the United States, the

22The Washjng(on  Post, Dec. 17’, 1986, P. 4

United Kingdom, West Germany, and Belgium.23 In
1982, Japanese producers were using about 31,000
robots-virtually all domestically produced, while the
United States, with nearly twice as much gross out-
put, used only about 7,000.

In terms of price and performance, U.S. machine
tools have a somewhat mixed record in international
markets. Imports have gained a solid position in the
U.S. market. U.S. and European (West German, Ital-
ian, and French in particular) producers enjoy a good
reputation in highly sophisticated machine tools de-
signed for specialized applications such as heavy cut-
ting, and in systems that require a considerable
amount of software design. U.S. producers of ad-
vanced equipment appear to have a strong advan-
tage in the fabrication of military equipment, but
much of this equipment is so highly specialized and
sophisticated that it does not transfer easily into a
cost-conscious commercial market.24 The Japanese
enjoy a reputation for high-quality, small-and medium-
sized machining centers that are durable, simple,
and flexible.25

23”A Competitive Assessment of the U.S. Flexible Manufacturing Sys-
tems Industry,” op. cit., footnote 21, p. 32.

241 bid., p. 81.
25Ibid.

NATURAL RESOURCES
While the petroleum crises of 1972/73 and 1979

forced the United States to recognize its dependence
on foreign resources, the United States has suffered
a trade deficit in raw materials for some time. In
1985, food, raw materials, and fuels constituted 24
percent of U.S. exports and 27 percent of U.S. im-
ports, resulting in a net deficit of $45 billion. But
many resource-intensive U.S. industries actually
gained ground in comparison with other sectors of
the economy.

This occurred partly because many of the Nation’s
major trading partners are much more poorly en-
dowed with resources. On average, food, raw mate-
rials, and energy represented 40 percent of the im-
ports of the seven largest free economies (75 percent
of Japan’s imports) in 1984, and 20 percent of their
exports (2 percent of Japan’s exports). Most Euro-
pean nations, and certainly Japan, rely on manu-
facturing exports to cover large trade deficits in

resources. 26 Indeed, it is possible that Japan’s enor-
mous trade surplus occurred partly because Japan
was positioning itself to pay large fuel import bills—
bills that fortuitously did not need to be paid because
oil prices fell.

Agriculture

The United States enjoyed enormous growth in
net exports of agricultural products during the late
1970s and early 1980s, but the trade surplus has
been eroded in recent years. U.S. exports of bulk
commodities (primarily wheat, corn, and soybeans)
have fallen sharply while imports of high-value prod-
ucts (fruits, vegetables, and meats) continue to in-
crease. Ironically, the United States has never done
well in capturing a large fraction of the value of world

26 Directorate of Intelligence, Handbook Of Economic Statistics, 1986
(Washington, DC: U.S. Government Printing Office, 1986).
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food trade; rather, the Nation has done well in pro-
ducing large volumes of commodities. In 1984, the
United States had 34 percent of the volume of world
trade in food and food products but only 13 percent
of the value of these products. The United States has
been a net importer of processed food since 1983.27

The export boom of the late 1970s was driven by
a rapid increase in world demand for imported food
made possible by economic growth in developing
nations, the entry of China into world markets, and
continued crop failures in the USSR. U.S. farmers
were in a unique position to exploit these develop-
ments because they had large stocks in storage and
could also expand production rapidly. During the
early 1970s, harvested wheat acreage in the United
States rose by an amount greater than the total har-
vested by Canada during that period.28

But conditions changed rapidly after 1980. A global
recession meant that many developing nations
lacked the resources to purchase imported foods.
Many nations, particularly in the European Eco-
nomic Community (EEC), rapidly increased produc-
tion to enjoy a share of expanding world markets.
The rising value of the U.S. dollar helped many na-
tions enter world markets, and once there they were
reluctant to abandon their market shares when world
demand decreased and the value of the dollar fell.
Many maintained shares by providing export sub-
sidies for their farmers. Many developing nations
with heavy debt burdens have been encouraged by
the World Bank, the International Monetary Fund,
and U.S. banks to increase exports of agricultural
products in order to earn the foreign currency
needed to repay their debts.

Technology transfer played a key role in these
events. The U.S. farm community no longer enjoys
a clear lead in agricultural technologies, partly be-
cause U.S. multinational corporations have success-
fully marketed new products abroad. Between 1959
and 1980, global expenditures on public agricultural
research increased by 360 percent in real terms, and
the number of scientists committed to agricultural

27 Penelope Cate, “Upcoming World Trade Talks: What’s at Stake for
U.S. Agriculture,” Congressional Research Service Review, vol. 7, No.
8, September 1986, pp. 2-5, 26-27.

28 U.S. Congress, Office of Technology Assessment, A Review of U.S.

Competitiveness in Agricultural Trade—A Technical Memorandum,
OTA-TM-TET-29 (Washington, DC: U.S. Government Printing Office,
October 1986).

research tripled. The North American share of this
research spending fell from 37 to 23 percent during
the period, while research spending in Latin Amer-
ica and Asia increased six-fold. The United States
did contribute heavily to the growth in world re-
search capabilities—but nearly 30 percent of all stu-
dents receiving PhDs in agriculture and home eco-
nomics in the United States between 1975 and 1979
were foreign, as were more than 43 percent of those
who received degrees in agronomy, soils, and soil
science.29

The rapid equilibration of world agricultural tech-
nology has, of course, had enormous benefits. The
“Green Revolution” enabled many nations to feed
themselves better, reducing demand for imports and
eroding the comparative advantage of large U.S.
farming regions. Many of the emerging technologies
will have a relatively greater influence on the pro-
duction costs in regions with poor resources than
in well-developed regions. While it is difficult to ob-
tain accurate estimates of differences in real produc-
tion costs around the world, it appears that many
basic agricultural commodities can now be produced
at a lower cost outside the United States.

It is clear that the U.S. agricultural community,
once dominant in feeding the world, will need to
work much harder to maintain a trade surplus in
the future.

Energy

Petroleum has dominated U.S. resource trade for
a decade. Energy imports climbed to one-third of all
U.S. imports (half of Japan’s imports) in 1981, but
have fallen sharply as a result of the collapse of
the Organization of Petroleum Exporting Countries
(OPEC) cartel, reduced U.S. energy demand, achieve-
ments in diversification of energy inputs in the U.S.
economy, and significant efforts to find substitutes
for petroleum. Should these efforts for finding sub-
stitutes for petroleum slacken, however, fuel imports
are likely to increase steadily in the future.

U.S. petroleum production is likely to decline 10
to 30 percent by the turn of the century and more
sharply after that. The U.S. Department of Energy’s

ZgRobert  E. Evanson, J. Putnam, and Cad pray, “The Pokrthl  fOr

Transfer of U.S. Agricultural Technology,” contract report prepared for
the Office of Technology Assessment, 1985.
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(DOE) “revised reference case” shows indigenous
production declining 42 percent between 1985 and
2010.30 If U.S. energy demand follows the DOE fore-
cast, U.S. imports of petroleum (measured in bar-
rels) will increase 225 percent by 2005 and 240 per-
cent by 2010.

Overall world demand for imported fuels will in-
crease if the DOE forecasts are correct, and demand
for oil by developing nations will increase as a re-
sult of economic growth and development. World
supplies, however, will shrink as output from the
fields m the United States, the North Sea, and the
Soviet Union begins to decline near the turn of the
century. Arab OPEC countries, particularly Saudi
Arabia, will then dominate world exports even more
than they do currently. It is extremely difficult to fore-
cast the effect of these developments on world prices,
but the United States will need to find a way either
to pay for substantially rising oil imports during the
next 20 years or to reduce demand for petroleum
through greater energy efficiency and/or alternative
fuels.

Efficiency in automobile travel will be a key is-
sue. Unfortunately, the Japanese and other produc-
ers appear better prepared to move highly efficient
automobiles (and other energy-efficient products) to
the market than U.S. manufacturers. An international
event that resulted in a sharp increase in world oil

30 U.S.  Department of Energy, Office of Policy Planning and Analysis,
“National Energy Policy Plan Projections to 2010,” Washington, DC,
June 1987, table 3-10.

prices would almost certainly leave foreign produc-
ers in a better position to meet world demand for
efficient vehicles than U.S. firms.

Other Raw Materials

In addition to more efficient use of energy, new
technologies could change demand for other kinds
of raw materials.31 New materials are likely to be-
come competitive as substitutes for traditional fer-
rous and non-ferrous metals. Potentially vulnerable
industries include copper, for which fiber optics and
superconductors are substitutes; aluminum, for which
ceramics and carbon fiber composites might substi-
tute; and steel sheet, which could over time see com-
petition from superpolymers used to produce light
corrosion resistant shells for autos, aircraft, and large
storage containers.32

Material demand will be further reduced by de-
signing products such as automobiles for longer life
expectancies, and through recycling. Demand for
raw materials such as steel, chemicals, paper, ce-
ment, and aluminum represents a shrinking share
of the economies of most developed nations.33

Jlsee  U.S. Congress, office  of Technology Assessment, Advanced
Materia/s by Design, Washington, DC, forthcoming.

3ZHarald  Malmgren, “Technological Change and Trade Policy,” Trade
Department of the Ministry of Foreign Affairs, Sweden, in New Tech-
nologies and World Trade: Proceedings of a Symposium in Stockholm,
Stockholm, Sweden, June 5-6, 1984.

JJEriC ~rson,  Marc ROSS, and Robert Williams, “Beyond the Era of
Materials,” Scientific American, vol. 254, No. 6, June 1986, p. 34.

CONSTRUCTION

The U.S. construction industry is being integrated
rapidly into world markets. U.S. heavy construction
firms, and architecture and engineering businesses,
have played a major role in world markets since the
end of World War II. They now face strong compe-
tition, particularly from Asian countries. Even U.S.
residential construction firms must now compete
with foreign producers, as appliances, building com-
ponents (ranging from kitchen cabinets to door
knobs), hand tools, and even entire housing units
are being imported.34

3.Iu.s. Conaressm Office Of Technology Assessment, Technolo.~,  Trade!

and the U.S. Residential Construction Industry-Special Rep~rt, OTA-
TET-315 (Washington, DC: Government Printing Office, September
1986).

Although foreign construction contracts were
gained by just 60 of the 400 largest U.S. contractors
in 1985 (accounting for 21 percent of total contract
awards),35 the United States stood at the forefront
of this expanding world market as recently as 1972.
The oil boom of the 1970s increased demand for con-
struction in OPEC countries, which spent substan-
tial sums building highways, ports, and other addi-
tions to their infrastructures. While the volume of
U.S. exports rose to meet this developing market,
the U.S. share of world trade in construction held

WIJ.S.  Congress, Office of Technology Assessment, hternation~ Com-

petition in Services, OTA-ITE-328 (Washington, DC: U.S. Government
Printing Office, July 1987), p. 124.
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steady as competing industrial nations also increased
their exports.

The world market for structures became increas-
ingly competitive in the 1980s. Several factors have
contributed to this, including deteriorating economic
conditions and the maturation of construction firms
in the developing world, penetration of international
markets by construction firms from nations such as

South Korea and Brazil, and policies of foreign gov-
ernments to subsidize construction exports.

Moreover, foreign firms have begun to enter the
U.S. market. Both the number and the earnings of
foreign firms that have been awarded U.S. contracts
have grown dramatically. The number of foreign
firms with U.S. affiliates has also continued to in-
crease.

TRADE IN SERVICES

The poor U.S. performance in merchandise trade
in recent years has been partially offset by trade sur-
pluses in services. Two main components of trade
in services can be distinguished: income from for-
eign investments, and other services covering a wide
range of activities such as business services, bank-
ing, insurance, construction, consulting, information,
and travel.

Data on income from foreign investment are be-
lieved to be fairly accurate, but trade in “services”
other than factor income is a notoriously difficult field
to analyze since much of the value goes unmeas-
ured.36 According to the official accounts, for exam-
ple, income from services other than factor income
offsets less than 3 percent of the merchandise trade
deficit. OTA estimates, however, imply a 16 percent
offset (see table 9-5). A trade surplus in construction,
consulting, engineering, technology, health, and a
menagerie of miscellaneous activities cataloged as
services (including income from international orga-
nizations in the United States) offset a $7 billion trade
deficit in travel and transportation in 1984.

The difficulties encountered in developing inter-
national agreements about trade in services are even
more complex than those encountered in trade in
products. Services can raise issues of national secu-
rity (nations want control over their own communi-
cation system), “cultural pollution” (there is concern
about the effects of imported television program-
ming), and different national standards of privacy
(compared with some Scandinavian nations, the
United States tends to be more concerned about per-
mitting government access to personal information
and less concerned about corporate access). The

communications and broadcasting industries in
many nations are under direct state control. In vir-
tually all nations (the United States being no excep-
tion), trade policy in services requires coordination
with regulatory agencies in areas like banking, com-
munications, or utilities.

Business Services

The net US. trade balance in business services
was negligible in 1984. There was a significant trade
deficit in the most technologically demanding of
these services-telecommunications and data proc-
essing—offset by a trade surplus in areas such as
banking, insurance, and selling franchises for
McDonald’s and other firms.

International financial and banking services have
grown more than 20 percent per year for the past
20 years, and the United States has been a leader
in this field. U.S. financial service firms have been
aggressive, innovative, and efficient—qualities that
have enabled them to maintain their international
position in an increasingly deregulated and competi-
tive global environment.

Innovations in financial service products, and in
the technology for delivering services, have helped
U.S. banks maintain their ability to compete in inter-
national markets.37 Indeed, U.S. firms have dominated
markets for new products and financial services.

Although foreign banks have increased their pres-
ence in the United States significantly in recent
years, the United States still enjoyed a trade surplus
of more than $1 billion in banking in 1984. Con-
flicting local ordinances and long-established national

SWJ.S. Congress, Office of Technology Assessment, Trade in services:
Exports and Foreign Revenues–Special Report, OTA-ITE-316 (Washing-
ton, DC: U.S. Government Printing Office, September 1986).

~lTrade in Services: Exports and Foreign Revenues—Special Report,

op. cit., footnote 34.
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Table 9.5.—Trade in Services, 1984 (billions of doiiars)

(1) (2) (l)-(2)
Industry Exports imports Balance

Business services ., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $18.9 $18.9 $0.1
Accounting ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.4 0.0 0.4
Leasing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.7 0.5 0.2
Legal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.0 0.5
Telecommunications. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.4
Advertising . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0
Data processing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.7 2.0 (14)
Insurance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8.0 8.6 (0.6)
Investment bank/broker . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.9 4.8 1.1
Franchising . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.7 0.0 0.7

Construction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.0 1.0 4.0

Consulting/engineering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.3
Management consulting. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.1
Engineering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.2 0,2 1.0

information/technology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12.1 3.1 9.0
Education . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.2 0.2 2.0
Information . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.6 0.5 1.1
Licensing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.5 1.0 4.5
Software . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.9 1.4 1.5

Transportation/travel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32.2 39.2
Transportation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18.5 22.8
Travel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13.7 16.4 (2.7)

Other . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9.4 3.6 5.8
Health . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.8 0.0 1.8
Motion pictures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.9 1.5 0.4
Miscellaneous a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.7 2.1 3.6

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77.5 65.7 11.8
aAffiliated and affiliated fees (excluding royalties and license fees included under "licensing”), expenditures in the U.S. by foreign governments and international

organizations, receipts from Canadian affiliate trade unions, miscellaneous commissions, wages of U.S. residents abroad, spending by temporary resident aliens,
and other private miscellaneous services.

NOTE: Values given are rounded mid-points ( )= Negative.

SOURCE: U.S. Congress, Office of Technology Assessment, Trade in Services: Exports and Foreign Revenues-Special Report, OTA-lTE-316 (Washington, DC: U.S.
Government Printing Office, September 1986)

traditions of doing business typically make it more
difficult for a foreign firm to provide useful banking
services than to sell a manufactured product. For
example, U.S. banking laws greatly limit banks with
branches in different States and prevent many kinds
of direct industrial financing.38

There seems to be only one potential threat to the
U.S. rank as leader of the financial services indus-
try: Japan. Japanese banks now hold more interna-
tional deposits than their U.S. counterparts: 26 per-
cent of the total at the beginning of 1986, compared
to 24 percent for U.S. banks.

Citicorp used to be the world’s largest bank, but
of the top 50 current banking concerns in the world,
18 are Japanese, 16 are European, and only 9 are
American. In March of 1985, eight of the top ten

38SeeStephenCOhen and John Zysman, h4anufacturjng  Matters: The

Myth of a Post-Industrial Economy (New York, NY: Basic Books, 1987)

banks were Japanese, and Citicorp was fifth.39 Six
of the ten largest banks in California were foreign-
owned in 1984, up from two in 1979.40

The vast accumulation of wealth in traditional U.S.
insurance firms gives them potentially great power
in overseas markets. The largest five insurers in the
world—Prudential, Metropolitan, Aetna, Equitable,
and Cigna—and 14 of the largest 25, are American.
Of the rest five are Japanese and six are European.41

However, U.S. insurance companies have been pro-
tected at home from competition with other finan-
cial institutions, and may therefore not be able to
compete effectively for insurance business in foreign
markets.

39 Worldscope, Wright lnvestor's Service and Center for International

Financial Analysis&Research, 1986, reported in The Waf/StreetJour-
naf, European edition, Oct. 6, 1986.

dosan ~rancjsco Chronic/e, July 20, 1984, P. 3’7.
dlworldscope, op. cit., footnote 39.
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Because business services need to be carefully tai-
lored to the needs of individual clients, they typi-
cally require close association with the firm being
serviced. Advanced telecommunications systems
may permit closer working relationships with clients
abroad, but it is not yet apparent that these links
will be able to substitute for the close personal rela-
tionships required for many legal, accounting, and
other service functions. As a result, jobs in transac-
tional services like banking and business services
tend to be susceptible to the indirect effects of trade
in other sectors, particular-y manufacturing (see ch.
7 and table 7-10).

Software42

The computing capability of all information sys-
tems depends on software, which has the qualities
of both a service and a product. While computer
hardware manufacturers continue to develop a large
amount of software, a rapidly growing software in-
dustry has also emerged. The U.S. software indus-
try is the largest in the world, and is also the world’s
largest exporter. In 1985, U.S. firms controlled about
70 percent of the world software market and earned
some $21 billion. Foreign sales totaled $4 billion.
The largest portion of these revenues came from the
sale of operating systems and applications software
for large, mainframe computers. With few excep-
tions, foreign firms lag well behind U.S. firms in soft-
ware technology as well as in sales.

Although U.S.-based firms have been market
leaders for some time and will continue to be highly
competitive, their share of the world market seems
destined to shrink somewhat in coming years. For-
eign software firms will improve their relative posi-
tions, particularly as they follow the U.S. lead in
switching to packaged (as opposed to customized)
software. While European firms—led by France,
which has the second most competitive software in-
dustry after the United States—have been quite vis-
ible internationally, over the long run Japan is likely
to emerge as the major U.S. competitor in software.
Japanese government and industry have made major
commitments to improve software productivity and to
create new generations of software technology.

4ZThis  section is drawn ]arge]y from /nternationa] COfrl/X?f;(iOn In Serv-

ices, op. cit., footnote 35.

U.S. leadership in the industry resulted from its
domestic market–by far the largest in the world.
With the interdependence of hardware and software
design growing stronger, this should prove a con-
tinuing source of strength for the U.S. industry. Other
traditional sources of strength in the U.S. industry
are a large number of skilled personnel, strong R&D
programs with substantial Federal funding, and
strong and flexible U.S. capital markets. U.S. Gov-
ernment policies that ensure access to foreign mar-
kets can help maintain existing U.S. advantages in
this industry. The future strength of the U.S. indus-
try, however, depends most critically on its ability
to master fourth generation languages, on artificial
intelligence, and on progress in automating the pro-
duction of software.

Income From Technology

The United States appears to be doing well in the
sale of technology. In 1984, the United States en-
joyed a $9 billion trade surplus in sales of informa-
tion of all kinds: educational services (foreign stu-
dents overwhelmingly choose technical subjects),
royalties, licenses, and information (again see table
9-5). Licensing alone earned $4.5 billion in 1984.

Income from technology transfer has shown steady
growth over the past decade. Most U.S. revenues
from royalties and fees (76 percent) came from de-
veloped countries, with Japan’s portion rising from
3 percent in 1967 to 7 percent in 1981.43 Large U.S.
firms appear to prefer transferring technology to sub-
sidiaries through joint ventures, rather than licens-
ing to independent firms. The desire to avoid licens-
ing varies, however, according to the age of the
technology, the size of the licenser, and the impor-
tance of the market to which the technology is
licensed.

U.S. receipts from education were also positive.
A growing fraction of the science and engineering
students in the United States are foreign. In 1981,
23 percent of all graduate science and engineering
students, and 43 percent of all engineering students,
were foreign.44

43 Meryl L. Kroner, “U.S. International Transactions in Royalties and
Fees, 1967-78,” Survey of Current Business, January 1980, p. 25; and
U.S. Department of Commerce, unpublished tables; cited in National
Science Foundation, Science /mficators 2982, Washington, DC, 1982.

ddscjence Indicators 1982, op. cit., footnote 43, p. 122.



334

The positive U.S. performance in technology trade
is mirrored  in the negative “technology balances”
of the Nation’s major trading partners. Both West
Germany  and Japan have been aggressive importers
of foreign technology, as have Spain, Italy, and the
Netherlands. This pattern is reflected in the positive,
though shrinking, balance of patents granted to U.S.
firms and individuals, and foreign nationals.

The statistics cited above, however, provide an ex-
tremely poor and possibly misleading measure of
the value of technology flowing across national
borders. 45Information flows within a firm’s divisions
or within subsidiaries of multinational firms are
notoriously difficult to measure, though it is esti-
mated that 40 percent of all U.S. trade may be intra-
firm. 46 Conversely, it is not clear that subsidiaries
of foreign firms operating in the United States transfer
significant amounts of technology to the United
States. There is ample anecdotal evidence to sug-
gest that Japanese automobile firms (such as the
Toyota-GM venture) keep the most technologically
sophisticated  parts of their operations at home, send-
ing only the relatively low-technology assembly oper-
ations to the United States.

On the  other hand, the Japanese partners in Boe-
ing’s 767 aircraft venture participated precisely be-
cause they hoped to use the experience to learn
things about aircraft production that either were not
for sale or could not be sold because they involved
complex, hands-on “know how.” NEC has learned
enough about computers from foreign partnerships
to attract a partnership with Honeywell, in which
NEC and the Bull company will develop and pro-
duce computers and Honeywell will primarily pro-
vide marketing services, Komatsu learned an enor-
mous amount about diesel engines from Cummins
Engines.  In no case does it appear that the U.S. part-
ner learned significantly from its foreign partner.47

Perhaps more importantly, there are compelling
reasons to believe that the real value of a technol-

dsRaymond Vernon, “Technology Transfer Between the U.S. and other
Industrialized Countries,” paper prepared for the Office of Technology
Assessment, Mar. 13, 1984.

46John  f-fein,  “what the Trade Numbers Hide,” Across the Board, vol.

XXIV, No, 10, October 1987, pp. 12-13; and James S. Little "lntra-Firm
Trade: An Update,” New EngLand Economic Review, May-June 1987,
pp. 46-51.

4TYves Doz, Gary Hame], and C.K. Prahalad, “International s@3t@C

Partnerships–Success or Surrender?” paper delivered to the Strategic
Management Society, Singapore, 1986.

ogy cannot be fairly reflected in its price,  since the
buyer cannot know its full value in advance.  Fre-
quently, a technology purchased for one  purpose
turns out to have its greatest potential in an  entirely
unexpected area (the technology for the  “compact
disk” system, for example, was not purchased  with
sound reproduction in mind). The social value (or
the social cost) of the innovation is very different from
the value a firm  can place on a technology in the
open market.48

In addition, enormous amounts of technology are
transferred embedded in equipment. Proprietary tech-
nologies and associated end-products   are frequently
introduced abroad through a subsidiary,  joint ven-
ture, or licensing agreement. These technology trans-
fers account for an important component of the re-
turn to U.S. firms on R&D done in the United States
and thus constitute an additional incentive  to R&D
expenditure. One survey has found that  30 percent
of the returns from 30 major firms’ R&D was expected
to come from foreign sales or foreign  utilization.49

While the trade surplus in information could be
taken to demonstrate the continued technological
dominance of the United States, it may also show
a greater willingness and ability on the part of for-
eign governments and firms to scan world markets
actively for new technology. The potential loss in
U.S. competitiveness resulting from this trade sur-
plus in technology sales may well outweigh the im-
mediate income generated from the sales. The reluc-
tance, or inability, of U.S. firms to purchase
technology from abroad may be due to various fac-
tors, ranging from corporate cultures that have grown
up with the assumption that foreign technologies are
inferior, to policies on the part of foreign govern-
ments that hamper the outflow of technological knowl-
edge. In any event, it is not yet clear whether the

48A detai]ed study of 17 industrial innovations found that their SOCial
rate of return was more than double the before-tax private rate of return.
See E. Mansfield and A. Romeo, “Technology Transfer to Overseas Sub
sidiaries of U.S.-based Firms,” Quarter/y Journal o/Economics, vol. 95,
1980, pp. 737-750. By definition, high-technology industries are R&D
intensive. Even so, the concentration of private industrial R&D in these
sectors is surprising. The Department of Commerce found, for exam-
ple, that only 10 R&D-intensive industries accounted for more than 60
percent of total private industrial R&D, although they represented only
13 percent of the value of manufacturing product shipments; see “An
Assessment of U.S. Competitiveness in High Technology Industries,”
op. cit., footnote 3.

49Ibid.
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trade surplus in “information” services should be
considered an asset or a liability.

It is widely agreed that the production of knowl-
edge is an area in which the difficulty of securing
property rights induces market failure, with the re-
sult that there may be inadequate research in areas
where property rights cannot be exercised and ex-
cessive research in areas where they can.50 Given
the already rapid diffusion of the technologies dis-
cussed above, the counterfeiting of trademarked
commercial merchandise and the theft and dupli-
cation of intellectual property have become major
international issues. There have been extensive ef-
forts to achieve multilateral agreements in this area,51

50 For more on this subject, see U.S. Congress, Office of Technology
Assessment, Intellectual Property Rights in an Age of Electronics and
Information, OTA-CIT-302 (Washington, DC: U.S. Government Print-
ing Office, April 1986).

51 In 1979, the United States and the European Economic Commu-
nity (EEC) reached agreement (ad referendum) on the text of a code
to deter international trade in counterfeited trademarked merchandise.
Over the next 2 years, the United States and the EEC intensified efforts
to broaden participation in the code, resulting in multilateral discus-
sions with a number of GATT countries, including Canada and Japan.
These talks resulted in a revised text to be used as the basis for negoti-

but so far progress has been disappointing. Politi-
cal pressure is building for bilateral action. The
United States has already pressured Hong Kong, Tai-
wan, Singapore, and South Korea to clamp down on
offenders on the grounds that without adequate pro-
tection, new investors might be reluctant to estab-
lish themselves abroad and to transfer technology.

Existing agreements involving intellectual prop-
erty rights administered under the World Intellec-
tual Property Organization (WIPO) are less than ade-
quate. They build on principles of national treatment,
but statutes vary significantly from country to country
and enforcement is usually weak or non-existent.
Provisions for the settlement of international disputes
are lacking. Additional problems are created by the
nature of technological change itself.

ation of a code acceptable to all GATT members. While the agreement
was accepted by the four major countries, the counterfeit code was
shelved at the 1982 GATT ministerial meeting. Some less developed
countries opposed any mention of the issue in the GATT, arguing that
it fell under purview of the World intellectual Property Organization
(WIPO) rather than the GATT. Though the Ministerial meeting directed
the Director-General of the GATT to hold consultations with WIPO, lit-
tle progress has been recorded to date.


