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1. Iotreducticp N

We are barraged with news of the technological advénggs currently

" taking place in electronics, and what they promise iqr the future.

Optimists paint rosy visions of a world without drudgery, where cheap
and abundant machines master the simple tasks that make work repetitive
and boring. The skeptical worry over a gloomier picture of redundant
and dissatisfied workers, doomed to unemployment in a society uher§
machines can function witn less cost tnan the wage to which people are
accustomed.

These issues lie before us. & different sort of technical
revolution, of no less importance, has already fundamentally altered
the way work is divided among the developed industrial countries and
their less developed neighbors. Tne low=cost, solid-state'
semiconductor devices (SCDs), which are the building blocks of the
sophisticated new electronics, are the product of a qualitative change
in tne way firms operating in world-scale markets have been able to
organize their production, as well as of technical progress.

The research, development, and initial production runs of neu
products are generally carried out in the industrial countries with
relatively cheap and plentiful supplies of skilled workers,

technicians, and scientists. Once a standardized product with a

potentially large market is developed, however, the labor-intensive

stages of production are often moved into developing countries with an
abundance of cheap, unskilled labor. As shall be seen belouw, factors
other than a reliable supply of low wage labor are important to the
economics of offshore production; still, the essence of these

arrangements is specialization based 7n international differentials in
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the costs of labor services. The availability of low-priced labor has
also influenced the selection of production techniques in manufacture.
The use of cheaper foreign labor inputs to reduce production cost,
and.the international trade flows generated by this practice, are
neither a completely new phenomenon, nor confined to the semiconductor
industry. In fact, it is the rapid spread of these arrangements to
other industries == particularly among certain dynamic industries in
the advanced industrial countries =- that makes the international
seniconductor industry (and its most important product line, integrated
circuits) 1/ as illuminating to study from the viewpoint of industrial

structure, as from the viewpoint of technological diffusion.
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2. QOfisbore_Production and _lndustcial_Policy

Tne U.S. semiconductor industry represents a distinct set of
responses to a whole series of problems aftliciing the>Heétérn
industrial economics. Its past success and current challenges make it
an excelleht example of the readjustments that take place as industry
comes to terms with the changes that have made the postwar decades a
distinctive s;age in tne evolution of the modern Hoflj economy: - a
dramatic decline in all sorts of trade barriers; including améng these
an enormous cheapening of the cost of international transport and

communication; the guickening of the pace at which technology diffuses

across national boundaries; widening international disparities in wages

. and standards of living; the great leap in the importance of the

multinational firms which accompanied these changes.

but it is not tne only moiel. The Western European and Japanese
semiconductor industries represent different paths taken on critical
policy issues, and each illustrates potential strengths and weaknesses
of those alterhativas.

All the different national policies have resulted in aﬁ
essentially global industry, with product, capital, or technology
flowing across nat}onal poundaries while, for the most part,
internalized within the limits of a single multinational firm. 1In a
certain sense, since tne trade associated with offshore production is
largely the internal transfers of aultinational corporations, the rise
of the global semiconductor industry refiects a shift in the functions
of the multinational firm. Until the early 1960s, multinational firams
were largely orifented toward producing for foreign markets (with tariff

and tax barriers determining whether to export through a foreign sales
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affiliate, or to produce behind foreign tariff walls), or securing
natural resources in foreign economies. Superior management, marketing
skills, technical-knouledge, or preferential access to capital markets
made multinationals competitive with foreign entrepreneurs overseas.
Foreign operations, however, were basically little (or big) versions of
big national companies in the home market.

Technological advances in transport and communication, along with
the development of a basic industrial infrastructure in many developing
economies, and the creation of what amounts to a free trade zone in
unfinisned manufactures in the developing world (through the widespread
proaotion of export processing zones, drawback schemes, and similar
institutions), have made new forms of organization possible.
Multinational firms can now effectively transfer the production
departments supplying their output on major markets to distant regions
witn comparatively lower costs. Foreign affiliates, rather than being
scaled-down versions of home operations, or sales offices, can now
specialize in the production or assembly tasks of tne organization,
while nhome offices can specialize in the skill and technology-intensive
operations in which their costs are lower. These changes in the
structure of multinational operations may not necessarily be in the
long-term interest, nor even under the effective control, of developed
and developing nations.

This essay will focus on offshore production as a strategy for
industial reorganization. The international semiconductor industry is
the clearest and most pronounced example of a pattern of international
Vi:.~ aidd proguciion flows that has already spread to key sectors of

ta: eostern industrial economiess The international structuring of
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industries across national boundaries presents problems and
possibilities to both the developed economies supplying conpﬁnents and
technology, and the devéloping nations supplying the labor to assemble
these productse.

The next sections discuss tne economics of microcircuit production
and its relation to current industrial problems, and how different
national solutions to these problems have created competition and
compléxity in international markets for semiconductors. A subsequent
discussion traces the development and growth of offshore operations in
the industrye.

Later sections analyze the motivations for offshore investment in
production facilities, and the determinants of plant location.
Assessments of tne impacts of offshore operations on U.S. industry,
and on the economies of LDCs playing host to such plants, follow.
Finally, the prospects for the further internationalization of
production within a single industry are examined, and conclusions drawn

about the probable choices faced, and their likely effectse.

i

' k
- 1




v v

-

st atit Gl S

Yy

o

Rl Dt e A S el A B a4 T —p——— a ————T

383

3. Sesiconductors and their Importance »
The transistor, invented at Bell Labs in 1947, was the first

squicoqductor device (so-named because its principle of operation
involved the application of electric currents to normally
non-conductive crystalline materials which were treated with small
amounts of impurities, permitting the flow of electric current). The
transistor is a semiconductor amplifier, in which the application of an
input regulates the flow of another electric current through the
semiconductor medium. |

The transistor guickly replaced many types of vacuum tube
amplifers, which it dominated in reljability, size, power consumption,
and cost. It soon became clear that devices constructed with
semiconductor materials could perform most other electronic functions,
including those of rectifiers and diodes, resistors, and capacitors 2/
In 1989, the first integrated circuit was developed; it consisted of
several different electronic devices constfucted on the surface of a
single piece of semiconductor material. 3/

Size and reliability are critical in military applications, and
semiconductors were an essentially military technology until the
1960°s. 1In fact, the development of semiconductor technology can be
traced back to vorld War 1I, waen the unreliability of silicon
detec}ors used in radar prompted the U.S. government to sponsor a huge
research program into the fundamental properties of germanium and
silicon, involving thirty to forty U.S. research laboratories, and
directed by the Radiation Laboratory at M.l.T. 4/ Nevertheless, the
transistor was actually invented at the civilian Bell Labs which did

not receive a semiconductor R&D grant from the military until after its
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invention.

' _i_lt the start it was recognized that the transistor was an
enormously important invention, and_of great strategic value. The
development of a wristwatcn radio, for example, excited early military
interest., 3/ Military users funded a large portion of the research and
development expenditure tnat went into semiconductors in the 50s,
directly through grants, and indirectly, through sales at premium
prices for new devices. In addition, roughly $36 million was spent
between 1952 and 1959 on grants to provide funds to individual firms to
build semiconductor production capacity far in excess of current
reguirements. g/

The decision to use integrated circuits in the Air Force’s
Minuteman 1Cs" missile, and in NASA’s Apolio space program, gave the
industry another big push in the 1960s. Industry sources variously
estimate the government to have paid far between forty-four (in the
period 1958-74) and forty-seven (over 1958-69) percent of all R&LL done
in the industry over the years in which the integrated circuit was
developed and brought to the mass market. 7/

The importance of semiconductors quickly spread beyond purely
military applications. As price dropped and production increased, they

became a major input into the young computer industry. Cheap

semiconductors, lowered tne cost of moving and storing data, dropped

the cost of the computers into which they were built, and played a
major role in stimulating demand for computers. By the early 1960s,
1BM was probably the largest single éustoner of every American
semiconductor company, with the Minuteman missile finishing in second

place. 8/
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The decline in the price with improvements in technology was quite
remarkable. Chart 3.1 gives semiconductor price indices over the
1967-1978 period in real terms (deflated by the implicit GNP price
deflator). Furthermore, as more and more circuit elements were crammed
onto a single semiconductor chip, integrated circuits went from under
64 components per circuit in the early °60s (small-scale integration),
to in excess of 25¢ coamponents in the late °6(s (medium-scale
integration), to more than a thousand in tae early °7{s (large=scale
integration), and finally to more than sixteen thousand in the la
*7ts (very large scale integration or VLSI). ience, the priée Pt
electronic function has declined on the order of 100 to 1000 time the
decline shown in Chart 3.1. It is claimed, for example, that the - .ce
of an electronic function in a computer memory declined from $390 in the
mid-1500s, to under $.0¢5 in 1979. 3/

As the price of chips droppei, the density of components on a chip
increased, and the price of an electronic function plummeted,
non~military demand for semiconductors surged. Table 3.1 shows that in
the early °62s military consumption in the U.S. accounted for most SCD
demand, and all of the demand for the first integrated circuits. But
commegcial usage increased much more rapidly until, by 1979, military
sales{accounted for only 14 percent of the U.S. semiconductor markeat.

ghe economic and strategic importance of semiconductors is as
relatéd to their role as a critical input to the computer and ’
telecymmunications industries, as it is to any purely military impact.
As Table 3.2 makes clear, the largest consumption of semiconductors,
since at least the early 1960s, has been in those two sectors. «when

corrected for chances in SCD ani output prices, as in Table 3.3,
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1958
;‘ 1960
? 1962
1964
1968
1972
1979

Table 3.1

387:

Military Sales as a Percentage of all Sales in the

U.S. Semiconductor Market

% Military Sales

All Semiconductors

39
48
39
28
25
24
14

1972 from Finan (1975), Table 6-3.

Source: 1958-68 from Tilton (1971), pp. 90-91.

Integrated Circuits

100
85
37

1979 from U.S. Dept. of Commerce, Office of

Producer Economics

'(1979), p. 77.
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divided by ratio of SCD price index to output price index

-9

E Table 3.3 389

?ql_ Index of SCD Use per Unit Output

L (1972 = 100)

[

R User Sector 1963 1967
Computers & Calculators a3 &4

t!! Electrical Measurement Instruments

E‘ Radio & T.V. Receivers 23 76

;o Telephone & Telegraph Equipment 21 43

:‘ Radio & T.V. Communication Equipment 15 45

E Semiconductors 28 61

3 Other Electronic Components N/A N/A-

:‘ Aircraft and Parts 4.5 K/A
Photographic Equipment .61 1.9
Communications, other than

Radio & T.V. N/A 45

Personal Repair Services 10 58
Business Services | , N/A 6.1
Source: "Percent of value of output in user industry" in Table 3.2

(1972 = 100). Output price indices based on 4-digit SIC
output price indices (cross-weights used) published by

Bureau of Census with Census of Manufactures data corresponding to
year; except for Computers, Aircraft and Parts, Commmications,

and Services, from U.S. Dept. of Labor, Bureau of Labor Statistics,

Time Series Data for Input-Output Industries (Washington, D.C., 1979).

s eaaans 28
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figures show that real consumption of semiconductors per unit of output
tripled in computers over the 1963-1972 period, and increased five to
seven times in various types of telecommuaications equipment. Growth
in usage_in other types of ejuipment was even more spectacular. 13/
Since semiconducto;s are, arguably, one of tne most
technologically dynamic sectors of the U.S. economy, it is not
surprising to find both the seaiconductor industry and its major
customers in tne ranks of tne most rapidly growing U.S. industries.
Table 3.4 was constructed by selecting from 16! U.S. input/output
andustries, defined by the U.S. Department of Labor, those sectors with
annual growtn rates exceeding 7 percent in either the 1353-1976 or
1959-1973 periods (the latter period presumably excludes the distorting

A effects of the 1975 oil price rises and the 1975-76 recession). This

criterion was met by 22 industries, of which 17 were in manufacturing,
2 in transportation and communication, and 3 in services.

Ut the 17 "high-growtn" manufacturing industries, three were based
- on cheap petrochemicals (plastic and synthetic fiber products), and two
based on new products whose demand was associated with postwar
affluence (floor coverings and bicycles). Of the remaining 12

manufacturing sectors, five were major SCD users, and taree more

PP

significant users of electronic eguipment congaining
semiconductors., 11/ Communication and business services, also on the

®"high=-growth" list, are major SCD purchasers. This indicates that

e ———
-

semiconductor devices are not only a highly important growth industry,

but alsc one with important linkages to other growth industries.
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’ Table 3.4
b
{ ( High Growthl U.S. Industries (by sector, and size of output)
(@ . Constant$
S Growth Rate #Jobs Output . Employment
- . Product of Output Growth Rates (million (1000 jobs,
Sector (SIC) Description $8-76 59-73 58-76 59-73 _§ 76)  1976)
Plastic Products 11.5 l2.4 7.4 8.5 20,480 as1
PlasticsiSynthetic Rubber 9.7 9.7 1.6 2.0 20,240 100
Drugs 8.2 8.3 3.0 3.1 14,746 168
Electronic Components 7.9 8.8 3.8 4.3 1,34 372
ass Service Ind. Machinery 7.6 9.3 3.8 4.4 10,238 163
: 351 Engines, Turbinesigenerators 6.2 7.3 2.1 2.8 10,088 113
Wl 35734 Computers & Peripherals 9.5 9.5 5.2 5.8 9,825 248
3861 Photo Equip & Supplies 0.2 11.0 4.3 4.8 9,192 130
225 Bosiery & Knit goods 7.3 8.6 1.4 1.8 8,870 259
k(1] Radio & T.V. sets 8.4 9.3 1.6 2.6 7,275 129
] 2823-4 Synthetic Fibers 9.3 9.6 3.2 4.2 6,497 105
L 3661 Telephone & Telegraph App. 6.8 8.7 2.7 3.6 5,832 133
as4 Medical & Dental Inst. 8.7 8.9 8.6 85.8 5,584 109
{ 379 Other Transport Equip 12.3 16.0 1.8 4.7 5,637 123
{ 227 Floor Coverings 9.8 11.8 3.9 4.6 3,657 €0
1 378 Cycles, bicycles, & parts 11l.4 12.5 3.1 3.4 1,084 24
rtation
45 Air Transportation 9.1 10.2 5.1 5.9 20,798 370
3 =mmication

p 48(-438) Communications éradio,T.V.) 7.6 7.7 2.2 2.6 48,069 1,028

rvices
{ . 73(=731,7396), 7694
’ Fee * Contract

b

o Pt. 7699 Business Services . 7.9 8.6 6.7 7.1 63,279 2,173
806 - Hospitals 7.7 7.8 5.2 5.4 43,480 2,490

3 *

i 3

g 0722,807,809 épt.8099) OFher Padical 8.1 8.5 10.6 10.8 17,620 11,139

Notes: 1. Yreater than 7%
® Tonstant dollar annual growth rates over 58-76 or 59-73 periods.
Erowth rates are estimated by regression methed.

ng

Sources: All figures based on data in U.S. Department of lLabor, Bureau af Labor,

a uresu of Labor Statistics, Time Series Data for Input Output Industries
! (RFashington D.C., 1979).
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Casual observation would suggest that many of these are "forward"

linkages to other growth industries, with cheaper and innovative
products generating new demands in new markets. Industry anaiys&s
claim that, on average, tne value of the semiconductor content of
electronic equipment went from .5 percent to about 4 percent between
1970 and 197%. 14/ In computer applications, that percentage has risen
from avout 1 1/:% to about 6% of the value of equipment in those ten
years; in consuner/automotive applications, from almost zero to six
percent; in industrial applications, from nii to close to 2%; and in
government/military applications, from 1 1/2% to about 2 1/723%. Since
CDs were rapidly dropping in price relative to the general level of
producer prices, as well as in relation to almost all specific
industrial product prices, the real SCD content of all these products
was rising even faster tnan these percentages would indicate.
lleverthelaess, the most important use of semiconductors is in
losering the cost of computer and telecommunications equipment. 1In
1977, tor example, the single most important product line was computer
memory chips, which accounted for at least 17 percent of all U.S. SCD
shipments, or about 29 percent of integrated circuit production;
microprocessors (the processing unit of a minicomputer) accounted for
another 4 percent or so of SCD output. 13/ Of the sixty percent of

U.Q. semiconductor output consisting of integrated circuits, in fact,

| some 86 percent were some form of digital logic circuit,

It is this critical 1link to the computer and telegonmunications
industries, rather than their military uses, that has led to the keen
international competition that now grips the industry. B8illions of

dollars in public resources are invested as a matter of national
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policy, by wide va;iety of governments, in semiconductors. It is
increasinjly clear that semiconductor technology is at the very heart
of the‘radical changes that microelectronics promises for the very
structure of the modern industr?al economy; to quote Herbert Simon, "we
are now in the early stages of a revolution in processing information
that shows every sign of being as fundamental as the earlier energy
revolution (the Industrial Revolution).™ 14/

It is tnis (now) widely perceived promise of rapid technological
advance tnat explains the deptn of worldwide interest in the promotion
of national seaiconductor industries. 3defore examining the nature of a
variety of national policies, anl how they have affected the structure
of production in different countries, it is first useful to look at the

economics of semiconductors and their manufacture.
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4. Sepicopguctor Economics

Certain physical features of semiconductors, and the production
processes used in their manufacture, are important determinants of the
pattern of international trade and production in the industry. The
most important physical feature of semiconductors is that their
manufacture involves a number of physically discrete and separate
production steps. In the beginnin3g, of course, a firm must first
invest in the research and development of the design for a new device,
which we shall assume to be some form of integrated circuit (the
seguence of production steps is generally similar, though considerably
less complex technologically, for discrete SCDs like transistors and
Jiodes). Tne production process itself can be broxen into three
distinct steps: chip fabrication, chip asseably, and testing of the
finisned device. 13/

A second crucial feature of semiconductors, that allous the
distinct stajes of production to be separated geographically, is their
great value relative to their weight. Transports costs are a auch
smaller fraction of value than for almost any other major good traded
internationaily. In a sample of 155 4-digit industries taken from the
19€3 U.S. Census of Manufactures, 3CDs had the highest value-to-weight
ratio of any industry. lg/ Richari Yoxon’s estimates of value-to-weight
ratios for electronic industry products show SCDs, again, with the
highest such ratios, 17/ based on 1967 U.S. Census data. A recent
Japahese study found integrated circuits to have the highest price per
kilogram of major Japanese exports: dounle taat of computers, and over

<) timecs tiz2t ¢f color T.Ve sets. 1B/
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Value-to-weight ratios are so low, in fact, that insurance costs
probably dominate the cost of transport. If freight and insurance
costs.per unit are examined, for example, one tinds that such charges
per unit siaipped generally vary more from product to product, for a
single country, than they do from country-to-country for a single
product. Transport costs generally run from one to 2.5 percent of the
value of a shipment, for a wide variety of products having vastly
different unit values (see Table 4. 1).

Tae i1nference to oe drawn is that insurance charges dominate
transport costs, and are roughly proportional to the value of the
snipment. Variation in that percentage across countries probaboly
reflects the risxs of shipping out of different ports, as well as the
procedures of the companies involved in offshore production in
differeut locations.

The economic implication of this rough proportionality between
transport cost and the value of an itean 1s important. 1In absolute
terms, a high value item (like a complex IC) is likely to have much
larger transport costs than a low value item, so that these costs are a
much more significant barrier to trale for more expensive types of
chips. Nevertheless, even for the most expensive items in the most
remote location, transport costs rarely exceed two percent of tane value
of a shipment,

' Very low transport costs make a widely-dispersed geographical
pattern of prodyction specialization economic. As we shall see in tne
next sections, the industry response has been to develop an extensive
two~may trace in semiconductors, with components being shipped out of

developea countries to low-wage LDCs, and returning as assembled
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devices to be marketed in the major industrial econoaies.
Semiconductors are ailso a hignly research~intensive product. For

every 310,000 in sales of electronic components, the industry spent

$700 on research and development in 1977. Table 4.2 shows this to be

well over the average of 3306 per 510,000 in sales spent by all

U.S. manufacturing in 1977. Interestingly enough, almost all the
industries which show up as highly Ra&D intensive, by this definition,
are also high grosth industries that appear in Table 3.3.

E Tiie seaiconductor industry, in fact, spends considerably more on
L research and development than the average for all components, in Table
4,1, would indicate. crstimates of research and development costs as a
percent of SCL (and IC) sales in 1977 are about 58.50 (and $16.50) per
§1C,000 of sales, 13/ placing the industry near tle very top of Table
bese

Electronic components - and particularly semiconductors < are also

major employers of skilled scientific ani technical manpower. Although
no direct estimates are available for scientific and technical
eaployament, by industry, one can use nonproluction employmént as a
proxy;ior skilled manpower usage. Among our "high-growth" industries,
only the computer industry employed relatively greater numbers of
nonprpduction workers in 1975, Df the 126,60C nonproduction employees
in ol%ctronic component manufacture (compared to 138,000 in the
comspuler industry), some 43 percent work in semiconductor
manufycture. 20/

Tne desijn of a new semiconjuctor device, like more basic types of
reseatch, makes intensive use of highly-skilled scientific manpower.

The development of an advanced microprocessor chip, for example,
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Total R&D / Basic Research

Emcnft and nissles (55)
Office, computing & accounting machines (23)

}  Comrwnications equipment & communication (37)
-

4
E‘ Blectronic components (1l1l)

-

Drugs and medicines (19)
optical,surgical, photographic, & other inst. (17)
[ @ scientific & Mechanical Measuring Instruments (7)

Radioc & T.V.receiving equipment & all other
electrical equipment 47)

Y strial chemicals (41)

}  Motor vehicles and motor vehicle equipment (106)

q
L

Total (All Manufacturing) (947)
Rubber products (24)

?  Other chemicals (31)

] Tabricated metal products (32)

: Stone,glass, & cla&, products (24)

Non-ferrous metals and products (24)
Paper and allied products (36)

¢ Lurber, wood products, & furniture (17)
| Petroleum refining & extraction (138)
Te:rous metals and products (45)

t Tood & xindred products (95)

& 5," other manufacturing industries (63)

'

€
g
. ‘ Table 4.2
C
- Expenditure for R & D in Manufacturing Industry, 1977
T (Net industry sales in parenthesis, Billion$)
r B
:
3

F!bmhctricu machinery (sxcl.office equipment) (53)

per $10,000 of sales

1298
1175
755
700
620
620

554

515
355
k388
306
244
219
210
120
121
113

93
7?
66
S8
39
13

Source: National Science Board, NSF, Science Indicators 1978
Appendix tables 4-2 and 4-10.

10
18
39
6
70
7

15

L0 N W AN

(Washington, 1979)
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requires rougnly one to two years of the time of six design engineers;
in 1978, there were a little over two thousand enginéets in the entire
UeSe with tne requisite skills. 21/ The design facilities for major
producers of semiconductors are generally located in areas with
concentrations of trained electrical engineers or near universities
producing these skills: *Silicon Valley" near Stanford University, and
the clustering of désign and reseatch facilities in the northeastern
dashington -B8oston urban belt are prime examples of this phenoaenon.

The availability of highly skilled manpower, then; is the prime
determinant of tne location of SCD Jdesign facilities. Tnere are
numerous examples of companies locating research facilities far from
their wajor area of operations; most recently a new British firm

(Inmos), witi neadguarters in ingland and production facilities in

‘Wales, located its main design center in Colorado Springs,

Coloradoe. ¢/ Uther major U.S. semiconductor firms nave design
facilities in Israel and Japan, thousands of miles from their major
production locations; tne attraction is the large concentration of
research engineers. 23/ ~aturally, small-scale pilot production
facilities are often sited‘uitn research and Jesign centers, and
considerable support employment clusters around them.

0f the various stages of actual production, chip fabrication is
probably the most costly and capital-intensive: Extraordinarily
expensive machinery is required for the creation of the etched silicon
chip contairing a microcircuits; a typical production line which in 1965
requirec about $1 million in eguipment, now rejuires an expenditure of

$5C million or more. 24/ Very highly automated chip fabrication lines

run by computers have recently been placed in production by IBM. 25/

)
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The assembly of the silicon chip == bonding it to its leads and
packaging it =~ is &here the greatest technological choice exists,
and where the impact of offshore production is most often felt. Since
the mid=197{s, most of the major semiconductor firms have experimented
uitﬁ machines that automate the bonding process. 2&/ The alternative is
manuai assembly, with worxers bonding and encapsulating chips by hand
under a microscopee.

Tue predoainantly manual nature 0f the technology used until
recently by most J.S. firms in the assembly and packaging of
sewiconductors is apparent when compared to aggregate statistics for
other industries. 1In 1575, SCLs were estimated to have regjuired
roughly 54 wman-years of direct labor input per million dollars of
outpute. OJf all the manufacturing industries found in tne 367 sector
U«S. input/output tavles, only lace goods, combing plants, and
pottery == all much less important industries =~ had greater labor

input requirementse. 27/ J4otor vehicles and computers, by way of

contrast, reguired about 9 and 23 man-years of direct labor,
respectively. Apparel manufacture using purchasec¢ material rejuired
about 35 man-years per million dollars of output in 1976.

, Two features of manual and automated assembly processes are
important determinants of their economic usefulness. First, since
automated assembly involves substantial fixed expenditures on equipment
L and ;ts setup, the key factor in the profitability of automated
assembly is the volume of production to be undertaken. 28/ For long

production runs it makes sense to carry out a large fixed investment in

an auiomated line. Manual assembly mathods, with much higher varizble

costs per unit assembled, have much smaller fixed costs, ani therefore
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make much more sense for shorter production runse.

Since average product life, historically, has tended to be rather
short in the semiconductor industry, due to the constant rhytham of
technological advance in SCD design, automated assembly facilities have
not been in widespread use through most of the history of the industry.
Over half the transistors introduced during the late 1950s, for example
were oosolete within two years; seajiconductors used in computer systems
during the mi1d-1970s reportedly nai about the same 24 month life
span. £3/ This rapid rate of obsolescence in products leads to
relatively short lives for producer eguipment as well; tne average life
of equipment in the industry is probably on the order of 3 to 5
yearse. 3o/

The dangers of investing in highly automated production equipment
were graphically illustrated to tne U.S. industry by the experience of
pPhilco, a major producer, in the late 1950s. ‘It developed a highly
automated production line for transistors, with a considerable
reduction in costs, only to find its products, and its stock of
technology and eguipment, obsolete after only a few years, and so ended
up quitting tne transistor business. 31/ The relatively short lives of
new semniconductor Jevices have historically been a healthy deterrent to
automation for most U.S.=-produced semiconductors. An important recent
exception is that of some computerroriented chips, whose very large
market size makes automated assembly economically feasible. 32/

Length of production run, of course, is not the only determinant
of optimal assembly technigue. As capital becomes cneaper relative to
labor, automation becomes more and more economically attractive. &

thorough examination of the economics of choice of technique in

" Y
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semiconductor assembly is provided in the Appendix to this section.

ke would then expect the use of automation to be po#itively
correlated witn the level of output, and the relative cheapness of
capital. ©because large firms are likely to have both large production
volumes and ample amounts of cheaper internally-generated capital, we
might expect laryer firms to generally be more automated, and such
appears to be the case in the U.S. semiconductor industry. 33/

“ne otner major factor in the choice between manu?l and automated
assembly is Juality, which is usually m2asured in terms of the number
of Jefective assemblies proiuced. 4hile there is no innerent reason
why @ numan being must produce more defects than a possibly delicate
and easily misaligned machine, their detection is certainly much easier
with an automated process. with a person doing manual assembly uwork,
detects tena to be more or less ranionized, while a machine tends to
produce acceptable output until it produces its first Jdefect, and after
which it generally produces nothing but defects until diagnosed, and
fixea. 7This serial correlation among defective pieces rejuces the cost
of detecting defects from a machine-run process. Thus, it is probably
cheaper to produce with extremely low defect rates for the finished
product witn an automated assembly line. On the other hand, it may be
more costly to produce this way, in which caSe the economic benefit of
a low reject rate to final consumers, and how much they are willing to
pay for a lower rejection rate, become the crux of the matter. 34/

The last stage of semiconjuctor production is testing of the
finished prouuct. Testing of a complex integrated circuit reguires the
use of expensive computerized test equipment, and thus tends to be a

ratner capital-intensive process. Simpler devices can be tested on
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less sophisticated ejuipment, but since integrated circuits have become

a p;ogressively larger part of the semiconductor market, the testing
stage as a whole has probably become more capital intensive in recent
yearse.

Tiiese four basic steps == Jesign, chip fabrication, assembly,
and testing == are characterized by important "learning" effects.
That is, important reductions in unit cost are obtained as production
experience is accumulatei. The so=called "learning" or “experience"
curve 1s estimated to lower the unit cost of producing an SCD 25 to 39
percent every time cumulated production doubles. 33/ Tnese economies
are thought to be mainly the product of improvements in yields froa
basic prodpction processes, rather than learning by doing on the part
of production worxers. The l2arniny economies occur mainly in the
wafer fabrication and processing stages of manufacture, which are
capitai~-intensive.

This, incidentally, mneans that assembly costs tand to be more
important in tne cost of producing a mature product, than in a recent
innovation. Since process yields improve much more guickly than any
otheriiactor affecting production cost, chip fabrication costs drop
telat;ve to assembly costs as a product matures. 35/

Ythe large fixed overhead in these fabrication processes also
creat}s certain economies of scale, as well; the same sorts of
gconomies of scale can exist in final testing, which requires costly
testi%g equipment for complex devices. 31/ Manual bonding, assembly,
and encapsulation operations, on the other hand, are labor intensive,

and afford no significant scale or learning economies to U.S.

producers. 28/ Research and development expenditure is another
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important source of economies of scale, as are the fixed costs of an

3

i automated assembly facility.

!

[ Assembly costs play an important role in deteraining the lowest
P

cost density of coaponents to be used in a single microcircuit. the

F! Appendix to this section makes several important points:

Losering the costs of assembly also lowers the optimal number
of circuit elements packed on a single chip (chip density, or
the level of integration); it becomes cheaper to spread a
fixed number of functions over more cnipse.

Technological advance which lower the costs of chip
fabrication and Jesign increase the optimal density of
components on a single chipe.

Since the costs of detecting and replacing a defective chip in
the manufacture of electronic equipmant vary with the
complexity and cost of the equipment, a differentiated market
for chips of varying densities, for use in different sorts of
applications, will exist.

Manual assembly technigues will be most economical in the
manufacture of low density chips to be used in less complex
electronic products, while automated technijues (which are
assumed to produce lower defect rates for finished microchips)
will be used more freyuently in more complex and expensive

products, using higher density chips.

There are noticeable international differences in the types of

assembly technijues used in the manufacture of semiconductors. Japan

and France, for example, are said to lead in the use of automated
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bonding, while U.S. firms lag. 33/ To explain these differences, as ~
well as even more significant variations in the characteristics of
different national semiconductor industries, we must first examine the

national industrial and trade policlies affecting the industrye. -
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Appendix to Section 4

Iha_Econounics_of 2roduction _Iechoigus

Eelative Prices

As discussed in the text, the length of production run is a major
-= but not the only -- factor affecting the choice betweaen manual and
automated assembly technolojies. The relative costs of labor and
capital inputs will play an important role in the selection of
tecanigques. Figure 4-1 illustrates the choice of an assembly
technology by a producer. The “+“s represent the combinations of labor
and capital regquired to produce various levels of output using
autorated assembly technijues, while the “.°s represent the
labor/capital combinations needed to assemble those same volumes of
output manually. The dotted lines, labelled Io through I7 represent
isoiuants for different levels of output (a point on the isoquant
represents the amounts of labor and capital used for a given level of
output if maximumw output is produced with any given combination of
labpor and capital). Tae least cost technology is that in use where the
isojuant is just tangent to a line having a slope proportional to the
ratio of the price of capital to the price of labor, sucn as the solid
line in Figure 4-1.

The way the figure has been drawWn, there are soae fixed labor
costs, as well as fixed capitai costs, so that at low levels of output
(suct as the level corresponding tolo) manual assembly dominates

automated technology, no matter what the relative prices of capital and
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Optimal Choice of an Assembly Technology
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labor are. As production levels increase, the labor required by lapual
assembly increases much faster than that required by augpaated
assembly, and the portion of the isoquant joining the two methods
fotates slowly to the left. Manual assembly continues to be less
costly until output level 5 is reached, at wnich point botn methois
produce at the same cost (and the entire portion of the isoguant
joining them nas slope exactly equal to negative the price ratio). At
the output level corresponding to 16, automated assembly has become
more economic. At I7, it now dominates manual assambly at any relative
prices.

bFigure 4-1 illustrates some stylized facts about the economics of
assembly technology. At very small levels of production, manual
assembiy is likely to be cheapest no matter what the relative costs of
labor ana capital. At higher levels of output, the relative costs of
inputs are tne key Jeterminant of the technique used, witn the use of
automated methods eventually cheapest at some large volume of
production. Also, the cheaper the price of capital relative to labor,

the sooner it becomes economic to switch to automated techniques.

Loio. Lensity

Given any volume of chip production (which deterinines what
economies of scale are enjoyed), assembly and testing costs are
approximately fixed per chip, no matter how many elements are crammed
into the circuit., Research and fabrication costs, to a close
approximation, are basically proportional to the number of elements in
the circuit. 47/ Taking into account that the probability that the

circuit functions correctly declines witn the number of elements on the

.
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chip, cost curves like those depicted in Figure 4-2 are appropriate for
describing the technology. 41/

and "cdf refer, respectively, to the average cost per

Curves ,ACye
circuit eleﬁent of assembly and testing, and of design and fabrication.
Curve ATC represents averaje total cost, the sum of ACqt and Acdf.
Curve MCdf is the marginal cost per circuit element of research and
chip fabrication, but is also total marginal cost per circuit element,
since chip assembly and test costs are essentially fixed. The
intersection of curve ¥Cdf with ATC gives the point where ATC is at its
minimum, where cost per electrical function is lowest. Robert Noyce
has argued that competitive producers eventually tend to produce with
the level of circuit integration that minimizes cost per function. 42/

A decline in the cost of assembling and testing a chip shifts AC,,
to the left, and hence ATC as well, but leaves “C4f unchanged. Thus, a
drop in assembly and testing costs moves the intersection of MCaf and
ATC to the leit, and the cost per electrical circuit element is
minimized at a lower level of integration. 0Or, to put it more
intui;ively, as assembly costs per chip decline, it becomes more
economic to spread a given ndmber of circuit functions over more chips»

ﬁxmilarly, as technological advances make it cheaber to
manufscture densely packed chips, both MCqe 8nd AC,.- shift to the
tight: as does ATC and its minimum. It becomes more economic to cram
more ;unctions on a chip.

ahanges in the volume of chip production will displace the Aﬁm P
nCdi,’and AC4 curves, if scale economies exist in either the design

and fabrication, or assembly and testing phases of production. In

genelai, 1%t 1s impossible to predict the net effect of changes in

4
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production volume on chip density.

®ithin this simple framedork, it is also possible to analyze the
relation between chip guality and the assembly process.used in bonding
and packaging the chip. As mentioned before, it may often be cheaper
to assemble chips (with smaller production volumes) using manual
technijues, but juality (in terms of rejection rates) of the finished
product may be-louer because of the greater Jifficulty in detecting
suvbstandard chips on a manual line.

dhen a substandard chip is incorporated into a piece of equipment
by a producer who uses microcnips in his product, a cost =-- call it
4 == is imposed, which reflects the cost of scrapping the
malfunctioning equipment, or of locating and replacing tae bad chip.
This cost (+) is probably much higher for a chip used in a complex or
expensive piece of equipment. If the probability of a bad chip (the
rejection rate) is r, this "quality cost" per chip to tae user of a
chip will b2 r4, with M varying frcm user to usere.

Figure 4-3 illustrates that tne effect of this *"Jjuality cost" is
economically indistinguishable from an increase in the fixed assembly
and test cost per chip, and has the effect of shifting out the
curve. In Fijure 4-3, AC at greater than AC at (with superscripts A
and M referring to automated and manual assembly methods,
respectively), reflecting our assumption that at tne given volume of
chip production, automated methods are more expensive than manual
methods. The "quality cost" of an automatically assembled chip is
lower, however, because of a lower rejection rate (r), and therefore
shifts out the total assembly cost much less. For "cheap" equipnment

(lod M), however, tnis makes no difference in the selection of assembly
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technigue (tnough it will increase optional chip density). dith
expensive eguipment (high 4), though the shift due to *“quality cost"
will be much greater so that when net costs per installed electrical
function are calculated, automated assembly may end up being cheaper to
a maker of complex and expensive electronic products. Note also that
optimal levels of integration (density of circuit elements on a chip)
ris2s for the more expensive ejuipmant.

te conclulde that automated assembly is more likely to be less
costly than manual assembly for component installed in more complex and
expensive user products, and tnat the optimal level of chip integration
1s thus likely to be higher for wore expensive user productse.
Conversely, uncomplicated, chedper products are more likely to use
manualiy assemoled caips witn lower levels of {ptegration on tne chips.

Tnis analysis assunes that the volume of chip production is small
enough so that the average cost of assembling a chip is lower with
manual bonding and packaging, and that a juality versus cost tradeoff
therefore exists. If the volume of chip production is such that
automated assembly is cheaper than manual assembly, no suca traleoff
exists, and automated assembly will always be used.

Less complex products will still, however, be produced Jith the
cheapest circuit elements at a lower level of chip density, while more
complex procucts will be most economically produced with higher levels
of chip density. Thus, a differentiated market for chips witn
different levels of integration may juite plausibly continue to exist.
To put it more intuitively, a producer of comple 23uipment, for whom
it is very difficult to locate a bad component, ought to be willing to

pay more for higher levels of integration so that there are less
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Mathematical Addendum to Appendix, Section 4

The Economics of Chip Density* and Quality

Let N = number of electrical functions per chip;

dN = design costs per chip, & a constant;

N =  fabrication costs per chip, £ a constant;

a¥ = the probability that a fabricated chip will function
correctly, with d the probability that any single
element functions correctly, with statistical in-
depence of functioning circuit elements assumed;

a = average assembly cost per fabricated chip, constant;

t = average testing cost per fabricated chip, constant.

Then total cost for a chip with N elemenis on it 1is

M +(.+t). or

dN

8N

(d+f)N e + (a+t)

with e? = 4 by definition.

81nce; d 1lies between 0 and 1, B must be greater than zero, and decrease

as d{ increases. Marginal cost per function (of design and fabrication) is

A Y

HCDF = (B + %? (d+£)N BN

"

k)
* The ideas on the shape of the cost curves for electrical circuit elements
sre based on Robert Noyce (1977). The comparative statics are mine, as are
cro irepe o Venntdee onete™ and thelr relation to assembly technique and
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average cost per function is given by

3

g ATC = AC\y + ACpp
}

where ACAI s (a ;t )

AC. = (d+ ey .
OF ( f)e

n Hﬁr‘rﬁvv-y.

80 we can rewrite

'

MCpr = (1+8N) AC . -
| Minimum ATC 4is at the point where (since ncu- 0)
[}
f

ATC = MCp. , or
|
L“ (a+t) = gN2 (d+£) ¥ ,
[ clearly,
_ : 3N __3N = L > o
E v 5t ACh, (28N + 87 N)

.a—N-- ﬂ- -N < o

od of

(d+£) (248N
3
\ B (s e
‘ 2 2 ¢ o
: (28N + 82 N2)
t
s In other words, the optimal number of circuit elements per chip (N)
b
- increases (decreases) as assembly or test costs per chip

i increase (decrease)

— . o = o 4
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- decreases (increases) as design or fabrication cost per
element increase (decrease)
= decreases (increases) as the probability of a mslfunctioning

- elenent increases (decreases).

Quality Adjustments

Suppose a user of semiconductors must detect and replace malfunctioning
chips. The cost of a malfunctioning chip 48 M , which presumably
reflects the cost of scrapping malfunctioning equipment containing the
chip, or the cost of finding, detecting, and replacing the bad chip. It
is reasonable to assume that the more complex and expensive the equipment
containing the chips, the greater M .

The "quality cost" to a chip user of the chip used will be T
with ¢ the reject rate for chips purchased. The quality cost per
electrical function is just _rM . Differences in chip quality
(rejection rates), from the view:o:lnt of the chip user, amount to a surcharge
of M added on to the assembly and testing cost ( a + t ) for the chip.

It will be different, for different users, however, since M varies with

the type of equipment in which the chip is used.

ek
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S. ZIbe.Bole of Natiopnal_ lodustrial Policy

Because of the importance of SCD production as a growth industry.,
as a primarg user of technical and scientific resources, and as a key
source of technological innovations linked to many other important
sectors of tne économy, it has become a focus for economic policy
depate in most sWestern economies. Certain characteristics of the
industry -- -especially, the significance of learning and scale
economies for cost reduction, and extensive research and Jevelopment
programs <=- have led to various proposals for rationalization of the
industry, protection from international competition, public investment,
and other foims of national industrial policy.

The implication of significant learning and scale economies for
firm competitiveness is that the best strategy for reducing production
cost is to concentrate experience and output in as few a number of
firms as possihle; this may, however, have negative effects on

innovation if, as Iilton found, 43/ small firms are leaders in the

development and diffusion of new ani untried technologies. Market
share will be a critical determinant of how fast production experience
can be accumulated. Hence, a variation on the "infant industry®
{ argument for protection can be maje for erecting trade barriers arouni
national markets in order to allow national firms to acjuire the volume
of cupulative output that will make them competitive with established
foreign producers. 41/
Finally, the Iixed‘costs of research and developaent present a
public goods problem to producers, given that new technologies diffuse
‘. rapicly to competitors. The temporal "window” in which a producer can

cnange a premium over the cost of manufacture for a nes lJlevice or
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technology, to pay back the generally large kal costs incurred in its
creation, may be brief. Government financial support ior research
programs, tiej pernaps to centralized coordination and sharing of
research among competing national firms, is a rational policy response
when new technology cannot be appropriated by the.firm undertaking the
researche 1Ghe historical record indicates that firms cannot generally
prevent competitors from swiftly acjuiring new technigues, and that
patent and licensing barriers are an ineffective means of protecting
proprietar; information in this industry. 43/

In fact, 1t may be argued tnat market failures to guarantee
innovators a period of rents on their new technology long enough to
stinulate the socially correct amount of risky investment, but not so
long as to 1mpede further technical progress or to prevent price from
eventually dropping to the (socially-efficient) marginal cost, are an
important reason for state intervention. An optimal policy migat
compensate innovators for developing a cost~reducing innovation, then
distrivute it free of charge to all producers in a competitive national
incustry, who would charge consumers their new marginal cost of
production for the product. 46/

hlso, because individual firms may have limitad abilities to bear
risk due to the imperfections of financial institutions, government
intervention may be rejuirel merely because of the great riskiness of
research investment that is nevertheless socially desirable. de
conclude that government intervention in the research and development
phases of the semiconductor industry is readily explained, since, to
3ustle ~lZow {i:{0), “ae expect a free enterprise economy to underinvest

in invention and reseazch (as compared with an ideal) because it is
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risky, because the product can be appropriated only to a limited
extent, and because of increasing returns in use."“ 511'1 ‘1

The remainder of this section briefly outlines the main industrial
policies that Lave been pursued in ¥Vestern Europe, Japan, and the
United States, which affect the semiconductor industry. These policies
have had important effects on the international patterns of
speclalization in semicondjuctor production that will be the focus of

the remainder of this paper.

MeSlern_Luropsg

-

The Zuropean Lconomnic Coamunity®s coamon external tariff on
semiconductors == 17 percent == is high enough to afford a
significant protection to producers within the boundaries of the Common
4arket. Tanere are, moreover, a number of aiditional policies in
different memoer countries that further restrict imports: 43/ france
and tritain reportedly hal a system of informal aiministrative quotas;
both the Eritish and French used their military procurement activities
to selectively favor domestic production on national security grounds;
mucn of the il governments’ procurement, including the purchases of
state telecomnunications enterprises, reportedly offers similar
incentives to national producers; ani EEC "Rules of Urigin," limiting
intra=-gEC duty-free trade to electronic products with less than.a five
percenf‘imported component content, effectively limit demand for
foreign components.

There are also some carefully controlled w3ays to evade these high
LEC tariffs. rirst, the tariff rate on silicon wafers not yet cut into

chipe, and cther SCD parts, is only 9 percent, encouraging the
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establishment of assembly operations to cut, bond, test and package
chips tor the Curopean market witnin the ELC tariff aalls. In fact, of
34 0 Se. =owned European SCD operations inventoried in the spring of
1974, 49/ 18 were so-called "point-of-sale"™ assembly operations.
Fifteen U.S. operations were complete manufacturing facilities, and one
an offshore assembly facility servicing third-country markets.

Semiconductors were also eligible for duty-free import into the
EcC from desijnated LDCs under the Comaunity®s Seneralized Tariff
Preferences Scheme (:SP)e In addition to per-country 50/ preferential
trade ceilings (23% of total EZC imports as of 1978), &1/ SCDs have
been subject to special quotas, and a 40 percent maximum on the value
of imported inputs processed into the final product. 52/ In 1971, the
entire LiC GSP quota on transistors and parts amounted to $1.3 million
(compared to total EiC imports of $13€ million in 1963, of which
§160,CU. came from potential beneficiary countries). 53/ In 1978, tae
entire EEC sewiconductor GSP quota was set at about $9 million (7.6
million ZtC units of account), or a little less than 35 percent of the
estimated Luropean consumption of semiconductors (found in Table 8.1).
As has been the case with earlier EZC GSP quotas, the main effect of
the qpota system has prooably‘been to (avor selected national firms
uith‘saritf-created rentse. 54/

yet anotner method of penetrating £LC tariff barriers is to use
the E%Cs so-called "outward processing® regulations. These regulations
(varipus national regulations were harmonized in 1975) 55/ basically
impose the E=ZC tariff only on the value added overseas to EEC goods
exported for fabrication or process@nq, and later re-imported, subject

to tkree major conditions. First, the transaction must have the prior
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apptov$1 of the national customs authority, by general or special
authorization, and must not cause serious damage to the essential
interest of EEC processors. Second, the beneficiaries of the procedure
must be national or legjal persons established within the EEC wno have
the processing carried out. Third, duty relief is set ejual to the
duty that would have been levied on the untransformei component exporte.

This last condition can have peculiar effects if the component is
subject to a different tariff rate than the final product. 1In
semiconjuctors, for example, since parts and unfinished wafers are
suuject to only a 9 percent duty (as opposed to 17 percent on the
finisned product), an 1ntegrated circuit assembled overseas from an
gEC-produced chip gets duty relief ejual only to 9§ percent of the value
of the chip export; i. e. a duty of 17% is paid on value added
overseas, and an 2 percent duty paid on the re-imported chip. Clearly,
this is not a very attractive procedure when the component export has a
duty rate very much lower tnan tiae Jduty rate on the final product, as
is thLe case with semiconductors. As we shall see below, while SCDs are
definitely being re-imported into tne EEC after processing overseas, it
is unlikely that this is a major factor in EEC semiconductor imports.

Finally, in addition to protecting their national SCD industries,
most BeC countries have extended significant subsidies to their '
industries, especially in the funding of research and development. 36/
State funding for microcircuit research and developPment programs by
national firnms tepoftedly has amounted to $3CJ million over two years
in West Germany, about the same figure for France, and $300 million
over 3=5 years in the United Kingdom. 1In 1977, French g@vernment

research grants reportedly amounted to one-third of research and
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development spending by electronics firms. The EEC had proposed a
Community-wide program that would have cost 3100 million per year over
the five years ending in 1962, and has been asseamhling more proposals
for joint R&u in microelectronics. Netherlands and Italy are also
reported to provide important government monies for research and
development of semiconductor technology.

ebeC countries, perhaps focusing on the possible competitive
advantage to be had fron concen;rating production experience, and
subseguent learning econonmies, in a small number of firms, have also
attemptad to “rationalize" their industries by encouraying mergers or
concentrating their 3id on a single national “champion" firm. 1In
france, Sescosem, a subsidiary of tne french industrial giant
Thomson=-CSF, has received a disproportionate share of government aid in
tne paste 1In Sermany, Siemens receives most support, while in the
~etherlands, Philips is the only national producer. SGS=ATES, in
Italy, is a government=-controlied enterprise responsible for 60 percent
of employment in the Italian industry. The bLritish government is
funiing the aevelopment of a brand new firm, Inmos, in an effort to

recapture its own market.

Jaran
The tariff applied to most discrete SCDs was (before the Tokyo

round cuts) six percent in Japan, while 1Cs, light-eaitting diodes, and
certain otuer products were levied a twelve percent rate. These rates,
while not as steep as those prevailing in the European common market,
oftered significant protection to national prodjucers. Although Texas

Instruments is the only American producer to successfully sell on the
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Japanese market with a large scale manufacturing facility, other U.S.
manufacturers are quite openly eager to do so. 52/

‘ Import quotas were also used to protect the Japanese market. At
the end of the Kennedy Round tariff cuts, in 1972, the very high
tariffs that protected Japanese markets in the 196)s were superseded by
guotas on particularly sensitive items. Tnese inciuded integrated
circuits ana computer parts, but were discontinued in the
mid-197C¢s. L8/ &s in the E:C, government procurement policies are said
to favor domestic suppliers. 3%/

In fact, U.5. industry sources have clained that Japanese
government procurement ol advanced design computers nas subsidized the
production of advanced semiconductor components in much the same way
that military demand funied the U.S. industry in tne late 195(s ani
early 1v¥50s. 1n the U.S., by way of contrast, the typical computer
used by the Federal government is six years pehind the state of the
arte. ¢/ lhe Japanese government, by subsidizing the lease of
computers, has also acted to increase the use of recent vintage
computers in the private sector. $1/

Japan also has a GSP system, much like the ESC®s system. As with
the EEC’s system, overall quotas limit the use of these preferences for
specific products, in addition to per country limitse 1In 1970, the
annualized ceiling on 33P imports of integrated circuits was about §2
sillion (rouyghly 3.5 percent of all Japanese I.C imports in that year),
with actual GSP imports from LDCs coming to $1.3 million. §2/ By 1978,
the overall juota had risen to about $62 million (about 24 percent of
1978 1.C imports), and actual GSP imports from LDCs came to 544

million. £3/ 1n fact, al}) Japanese l1.C imports from LDCs came to only
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§44 million (all from Asia), implying that virtually all IC imports
from Asia entered under GSP. £4/ U.S. affiliates in LDCs apparently
used these provisions to export to Japan duty=free in the 1970s, K5/
but there is reason to believe that this may be of diminishing
importance as a major factor in U.S. -controlied exports to Japan. For
one thing, Japanese customs officials apparently treat imports from
UeSe offshore production affiliates as U.S. imports if more than half
of tae value~added originated in tne U.S. 4§/ Since this treatment
woula leave these 1mports ineligible for G5P, and since (as shall be
seen below) ofisnore-produced semiconductors entering the U.S.
tycically have a U.S. -made content in excess of half the customs
value, it is 1ikely that many suca imports are ineligible for the
Japanese GSt. 57/ with the use of increasingly complex (and costly)
cnips in integrated circuits, tne recent trend nas been to even higher
relative values for J.S. content.

Tiie Japanese also have a tariff provision much like the Furopean
“outward processing" regulations. Certain designated manufactured
imports, with the prior authorization of customs authorities, can be
qrantea duty relief on tneir Japanese component content. Various types
of SCDs and computer parts are on the list of eligible products. £8/
American manufacturers have asserted that Japanese-produced
semiconductors enter Japan from offshore under these provisions. £93/

Tariffs, however, will soon be a much less important influence on
production for the Japanese market. 1n the Tokyo Rounds, both the
J.S. and Japan ajreed to cut their levies on semiconductor imports to
4.2 percent, and an agreemnent was reach:Z in 1971 to accelerate the

reduction so that it will take effect bty mid=13232. 1./
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Most importantly, state industrial policy has shaped the
development of the electronics industries in Japan. Many argue that a
general pattern of industrial development policy can be discerned, witn
Japanese planners "targetting®” specific industries for promotion. The
general characteristics of this pattern are said to have been the
selection of industries with important learning or scale economies,
protection of the Japanese national market for Japanese producers until
scale ani learninj curve 2ffects anld ;elatively lower wajes have maie
themn competitive producers in national and world markets, and eventual
penetration of world markets with even further efficiencies gained
tarougn increasing market share. iL/ This process is thought to have
occured in the auto, steel, petrochemical, aircraft, industrial
machinery ana electronics industries.

In the electronics industries, at least, governmant promotion has
played an indisputable role in shaping the growta of the industry. 1In
1957, the Japanese government enacted a "Temporary Measute for the
Promotion of the £lectronics Industry,® with the main objective of
inducing the private sector to focus “preferentially upon the
electronics industry, by encouraging national consensus that the
electronics inaustry was the perfect industry for Japan’s socioeconomic
state, and tnerefore, was the industry that should form the core of
industrial Japan." 72/ The mandate was renewed by the 1978 Special
Measures Law concerning Promotion of Specialized Machine and
Information Industry.

Tnis governmernt-established consensus was jgiven teeth by the
erxilencive poders ¢i .o ..iniziry of Fancnce (¥OF) and Ministry of Trade

and Industry (MITI) tc channel capital into favored inldustries.
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Because a large amount of personal interest income is essentially
untaxed in Japan (and interest payments deductible from corporate
taxes) tnere would be, barring the risk of costly bankruptcy, a
substantial incentive to finance corporate investment exclusively by
the issue of debt. 73/ Since the MOF often exercises direct
administrative controls over bank portfolios, it has considerable

discretion to channel bank lending into areas consistent with its

priorities. Ranks, in turn, are effectively guaranteed the solvency of

these “guided" loans and favored firms” risk of bankruptcy
substantially reduced by the tacit promise of government intervention.
This reduced risk of bankruptcy (which is also aided by a
growth-oriented macroeconomic stabilization policy) reinforces the
relative attractiveness of Jebt as 2 vehicle of financial
intermediation, and the potency of administrative guidance of bank
portfolios as a tool for influencing the composition of industrial
investaent. 74/

In adaition, perhaps, to allocafing supplies of capital to the
electronics industry, 40Ff and ~ITI have also increased demand for
inves&ment with a variety of subsidies to capital investment in the
tavoq@d industry. Subsidy policies used by Japanese autnaorities that
are gpecifically geared to the electronics industry have included
speci?l industry depreciation allowances, 15/ special funding for
technoloyy development, 15/ and government underwriting of the
operations of three laboratory groups developing VLSI technology. 11/
Other more general tax policies granat special tax write-offs for
investment in export promotion activities. 18/ A new generation of

programs to fund R&D in the electronics industry is currently being
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formulated by MITI, with the focus on developing advanced
computers. 78/ Officially "coordinated"™ loans by tne Japan Development
Bank to the electronics industry (said to have signalled virtual
guarantees on the loans of Japanese private panks to the industry) 8¢/
have recently increésed in importance. &hile historically, over the
1951-1972 period, JhB loans for the "development of technology" (two of
the three categories are in the electronics and computer industries)
only accounted for about 6 1/2 percent of loans made, such loans
accounted for between 10 1/2 and 13 percent of new Ji3 lending in the
years 1975=7y (about $1.3 billion in loans outstanding in 1979). 81/

Prior to 1968, purchase of foreign technology was strictly
controlled by the yovernment. =Zlectronics technoloyies were on the
1ist of desired tecnnology usei as a qgquide by the governmente. 82/
Though most controls were l1ifted in 1963, the government retained the
autnority to apply controls. 83/ Tne controls, by Jenving access to
foreign consumer goods technology to Japanese producers, may well have
stimulated investment in basic industrial electronics technologye.

dost recently, the chosen route to the acquisition of
U.S. tecnnology by Japanese firms has been acquisition of or investment
in JU.S. firms, §3/ The removal of.all official controls on direct
foreign investment in 1971 undoubtedly facilitateld tnis process.

Although the control of direct foreign investment in Japan was
substantially liberalized in the mid-1970s, U.S. firms still complain
about obstacles to entering the Japanese market with a subsidiary. 8a/
In the past, certainly, Japanese policy has been protective of tae
market shares of Japanese firms. Texas Instruments =~ aside from the

tecent entry of I3M, the only successful U.S. SCD manufacturing
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subsidiary in Japan =- was allowed to invest only after agreeing to
make its integrated circuit patents available to Japanese firms, and to
limit its output so that Japanese firms were guaranteed 90 percent or

more 'of the national market. 85/

Upnited._Stales

As a result of the Kennedy Round tariff negotiations, tariff rates
on semiconductors were more than halved from the pre~1963 rate of 12.5
percent to the 6 percent rate effective in 1972, This left the U.S. ,
in the 1%7¢5, with probably the lowest rates on SCDs in the
industrialized West. 3y mid=-1982, the rate will drop to 4. 2 percent
(as will the Japanese tariff).

Even more importantly, legislation establishing J.S. tariff iten
80£.3C and 807.00 (henceforth, "“u0&/307") Wwas passed in 196?. 81/ This
arrangement differs from the European Moutward processing”™ procedures
in that the duty relief on the value of the reimported component is
Jranted at the tariff rate on the assembled article (and pof using the
rate applicable to the unassembled component); the arrangement may be
used by foreign concerns as well as U.S. concerns; tae types of
asserbly operations that can be performed == although constantly
fncreasing in number as the result of Customs Court decisions == are
somewhat limited; and the U.S. Customs does nbt have any broad
authority to limit the use of the tariff item other than by setting
adajinistrative procedures and by challenging tae particulars of customs

declarations.
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The B806/807 tariff provisions are in widespread use throughout the
U.S. semiconductor industry. Fully 84 percent of U.S. semiconductor
imports were brought in under tariff iteams 8C6.30 or B07.00 in 1978;
that percentage was even higher == 60 percent <= for the integrated
circuits that made up the overwhelming (79%) bulk of U.S. SCD
importse. 28/ In fact, SCD 8(G6/80(7 imports alone account for some 1%
percent of the total value of all U.S. 8067807 imports, and 34 percent
of the value of the duty-free U.S. components used in all such
imports. RS/

Thne U.S. Generalized System of Preferences, on the other hand, is
not useld by the 1industry because SCUs are not eligible. The
possibility of adding it to the list has been under study, however. 92/
Since, in 1970 (the first year of the U.S. GSP), U.S. importers rapidly
switched from the use of 306/3l7 to the use of GS? for eligible
items, 21/ the historical record would suggest that great use of GSP
will be made 1f{ SCDs become eligible. The country-specific limitations
of the UsS. 3SP == no more than a slow=rising ceiling (a little over
$3C million in 1973) on GSF¥ trade per country, or 50 percent of all
UsS. limports of a specific product =-- would also suggest potential
for creating greater diversification in the sourcing of SCD imports
from low-wagye exporters,

The U.S. nas not protected its domestic market against foreign
entry through restrictions on direct investment. Major foreign
investments in U.S. SCD producers were a prominent feature of the
UeSe industry”s evolution in the late 1970s. 32/ Such purchases served
not only tc zllow foreign firms to sell directly in the U.S. market,

but also as an important cciiluit for the acquisition of U.S. technology
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by Western Furopean and Japanese producers. o

knile the U.S. has no explicit government-sanctioned restrictive
procurement practices, the situation is not strictly comparable to that
in destern Europe and Japan. Telecommunications are under the control
of state~affiliatel concerns in most foreign countries, wnile the
U.Ss ° bell System is a publicly-regulated monopoly. 38ell”s ejuipament
manufacturing subsidiary, kestern Electric, along with Ik“, is among
the largest SCL producers in the world; all of their output is used
internally. 93/

furthermore, because defense applications account for a
significant volume of U.S. demand, procurement restrictions on the
manufacture of classified items limit foreign sales in tais market.
Industrial security regulations of the U.S. Department of Defense also
prohibit the manufacture of classifield products in offshore
facilities. 94/

The importance of the defense market in the U.S. also obscures the
issue of whether or not public subsidies are given to the
UeS. industry. Since military usars are generally willing pay premium
prices for new standards of reliability and performance, as weil as the
research and development Eosts of new devices with military
applications, it was argued in Section 3 that the U.S. government has,
in fact, funded a major portion of the development costs for
Ue«S. technology.

In Japan, by way of contrast, military SCb procurepent expenditure
is virtually nil, while European military sales accounted for 14
rercent of consumption in 1972. 95/ In the U.S. , even after the

draaatic decline in the importance of the military market in the 1970s,
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military expenditure still accounted for 14'percent of SCD sales in
1979 (See Table 3.1).

Most recently, the U.S. Department of Defense has started another
major research effort. T5e Very High Speed Integrated Circuit (VHSIC)
program is budyeted at 5201 million over the 5§ years ending in
1984. 3¢/ There are, however, widely divergent opinions over the
commercial potential of the research. 37/ Clearly, dollar-for-dollar,
civilian market-oriented research is likely to yieid a greater return
than research specifically tailored to military applications. This, in
fact, has been 3 continuing source of criticism within the U.S. SCD
industry. Also, to juote robert lioyce, "there are very few research
directors anywhere in the world who are really adequate to the
job. « o and taey are not oiten career officers in the Army." 9%/

Finally, the absence of public funded and disseminated research on
new semiconductor technologies has led to proposals within the industry
for the formrmation of joint research ventures, to avoid tne duplication
of costly basic researcn. Research programs financed by major firms
have already been set up with the sponsorship of leading American

universitiese. 95/

aMBI3LY

A variety of government policies nave affected the structure of
the semiconductor industries in the U.S. , Western Europe, and Japan.
Public subsidies to research and development, whether through explicit
industry grants, or disguised as military procurement and loan
guaTantees, have played a major role in all three markets. The

significance of government grants to research and development
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~expenditure may have had some effect on the pattern of international
specialization to be described below. It is difficult'to“éonceive of
large-scale government support for research facilities locat;d outside
its national boundaries.

Government funding of research, and subsidization and promotion of
capital expenditure, in explicitly commercial applications, has been
particularly important in Japan. As mentioned before, the long=-run
gyoal oi Japanese planners is probably to create a strong national
computer industry. The low rates of return implicit in a highly
subsidized investment are presumably talanced by tae tecnnological
externalities that an advanced electronics industry transmits to other
sectors of the economye.

Barriers to trade have also been an important determinant of
global product flows. The United States has certainly been the least
protected market, as might, perhaps, be predicted given its past
dominance of world markets. The European market is the most protected
at the monent, with Japan somewhat more open (at least foramally) to
importse All maj)or warkets grant various sorts of preferences to LDC
imports; the U. S. 826/807 tariff items are probably by far the most
impotiant such arrangemente.

Barriers to direct investment, together with trade restrictions
detetiine whether a foreign firm chooses to export, or to invest,
behind a tariff wall. Again, the U.S. has the~feuest,bait1ets to such
1nves§ment. The pq)icies of most EEC countries have probably favored
direct investment in a manufacturing subsidiary, undoubtedly with the

expliéit intention of acquiring foreign technology. Japanese policy

toward direct foreign investment-formal and informal- nas probably been
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the most restrictive. Historically, successful U.S. investment was
permitted only in exchange for a closely-held technology,land after

some limits to penetration of the national market were eétablished.
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6. ZIhe_lpieroatiopalization_of Semiconductor Productiopi
Ibe_llnited_sSlates

The political and economic constraints on semiconductor firms,
outlined in the last section, have shown considerable variation from
country to country. Not surprisingly, these differences have resulted
in strikingly different systems for the organization of production,
with firms operating from different national bases taking radically
different approaches to tue location of production facilities. we next
outline a brief{ history of the internationalization of production by
UeSe, Japanese, and western Efuropean producerse.

Jdifshore assembly of semiconductors by U.S5. manufacturers can be
traced bacx to 1361, when Fairchild, one of the major U.S. producers,
set up a manufacturing atfiliate in Hong Kong, exporting to the
JeS. market. 117/ Other companies juickly imitated fFairchild.

In many ways tne circumstances of Fairchild®s move offshore were a
preview ot events that were to repeat themselves in the late 1370°s.
Fairchild began its offshore operations with the manufacture of
transistors, a product whose technology had become well known by the
late 1950°s, sparking considerable competition, and pressure on prices,
from Japanese producers.

Table €.1 shows how juickly Japanese producers mounted a

foraidable threat to Y.5. companies. Japanese transistor production

literally almost quintupled between 1957 and 1956, with two thirds
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Table 6.1
U.S. and Japanese Transistor Production
UeSe Japan tof Japanese transistors tof Transistor
(millions of units) used in radios - radios exported
1957 29 6 €7 nNe.a
19€8 41 217 67 Nede
1959 82 87 55 17
1950 128 140 48 70
19¢1 191 1g2 41 67
16562 240 232 34 75
1903 300 258 35 81
196« 407 416 33 69
19¢5 €28 454 30 75
19¢6 BE6 617 26 85
1967 760 766 23 23
1968 883 939 2¢ 99

Source: For UJ.S., Electronic Industries Association, Electronic_“arket

812800k 1977 (washington, 1377).
for Japan, Table 6=5 in Tilton (1971).
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of production slated for eventual use in the ubiquitous transistor
radio. 101/ The Japanese were able to mount this successful offensive
because wages in the Japanese industry == at that time == |were
considerably below U.S. levels. The basic technology for transistor
production was at that time being widely propagated by ATl“’s Rell Labs,
which nhad a very liberal licensing policy that made no significant
discrimination between American and foreign firms. 122/ The year of the
big push in production (12£7) coincided with the major Japanese
decision to promote tne electronic industries, embodied in the Special
Measures law described in the last section.

Confronted witn low-cost foreign competition, American producers
chose two paths. One path was to invest heavily in capital egjuipment,
and automate tne production of transistors. This was the road taken by
Pnilco, ana it led to disaster, due to the rapid pace at which existing
transistor types became obsolescent with continuing technological
advance. 153/ Tne otner trail, pioneered by Fairchild, was to beat tae
Japanese at their own game by taking the labor-~intensive stages of
productioﬂ to Far Eastern locations where wages were even lower than in
Jaran. 1lhis was a successful strategy, and one that was juickly copied
by other U.S. producers.

Still, the Japanese, having acguired large volumes of sales
concentrated in a relatively small number of firms, were able to ride
down the learning curve and maintain fierce competition in established
product lines. 1In 13967, for example, shipments of radios by U.S.
producers amounted to $362 million, coampared to $271 million in U.S.
imports, of waich $141 miliion were Japanese. 104/ The lesson learned

was a bitter one: a competitive advantage, once lost, is exceedingly
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difficult to regain. The importance of maintaining a position at the
cutting edge of technology, and responding guickly to poiential
cﬁnpetitive threats, was crystal clear. Henceforth U.S. producers were
to iove production to low cost locations just as quickly as the
development of the product and its manufacturing technology were
sufficiently staple as to make the establishment of assembly lines
offshore feasible.

Tne general pattern of investment in offshore SCD assembly
facilities tnat developed in the subsequent twenty or so years can be
seen as a series of waves of activity. &is information about the costs
and risks of setting up assembly operations in a particular region was
accumnulated, the entire industry tended to follow the successful
pioneers who had experimented with operations in a specific
country. 1¢5%/

Tne rush by semiconductor firams into offshore production guickly
spread outside of iiong Konge 1In 1964 and 1965, significant investments
were made in Korea and Taiwan. After 1967, producers moved into
Mexico, from 1568 on; important facilities were also locatel in
Singapore. Starting in 1972, Malaysia became a key area for export
production, while lndonesia, Thailand, and the Philippines became
popular offsuore locations in the mid to late 1970°s.

The sejuential nature of offshore investment in the semiconductor
industry can be seen, to some extent, by looking at the_years in which
offshore subsidiaries were established. Tables 6.2a and 6.2b, which
report the date of establishment of U.S. overseas operations present in
ditferent samples of U.S. SCD firms in 1971, and 1974, respectively,

support the general chronology outlined above. 108/
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The continuing search for new offshore production locations can. | "
also be documented by examining U.S. import statistics. Table 6.3
breaks down U.3. SCD imports by country of origin, from 1964 (when SCD
imports first received a separate statistical classification) until . )
1969. #W¥hile they are somewhat impreciSe (country detail for small
volumes of export wWent unreported in published statistics), they tell
the same basic story. In 1964, Hong Kong was the only major LDC ~
supplier of SCu”s to tue UeS. ($2 million out of a total of $8.4
million in imports). Taiwan joined it as a volume exporter in 1966,
followed by Mexico and Korea in 1967, the Negnerlands Antilles ani B
Portugal in 1953, and Sinjapore and Malaysia in 1963,

Tue behavior of the iamport shares in Table 6.3 suggests tﬁe
importance of certain economic and polxtical factors. Both Mexico and ;
Taiwan established export processing zones, permitting the duty free
importation of materials used in manufacture for export, in 1965; 127/
sizeable exports of SCJ°s to the U.3. followed in 1957. Korea '
undertook a major liberalization of its trade policy in 1965-65,
permitting the drasback of duties paid on imported inputs used in
exports, setting up in-bond processing arrangements, and establishing

adaitional export incentives; ayain, significant SCD export began in

1367. Hong Kong, the original low wage source of U.S. assembly
semiconductor imports, was a free port, it should also be remembered.

Coincident with this sudden 1967 increase in imports from new

PR O

low~wage suppliers (and snarp drops in the growtn rate of exports from
t-: 2iveicpel 1ndustrial countries) was the 1956-87 U.S. economic
Z..m.ve - w125 greatly reduced the growth of SCD import demand. It

wis & premonition of the sharp reactions to the 1970 and 1374-75
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Table 6.3

STRUCTURE OF U.S. IMPORTS OF SEMICONDUCTORS, 1964-1969*%

W. Hemisphere

Canada

Mexico

North Antilles

Europe

Asia

Total

Value of all SCD inmports

U.K.

France
W.Germany
Ireland
Netherlands
Portugal

Italy

Singapore
Malaysia

Korea

Hong Kong

Taivan

Japan

(milldion §)

Nominal growth rate,

27T izporte

1964 1965 1966 1967 1968 1969
2 1 1 1 1 2
(40) (61) (8 Q179 (83)
3 21 18
(1226) (25)
2 2
(24)
2 1 1 1 z
(107) (8) (83) (=21)
8 12 4 2 1 z
(317) (=38) (~50) (16) (=7)
z 2 3 2
(74) (166) (=17)
9 19 18 15 12
(267) (2) (38) (14)
24 12 8 4 3 2
(40) (26) (=51) (8) (-lg)
z
(1247)
4 4 3 1 1 1
7
b 4
2 3 5
S (119) (175)
24 35 43 42 28 30
(329) (106) .9) (12) (55)
z 7 10 9
(646)  (156) (26)
36 28 17 14 10 8
(82) (33) (-17) (18) (12)
98 101 96 97 99 100
8.4 24 42 43 72 104
n.a 186 75 2 67 &b

“les a percent of total imports; nominal growth rates beneath)
2 indicates less than one percent

Calculated from U.S. Dept. of Commerce, Bureau of the Census, FT246, various years.

!
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rece§sions which were to later trouble the industrye. ?he almost static

behavior of imports in 1967 suggests that a ’shake-out;bin the industry
occurred, with low-wage LDC suppliers displacing higher cost European
exportse.

The almost unchanjed level of exports from dong Kong in 1367, and
the precipitous drop in its share of the import market in 1968,
probably are linked to the major riots and political disturbances that
shook that Pritish colony in 1967. 1Increasing concerns about
diversifying the country-specific political risk inherent to overseas
assembly operations are likely to have played a role in tne
establishment of suusidiaries in Singapore in 1969.

lnese data do not, unfortunately, distinguish imports assembled
offshore from wholly foreign imports, Information on U.S. imports
uncéer the &(u/8C7 tariff classifications, which presumably capture
oftsnore production returning to the U.S. reasonably well, 108/ is
first ovailable for the year 1%65. Table 6.4 details the total value
of U.S. SCu imports, as wz1ll as tne values for imports entering under
tarif{f items 856.3% and 857.CJ. Estimates of 80€.37 SCD imports from
LDC°s are not available until 1969, but cannot have amounted to more
than a couple of hundred thousand dollars before 1Y63. 109/ ay'1966, it
is clear, offsnore assembly already dominated U.S. imports (62 percent
of U.S. imports entered under 507 alone). By 1969, estimates indicate
that U.S. B8C6/8%7 imports accounted for over ninety percent of SCD°s
entering the country. 110/

shien current dollar imports are adjusted for inflation with an SCD
producer price inlex, as is done in Table 6.4, the paztticular

sensitivity of the SCD industry to the effect of general econonic

Ao

Db o




3
~r
.4
x *4SIFAIp PIIBT[IX pUBR S8103INPUOITWAS, 103 XIpu}
#25ad 13onpoad ‘8dyIsfIels J0qE] jO ne3ang ‘loqeq jo °3dag °S°p xapuy 2§14 QIS
‘SUOTININqE] NBIaINng S8nsuI) paysyIqndun woij sIzodwy IV
‘@ Xppuaddy “(0g61) DLISR wo13 ®IRpP £08/908 8L-LL6]
*9€ 3198l *(96£61)
8NSU3) Y3 jo nEIang ‘@Diaww0) Jo *Idag *S°n woij siiodwy TV
*0‘d 89d7puaddy
‘(9L61) J11ISN w01y ‘eajwmiisa JLISN av VIBP £08/908 9L-0L6] 9L-0L61
*837qeY xgpuaddy ‘(0L6T) DLISN WO1J wIep TI® 69-9961 wieq apel}
$992an0g
*83FISFIBIS 9pe1) paysyIqnd Teuryio 03 suoysjasa 3037392 saandyy
€°S8 0°16 L°96 0°ZO1 v°66 $°Z6 8°16 9°C6 (°S6 9°96 S'96 001 “°e°u
11 9€ 0s Z1- %S 19 9y 2! 8z - 8y cs°u  cB°u
CELT IEZ1 606 SO09 889 L9y LLZ 061 (91 OFfl ‘e°u °gu ‘w-u
y8 £€8 08 L 143 89 u S6 S6 %6 8L 4 29
89L1 ZSET 8601 OB €S6 119 6Z€ L81 891 YEI 98 0S (119
8LYT OZIV 648 L19 989 €Iy 9SZ 8L1 091 9ZI °®°u ‘v'u -eu
6ZET %98 9SS ZIE 9%E €ZZ 9T OEl LZI 901 19 9 {2
) BL6T (LL6T 9.61 SL6T WYL6T €L6T ZL6T TI61 OL6T 6961 8961 1961 9961
SIYOJHI YOJNANCOIRAS °*S°N
L J w ! L

.’ " e Fr— LY NEW R B e e

Xopuy 32¥14 @IS

($£961) L08/908
() 9swaaduy jo aywy

kosom_.ﬂqnv 108/908
(X) 1IVv/(L08/908)
($°1m) sIzodwy °g-n TV

($°T7W) ®I30dwT £08/908

($°T1w) s3zo0dwy (0g




445

recession stands revealed. The ‘growth of constant-dollar assembly (and
other) imports slowed considerably in 1971, and dropped 12 percent in
1975, compared with 3C to 60 percent growth rates in the fatter years
of the 197C°s.

The serious impact of general economic conditions on the industry,
as well as the more recent changes in production location that occurred
as the Ue.S. industry grew through the 1970°s, are clearly defined when
the country sourcing of 306/8(7 imports is examined, as in Table 6.5.
Note that data prior to 1972 3Jo not include B36.3( imports; hence,
growth rates in 1972 are overstated and some discontinuity in the
distribution of offshore imports across countries occurs in 1972
because of the definitional changes in the statistics.

the sensitivity of offshore projuction to the U.S. business cycle
can be observed in tae growth of BJ)6/8%57 imports after the 1970 and
1974-75 J.S. recessions. Generally, slowdowns and even reductions in
606/b6(7 imports took place in 1671, and even more pronouncedly, in
197>.

Dramatic changes in the geojraphic origin of offshore imports into
the L.S. also took place in the 1970°s. Before 1976, some 20 to 30
percént of V.S, 80C/8J7 imports came in from Western Hemiséhere
sourdﬁs, mainly Mexico. From 1976 on, that figure dropped
precq?itously into the 10 to 15 percent range.

That smaller level of Western Hemisphere imports masks even more
dram;&ic shifts within the hemisphere. Prior to 1976, Mexico®s share
of offshore SC) imports hovered around 2( percent and accounted for

almost all vestern Hemisphere imports. After 1976, VMexico droppel to

only i percent, while E1 Salvador and Barbados each jumped to three
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Table 6.5

806/807 SCD Marke: Shares for Major Lxporters (1lof markst)

(Tigures are percentsge shares: mominal grovth rates below in parentheses)
(807 only 1969-1971; 806/807 combined for 1972-1978)

. He=isohere (total)

Canada
Maxico
Maxic

El Salvador
Rated

Barbados
Nethezlands Antilles

BSrazil

V. Europe (rotal)
United Kingdom

Irsland
Portugal

As
Song Kong

Kores
Taivar

$Singapore
Malavsis
Japan
Thatland

Indonesis
Phillipines

Key:

1969

23
2

- o~ oon

o

1

12

61

14

o o o N

100

26

1
(&)

26
(42)
00

]

0

14
(353

z

13

2
(317)

i
(16)

4
{102)

56

23

)

13
al

H]
(«29) .

10
(104)

2
91)
3
27)
L]

yo11 1 N g
30 22 20 26
2 1 y 2

(35 “H G110y Q)
28 21 20

® W ae  on
o o O
o 2 2 1

Q218)  (28)
b 4 ] 4 2
6773
2 1 : 1
€81) {3382y €16)) (M1Y)
2z /] [ 4] z
1S 13 ? &
[ 2 0 ]

(127%) {«99)

& ? 4 3
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0 ] 1 2
(229

* Serjes definition changes.
2 “ass than 1 percent.

Source: Calenlated free dacs furnished on magnetic tave by USIYC.
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percent, and Haiti and Brazil garnered one percent of the market.

Geograpnical diversification also played a major rule in the
evolution of Asian SCD exports to the U.S. « The Asian share of
U.S. 806/807 imports zoomed from a 50 to 60 percent market share in the
early °“70°s, to an 8C to 90 percent share by 1973. «®hile 10 to 12
percent out of that 30 or so percent increases was at the expense of
western Hemispnhere exporters, anotiier 15 percent was added as destern
Eurorean offshore exports practically disappeared.

Within Asia, diversification of supply also played a major role.
Hong Kong ofishore exports continued to decline precipitously, while
singapore and Malaysia seemed to have greatly bénefitted from the drop
_:n Hong Kong‘s importance. 1n the mid to late 197C°s, Thailand,
Indoﬁesia, and the Philippines were major beneficiaries from the
increased sourcing of production in Asia.

Ayain, the details of Table 6.3 point to the possible importance
of political and institutional changes in producers® location
decisions. Political difficulties and instability gripped Mexico in
1976, the same year that a huge drop in Mexico’s relative importance
occureds Inference of causality is made difficult, houwever, because
labor difficulties (strikes, work stoppages) and a peso devaluation
occured in the same year, while major wage increases hai been decreed
the previous year.

In Haiti, 806/8)7 SCD exports to the U.S. began in 1972, the year
after the death of dictat§t Francois Duvalier, an event which coincided
with what has been delicately described as a shift in "the government';
general disposition toward industrial expansion.™. 111/ In Netherlands

Antilles an outbreak of riqting occurred in_1969, followed by large

~
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drops in exports in 1970 and 1971; labor problems continued in the
early 1970°s, as did large fluctuations in export share;' ;n Portugal,
the military coup of April, 1974, uWas accompanied by a-sharp drop in
806/807 exports, which continued until 1977.

Malaysian offshore SCD exports, which had really begun in 1969,
did not reach significant levels until 1973, two years after the
rioting wnich hal trouvled that country in 1969-7C. In Taiwan, exports
dropred in 1578, the year during which the U.S. made clear its
intentlion to normalize its relations witn China and break its ties to
Taiwan (actually carried out in December). In Thailand, a military
junta was installed in 1976, ending a period of turbulent but
democratic rule; significant levels of 306/827 SCL production began the
tollowing year. In the Philippines, Marcos® martial law declaration of
1972 was followed by rapil growta in SCD exports to the United States.

The last few cases also ewphasize the inherent futility of this
sort of casual empiricism. Kot only major political changes, but also
major institutional shifts in economic policies,occurred just prior to
large volumes of 80€/8!7 exports in the Philippines, Malaysia, and
Thailani. kalaysia opened the doors of its first export processing
zone in 1972. Thailand simplified procedures to rebate duties and
taxes on inputs used in the export production of promoted investments
as o( 1977, 112/ while the Philippines® Bataan export processing zone
sga;ted its operations in 1973. Similarly, substantial 806/807 exports
began from El Salvador after an export processing zone opgned its doors
in 1975. Table 6.6 which shows the spread of export processing zone
arrangements among the major SCD producers, emphasizes the coincidence

of these policies with increasin§ exports in Tables 6.3 and 6.5.
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Export Processing Zone Start-ups, Major

Country
Ireland

Mexico

El Salvador

Haiti

Netherlands Antilles
Brazil

Hong Kong

Korea

Taiwan
Singapore
Malaysia

Phil pines

Notes:

Table 6.6€

Date
Established

1958

1974
1974

1968

1966
19682
1972
1972

1. Drawback system also begun in 1965-66.

2. Juron5 Town Corporation established.

Sources:

'Data Established' from Currie (1979), UNCTAD (1973).

‘'First Year of operation' from Froebel, Heinrichs, and Kreye (1980).
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SCD Producers

First Year of :
Operation .

1966 (Border Industrial-
zation Program)

1975

1974 (industrial park)

i e . a - I

Frceport

1968

[P

Free port

19661 (export industrial :
estates)

1966
Freeport

1972

1973
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It is, in fac?, impossible to attribute rises and declines in
exports to specific political events and economic policy changes
- without controlling for the effects of other econoaic vathbles, of
which the most important is the cost of labor. Important changes in
the relative costs of assembly labor in different producing countries
occurred during the 1969-1978 period. We Jdefer a more sophisticated
attempt to unravel the separate contributions of political events,
economic policy, the international business cycle, and wage movements
on the country sourcinj of offshore production until after our overall
view of the evolution of offshore production is complete.

For the moment, it is sufficient to observe that prodjuction
shifted out of areas with increasingly higher relative wage leveals
(Mexico, Hong Xong), ani into regions with relatively cheaper labor (El
Sailvador, halaysia, 1hailand, Indonesia, Philippines). [lable 6.7
contains estimates of dollar~ejuivalent compensation to unskilled labor

in the major orfshore producing countries (relative to the U.S. ) for

19€¢9 through 1378,
In spite of the multiplicity of factors which may have contributed
{. to the increasingly geographically diversified spread of SCD assembly
exports to the United States, there is little doubt that political
factors played an important roie in this process. Semiconductor
7 manufacturers have explicitly acknowledged the role that
country-specific political risk plays in their sourcing decisions,ir
interviewds with researcners, 1137/ anl in public testimony. 114/

' Though it is clear that offshore production, in successive waves

(- of investment, became a prominent feature of the operations of U.S.

semiconductor firms, it is very difficult to establish the guantitative

'-d

Av: a2




o Table 6.7 . 451
3 )
' Total Hourly Compensation in the International Electronics Industry
1 Dollar Indices, Relative to the United States (=100)
b
t(. .
1 1969 1974 1975a 1975b 1976 1977a 1977b 1978 \‘l?"l
' Major Offshore SCD Producers
T United States 100 100 100 100 100 100 100 100
! Canada 77 94 100 93 8%
Mexico 21 26 28 24 20 15 21
- El Salvador 50
HRaiedl
Barbados
Netherlands Antilles 22
_ Brazil 11 10
‘ United Kingdom 44 50 47 44 43 48 49
l Ireland
Portugal 26
Hong Kong 9.6 12 11 12 12 13 17 14
Korea 10 80 6.0 6.8 7.1 8.4 9.1 10
Taiwan 7.9 8.2 6.7 8,1 8.9 10 10
- @ Singapore 8.8 11 11 12 11 10
Malaysia 1.4 . 8.6-10 9.4
Japan 40 47 49 46 51 59 65
} Thailand 5.4 7.7
Indonesia 4.8 4.4
. Philippines 4.0 5.8 6.0
{
Otuer 1DC's
Jamaica 13
C Notes to Table
: National currencies converted to dollars st prevailing exchange rates
Sources are:
1969 ~ U.S. Tariff Commission (1970), p. 170. Firm-level ratios for ‘office
machinery; consumer electronics', and 'semiconductor' have been averaged together
'@ . together.
; . 1974 ~ Foreign compensation data from UNCTAD (1975), Table 10. U.S. compen-
v sation based on average hourly earnings in semiconductors from U.S. Department
* of Labor, Bureau of Labor Statistics (1979) and unpublished BLS estimates of
_supplementary compensation. (Aug. hourly earnings in U.S., 1974 = $3.82 X
L3825 Tien
- . » 1977(s), 1978 are unpublished estimates of U.S. Dept. of labo
L d + Bureau of Labor Statistics Office of Productivity and Technology.p "
) :3:5(:).A1977(b) sre estimates for unskilled labor,total monthly compensation,
€ by A.D. Litcle, Inc. for use in comparisons of international cost of manu-
R facture of electromnic products.
L
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importance of these arrangements. To some extent, the lack of
available information is symptomatic of the deticiencieélot national
statistical procedures, which are ill-suited to the task“of documenting
production flows witain an international firm. In the United States,
for exauwple, Census bureau estimates of the value of shipments by

U.S. establishments include devices assembled from U.S. coaponents
overseas and entered as 506/807 imports, but exclude devices assempled,
tested, and finished overseas (even if they were made from U.S.
componants and entered unier R06/897 and eventually shipped within the
JeSe. by a YUoS. firm. 115/

Anotaer problém is tnat = since the vast majority of 806/07
transactions represent the transfer of semi-finished product between
related firms (and thus has no observable market value) - offshore
production is given a constructed value as it passes through U.S.
customs. 115/ 3y statute 111/ the constructed value was defined to be
the cost of materials and fabrication overseas, plus a markup for
genaral expenses and profit equal to that ysuyal (not actual!) in sales
of merchandise of that particular kind, exported from that particular
country. 118/ =Zssentially customs value is then defined as variable
production costs, plus a markup particular to the country and product.
The effect of the valuation procedure is to effectively price the
article at its declarel cost of manufacture overseas, plus, possibly, a
markup for general expenses and profit. No imputation for U.S.-based

research anc development expenditure, administrative overhead, or

. - - - P
- w =

3 ovenarllly mades 112/

e e e ————— 0 - R P
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A

Since the latter charges account for a large portion of the price
of the finished SCD, the customs value of an 806/807 import
significantly understates the eventual market value of devices imported
under tariff items 836/07. Cost data reported by Finan in 1975, for
example, show corporate overhéad (2xcludipg direct manufacturing
overhead) and profit egqual to about 35 percent of sales price, or 54
percent of manufacturing cost. 120/ JDetailed statistics from the 1977
Census of “anuractures show that SCD producers marked up purchased
devices by about two-thirds, before reselling them. 121/ A recent study
of I1.C. manufacturing costs concluded that market prices ranged from 2
to 3.5 times production cost. 122/ Such figures suggest that 806/607
import customs values, for SCDs, may greatly unjerstate the market
value of these devices after they are tested, shipped, and sold to
final consumers. A conservative estimate, in line with the loudest
values mentioned above, would markx up the value of 806/807 imports by
(at the very least) 50 percent when calculating the eventual market
vaiue of ofishoure production. 123/ Estimates described below inlicate
that in 1978, for example, some 7 to 65% of U.Se SCD consumption was
produced offshore, yet the value of 806/837 imports accounted for $1.5
billion out of an estimated $4.7 billion in U.S. consumption (see Table
Bel)e

Nevertheless, using 806/807 import statistics, we can devise 2
rouqh index of offshore production as a fraction of all U.S. shipments
(including L.S. production tnat is exported). The basis for our
calculations is the assumption that-since the price (in' the

U.S5. market) for a semiconductor is the same wnether or not it is

assembled offshore, and the cost of the materials used is also roughly

TPy
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the same onshore or offshore (the materials used offshore are generally
shipped from the U.S. ) the total value added per unit shipped will be
the same for units manufactured onshore and offshore, at any given
moaent. Thus, if we have an index of value added offshore, and another
index of value added onshore 3pgd offshore, their ratio will be '
proportional to tae fraction of U.S.-based shipments (ingcluding
finished 8¢t/3.7 iwports) frox UsSe producers that are actually

assembled oftsaore. The constant .. proportionality will be the ratioc of value added

per unit assembled offshore to total value added per urit (everywhete)kzs/ I the

ratio of oftshore asseanbly value added to total value added per unit is
roughly constant over time, movements iﬁ this index will reflect
changes in the proportion of finisned units moving throujn U.S.
domestic facilities which are assembled offshore.

Such an indjex has been constructed in Table €.8. It shows the
proportion of the total value of U.S. ~based shipments added offshore
almost doubled between 1971 and the late 197¢°s. The recessions of
1979-71 and 1974-75 were accompanied by particularly large increases in
the relative snare of offshore assembly facilities in total value .
added.

hote that this index probably ypnderstates the true increase in the
relative fraction of U.S. based shipments assembled offshore. 125/
First, with increasing chip complexity, the proportion of total value
added associated with offshore production, per chip assembled offsnore,
has probably declined, and our index of offshore valued added relative
to total global value added per chip therefore does not fully reflect
the increased reliance on offshore assembly in VU.S.-based shipments.

Second, our index of offshore value added is the dutiable content of

Atk e
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UeSs B(E/8UT imports, which includes some U.S-made materials and
iteight charges, 128/ and, therefore exceeds tne actual balue added
offshore. 4s chip complexity has increased, and offsﬁore assembly
costs nave risen, our measured index of offshore value added has
probably droppad closer to true offshore value added. 127/ This would
also lead to our index understating the increase in offshore
operations. It would, theretore, seem safe to assert that the
proportion of semiconductors passing through U.S. facilities tnat were
assembled oftshore probably roughly doubled between 1971 and 1378.

To assess the magnitude of these flows, then, wWe neei some
base=-year estimate of the proportion of U.S. semiconductor output that
was assempdled offshore. tirst, a 1970 survey by the U.S. Tariff
Commlssion establisned tnat most firms operating in that year started
their foreign assembly operations in 1967 or 1968 (excluding, of
course, the earliest pioneers) l2§&/ Furthermore, in 1969, all 826.3)
semiconductors and ‘most® 807.00) assembly imports underwent further
processing in the U.5., 122/ so that figures on guantiiies of 836/837
iaports can be used as a measure of what fraction of U.S. SCD shipments
underwent offshore processing. This exercise is unlertaken in Table
6.9, for the period 1969-1371.

The results show an increase in the share of U.S. semiconductor

‘shipments processed offshore, from about 40 percent in 1969, to about

46 percent in 1971, during the depths of the 1979-71 version. If we
assume tnat the share of offshore assembly in U.S. ~based shipments
increased 1.7 to 2 times between 1571 and 1978, in line with our
ciscusslion of Table 6.8, the implication is that between 78 and 92

peicent of L.5. semiconductors were assembled off{shore in 1978.
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o Table 6.9
é Offshore Production in Relation to U.S. Shipments
r
E 1969 1970 1971
All Semiconductors 3387 3126 2273
p No. shipped in U.S.
: (M1l units)
No. Imported under 1365 1319 1275
806/807
% Imported under 40 42 46
‘ 806/807
! 0f which:
Integrated Circuits
Ne. shipped in U.S. 278 292 406
No. Imported under
806/807 n.a. 241 275
"¢ Z Imported under
806/807 83 68
1969 1970 1971 1972
{ Transistors
v No. Shipped in U.S, 1192 1064 997 1259
[ . No. Imported under
806/807 646 548 482 1223
2 Imported under
806/807 54 52 48 97

¢
4 %
N
EY
[ ] Y
A Y
}
|

Sources: Shipments are official U.S. Department of Commerce estimates; 806/807
imports are official trade statistics; both found in U.S.I.T.C,
Transistors and Diodes (1975), Tables 2, 4, 6, 8.
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Unfortunately, we cannot reasonably extend this procedure into the

‘mid and late 1970°s, because the Department of Commerce ended its

practice of estimating quantities of semiconductors shiéped, and
because during this period, U.S. manufacturers increasingly began to
test and finisa their semiconductors in overseas facilities. 132/ In
the latter case, tne finished semiconductors imported under 806/807 are
no longer éountea in the value of U.S. semiconiuctor shipments, as
detined by the U.S. Census Rureau. ,

e can, nowever, estimate wnat proportion of U.S. =based
integrated circuit shiipnents, in the mid to late 1970°s, were processed
offshore. 1able 6.1v documents these estimates, which are based on the
results of a 1979 UeSeleTeCe survey of most UeS. producers. They
indicate that pbetween 1974 and 1976, the percentage of U.S. shipments
tnat were processed ofisnore increased from about 73 to 82 percent.
The proportion of J.S.-shipped IC’s finished offshore increased from
about 45 to %4 percent over that period.

une final scrap of information sugéésts that between seventy and
eighty percent of all U.S. =-based semiconductor shipments were
assembled offsaore. Accoriing to a 1979 market report by the Frost and
Sullivan consulting firm (and whose methodology is unknoun), 71 percent
of U«.S. semiconductor consumption was then assembled offshore.

finally, note that we have been talking about U.S. 806/307 imports
as if they are ejuivalent to what we have been describing as "offshore
production”" by U.S. firms. Strictly speaking, they are not, since some
output is sold locally or exported to other countries. However, (as is

shown in section 8), about 85 percent of the output of U.S. electronic

conponents affiliates in Asia in 1977 was exported to the U.S., and
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[
Table 6.10 '
Inportance of Offshore Assembly in U.S. IC Shipments
( (quantities are millions of units)
{{' ' 1974 1975 1976 1977 1978
1. No units assembled in U.S. 250 176 245 314 372

2. No units imported under 806/807 935 670 1,011 1,325 1,666
t: 3. Total U.S. units assembled (142) 1,185 846 1,256 1,639 2,038
4. No. units finished in U.S. 648 441 611 773 944

S. Assembled and i{inisghed in U.S.,
" as X of Total (1/3) 21 21 20 19 18

6. Assembled offshore, Finighed
in U.S.,as Z of Total 34 31 29 28 28
((4-1)/3)

&£ 7. Assembled and Finished Offshore 45 48 s1 53 S4
as X of Total
((3-4)/3)

Sources and methodology:

(1), (4) are from U.S.I.T.C. (1979), Table A-2.

(2) was calculated by dividing value of 806/807 imports reported by
U.S. firms /U.S.1.T.C. (1979), Table A-25/ by average unit value of U.S.
806/807 1C. imports for 1974-78, making the assumption that the composition
and value of reported 806/807 imports in survey was identical to official trade
statistics for that year Unit values used (per IC) were ($)

1974 75 76 77 78

.43 .60 .47 .48 53
and are based on tabulation by the U.S.I.T.C. (Integrated Circuits and their
Use in Computers, May 1979)). The relation between official trade statistics
and the 1979 ITC dollar figures was

74 75 76 77 78
official (mil $§) 446 476 690 910 1,245
U.S.1.T.C. (1979) survey 402 402 475 636 883

The d:iacrepancies probaly arise because

(1) Not all U.S. IC producers were covered by the survey

(2) Not all 806/807 imports are made by U.S. producers

(3) The fiscal year to which company figures may refer may be different
from the calender year to which trade statistics refer.
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roughly the same situation appears to have existed in the early
1970s. 131/
Offshore assembly, then, grew mightily in the U.S. during the late
1960°s and 1977°s, and now dominates production shipped in the
UeSe This offers a marked contrast to production arrangements in Europe

and Japane.
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7. Qffshore Production of Semicoaductors lip_sestern_Eurepe._ang_Japan

while information is much more difficult to obtaihuon offshore
production by European and Jépanese firms, it is clear that it is a
npch less important part of their operations tnan is the case for
Ue S. firms. Table 7.1 maxes this point very clearly. As on upper
bound on offshore 1C imports, the fraction of IC production accounted
for by imports from the Asian “Yoffshore" countries has been calculated.
Less than 5 percent of Japanese IC production, and less than 16 percent
of EeC 1C production, coulld nave been accounted for by offshore imports
in 1970.

Furthermore, these numbers ouzit to be considerei upper
bounds 134/ on possible orf{shore imports by national firms, since they
a3y include exports from offshore Asian affiliates of U. S. firms, and
even indigenous Asian producers or assemblers. In 1978, it was

estimated that about $33 million in IC imports from offshore

~subsm‘iaries of Us S. SCL producers entered Japan, tnougn these flows

dia not necessarily come from Asian affiliates. 133/

Taese bounds also do iiot take into account as "offshore
production®” the output of Japanese affiliates in place behind the
Ue S¢ and Common arket tariff walls. With the broader definition of
"offshore production”™ including output that never reenters Japan, the

following fiqgures are available for 1977: 134/
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@
Table 7.1
Imports and Production in the Japanese and
,(, European I.C, Markets
Imports % Ooffsghore
from : p 4 Country
Offshore Sh'F”“”'S Imports to Imports to
Imports Countries* Production Shipments Shipments
(Million US $)
Japan
1974 179 27 439 41 6.2
1975 134 25 395 34 6.3
1976 199 45 664 30 6.7
1977 187 27 761 25 3.5
1978 255 44 1330 19 3.3
EEC**
1974 226 41 330 68 12
1975 184 30 313 59 9.6
1976 380 90 378 . 101 24
F 1977 329 74 465 71 16
i Source: Calculated from data in U.S.I1.T.C., Competitive Factors Influencing 'j
_‘ World Trade in Integrated Circuits, Washington, D.C. (November, 1979), Tahle AS6, 3
A59, A67, A70.
* Defined as all of Asia less Japan.
8 %% Less Luxembourg, Ireland, Denmark. ’
[
’
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L! 1977 'R
[’— - 9
L Qty. Value
(1000) (mil U.S. §)
L ’
Discrete Production 9892 1015
] Discrete Offshore Production 1186 47
! % Total Production 122 52
r‘ L
' I.C. Production 828 774 ]
I.C. Offshore Production 67 22

- { « Total Production 82 32 I'i
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"By 1980, it was estimated that some 10 percent qf ICs uwere made in
overseas plants 1335/ and all indications are that thfs upward trend
will continue as Japanese producers accelerate their ﬁove into the
Suropean and U.S. markets with local production facilitiese.

Relatively tittle of the Japanese offshore output is re-exported
into Japan. This can be seen by examining figures recently compiled by
the U. S. 1. T. Ce on the operations of the 1C largest Japanese IC
producers, who in 1578 accounted for some 85 percent of IC production
within Japan (See Table 7.2). According to the 1TC, these large
Japanese I1C producers hald offsaore IC facilities located in Ireland,
Korea, and Taidan. All of the facilities exported output only to
related parties, hence the related party imports in Table 7.2 place an
upper bound on Japanese inports from offshore locations for the top 10.
dhile the importance of such related party IC imports has grown
rapidly, it 15 still miniscule in relation to Japanese domestic
production.

Tue offshore 1C operations of the Japahese top 13 in Korea ana
lreland also so0ld output locally in those countries; in Korea, some of
those local sales were to other affiliates of the Japanese parent firnm
who presumably used the purchases in equipment bein3g assemdled in
Korea. The top 10 firms also had much more extensive offshore
operations in discrete semiconductor devices, witn only a small portion
of their offshore employment in integrated circuits. ?heit total
offshore semiconductor employment grew very rapidly from 1974 to 1978,

put still remnained small relative to Japanese employment. 136/

ala.m o aA




Table 7.2

I.C. Shipments by 10 Largest
Japanese I.C. Producers *

1974 1975 1976 1977
Total Japanese Production ‘
of Top 10 (million U.S. §) 268 331 516 643
Exports as % of Japanese
Production of Top 10 1.3 4.0 5.3 12.8
Related Party Imports
as X of Top 10 Japanese
Production .6 1.1 1.8 3.7
I.C. Producticn by Top 10
as T All Japanege Production 62 84 78 83

465

1978

1135

18.0

1.8

85

* Top 10 producers are NEC, Hitachi; Toshiba, Matsushita, Mitsubishi, Sharp,

Sanyo, Sony, Fujitsu, Oki.

Source: U.S.I.T.C., (November, 1979), Tables A4l, A49, ASS, AS8, U.S.-Japan

Trade Council (December 7, 1979).

T . . .

, W

‘
2




PP—

466

Partially because of trade friction with U. S. and European
produce;s, and‘partially because of other purely economic factors (see
Section 8), Japanese producers increasingly began to invest in
production and assembly facilities in U. S. and European markets in
1960 and 1951. 137/ 1t is doubtful that much of their “offshore"
prolduction of sophisticated ICs will be coming from the less developed
Asian countries typically linked to such production.

On the other hand, offshore production in Asia, by Japanese firms,
of simpler ICs and discrete semiconductors, while still fairly small
portions of global output, has been increasing rapidly. 138/

Tae apprarently meager use of offshore production facilities by
Japanese semiconductor firms warrants further examination. Until the ,
early 1975%s, imports were Jiscouraged by trade barriers and foreign
investments were tightly controlled, and it might therefore be argued
that tnese historical restraints account for the sinall levels of
offshore production by Jaranese SCD producers.

As far back as 1962, Japanese investments were petrmitted in the
proiduction of passive electronic components (simple devices like
resistors, capacitors, etc.) in 4Yong Kong. 133/ The stimulus to this
policy was undoubtedly international competition, since by then
Japanese wages had started to move above the levels prevailing in the
less-deveioped Asian economies, and U. S. producers were beginning to
=ssemble their most labor-intensive products in those low cost Asian
locations.

Foreign investments in active components {(which include, along
with semiconductiors, various tvpes of electronic tubes) were not

approved until 1965, in Korea anl Taiwane 140/ After tne 1970-71
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recession, a whole rash of approvals followed in the 1972-74 period,
and a number of firms moved into Malaysia as well, to’producé active
components. Table 7.3 documents this movement offshore. Few of these
investments involved IC production; most were oriented toward simpler
discrete devices. 141/

By 1976, Japanese semiconductor producers had literally spread
themselves all over Asia. Table 7.4 shows Japanese semiconductor firms
in most of the same locations where U. S. firms have established
oftshore affiliates. It is also clear that these affiliates, in
increasing nuabers, were producing more sophisticated devices,
including simpler types of integrated circuits. Nevertneless, as the
previous discussion has made clear, Japanese offshore
production <=- at the eni of tne 197us =- was a very much less
signiiicant (albeit, growing) part of global production than was the
case for Ue. S. firas.

A more detailed exanination of the circumstances of Japanese
foreign investments in semiconductor production sheds farther light on
the motivation for and growtn of such operations. Table 7A.l, appended
to this section, summarizes the details of such investments by members
of the Japan Zlectrical Xachinery Industry Assocliation (JZYIR); the
data, while not exaiaustive is suggestive. Table 7.5 highlights some of
the information found there.

It is clear, for example, that penetration of foreign markets is
the major aim of such investment. Only three countries == Korea,
Titmzrn, and ~_.laysia -- had investments reporting exports to Japan.
hiso, the estapblisnhpent of these offshore opergtions accelerated in the

late 1970s. OJf the 24 such investments made by JEMIA members, one

Y PPORSENEPTr O Y
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Year

1969
1970
1971
1972
1973

. Japanese Direct Foreign Investment in
Active Components (SCD end Tubes)

Table 7.3

by Year of Approval, as of 3/74

Taiwan

1

1

1974 (1st quarter) 2

TOTAL

(per country)

Source:

No. Investments

Korea Malaysia

1

1

1

3

3 3

1 1l
10 4

TOTAL
(per_year)

2
1l
1
4
7
4

19

Yoshihara, Japanese Investment in Southeast Asia (Kyoto, 1978),

Table A7.
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Table 7.4

Foreign SCD Investments by Japanese Firms
1979

No. of Cases of Investment 4n

Discrete SCD Integrated Circuits

Country
U.S.A. 2
Mexico 1l
Argentina 2
Korea 4 4
JTaiwan 2 1
Hong Kong 2
Thailand 1 1
Singapore 3 2
Malaysia 3 4
Other - A

16 17
Source: Japan Electronic Machinery Industry Association, Internagtiongljization

and its Impact on the Electronic Industry of Japan (1980, in Japanese), p. 51.

Investments listed here correspond to those of firms answering a
survey carried out by the JEMIA.
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quarter were made since 1978, and half since 1975.

1

Patterns in the establishment of subsidiaries by country are also

visible., Cheap or stable labor supplies were cited as a reason for

B
.

oftsho;e investment in the low=wage Asian countries like Korea, Taiwan, ?
philippines, and Malaysia. Access to export markets appears to have

been more important in Hong Kong and Singapore, with nearness to user

i Aﬂ hntd b

eJuipment industries especially important in Singapore. 1In 17 of the
<4 investments, there was some sort of financial incentive to maxing
tne investment.

by the end of 1979, however, the production of such offshore
facilities in Asia must still have been relatively small. While some
of the investments shown in Table 7#.1 have no employment figures
javailable, and thus, no complete figure on employment can be given, we
can use tne information to calculate some general orders of magnitude. g
0f 19 Asian operations, 12 reported employment. Of those 12, the 7 »
establisnments producing only semiconductors employed about 9330

workers, while including the other establishments with a broader

_ sl e a.aa

product mix raised employment to about 13,70C. It seems safe to »
suppose that Japanese offshore semiconductor employment in Asia

A3
2 probably lay between 10,0¢C and 29,90C workers in 1979. Since the 10

1 major :Japanese IC producers who accounted for the great bulk of

Sa b am aaw

Jgpan€§e SCD output employed roughly 33,000 workers in 1978 (See
30ction 8), this is significant in relation to Japanese domestic
enplo;%ent. ®

One salient feature of Japanese offshore electronic production is
tnat it is mainly used to supply local and third country export

markets, in con}radistinction to U. S.-based operations. This point is pj

———p—
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:‘ ‘'made especially clear if we examine the trade statistics of Korea,
. . Singapore, ani Hong Konge. Japanese producers are using operations
located in those countries to make significant exports using SCD parts
produced in Japan. 1In those tnree countries, as a whole, the ratio of
SCu parts imports to SCD exports ranged from about .7 to .8 (See Table
7.6). The ratio was much lower for most Curopean countries® parts and
product traue, and much higner for Japanese-exports of parts and.
imports of product. Japan seems to have been a net exporter of parts
to the turopean countries, via assembly operations in otner Asian
countries. 142/

biso, since all Asian IC imports in 1978 entered under GSP (see
Section 98), and most Japanese offshore affiliates are in Asia, it is
~ almost certainly true that the offshore production of Japanese
producers entering Japan must have made significant use of Japan‘s

generalized tariff preference scheme. Given the reasonably high tariff

barriers protecting the Japanese market over this period, the existence
; of these preferences may have played an important role in making some
‘ offshore proaguction economical.
! In the EEC, by way of contrast, tough protective measures against
SCD imports were so numerous 143/ that even the much lower wages
available in Asia apparently did not spark a movement offshore. Since
: " available GSP quotas were quate limited, such tariff relief uas
' available to only a minor gquantity of Asian imports produced by EEC and
foreign nationals.,

Wi.ile no disaggregated statistics on EEC outward processing trade
are puvlished it can be established that the outward processing

provisions were used for at least some SCD imports. 1In the

[ C i e e . o e at— e b v 4w = ——— - — b it . .- e ———— . - re
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- . Table 7.6

Major Exporters of SCD Parts to Kores,
Singapore, and Nong Kong
1978
(=dllion § U.S.)

Parts fncu and Value of mftg.;;
Srte exports from:

Country from which

parts are exported Eores Singapore Bong Kong ) 4 s B.K.
rrn“ no. 10. 066 - 060
Germany 2 14.4 2.1 20 .26 .12
It‘l’ - 12.2 - - 56 -
Japan 47.1 3.6 3.6 1.1 2.0 5.6
U.kK. o7 2.3 1.3 3.5 19 .16
U.S. 165.7 325.2 68.8 .86 .84 .72
Netherlands 4.3 - 5.4 52 - .42
Korea X - 3.2 X - .64
Singapore 5.3 X 10.2 48 X .65
Hong Koug 7.6 3.6 A2 14 X
Malaysia 6 22.2 3.1 3 1.5 .8
Tli‘lln - - 307 - - 067
?hilippim - 1. 6 1- 2 - o‘ . 19
Mmd 02 .3 60‘ o‘ 062 -
All Countries 245.2 424.3 '1%85.3 69 .75 .19

Source: Official trade statistics of Xorea, Singapore, Bong Kong, 1978.
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Philippines, at least, European firms are using the outward processing
p;ovisions to escape the EEC tariff in much thé~same uay‘ﬂ. S. imports
are entered unjer tariff items 836/807. 144/ As pointed out in Section
5, however, the EEC system is much less advantageous to producers than
the U.S. 80€/3827 systen.

ke concluie, then, tnat offsnore production, in the 1970s, nad
been a less important aspect of the global operations of European and
Japanese firms than was the case for U.S.-based firms. Japanese firms,
however, have Leen rapidly increasing the number of offshore affiliates
in both industrialized and developing areas, and seem to be
transferring increasing amounts of the manufacturé of less complex
semiconductor devices to their LDC affiliates. The Japanese operations
seen to be primarily geared toward exporting to foreign métkets, ani
the aﬁfiliates in low-wage Asian countries seem especia}ly prone to

export to zurope. 3y 1979, Japanese offshore employment in

‘semiconductor production had become a reasonably important share of

worldwide semiconductor employmente.
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8. Jlplernational Competitien_and Dffshore Productiop

Having established in the last two sections that Jspénese and
European producers (who ship perhaps 10 to 15 percent of their output
from foreign locations) have organized their production flous in a very
different manner from firms located inside the U.S5. (perhaps 70 to 80
percent of their semiconductors_ are assémbled offshore before returning
to the U.S. for finishing or distribution), we turn to the task of
explaining these differences. This will not be a simple task for the
most interesting case--Japan-- since, as will be argued below, the
choices made in organizing product flows are the outcome of a complex
constellation of economic, political, strategic, historical, and
structural factors.

European choices (including those of U.S.-owned SCD producers in
the European market who have historically dominated wWwestern European
markets throujn the operations of their European affiliates) 145/ are,
on the other hand, simple to explain. The very high levels of tariff
protection make it uneconomical to import, except for the very simplest
sorts of devices whose costs are mainly attributable to labore-intensive
assembly and packaging operations. For such highly labor-intensive
devices, the huge differential in labor cost between the Far East and
Europe can even offset the very high tariff charges. For more complex
devices, wnere the cnip and other materials are a significantly larger
portion of the cost of the finished device, even the use of the
“outuard-progessing" tariff provisions (when permitted by the
authcrities) offers little relief, since the net effect of these
provisions 1Is to still impose a 9 percent tax on the material content

of the chip upon reimportation.
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The objective of this policy was probably to force foreign
manufacturers to set up operations in Europe, as a uésns qf encouraging
Joint ventures with European partners, the transfer ;f technology, and
the creation of a strong indigenous Zuropean industry. The high tariff
walls have been most effective in getting foreign-based manufacturers
to set up atfiliates in Zurope. 146/ They have not been very effective
in making European firms internationally competitive, and, perhaps
belatedly, Furopean governments are turning increasingly to subsidy
policies as a means of increasing the competitiveness and technological
competence of national producers.

The situation is guite different in Japan. The technological
sophistication of Japanese firms has advanced at a steady and rapid
rate, after a strategic national decision was made in the late 135(Cs
that electronics technology was critical to the future economic growth
of Japan. The advance of Japan can be seen in the rapidly increasing
share of world semiconductor production that is reflected in Japanese
damand (see Table 8.1)s Tne Japanese share of world consumption has
risen especially fast during periods of economic recession where a
national policy of encouraging steady and stable growth in SCD
producton have insulated Japanese producers, to some extent, from the
business cycle fluctuations which are, normally, especially pronounced
in thg electronics business.

The success of Japan in arriving at the cutting edge of technology
can also be seen in the rapid increase in the portion of Japanese
output made up of technologically sophisticated integrated circuits.

As Table 8.2 shows lapanese SCD shipments are swiftly approaching

UeSe shipments in their composition, in terms of tne importance of ICs.
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Table 8.1 Estimates of SCD Consumption in Major Markets

<

Share of Total Market of Total
Year* U.S. Western ‘Europe Japan (Billion §)
1956 87 8 5 .09
1960 80 12 8 .69
1965 7 14 10 1.40
1972 57 18 25 3.00

Source: Finan (1975), Table 6~1.
* Includes only Britain, France, West Germany in Western Burope.

1970 49
1972 48
1974 48
1976 46
1978 45
1980 45

25
22
27
25
29
25

26
30
24
29
27
30

2.55
3.15
4.85
6.34
8.80
14.10

Source: Electronics, various issues: 1970: 1/3/'72, 11/22/71, 12/21/70;
1972: 1/10/74, 11/22,73, 12/18/72;

1974: 1/8/76;
1976: 1/5/78;
1978: 1/3/80;
1980: 1/13/81

¢80

c Tt SRR 8 o B ra ey ¢ 8. B e A S ew Y

T

Bk & tlaca a2




T——

@

--— e - W e we e e smea J - - - o= . . - - T - - - - t — . - e - —— ..

481

Tnis should not obscure the fact that the Japanese lndustry
continues to focus its efforts on staying up with teéﬁnqiogical
developments in the U.S. The last major technological push by the
Japanese and the government-funded VLSI labs, 147/ was intended to
match technology already on the drawing boards at U.S. researc’ 1labs.
The next set of major semiconductor projects that will be supp ‘ted by
government=-funded programs=-a push to increase the speed of Ja (ese
circuits=-= j43/ will attack problems under study for years at =~ and
beil research labs, and funded elsewhere by tne U.S. Defense
Departuent’s ViS1C program since 1979. 149/ The extensive research labs
funded and run by tne state-owned telecommunications company, nippon
Telephone and Teleyraph, are modelled after the U.S.°s Bell labs which
play a similar role in researching basic technology and providing it to
private firms. 150/

In short, Japanese technological development efforts have been
concentrated on catching up to the U.S. Unfortunately, in the
semiconductor business, playing catch-up is not a successful business
strategy (unless you have some sort of cost ailvantage) because of the
importance of learning economies, the effects of cumulative production
in rteducing unit costs over time. To succeed in becoming
internationally competitive, the Japanese industry needed to innovate,
to ride down the learning curve on some innovation of its own.

In the early 1970¢s, then, tne Japanese faced tnrée fundamental
problems in their semiconductor industry. As just remarked,
innovations seem to be required to stay competitive, and greater
resources therefore had to be channeled into research and development.

Second, reliability problens were being experienced in the more
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sophisticated products manﬁfactuted, and quality impro!ements needed.
Thi;diy, the rising cost of labor in Japan was eroding'qépénese
competitiveness. 131/ Because,'at the time, significantfbarriers to
offshore semiconductor imports still existed, that strategic option
could not be exercised by Japanese producers, even if institutional and
political constraints would have permitted it.

The Japanese response to these difficulties attacked all three
trouble spots. The subsidy and capital allocation polizies describel
earlier were put into place, and channeled large sums into
semiconductor ki3, The particulaf areas of research selected also
attacked tne Juality problem directly, ani the labor cost problem
indirectly, by focusing on production technology us.ng highly automated
eguipment.

The innovation selected for development by the Japanese =- and, in
fact, an innovation which had worked successfully in other electronic
products Japan came to dominate =- was quality. Ais was argued before,
high levels of product guality rejuire uniformity in production, and
that meant the replacement of manual assembly and packaging technigues
with automated procedures. It was also an innovation that relied on
particularly Japanese industrial strengths, the development and
improvement of manufacturing process technology (as opposed to research
on basic technical principles), and. an improvement whose time had come
for economic reasons to be discussed below.

Automation, to be economic, generally reguires large volumes of
outpute It was no coincidence that the particular product which
Japanese firms began to aggressively export in the late 1970s, and in

which they created a reputation for outstanding quality, was computer

C o
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Table 8.2 Relative Importance of ICs in Semiconductor Shipments

Percentage of SO Shipments Made Up of ICs (Measured by

Value)
Year u.s. | Japan
1965 1 oo
1970 38 22
1974 57 36
1975 57 43
1976 61 43
1977 60 44
1978 63* 53

Sources: Japan: Japan Statistical Yearbook, 1980

U.S.:

1967-1977, Census of Manufactures;

1978, Qurrent Industrial ﬁ?‘ Selected Electronic
and Associa ces ; and Annual
Survey of Marufactures, 1978;

1965, Electronic Industries Association, Electronic
Market Data Book 1977

* Estimate, based on assumption that shipments of devices not separately
g_lass:l.fied have same distribution as classified devices.
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meaory chips. Memory chips are the largest volume product line in tne
semiconductor industry, have the highest growth rate, and promise to
éontinue their leading role because of their central inpottance in the
manufacture of computers. Computers, in addition to being an
extfaordinarily fast-growing product in demand, are also the
technological focus of Japanese policies to promote the electronic
industrye. -

Tne kxey role that computer chips have played in the expansion of
Japanese semiconductor output in the late 19730s §is guite striking.
Table 6.3 shows the increased role of ICs in Japanese shipments and
exports, and to some extent, tne gro4ing role of computer chips (the

principle application of digital ¥MJS chips is in computer logic). It

-3does not capture the central role that computer chips played in export

increases in 1379 and 198y, when Japanese chips first captured a
significant share of the U.3. and European memory chip markets.
Currently the largest Japanese firm, Nippon tlectric, is the largest
producer internationally in the important market for dynamic random
access memory (RA') chips, holding almost 50 percent of the global
markete. 152/

It shall be argued that there are at least seven possible

nistorical anl structural reasons why quality innovations were

" introduced by the Japanese, and not, say, by their U.S. competitors in

semiconductors. 153/ The first was a matter of past experience. hen
Japanese firms pushed their way into the 1nternationa1';ransistor, and
transistor radio market in the late 1950s and early 1960s (anl it
should be remembered that this p;obably stimulated the first offshore

movements in the U.S. semiconductor industry), the Japanese had quality

'i

- A

! @
_— " S Y




Table 8.3 Recent Role of ICs in Expansion of Japanese SCD Industry.
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1974 1975 1976 1977 1978
(All figures are percentages)

! 1. (Japanese SCD Shipments) / 33 31 36 39 39

(U.S. SCD Shipments)

[‘ 2. (IC Shipments) / '

(A1l SCD Shipments), Japan 36 43 43 44 53
é_‘ 3. (Digital MOS Shipments) /

: (A1l SCD Shipments), Japan 14 20 19 18 25
E 4. (IC Exports*) / (All 5.3 11 12 15 19
i ( IC Shipments), Japan

.c 5. (1C Bxpottl*s / 17 32 32 38 52

(A1l SCD Exports), Japan

. Sources: 1.U.S. Census of Manufactures, Annual Survey of Manufactures; U.S.-Japan
Trade Council, Council Report No. 41; U.S. Japan Competiton in Semi-
Conductors: Part I (December 7, 1979). .

2.-5. U.S.-Japan Trade Council, op cit.
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problems that ninjered their expansion. Removing the stigma from the
"Made in Jaban" label was made a matter of priority, and a deliberate
and ;ell-studied program of quality improvements cartied out for
elec;tonic and other products. A considerable body of experience and
expertise in juality control was accumulated. The success of this
program is oovious today, and American electronics firms'frankly
acknowledge their imjtation of Japanese technijues. 154/

Secondly, the aistory of semiconductor demand in tae two markets
also played a role. As was shown earlier, military demand for
seniconductors playsd the central role in the development of the
VeSe industry in the 195%s and early 1960s. Military users have very
special rejuirements for juality and reliability; 155/ every device
must work prop:srly everytime. Commercial users, oﬁ the other hand,

face a traceoff petween cost and quality, and can select the

profit-maximizing combination. Every part supplied to military

specifications was rejuired to be inspected, tested, and “burned in" by

equipment manufacturers. These "brute force"™ methods of quaiity
control, rejuired oy the miiitary, became standard in the American
electronics industry. The Japanese producers, on the other hand, who

were completely dependent on the commercial electronics market, were

free to adopt entirely statistical approaches to quality control, which

concentrated on improving processes of manufacture to the point where
the defect rate was low enough to eliminate the need for costly and
time=-consuming testing and "burn in®" procedures. 15§/

Third, the changing nature of semiconductor technology made the
Japanese approach to quality controle- reducing the manufacturing

defect rate so that testing by the user was unnecessary == much more

a
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attractive. With highly complex VLSI chips, very expensive
computerized test eguipment is required. dhile this fixed cost may be
a peéessary'cost to a producer of chips, it becomes increasingly
burdensome to users. Wwith simple components requiring simple testing
procedures, an equipment manufacturer could (with a relatively small
investment) guarantee the quality of the parts used in his eguipment;
with tne fixed costs of testing complex chips, however, it is much more
cost-effective to have testing done by a centralizel facility operated
by the manutacturer, or better yet, to improve manufacturing processes
so that testing is unnecessary. The increasingly costly test equipment
reguired by complex VLSI integrated circuits is likely to have made
this latter Japanese approach, eliminating the need for costly testing,
more and more economicalily advantageous.

Tne attractiveness to ejuipment manufacturers of high quality
parts 1s central to the tourth reason why quality improveanents were a
particularly Japanese innovation in semiconductors. In the U.S., @many
major semiconcductor manufacturers (and there were over 108 firms

manufacturing ICs alone in 1977) 131/ only produce semiconductors. 1In

e Japan, integrated circuit manufacture is carried out by perhaps 18

E firms, 138/ with all of the major producers integrated into much larger
é electronic equipment producing firms. 153/ There was, therefore,

t' probably a much greater tendency among the Japanese firms to tailor

E their products to the cost economics of complex equipment manufacture

E than existec in the United States.

:. Fo7r . 7 dipussceart in guality control may partly be an

; investn .t in very "ionpy" and nignly=-specialized automateg machinery,
t and partly a fixed investment in information and technology, in
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optimizing designs and studying and perfecting manufacturing processese.
It may well be that the Japanese government’s willingness to actively

subsiﬁize research and development in these areas corrects for the well

‘known potential of a laissez-faire market economy to unlerinvest in

these activities.

?hé apparent relationship between uniform and high~gquality output
and the use of very expensive automated machinery (which may also
rejuire customized design) provides a sixth reason why the Japanese may
have been willing to make these heavy investments in automated
manufacture. As was argued earlier, a large portion of the capital
supply 1in Japan 1is rationed through the use of a sophisticated guidance
macalnery cooriinated by various government agencies. There is a
strong case to be made that government policies aimed at funneling
capital into the Japanese semiconductor industry have hal a significant
effect, lowering the cost of such capital flows, ;nd making (as was
pointed out 1in our earlier discussion of seamiconductor economics) more
capital-intensive technigues much more attractive. 158/

Finally, there is much more to gquality control than the mere
functioning of hardware (much of the production ejuipment used by
Japanese firms is actually purchased from U.S. producers, 1§81/ except
in assemply, where the ejuipment is overwhelmingly of Japanese
origin). 1£4/ Japanese juality control methods particularly stress
cooperation bpetween production workers, managers, and engineers;
so-called "quality circles" in which workers and supervisors discuss
tor 7 wtce. 3re an iwn~ortant part of tne formula. 163/ Japan‘®s unique
syITer ¢* labor relations, in which workers® and managers®

Fc.a%i0nL5nip5 are more cooperative and less adversarial than in the

A
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U.S. and Europe, with uworkers expected to show loyalty to the company
in exchange for job security, probably was essential to the development
of this participatory aspect of its juality control methods. 164/

Japanese-type quality innovations, it should pe stressed, have
limitations. There is a tradeoff between juality and cost from the
point of view of an equipment manufacturer, with the paraveters of that
tradeoif sensitive to the complexity and cost of the equipment in which
the semiconuuctor is to be installed and the difficulty and cost of
testing tne component. Tnere is little reason, for example, to insist
that defects in shipments of calculators chips to be installed in
57-dollar calculators be dropped from 14C(¢ to 100-295 parts per
million, when the cost of the equipment'and processes necessary to
achieve those levels might double the price of a one dollar-chip; the
$5,600 in defective calculators saved on a production run of a million
woula be lost in tne million dollar cost of the improvement.

The increasing sophistication of the applications in whicn
semiconductors were used, and especially the increasingly large share
of the market going to computer chip applications, are the root cause
for tne recent stress on guality by_semiconductor consumers (repeating
the é;ithmetic exercise above with a half-million dollar minicomputer
substituted for the cheap calculator makes clear wny manufacturers of
sophi;ticated equipment should even be willing to pay more for a higher
quali;y chip). Japanese semiconductor merchants should get full credit
for ;%asping tne economic significance of quality, and investing in

their Juality-related innovations. &/

"
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Our reasoning, thus far, suggests only that Japqnese producers had
good economic reasons, the historical experience, and an industrial
structure that supported tneir move into the high volume computer chip
market, with their pertection of high guality processes of manufacture
being their principle marketing tool and competitive advantage. Other
reasons must be found for the locatiop of these facilities, for the
most part, in the developed countries, since offshore labor costs are
still one-sixtn to one-eijgnth their level in Japan (see lable 6.7).

All otner things ejual, it still would have been cheaper to‘ptoduce
offshore. Turthermore, since the Japanese tax system exeapts foreign
investments in many developing countries with tax treaties with Japan
from the paya2nt of Japanese income taxes, it would also seem that the
return to capital jinvestment using funds raised in Japan might also be
greater offshore (since most "offshore" countries tax export-oriented
investments at low rates, or offer tax holildays). 166/

One exp;anation for the paucity of Japanese offshore semiconductor
investment is that all other things were not equal. Certainly the
industrial infrastructure offshore cannot have been as developed as in
Japan, and carital intensive techniques may require expenditures on
skilled technicians to supervise and maintain production equipaent that

are significantly more expensive offshore. This is not a very

. convincing explanation, howeves, because these factors 3id not seem to

prevent American producers from setting up very sophisticated testing
and packaging operations in these offshore locations. Also, the
Japanese electronic component industry has not been particularly
reluctant to go offshore. 1In 1979, for example, foreign employment by

the Japanese industry was about 90,000 workers, of waich 89,000 were in
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the so~called "offshore" Asian countfies. 161/ Foreign affilfates of
U.S. firms manufacturing electronic components in theliess developed
areas of Asia and the Pacific have roughly similar levels of
eaployment, amounting to some 161,000 workers in 1977. 168/

The fact that Japanese firms have set up very significant offshore
operations in developing areas, in electronic components, also casts
Joubt on anotuer possible explanation, that Japanese investors are
considerably more averse to the political risks of offshore production
than U.S. invastors. 1£S/ On the other hand, it may #ell be that the
much greater capital intensity of automated bonding and packaging
processes wouli rejuire a very much larger stock of capital invested in
a portiolio of prodjuction locations, and that firms are reluctant to
shift the much larger fraction of their capital to riskier locations
that would be required if high quality automated methods were to be put
in place offshore. As shall be noted below, analysts of the
UeSe. semiconductor industry predict that a moderate amount of
UeSe production will snift back to the U.S. industry as U.S. producers
shift into increasingly capital-intensive technolog}.

Another purely economic factor that may explain Japanese
reluctance to source their production offshore is that -- because
freight and insurance costs are roughly proportional to value for
semiconductors == freignt and insurance costs will be a much greater
barrier to trade for the complex computer chips that Japanese producers
are exporting most aggressively., 1In absolute terms, then, the greater
the velue ¢f the chi;, the greater th; transport costs on the
roung=trip tLriween offshore location and market. With automated

t
assembly, labor input per chip is reduced and hence the absolute
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magnitude of the cost savings on a circuit assembled offshore. The net
result is that offshore asseambly may no longer reduce oyﬁra;l costs for
complex chips with high transport costs and reduced labor content due
to automation in the assenbly process. Also, Japanese-made chips would
face a significant duty cost upon entry into tne U.S. In fact,
precisely thris explanation is given by Japanese firms when explaining
wny their IC production for the U.S. market is increasingly being
assembled and packaged in the veSe 125/

The coroilary to this point is that Jless complex semiconductor
devices will de produced offshore by Japanese producers, even when
asseubly is automated. In the last section it was shown that Japanese
use of offshore assembly facilities does seenm more geared toward
producing simwpler discrete devicas. As Table 8.4 shouws, the responses
of a sample of Japanese semiconductor producers, quieried about their
plans for expansion of offshore facilities, supported this hypothesis.
0f 12 planned future manufacturing operations in Asia, only one was to
supply tne more sophisticated JdS 1C types (waich includes less complex
chips, as well as highly integrated computer chips), four were slated
to produce simpler linear ICs, and seven scheduled to produce simple
discrete devices.

Finally, three institutional and political factors may affect

‘Japanese sourcing decisions. First, Japanese producers are clearly

sensitive to the political pressure for protection tha; their
increasing U.S. market share will be generating uithiq.the

inzustries, 171/ and their decisions to produce for fhe U.S. market
with Us.Se=based plants undoubtedly takes these pressures into account.

Tne recent experience of Japanese auto and television exporters with
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Table 8.4 Plans for Future Foreign Operations in SOD Production
(Nurber of responses by Japanese firms.)
North America Asia

Product N E E
Transistor/diode S
Power transistor 1l
Linear IC 4
Bipolar IC 1
M IC 1 1l

((

— RS L o
v 5

I C I

v

N: Establish new production site
Expand existing facility

Source: Japan Electrical Machinery Industry Association (1980, in

Japanese), p. 227.
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U.Se=trade restrictions have made clear that setting up U.S.~based
operations will deflect such protectionist pressures. 172/

Second, the distinctly Japaness system of labor relations (in
large Japanese companies -~ these considerations are not so important
in smaller firms) adds another dimension to production decisions.
Because worhers are basically assured job tenure (in return for loyalty
to tne firm and very few strikes or labor problems) the permanent labor
force is effectively a fixed factor of production. Maximizing the
profitability of investment as demand grows, in this context would
imply shifting production overseas of those items with the greatest
labor/capital ratios, subject to the constraint that domestic

employment be maintained.

This appears to be the strategy of Japanese electronic firms. The

bulk of Japanese producers’ offsnore employment tenis to be in more
lavor-intensive discrete devices. 1273/ And as Table 8.5 makes clear,
employment in semiconductor manufacture in the ten top Japanese SCD
producers has been roughly constant over most of the 1970s, but with a
greater and greater portion of the labor force shifted into production
of integrated circuits. A recent report by the Japanbﬁlectrical
Machinery Industry Association explicitly states that in order to
maintain domestic empl9yment, Japanese electroqics producers will have
to shift into products with greater value added in their home plants,
and transfer items with low levels of value added to their offshore
production bLase, a process that will need to be “cootdinat;d carefully
by each Japanese manufacturer." In short, maximizing returns while
maintaining employment levels appears to be the objective of Japa. 2se

firms, an objective that necessarily dictates the wholesale transf i of

.
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Tahle 8.5 Domestic Employment in the Japanese IC Industry
(Data refer to 10 largest IC producers)*

1974 1975 1976 1977 1978

Persons employed in producing
semiconductors (in thousands): 34 2 33 33 33

Employment in ICs as § of employment
in semiconductors. 47 52 54 56 61

BEmployment in semiconductors as &
of eployment in all establishments
of firms: 10 10 1n 11 bR e

Source: U.S. TTIC (Nobember, 1979), Table A60.
«NEC, Hitachi, Toshiba, Matsushita, Mitsubighi, Sharp, Sanyo, Sony, Fujzitsu, Oki.
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production of much more labor intensive items offshore before large
amounts of production of the_more conplex types of semiconductors leave
Japan. |

Thirdly, because Japarese semiconductor firms have benefitted from
implicit or explicit government sudbsidies to investment, it seems
unlikely that they could make use of these funds without paying
attention to national prioritiess It can be argued that part of the
implicit social contract in Japanese industry, to which firms, workers,
and government are parties, is tnat in exchange for labor’s peace and
cooperation, and government assistance, producers ar; committed to
maintaining, wherever possible, Japanese employment.

To conclude this interpretation of Jananese use of offshore
production facilities in the semiconductor industry, it may be useful
to revies our arguments. The puzzle we nave attempted to explain is
why Japanese producers have not made extensive use of the offshore
production stragegy used by profit-maximizing U.S. producers. OJur
starting point was to note that the recent penetration of global
semiconductor markets by Japanese producers was associated with
important guality innovations that some U.S. firms are still in the
process of aaopting. The economic application of these innovations,
which involves the use of automated assembly techniques, requires large
production runs, and therefore is limited to high volume production
itels( ghich include the large and fast-growing computer chip market.

A whole list of factors made the adoption of these techniques

attractive to Japanese firms.

2 .d “_‘ Oy
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The reasons why automated technigques used by the Japanese for the
high volume computer chip market are not being installedjin offshore
facilities are both economic and institutional. From a strictly
economic point of view, labor content is a smaller and smaller portion
of cost for more complex types of semiconductors, and the absolute cost
savings realized from producing in low wage areas less ani less
important. Since transport and duty costs are roughly proportional to
cost, on the other hand, the absolute magnitude of these costs has
risen consiaerakbly for complex devices. For advanced devices imported
into the J.S. or Japanese markets, in fact, the net impact on cost of
producing oftsnore has become quite marginal, or even negative.

Greater political risks that would necessarily be faced with heavy
investment in offshore facilities may tip the final market balance even
further toward producing within or exporting from Japare

Coupled to these economic considerations are some distinctive
institutional features of tne'Japanése economy which discourage
offshore investment. Protectionist pressure that is generated by
U.S. semiconductor firms points to production within the U.S. market as
a strategy for avoiding import restrictions. The Japanese employment
syste; requires that Japanese firms maintain domestic employment
levels, and more labor-intensive products have mainly been those
transferred to offshore production locations, to date. Finally, the
great degree to which the Japanese semiconductor industry has been the
recipient of government assistance argues for strict respect by SCD
producers of the comnitment to full emplovment that is an essential
part of the s0cizl compact among labor, induatry 2nd gevernment in

Japan.

S
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This is not to say that offshore production will not become an
important feature of tne Japanese semiconductor induétty. As We have
seén in this section and the last, Japanese semiconductor operations in
the low cost offshore areas of Asia, while still small, have been
growing rapialy. we would expect to see Japanese production of the
simplest, most labor-intensive types of devices to be located,
increasingly, in the low cost Asian countries, while the more expensive
complex devices are produced in the market that is their final

destination.

-

Wwe turn next to a brief consideration of whether the offshore
operations of U.S firms which account for most offshore activity in the

global semiconductor industry, will fall into a similar pattern.

.l
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9. ZIbe_ Econonics of Qffshore.Preductiop

As the discussion of the previous sections has indicated, the
decision to produce offshore is a fairly complex one. Recent changes
in the technology of the integrated circuit, and its manufacture, and
in the institutional environment which interposes certain barriers
(especially tariffs) to trade, make it worthwhile to consider the
economics of offshore assenmbly. For the moment, we shall ignore the
riskiness of investment in some of the less stable low-wage areas, anq
consider only the various certain costs of investment in the offshore
countries. QOur analysis will focus on two key aspects of such
investment: the importance of tariff and tranéport costs as barriers
to trade, and the likely effects of increased autoamation in the
assembly process on the location of assembly operations.

The most reliable, albeit limited, information on offshore

. production economics is that collected by the U. S. Custoas Services

wnen duty-free content is declarel as tariffs are collected on

U. S. offshore imports. Table 9.1 summarizes available information on
the percentage of offshore (805 apngd 6U7) imports coming in under item
607, and the U. S. content of 806/807 imports as a percent of total
value.

Tne information on the percentage of imports coming in under
B06/807 is significant because it tells us something about how quickly
producers respond to theif econonic environment. Item B836.30 is
generally much more costly to use than tariff item 837.00, since the
item must be certified and loaded under the supervision of a Customs
off icer, and the nature and cost of processes of manufacture carried

out overseas registered. 174/ Un the other hand, prior to about 1975,
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the operations qualifying as "processing"™ were much leqs restrictive
than those permitted under 8(7. An important court case in 1976

(U. S. vs. Texas Instruments, Inc.), however, established that silicon

P S U S

wafers could be scribed and broken within the definition of "“assembly,”
which could only have been done previously under the 8(6.30
provisionse. 115/ As can be observed in Table 9.1, while 807 had been

declaning in importance prior to 1975, it grew rapidly in importance

aacis.se A

after tnat court case, accounting for 97 percent of offshore imnorts by
1979. Producers responded rapidly to taxe advantage of the more
aldvantajeous processing requirements.

The U. S. content of assembly imports showed a general tendency to

increase over the 196¢6-69 period, a decline over the 1971-74 period,

and an increase over the 1976-7Y period. The International Irade %
Commission attributed the decline in U. S. content over the 1973-75 |
period to substitution oi foreign-made components for U. S.-malde E
components and to technological improvements in manufacturing processes j

(which presumably would lower the price of U. S.-maje components). 1186/

The 1nsxsasz in U. S. content over the 1975-78 period was also
L4 attributed to technological advances by the é. S. 1. T. C. (which
involved more "efficient and capital-intensive methods of

production®) 1271/

1 ] i} does, in fact, seem reasonable to attribute both the increases
E and dééreases in U. S. content to technological factors., Over 1970 to
: 1975, §s process technology for medium=scale integration of circuits on
t' a siliéon chip was improved, the cost of producing a functioninj

silicon chip did decline. And witn the commercialization of a new

: generation of devices over the 1375-78 period, using much more complex
@ '

L
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and expensive chips, it is not surprising taat U. 5. content rose in
relative valua.

The objection amignht npe made tnat aggreyation over countries and
products may cause spurious trenis in U. Se content, resulting from
changes in the geoyraphical anc product distribution of offshore
production. :ppendix Tavle S.A.1 breaks down U. Se. 8. 6/0°7 3CD content
oY couiitry, and anpendix lable 9.%.z breaks aown U. S. content by
7=G131t product, at available levels of product detai) for 1Cs, by
countlys 4.ae samne dDasic trenis notei above persist with much yreater
levals 0f cisayeregation.

laz2 iInsreased conplexity, anid vilue, of tue siliicon zains from
which intejiated circuits are assenmula2d, has wotentially important
effacts on tn2 pattern of internationsl trade in cnhips. This is
becausé tae caiet parriers to trade, tariff{ ana transport costs, are
bacsicaliy prorortional to the valuz of tne chip. Lot t be the
taritl rate comiag 1nto ain industrialized country macket, ani let

pe freiglhit anu insurance costs (going and coming) for a chip
shippeda overseas for assennly, and then re-inported. e can tasn
express the cost savings from ofisnore assemoly and packaging as a
traction of the cost of assembly if Jone entirely 3omestically,

B for s 28

(9.1)  Bgpy "1-2Q+t+1) -m(t+9)

with ¢ tae ratio of foreign to cdomestic asseably and pacaajing
costs, T tue ratio oi chip cost to domestic assembly cost. 114/
Cleatly the 3jr=ater jL (tae smaller the s3ving from foreign assembdly)

or m (tte less th2 importance of assemsly in overall production

i Aeama_am
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%C cost), or t or -£ (the greater the barrjers to trade), the less
| attractive offshore assembly becomes. Increased chip-zoiplexity makes
é' for a larger value of m ; for m sufficiently large, it is guite
possible that the tariff and transport costs on sending the chip
offshore for assembly and packaging more than offset the cost savings
in the actual assembly, so that expression (9.1) is negative.

1f the offshore assembly U. S. tariff provisions are used, no
U. S. duties are charged on the value of the U.S.-made chip upon
reentry, and (%¥.1) becomes (denoting cost savings with B806/807 as a

fraction of U.S. assembly costs by A807 )

(9.2) Aa°7 = ]9 (1 4+t 4+ f) ~mf

dhile i1t is theoretically possible that the 806/807 tariff provisions
made offshore assemibly operations economically viable that might not
otnerwlse have been cost effective, it is clear that tais,

historically, was not the case. 173/

This latter point is maide quite effectively using cost data for

; the early 1970s, summarized in Table 9.2. It might be argued that

f since the tariff rate in the early 196(s was 12.5 percent, declining to
6% in 1972 after the Kennedy cuts, the use of b06/807 provisions may

have been more economically important in the early 1360s. The

¢ calculations of Table 9.2 reveal this to be an insignificant factor,
however. Oftshore assembly probably lowered assembly costs for simple
devices some " to 60 percent in the early 197(0s, with the use of

t. FlowlT tariff rrevisions shaving off perhaps another 1% of

h e . chsemily co0stse. The same cost structure, with the 1960°s tariff

; rate of 12%, yields basically identical results.

°
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Table 9.2

Cost Reductions Due to Offshore Assembly, 1973
(as Z of U.S. Assembly Cost)

Simple Devices
(discrete SCDs or simple ICs)

504

Complex Devices
(LSI and complex ICs)

L = 4 L = .6
m = .06 m = .9
Af with 127% 53% 17%
°F  tariff
with 6% 56% 27%
tariff
bg07 with 12% 547 28%
tariff . 54%
with 6% 567 32%
tariff
Source: f, t, £, m, Afor ,» bgp7, defined in text.
.
< f = .03 assumed, in line with Table 4.1.
;‘ . 2, m calculations based on data in Appendix Table 9.A.3

and assumption that U.S./offshore labor cost ratio is 4.
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With more complex devices, the arithmetic is somewhat different,
but still implies that the existence of the 836/807 tarift provisions
was only a marginal factor affecting the decision to assemble offshore.
dith more complex devices, the cost of the chip relative to
U.S. assembly costs (m) increased drastically, while the ratio of
offshore to U.S. assembly costs ( q ) increased slightly, due to
the greater relative expense of the more elaborate packaging materials
usede Still, offshore assembly with 806/807 saved about one~third of
U S. assembly costs,‘uith g(6/807 responsible for a 5 percent saving
over U. S. assembly costs. Lven with the old 12% tariff rate, and no
306/807 tariff rate, a substantial saving would have been realized by
packaging chips offsnore.

kith the even greater complexity of new generations of
sophisticated integrated circuits, however, this situation may have
changed. 4is Table 7.3 shows, a simple device (a linear op amp IC)
would cost about 23% more to manufacture in the U.S. than offshore,
using.8v6/837, or about 24% more if 8J6/807 were not used (or a
non=-Ue.S. chip Wwere assembled). with a complex computer memoty chip
(16K RA4) however, this situation changes dramatically. U.S. assembly
would now raise manufacturing cost about 6%, using 806/827, and leave
cost almost unchanged if 806/8N7 were upavailable (or if the chip were
fabricated overseas). Tne situation is basically the same for the even
more complex 64K RAM, except that offshore manufacture is actually more

expensive when R36/827 cannot be used.
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Assembly & Package
Tost/Zhip

{plastic package,
off shore assembly)

Assembly Yield
Final Test Yield

Assembly Cost/
Yielded Zhip

Total Manufac-
turing Cost/
Zielded Zhip

Assembly Cost/
Manufacturing
Cost

- Cost Changes if

Assembled in U.S.
(as 2 offshore
total manufacturing
cost) :

3 Assembly Cost
(assumed doubled)

4 duties paid

a. If U.S. chip
+ B06/807 used

(62 X Assembly

Cost)

b. If 806/807
not used
(6% X Total
Manufacturing
Cost)

Net Change: g,

b.

*®64K RAM data is estimated, for 1981.

l /
Table 9.3

Cost Data, Selected ICs, 1979

64K RAM* 16K RAM $ Linear Op AMP
(16 pinsg) (16 pins) (14 ping)
(U.s. $)
.10 .10 .06
90% 90% 75%
65% 70% 702
.17 .16 .11
4,11 2,57 .37

As Percent of Offshore Manufacturing Cost

4,12 6.2% 30%
4.1% 6.2% 302
-.25% -.37% -1.82
-6 -6% -62
+3.85% +5.83% +28.2%

-1.9% + 2% +247%

Source: Based on data in Dicken (1980), pp. 79-83.

Other figures are actual costs for 1979.
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The implications of increasing chip costs, then'are quite
striking. For complex ICs, the availability of the offshqté assembly
tariff-sparing arrangements can be the decisive factor in the decision
to locate assembly facilities overseas. If they are unavailable (as is
the case for Japanese affiliates assembling Japanese-made coaputer
chips for sale in the U.S. market), it is actually more econoaic to
assemble in the U. S. 182/

Also, because increasing chip complexity means that assembly costs
are a smaller and smaller fraction of total manufacturing costs, the
cost savings realized from offshore assembly of complex devices becomes
a smaller and smaller part of the overall cost of production. 181/ It
may well be tnat the more important fabrication costs will increasingly
determine the location of production. 1§52/

The increasing importance of gquality in complex chips, and the use
of autonated techniques associated with nigher quality levels, promises
to accentuate this trend. WwWith automation, the cost differential
between domestic and offshore assembly will continue to narrow, and the
relative importance of chip cost in overall manufacturing cost will
continue to rise with more complex chips (as will the costs of tariffs
and tEansport). The result will be that offshore assembly will be less
and less attractive for the more advanced chips.

~

;hlle there is substantial evidence that U. S. firms have recently
begun‘to automate their ofisnore operations in response to the Japanese
quality challenge, 133/ the overall prognosis for the future must
certainly ve that, as the most complex, pigh quality chips become a
larcer and larger fraction of the market, offshore assembly will tend

to st.itt back to the domestic market where the chip is sold. To some
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extent this may be offset by the forthcoming tariff cuts (to 4 percent)
in the U. S. and Japanese markets. Also, learning economies will
eventually decrease chip cost for the nofe recently introduced complex
chips. Still, a recent mariet research study predicted that

Ve S. =assembled semiconductors will rise from 29 to 39 percent of

U. S. consumption by the end of the 198Cs, 184/ and these cost
considerations certainly back this prediction.

It mignt also be thought that use of automated technigues, in and
of itself, would tend to shift assembly back to the industrial country
markets. fhe argument would be that use of sophisticated machinery
Iejuires a more skilled labor force than is available in most
developing countries. (hile the maintenance and engineering staff
rejuired must certainly increase in more mechanized operations,
however, the available evidence suggests that a less skilled production
work force is actually required with automated bonding and packaging
lines. wahile it takes about 3 months for a worker to learn manual
boniiny, and two months to become skiliel at manual die attachment,
about two Mesks of experience are rejuired to train the operator of
machinery performing either operation. 185/

We conclude, tnen, tﬁat while savings on offshore assembly costs
have for decades male it worthwhile to go offshore, with or without the
use of B06/807-type tariff provisions, that situation is rapidly
changing for tae most complex devices. For those complex ICs (like
computer memory chips), the use of 806/807 is important to the decision
to assenole offshore. As chip complexity (and value) continues to
increase, and automation continues to reduce onshore/offshore assembly

cest differentials, we expect that assembly of the most complex types

X
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of chips will shift back to the final market where the chip is used.
Automation, however, in and of itself will probably not force this to
occur because of changing skill rejuirements, since lgss skilled
workers are probably used on an automated packaging line.

Automation, since it increases capital intensity, will
increase the need to invest much larger volumes of assets in offshore
operations that are upgrajed. As this'occurs, manufacturers of
semiconductors will give even greater attention to the possible
political risks associated wita large=-scale investments. we next turn
tuo the more elaborate analysis needed to take into account the effects

of such risks on producers’® production location decisions.
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Table 9.A.3
Manufacturing Costs, 1973
(Dollars)

Discrete or Simple ICs 1SI & Complex Chips
Cost per Yielded Chip .015 1.00
Packaging Cost .05 .50
Labor (Assembly, Offshore) .05 .15
TOTAL COST .15 3.40
Source: E.F. Hutton and Co., cited in Office of Producer Goods, U.S. Department

of Commerce (1979), p. 73.
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10. Ihe.lmpaci._of Couniryv Risk o

Various sorts of evidence, from the statements ot‘the ianaqets of
multinational semiconductor firms, to the observed changes in the
patterns of 806/837 SCD iamports, sﬁggest that the diversification of
country-specific risk in production is an important objective of firms
engaged in of{shore production. If one reads the 1978 annual report of
Motorola, a major SCD proijucer, for example, one finds a list of
semiconductor aanufacturing facilities scattered around the globe. As
if to reassure stockholders, however, the report states that no single
facility or country located outside the U. S. accounts for more than

10% of sales, revenues, assets.

Taking account of tne riskiness of offshore production adds

i considerable complexity to a realistic analysis of the production

location decisions of firms. Clearly, finiing the “least cost’
location will no longer be the gipe_gua.ngD of selecting an offshore
production site. Rather, a risk-averse producer snould logically
diversify production among a portfolio of sites, with considerable
variation among average costs in these locatidns a distinct
possiﬂility.

iﬁe analysis of this section will focus on constructing the
simplest possible model of offshore production tnat captures in a
reasoﬁpbly realistic way the problem of diversifying production

location to reduce the political risks of offshore investment. This

Al

model jiill then be used with actual data on the offshore operations of

the U. S. semiconductor industry. The empirical parameters to be
estimated will be useful in assessing the impact of wage changes, and

shifts in investors’ perceptions of political risk, on the sourcing of
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offshore imports, and on the use of foreign-produced inputse.

dodels_of uiversificatiopn ip_Qffsbere._Preduction

Modelling the decision process leading to a manufacturer
scattering his production among a number of risky locations, rather
than a single risky location which might have the lowest average cost,
requires an explicit specification of how a manager trades off the
expected return in a location against the country-specific risk he
incurs when 1nvesting in that tocation. It should be stressed
that =- Dbecause semiconductor assembly by U. S. offshore affiliates
has not, historically, been a particularly capital intensive process,
requilring huge investments in production ejuipment 136/ -= the risk
that is run is as much from unexpected disruptions to production in a
nigniy competitive business, as the risk of confiscation,
expropriation, nationalization, or vandalization. Strikes, wars,
unforeseen excnange rate fiuctuations, revolutions, nyperinflations,
political turmoil, and other potential disruptions to production are
probably as costly or costlier than a mere threat to capital. In fact,
the relatively simple production ejuipment reguired in the past for
assembly is probably fairly mobile in the strictly physical sense.

ke shall treat tae diversification of assembly operations across
countries as a special case of the classic analysis of portfolios of
risky assets that goes back to the seminal worx of Tobin (1959) and
éharpe (1964). A complete exposition of the results we shall cite is

contained in the technical appendix to this section.
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results are discussed. T -

Ihe_Mogdel ;-

Civen these assumptions, it can be shown (see the technical
appendix to this section) that the optimal strategy for a production
manager allocatiug production among the risky locations is so select an
optimal value of capital investment in country i, Ki*, as

(10'1) K * - - - .
1 T4TTe T I 0y 4

——

SE

s %,

where y is the average (or ejuivalently, marginal, with constant
returns to scale) return to a dollar invested in producing in location
1} r, s tae riskless return; / and the A “s are portfolio
constants reflecting the market price of risk, and the covariances of
the market portfolio of assets with the 2 underlying factors
affectinyg offshote returns, respectively; the Ciz s are location
speclific constants reflecting the influence on returns in location i of
the L underlying factors; 189/ and

Ot is the variance of that component of return in location i that is
1nd:pendent of thne underlying factors, and hence, from the return on
all other assets, Return on SCD assembly in location i, LI is a
function of a vector of input prices, faced in location i and of output
price » the value of an assembled semiconductor device, P °« There are
J input and output prices.

We can write the part of (10.1) in brackets as a function ¢

———
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Our basic assumption is that the manager of ptoductfon scheduling
in a multinational semiconductor firm acts as a port(élig.lqnager, with
some fixed allocation of investible resources to be distéibuted among
assets. A semiconductor investment in every production location is
treated as a unique asset, with some country risk of its own, so that a

dollar of investment in SCD assembiy in country i is expected to yield

some average return Ty s 3 function of production costs in country
i, and have some variance around that average return oi ¢ AS A

consequence of countrv=specific riske JIndustry production managers act
in the interest of risk-averse investors, and are assumed to select
portfolios of production investments that, in the aggregate, are
efficient. 1512/
We make tnree other simplifyiny assumptions:
l. There are constant returns to scale in assembly;
<. The returns to producing in different offsnore locations are
related to each other (and to the returns on all other assets)
only through common relationships with a number of basic
underlying factors; 188/

3., A riskless asset paying return Te exists (government bonds

are usually cited in this role in the finance literature).

The model we construct in this section also makes a number of
assumptions about producers® adjustment behavior. 1In particular, wve
assume that price expectations are formed adaptively, and that actual

capital stock adjusts partially in response to changes in its optimal

~Jdesired level. The reader uninterested in the technical details of

this model 1is urged to skip to the end of this section, where the

I R
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(de use the “ notation to denote a vector.) For our econometric work,
we Will express (10.2) in terms of natural logarithms, and represent ln

g by a first-order approximation linear in the natural logs of its

arguments, i. e. ,

-

*
(10.3) tnk = zdj tn P

+ H 4+ J.
1 3

i 1

sarring structural change, intercept term h contains the effects of all
variables constant for all locations (i.e. , for all i, including the
loglinear terms in w, r, » }C the £S¢'s), and takes on a different
value 1in every time period as those variables and the market portfolio
change. Country-specific shift-term J includes the effects of all the
variables whose values are unijue to country i, and do not shift over
time (i.e. , ‘E? ¢+ the Cga °s)e 4 change in investors® perceptions of

i
country risk, by changing the CL

g s and 1: ¢ Will alter the value of
Ji. Technical change will shift 4 if it is of the output-augmenting
type, which will be assumned, and leave the QJ unchanged. 159/

To mAake (10.3) useful for empirical purposes, we must recognize
that optimal capital stock, Ki*, depends on capital investments that
may have important transaction costs, and that reallocating existing
1nves;nents among countries may involve significant costs of adjustment
(for one thing, projuction flows will be disrupted as capital is
shuffled among countries). we therefore operationalize (10.1) by
assuming a so-called "partial adjustment™ model, i. e. , that

- 1 * -
€10.4) fn Kit o Ky 3 = &(@n K:lt fn xit-l )
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where the t subscripts refer to time periods and the'K;_huithout

asterisk denotes 3ggiyal output as opposed to o2timal xit. Parameter §

is interpreted as reflecting the speed of adjustment:og actual to
optimal ;eVels; with . § = 1, acdjustment is instantaneous, while
with § = ¢, tnere is no adjustment. If there are costs to adjusting
the allocation of investment among countries, producers will not want
to respond fully and instantaneously to changes in returns among
countries, and § will be less than one.

Also, since capital investment generaily requires tine to be
carried out, it is reasonaple to suprose that the prices affecting the
returns in (1v.3) ought to be expected prices (i.e. , P in K* 4is
based on next periol expectations of price at time t-l1). We specify
price e;:pq.&:tét fons at the momemt optimal capital stock is determined, to be =~

generated by the simple model

o . o o .
(10.5a) (p ): - (P )e LI § [3 P) - (P )e :]
t-1 t-1

with superscript e denoting an expectation, the subscripts referring to

time period, and the rate of price change, 5, defined as

(10.5) (P) = fn P =-2n P and
t t t-1

[ 4
(10.5¢) (P)f = tn Py -tn P, _

t 1
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Tnis is an “adaptive" model of producers® expectations of the rate
of price changje, ;; . When parameter A takes on value 0, -
exéectations of the rate of price change in the next period are
unaffected by the error in last period’s expectation; when parameter

A takes on value 1, next period’s forecast is increased or decreased
by exactly tane error in last period’s expectation. If we think of the
change in the rate of price increase as a random variable having
transitory and permanent components, then the optimal forecast of the
rate of chanye will use a A close to zero if variation in the
transitory component of change is much greater than variation in the‘
permanent component, ani optimail A «ill be close to 1 if the
opposite is true. 131/ Solving (10.5) for the expected price }lesysl, we
nave 19¢/

e
(10.6) fn P = (0 P -2 P ) + A tn P 4 (1-)) tn P
t t-1 t=2 t-1 t-1

hctual output in location i, Yi, is given by

o . .

V4
(10.7) tn Y, = fn xi - Ink (Pi)

o

.
The value of capitalvoutput ratio in location i, k, ;s a function of
the v8ctor of input and output prices in location i, pi (unless the
technology is of the fixed coefficient type, in which case it is

~nr
-

rzvant) dsa/ Ki is the agiuyal value of capital stock in place in

locastaion 1.

'4

'~4
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Using 2 loglinear approximation.to K as our functional foram, we

then have

(10.8) fa Y, - tn xi+(e° + ;: e:l fn Pi.‘l )

with the e°s the coefficients in the-apptoximation. kyain, because we
assume technical progress to be output-augmenting, the e®s will remain
constant across countries and over time , wnile , will vary over time
with technological advance. 134/ °

Tiere 1s one l3ast substitution that must be made before Wwe can use

our specification on actual data. The only input price whose movements

n(( can actually be reasonably well observed ovef time and across countries
is the wage rate ( Pﬁlt’ in country i, vear t). All other location
specific prices Wwill be assumed to be proportional to some common index
which changes over time and is constant across countries (i.e., Pilt =

9y, T

outputs other than labor change over time, they are fixed in relative

' @ terms across countries. This is not terribly unrealistic, since the

major inputs other than labor are U.S.-made components and material

(whose effective cost is adjusted using the U.S.tariff rate), 195/

N ) transport cost, infrastructural service costs, and to a ainor extent,
foreign material costs. Jutput price is necessarily uniform across
countries. 13§/

F o Most of tne stupefying algevra in our functional forms is in the

coefficients to be estimated, in brackets (in the last couple of

; footnotes), and (10.1C) becomes much less fearsome when the

Jt s tor 3 /'L). Thus, we assume that while the prices of inputs and

PR S P D S
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coefficients are symboljized byd,ﬁ, and J:

¢ ) n Yit 2n Yit-z - Bl(ln Yit-l n ’1:-2 ) + 82 fn tit-2

an P -
33( Le tn P

me) * B (m Py, -tnB )48 P

iLe 5

+ + e _ e N
Yt Yi + a] (Jit J:t-l) + a2 Jit + vit

~
( v’.t a redefined random disturbance).

The 63’5 refer to the coefficients of lagged combinations of previous
output levels, and wages, tne ar's refer to country and time
intercepts, and (since the Je's only change value after shifts in
perceived country risk) the L °s are tne coefficients of two variables
taking on non-zero values when changes in country risk occur. However,
the full specification given in (10.10) is useful because it allows us
to derive restrictions on the coefficients of (10.11) when we impose
various hypotheses on the parameters of our underlying model.

In effect the only influences on offshore production in different
countries which we can really identify ;n {10.11) are those of the

local wage and shifts in country-specific risk; all other influences

11t-2

| N

e L
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are incorporgted into intercept terms, expressed as dummy variables

which are constant across countries but change from year to year, and

dunmy variables which are constant over time, but change across

countries. Fortunately, from the point of view of individual producing

countries, the local wage is the variable over which maximum control f{s

exercised, and whose effects are therefore of greatest interest.
tJuation (1C.11) is tlie form actually estimateds To estimate the
parameters of (10.11) more precisely, and because the determinants of
veSe. component use are of intrinsic interest, we can use additional
information on the use of duty-free J.S. components in offshore
seniconductor assewbly that is available. Tnis is because (letting v,

be demand for duty-free U. S. components to be used in assembly in

location i, year t),

(10.12 - s
) ©u v (P K

with vy the value of U. S. ~components used per unit of capital

installed in location i. 192/ Taking a loglinear approximation to u

we have

(10.13) 2 Uy = toaER 4+ (£ + } £, o Pyy)
Using exactly the reasoning described before, we derive an
ejuation exactly like (10.19), with two minor nodifications. All e°’s
in coefficients in (10.9), which describe the capital\output ratio,
must be replaced by the f°s corresponding to the compc;nent\ capital value
share described in (10.13), and‘ei may bhe replaced by a different

tandom disiutbance,iﬂ.. When this 1s done, we have a second relation

(10.14) ta Uy - 8 U o = 6, (02U, , -2 U o)+ 8, :n U, o

+ 0,0t P - 0 Pye ) + 8 (taPy.  -taP

iLt-2 )
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A
+ W
it
L( Wwith all coefficients to be estimated, except for those of country i°s

wage (the 6 °s) and the time and country intercept terams (the g °s),

LR 4l AC~

A

the same as coefficients in (10.11).

After studying (10.10), one can derive qdditional coefficient

Td

restrictions implied by the maintained hypotheses that:

— _

4 (1) A = 0, price change expectations are static over time;

(11) A = 1, price change expectations are corrected by last-
period error in every time period;
( (111) GPL - fPL. the value of the U.S. component/output ratio is
ingensitive to changes in the wage rate.

(iv) e = f =0, the values of the U.S. component/capital and
P P
L

output/capital ratios are insensitive to changes in the wage
rate (i.e., fixed coefficients in U.S. input and capital use

characterize the technology).

'-‘
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The implied restrictions on the coefficients of (10.11) and {10.14) are shown

e e e , . bt . e

in Chart 10.1.

Rala

We will use the 876/82%7 SCD import data described in Section 6 to
estimate the parameters oi our model. 193/ Data for six
countries <~ !exico, Taiwan, Korea, Hong Konj, Singapore, and
Philippines == were used because consistent and reasonably reliable
series of wage data were available over the 1966-1979 period. 199/
Country risk in these countries was assumed to be constant over time,
excert for the 1975-75 period in Mexico, when the appearance of
political instability is thought by some to have sharply increased
investors’® perception of risk, the years 1978-79 in Taiwan, when the
rupture of formal diplomatic relations with the U.S. was a likely
source of increased perception of risk, and the years from 1972 on in
the Philippines, when martial law was imposed.

The assumption of constant risk, except for these identified
gualitative shifts, results in risk ’shif?f dummy variables that
displace the country-specific intetcepts,i Y 1and 91.11n these
countries. We assume that expected J risk variable in period t is just
the unweighted average of acutal J in the three previous years s SO that

We can express the teras

e e e
a, U - 3 + i

~
(X
(8]
[
[ ]
g

anc  {(30.14)

as Rii + 312
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Chart 10.1

Effects of Various Hypotheses on Coefficients of (10.1l) and (10.14)

Hypothesis:

(0) Theoretical specification

(1)

(11)

(114)

(iv)

-, .

ks

w v s,

Restrictions:

is correct

A=20

A=1

e = §
PL PL

(1.e., U/y fixed as P, varies)

(.e., U/K and y/K fixed as P
varies)
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Coefficients of U's and Y'g and J's
in both (10.11) and (10.14) same values




iC

526

where 311 displaces the country-specific intercept in an equation only
- {

in the year when a changg.in expected country-risk occﬁ:}, ;nd Ry,
displaces the country-specific intercept for all years SLbsequent to
the change. 200/ In the form the ejuations were actually estimated, all
1ntercepts were normalized to tne value corresponding to Mexico, 1971,
and country-specific or year=specific intefcept terms for other
countries and years are expressed as displacement from that value. 241/

Since all other country specific prices other than the wage rate
are assumed constant relative to indices changing over time (i.e.,
freight and insurance costs, infrastructural services, foreign-produced
components), the country dummies capture the effects of cross=country
ditferences in tiiese prices, as well as country-specific riske.

The y, and g in eguations (10.14) and (10.11), the dummy
variables having value 1 in a single year, zero elsewhere, capture the
eftects of prices which are constant across countries, but change from
year to year (the price of output, U.S. materials, the U.S. tariff
rate; the unobserved inliices which determine transport costs,
foreign-made component cost, infrastructural service costs), as well as
shifts caused py changes in technology, and annual changes in the
various portfolio constants (which are a function of wealth available
for risky investment, the risks and returns for all assets, and the
market price of risk).

The value of output from U.S. assets invested in ofﬁshore
semiconductor assemnbly was measured by the customs value of
UeS. 806/8(7 imports. 202/ The value St U.S.~-made components (mainly
unasseabled cnips) was measured by the duty-free i+.S. value declarel to

customs authorities when 806/807 imports entered the U.S. 2¢3/
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Estimation = .
' In view of the previous discussion, we shall estigate the two

equation system:

-+

Py

(10.15a) 2n Y tn Y

€ - qje2 =B (¢ Y 1~ Y 3
! 1 1t-1 1t-2) + Bt Y, , 4+
B.(2n P - nP + - -
3 1Lt o2 ) By (2n P:I.Lt-l Ln PiLt-Z) + Bs(ln PiLt-Z)
A~
+ Y, +yYy, +R +
‘ (10.15b) L ; ! - Riz : v‘.:
. 2 = 8 (tau_ -
4 162 1 (n fe-1 4n Uit-z ) + 82 2n ©
it-2
A + 0 - '
; (o Py-tar, )4
|
{ + 6, (np -
4 2e-1 . tn PiLt-z )+ es ta PiL .t nt4- f
i A
.‘ + R 4+ R + W
P(( 11 12 it

3ecause the error terms ( ﬂﬁt and'ﬁkt ) might well display serial
autocorrelation over time 204/ estimation of (1%.15A) or (10.158),
which contain lagged values of the dependent variables, using ordinary
P~ least squares might yield inconsistent coetficient estimates. Instead,
(10.154A) and (10.15b) were estimated jointly using an instrumental

E variable procedure (three-stage least squares). 205/ The advantage of
;‘ this method is that it produces consistent and asymptotically efficient
estimates of coefficients, using an estimate of the variance-covariance
matrix of V and « (the errors are assumed independent over time, buf
not of each other at any moment in time), and cross-equatiop
restrictions on tne values of coefficients, to préducg more precise

estimates than ejuivalent single-ejuation instrumental variable
[]

Y QR cedures.
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Tne results of Table 10.1 confirm the advantages of a systems
approach‘to estimation of equations (10.15A) and (10.15?). The first
set of estimates does not impose any of the cross-equation restrictions
our theoretical analysis implies, but does use an estimate of the
between-eguations variance-covariance matrix to produce the estimated
coefficients. Because the disturbances in the two equations appear to
be highly correlated (the estimated correlation coefficient is .86),
the coefticlients, uwnile having ratner large approximate staniari
errors, are estimated with substantially greater precision than is the
case with a single-sguation two-stage least squares procedure (not
shown, but which produced basically similar numerical estimates, with
much larger stangard errors)e. |

Waen the tneoretical specification restrictions are imposel, as is
done in the second set of estimates in Table 10.1, considerably more
precise estimates are produced., Statistically significant (i.e., Wwhere
the null hypotnesis that they are egqual to zero is rejected) estimates
of ﬁ)‘ s (5,_' and @4 are in fact produced.

Tne signs of political risk °“shift’ terms (negjative for Mexico and
Taiwan, positive for the Philippines) would seam to indicate an
increasing perception of country risk in Mexico Juring 1975/76 ani in
Taiwan after the break in formal diplomatic relations with the U.S.,
and lessened perception of risk in the Philippines after the imposition
of martial law (wnich-is basically compatible with tne tenor of
accounts in the J.S. press in analyzing these events).' Only in Taiwan,
however, are these risk shifts statistically significant, so we are
less convinced of the impcrtance of these events in explaining

investment in Mexico and the Philippines. The rather low values of

aa 2 A

TN VPP
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Botinstion of (10.150) sad (10.138) Vith and Wichewt

Thesretical Mestristions of Specifisstisn

Witheut Specifisstisn With Specificatisn
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I .
¢ 32.35 , and 8¢ the Rél shift terms, and thg;goyntry
dum@ies == all quite close to zero = suggest that 9;fhgr parameter

8 or 1A eguals zero (but not both). 2068/ Since the Rl terms would

also be zero if 6 was close to zero, and they are not, and because

the empirical evidence cited before dges indicate that managers gdg
respond to changes in the profitability of production in different

locations, the results of Table 1%.1 suggest that A may be quite

close to zero, and taa% long-run expectations of the rate of increase

in reazl wages are little affected by transitory variatjons from

;‘ period-to-period. 201/
A

Also, the striking similarity of the values of the Ba.sa andgg

ﬁ values to 8., 0 and 95 suggests that both output/capital and

37 7%
- { Se=component/capital ratios display an identical response to

variation in labor costs from location to location (which includes, as

a special case, the possibility that the U.S. component to output ratio

pis fixed at any moment in time). 203/

{ Table 10.2 displays the effects of imposing restrictions on price

rate expectation adjustment parameter A e The first set of

.estimates imposes restrictions implied by A

= 0; the second set of

}
E es3timates is produced assuming A = 1, While the data do not permit us
F .

1D reject either set of restrictions, the estinates relying on the

5. 2 = 0 hypotheses are essentially identical to the estimates of
Iabie 10.1 made witnout these restrictions.

;
:
E the A =1 estimates, suggesting that we may wish to impose the

i.: £ restriction, as consistent with our results, to produce more
P ; ise coelticient estimates.

!
b
J
)

.

The same is pot true for A
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A statxst1cally sxgnxf;cant estimate of g of .45 is inplied by
the estimate of 8, ¢ in the first part of Table 10. 2.. This suggests
moderately rapid adjustment of actual to desired capital stock, with 45
percent of tne adjustment made in the year a shift in desired capital
stock occurs, 70 percent of the adjustment made after one year has
passed, 84 percent after two years, 93 percent after three years, 97
percent after four years. 209/

¥itn one exception, none of the political changes thought to be of
possible importance in determining country risk is statistically
significant in Table 1l.2. The exception, as before, is Taiwan. W®ith

2 = ¢ assumed, we cannot reject, for any of the three countries,
the hypothesis that those changes had pgo effect on country risk. But
the estimated effect was reasonably large in the cases of Mexico and
Taiwan, dropping optimal investment by close to one-half its previous
value, geteris_paripus (to calculate the effect on the log of optimal
capital stock, nlmust be multiplied by 1\ 3§ a -, ); for § =
«45, ) = C» this means Ry ought to be multipled by about 2.2). Khile
there seems to be no good reason not to drop the Philippine risk shift
intercept from the regression, since it is statistically insignificant
and close to zero, the potential for committing a specification error
argues against doing the same for Mexico and Taiwan, witn their large
eer&%s on investment. The risk dummies were therefore not dropped in

. h Y
further regressions. ) ——_—

.
-

, -] '
Yhe coefficients 53 and ~°l P 34 and 2» ’ gnd 35 and 65

continue to haveAfematkably similar values, no matter which

assumption about il is used. Again, this suggests that U.S.=-made

components are used in fixed proPOttion to output (i.e., that the chip

'4
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Table 10.2 /
Estimation with Additional Restriction on Adaptive Expectations 532
Parameter )
With Theoretical and With Theoretical and
A=0 Restrictions A=l Restrictions
(1.e. (0) and (1) on Chart 10.1) (1.e. (0) and (11) on Chart 10.1)
(10.15A) (10.158) (10.15A) (10.158)
Coefficient:
8; 1.55 (.17)%* same .86 (.21)es sanme
8, 0 same - =14 (.21) same
83/93 .86 (.61) 95 (.N) .70 (.47) .80 (.52)
8,/9, =2.1 (.98)** 2.3 (1.2)%# =1.7  (.71)% -1.8  (.76)**
85/05 0 sane .052 (.36) .051 (.38)
Mexico, R, 0 same -.5 (.38) same
Mexico, Rl -.29 (.62) same 0 same
Philippines, 0 same .28 (.46) same
Philippines, -.067 (.62) sane 0 same
Lo
Taiwan, R, -.31 (.24) same -.40 (.21)* same
Intercept 11 (.19) -.10 (.18) .72 (1.6) .50 (1.6)
(Mexico, 1971)
Taiwan, 0 same 061 (.29) -.026 (.40)
84704
Korea, 0 same .084 (.16) .062 (.18)
84/,
Hong Kong, 0 same -.072 (.18) -.13 (.26)
8,794
Singapore, 0 same .16 (.12) 14 (.15)
Philippines, 0 same 11 (.25) .10 (.26)
1972, &, /2, .23 .53 (.23) 26 (.14) .39 (L15)e+
1973, Gt/ﬂt 11 (.20) .16 (.24) .31 (.19) .29 (.19)
1974, c‘/nt .042 (.21) .33 (.25) .32 (.25 L4 (L23)%
1975, st/nt -.30 (.20) .026 (.23) -.098 (.31) 11 (.28)
1976, et/n‘ .37 (.19) % A7 (.22) .27 (.36) <36 (.34)
1977, & /0, -.11 (.19) 36 (.22) 14 (.43) 47 (.4))
1978, &¢/0, .0092(.20) .16 (.23) .20 (.46) 41 (.46)
1979, st/nt .21 (.20) .38 (.24) 40  (.48) .56 (.49)
52 .0882 126 .0467 .0616
21, .0947 .0483
~ .
%12 .90 .90
F-test for sall specification restrictions: F-test for all specification restrictions:
F(22,52) = .238 F (11,52)= ,284
Cannot reject at 907 or 951 Confidence Cannot reject at 90X or 951 Confidence
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to assembled semiconductor ratio is fixed irregardless of the cost of
labor in different locations) at any moment in time, qhi?h seems
totally reasonable. o
- This hypothesis is imposed in the estimates of the first column of
Table 10.3. The estimates are very similar to those of Table 10.1 and
suggest that the hypothesis seems to describe changes in observed
output and U.S. duty=-free content reasonably well.
The results in the first column of Table 106.3 do not yield
statistically signif;cant estimates for 0’5 or 93 . Since'
ezb and é;ﬁ are an estimates of the labor price elasticity of the
output\capital and duty-free Y.S. content/capital ratios, this might
indicate tnat they are zero, and tnus, that these ratios are completely
insensitive to the wage in location i. |
Alternatively, if the positive estimate of é&; is taken at face
value (and its large standard error blamed on multicollinearity in the
data), it would seem to imply that the existing capital stock is used
more intensively as tihe wage rises (and thus output\capital rises), and
that dutiable components and materials are substituted for assembly
labor. 2l2/ This last interpretation may have some merit if less labor
can be used with more wastage of materials. Still, the most
parsimonious explanation is that "“tnese ratios, at any moment in time,
are relatively ingengitive tO Wage rates (i.e., (63 = 0). 211/ This is
borne out by tne results in the second column of Table 10.3, which show
that imposing this last constraint has no large effect on the values of

the otner coefficients, and cannot be rejected statistically.
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Table 10.3

Estimatiorn Under Bypothesis of Pixed u/y Ratio

Along with Along with Theoretical

Theoretical Restrictions and u/k,
Coefficient: Rastrictions y/k Pized

(10.154) (10.158) (10.154) (10.158)
8, 1.38 (.50)%* same 1.50 (.55)%%  game
8, 099 (.27) same .18 (.30) same
83 .56 (.47) same =0- same
8./%, .04 (LID**°  eame  =1.57 (.IDN**  gsme
85/65 036 (.37 same  -.056 (.44) same
Mexico, 5 =15 (.5%) same -.14 (.64) same
Mexico, Xy -.35 (.56) sane ~.52 (.65) same
Philippines, R, .022 (.61) same 217 (.70) same
Philippines, B 1.21 (1.40) same 1.19 (1.67) sane
Taiwan, Rz + Rl -.47 (.22)_“ same -.50 (.26)* same
Intercept (Mexico, -.59 (2.1) =77 (2.0)  -.69 (2.4) -.85 (2.4)
1972) :

Tatwan, 8§, /8, .34 (.38) 41 (.52) .46 (.42) 58 (.57
Kores, &, /8, .15 (.16) 15 (.17 .21 (.18) 21 (.20)
Bong Kong 8,/8, 093 (.22) 26 (L32) .15 (.20) 23 (.3%)
Stngapore, 8,/8, A2 (.13) .16 (.16) .11 (.19) 27 (.19
Philippines, 8 /8, .61 (.66) .62 (.63) .54 (.79) .56 (.78)
1972, &, /9, .20 (.14) A6 (L17)*r 20 (.17) 48 (.20
1973, 8, /9, 22 (.29) .18 (L21) .14 (.28) 22 (.28)
197, 6 / a, 054 (.34) .32 (.25) .061 (.39) .37 (.29)
1975, &,/ 8, -.40 (.40)  -.082 (.33) -.45 (.47) -.095  (.38)
1976, &, /o, .10 (.41) .23 (.37) .099 (.48) 25 (48)
1977, 8, /8, -.22 (.57 23 (.49) -.25 (.66) .23 (.57
1978, &, /n, -14 (.59 .066 (.58) -.14 (.68) 076 (.67)
1979, 8_ /8, .036 (:61) .22 (.60) .42 (.72) 23 (.7
e .0738 .0969 .0892 Ja151
e, . 0759 .0915
61, .90 .90

? - tests for restrictions on coefficients:

? (10,52) = ,158

Cannot be rejected at 902 or 951 confidence levals.

P (11,52) = 205

§
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Table 1G.4 maintains the hypothesis that the U.Se chip to
assembled SCD ratio is constant across countries inlgé;bjéq:, and also
imposes the constraints implied by adaptation parameé?;.fiL?taking on
its extremal values, 0 and 1. The results are virtuaily identical to
those of Table 10.2. As before, the {' = 0 specification differs
little from the unrestricted estimates of Table 10.1, and we conclude
that a tixed U.S. component/output ratio and ;:close to zero

(relatively fixed forecasts of long=run real wage changes) are

consistent with the available data.

conclysiens

. Our analysis of the very simplest model of offshore investment
decisions in the presence of country-specific risk has, when applied to
UeSe. offshore ihpbrt data on semiconductors, yielded some interesting
information on producer behavior. The econometric estimates imply that
producers adjust investment portfolios rather rapidly in response to
changes in production costs, with almost half of the adjustment made
immediately, 7C percent after 1 year has elapséd, and over 90 percent
by the end of the fourth year.

The estimated model coefficients also seem to indicate that
UeS.=duty free component/output ratios afe fixed. Since the
preponderant ingredient of U.S.-duty free components value is
unassembled semiconductor chip, this merely confirms that the chip
content of an assembled semiconductor is effectively unaffected by the
wage rate chaged to the producer. The data also indicaéé that, while
there may be soma moderate degree of substitution possible between

other material inputs and labor, it is very likely that these ratios
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Tadls 10.4 .
Betimation Under Rypotheses of Fixed w/y Ratio, Theoretical
Bastrictions, and Bastrictions en Adaptation Parameter .
ae0 ae1 - ' 3
Coatfictents (10.15) (1019  (10.1%)  (10a%) )
R N 1.55 (.1N**  same 86 (2)**  some _
% -0- came =34 (.20) seme 3
8y /0, .83 (.60) oeme 6 (4D oame
I‘IO‘ «2.10 (.98)4s same «1.71 ()%  same
8 ! o -0~ came 052 (.36) ssme
Mexico, B, -0- sans -.54 (.38) same 1
Mexico, Ry -.29 (.62) same -0 same
Philippines, LY 0= sane «28 (.46) same
Philippines, B -.066 (.62) same -0- same b
Tatves, By + B =31 (.20) same -840 (.21)¢  oeme 1
Intercept (Mexico, JA1 (.15)  -.097 (.18) .73 (1.99) 51 (.37
1971)
Taivan, &4 / 0‘ O sane 04 (.29) -.019 (.40) )
Kores, &, / Bt - same .08 (16) 017 (1D ]
Nong Keng, 8,/ 8, -o- same  -.073 (38) -3 (.29 ]
Singapore, 8, /0, =0- same .16 (.12) 25 (2%
Philippines, 8,/8,  —0- same A1 (25) .05 (.26)
1972, 8,/ & .23 (.19) 53 (L23)%% 24 (.24)6 .39 (.15)*
1973, &/ 8, 21 (.20) A7 (20) .31 (.29) .30 (.19)
L‘ 1974, ‘t’ 0' 0483 (.21) .33 (.24) .33 (.2%9) 45 (.22)8
o 197, 8, /0, =30 (.200 .021 (.23) -.09 (.30) 22 (.27
i - 1976, &, /9, 37 (L19)%* 47 (.22)% .27 (.36) .35 (.39)
.
~ 97, 8, 18, =11 (.19) 4 (.22) A (4D A7 (.39)
S0, 8, /8, .01 (.20) A7 (.23) .20 (.46) A2 (.45)
o N, 8, B 21 (.20 38 (.23) .41 (.49) 57 (4D
.o 0082 1266 0466 .0616
L <0948 Ood2
Yo, .90 .90
o _ s
\.‘.".\ ‘ ? = teste for rvestrictisns en escfficiamts:
7 (34,32) = 229 ¥ (13,52) = .249
: Camnet be rejested at 90 or 953 scafidence levels.
} @ ‘
]
M




- - .- v . . . . - . .
- - ——— - -

are fixed without regard to the wage rate 1n assembly.

‘1

Producers” wage rate expectations, on the ohter hand seem to have

teacted quite sluggishly to year-to-year variation in the teal Wagee.

. ety

Our estimates suggest that changes in the year 1978 were associated

’with substantially less investment in Taiwan in the following years; we

have identifield this shift with the end of formal diplomatic ties to
the U.S.

Estiinated coefficient é“ (as well as 'B“vif the duty-free
components to output ratio is pot fixed as RL varies) contains

information which permits us to estimate d . in (1G.3), the partial

oL

equilibrium elasticity of optimal capital invested in location i with
respect to the wage in location i. It is a partial equilibrium
estimate of the wage elasticity of investment because the various
portfolio constants incorporated into our time and couptry intercepts
Will also be altered as the rate of return in location i is chénged.
If investment in location i is very small relative to the size of the
entire market portfolio of risky assets, however, these effects on
constants common to the entire portfolio will be very smali, and
therefore can be ignored if we are concerned with the first-order
impacts of a mérginal wage change on investment in one of many
production locations.

To get a consistent estimate of the wage elasficity of capital

invested in semlconductor assembly, dpl, note that addinq the product

of our estimates of B, and . to 8 leaves a point estimate of
3 81 4

£ (1+ 2 )4+ Using the estimates of Tables 10.2 or 10.3, (and

=206, = «45), a wage elasticity of investment of about =1.7 is

calculated. Capital investment in location 1 is moderately (but not

e o d 4
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extremely) elastic with respect to the local wage. ifi%ﬁ; .
. On the other hand, if uncertainty and country t{ékﬁdere not a

factor in pfoducers' offshore location decisions, this gigsticity would
be infinite (since only the lowest cost location would receive any
investment). The moderate elasticity estimated, then, supports a model
of location with the presence of diversifiable country risk as an
important ingredient.

Our analysis also indicated that the share of location i in all
assets invested in semiconductor production was fairly (put not
extraordinarily) sensitive to changes in wage rates, with an elasticity
perhaps on the order of =-2. This would imply that fairly large changes
in investment and production might be expected from changes in tax or
uaée policies that alter the return to investment in a particular
location.

Next, we turn to a brief consideration of the implications of the
sensitivity of optimal output and investament to changes in returns, and

the rapid adjustment of actual to optimal levels, for nome and host

countrty policy.
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Technical Appendix to Section 10

General Framework

H

To examine the geographical sourcing of production withi; nnvindustry,
we .hﬁll assume production managers make decisions taking their objectives
to be to maximize the value of their company's stock. Since any change in
the characteristics of a firm's assets that improves the potential expected
utility of investors holding that stock ought to increase the market value of
the stock, we shall assume that managers therefore act to maximize the
expected utility of investors.

We shall also assume that the utility function contains total return from
all assets held by a "representative investor" as its only argument, and that
it is concave (i.e., investors are risk averse). The returns on all assets |
will be assumed to have a joint normal distribution.

The concavity of the utility function, the normal distribution of returms,
and the ma: imization of expected utility all imply that expected utility
maximization will result in mean-variance (Markowitz) efficiemt portfolios, as
Tobin first pointed out..l/ That is, for any given average return, that dis-
tribution of total wealth among assets which minimizes the variance of return
around its average will be preferred. This permits us to consider only mean-
variance efficient portfolios of assets when considering how investors' utility
can be maximized.

We shall also assume a riskless return, paying r, , is available to

investors (for example, government bonds). Under these conditions, it can

then be shown that all investors will allocate their wealth between a fixed

efficient portfolio of risky assets (with the allocation among the risky
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assets determined only by the characteristics of the assets), and the riskless
asset (with the allocation between the fixed efficient marke£ porifélio of
ri ky assets and the riskless asset determined by the 1nvestor'l<weh1th and
preferences). Thus, we can make use of this "separation" property, that the
optimal allocation of risgkily invested wealth among risky assets is independent
of investor preferences and wealth. The market portfolio of risky assets will
reflect these optimal choices among the risky assets.

It can then be shown that the optimal portfolio of risky assets satisfies

the relation 3/

E -
(10.A.1) E ( ri“) “ry " (% (ra) fo ) °1n for all 4

with the return on each of 1 risky assets, the return on the optimal
efficient portfolio of risky assets as a whole, o: the variance of the
return on a dollar invested in this market portfolio, E the expectation
operator, and o4, the covariance of the return on risky asset i with the

optimal market portfolio of risky assets.

Investment in Production Locations

The investment required for the production of a given product in a specific

location will be though of

as a particular type of asset, with risk and return
characteristics specific to the product and its production location. Firms,
by making decisions to place capital into specific lines of business and
production locations, construct portfolios of assets, which afe burchased by

tceansLiers. LI there are at least as many different firms as there are
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types of assets, an investor can construct any portfolio of assets by

Judiciously purchasing stock in different firms.

If, in the aggregate, firms are guided toward constructing the efficient
optimal market portfolio of risky assets through their attention to stock
market prices, the aggregate market portfolio of risky assets will satisfy
relation (10.A.1). Note, however, that since firms essentially form arbitrary
combinations of investments (since firms only serve to translate a financial
investment into claims on real capital assets in this simple model), the
portfolio of any single firm is indeterminate. 1In the aggregate, though,
stock market prices will guide marginal firm investments so as to construct
the efficient market portfolio satisfying (10.A.1). (In much the same way, in
competitive industry with constant returns to scale, while the size of any single
firm is indeterminate, the size of the industry is not.)

Suppose we invest assets with value K; 1in the production of semiconductors
in location i. Such an investment yields an average return (and since we will

also assume constant returns, a marginal return) of

with T, the return on a dollar of semiconductor capital invested in location 1%;
n the so-called unit- ‘"variable" profit function, giving the maximum value of
output less variable costs per dollar of capital, as a function of vector Pi ’ ’
containing output and input prices as its elements. The function = has certain
useful properties, notably that qi* (profit maximizing output per dollar of
capital . in location 1) is equal to ?a%:— (PQ output price), and.ptofit

maxirizing use of input 1 per dollar of capital in location i is given by

PPy |
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-:T:J- ,» with Pij the price of input j in location 1.

(1f we take into account maintenance and replacement coste for capital,
which will be assumed proportional to the value of capital, we would merely
subtract a fixed constant from w defined gross of capital maintenance costs;
therefore we define v in 10.A.2 as net of maintenance and replacement costs
for capital. Note also that we are assuming that the price of capital goods
is constant across locations, since the form of function w is not location-
specific.)

Return ry will be assumed to reflect a random disturbance ¢4, related
to uncertainty about the costs of production, even when input and output prices
and known with certainty. Wars, strikes, confiscation or expropriation of
property, revolutions, hyperinflations, political turmoil and other country-

specific risks are embodied in digturbance ¢

i
Thus, taking into account the location-specific risk of producing in

location 4, we have

4
(10.A.3) ry = v (® ) + €, .

i

By definition,

(103A.4) E (ei € j) = 044 all &, § (044 = Ui )
~
N E (eq) = M, for each {.
%
A

Note that, without loss of generality, ej refers to the uncertainty in

tetarn of any other asset, not just those invested in semiconductor production.

e




C The Optimal Portfolio .
.( Let us assume that there are a total of N different l;s;§;, con-
A taining as a subset investments in semiconductor production fi#;yntious
locations. The average return to SCD investment in location 4 , ;B (*4)»
E h :ll Just defined by
} (10.A.5) E(rp = v (2, ) + M,

We shall assume that the disturbance to return on semiconductor
production in location 1 can be expressed as the sum of the effects of
underlying factors common to returns on other assets, and & unique (mean zero)
country-specific disturbance &; that is independent of all disturbances

affecting the return on all other assets. That is,

L

(10.4.6) e = 51 Ci T+ 8y + M

vith the L (mean zero) indices Il of factors affecting other assets

related to disturbance ¢ " through fixed location-specific constants, the

Cyy-
L Then,
g LL N
. (10.A.7) E(egey) .z--i ;:1 331 Cip Cyp EC( I, 1) for 14
’.c o E(e2)= }:' % €y Cim E(Iglm)""’sz
' =1 w-l i

(with o> = B (62 )).
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If we then return to relation (10.A.l1), we can rewrite it as

uO.A. 8) - = P - N .
"y R Ctp ) -9 T E[‘i ‘s VJ]
3 ol j=1 _

.

with V4 and VJ the proportion of riskily invested wealth invested
in assets 1 and j , respectively, in the market portfolio. Using

relation (10.A.7) we then have

E(r) - ffL L N
(10.A.9) L Sl n (T T I CpcC  EI Iy v,)+
2 g=l pel §=1 - I )
°n
2
which can be rewritten as
(1 10) 2 :
0.A. vV, © =] g - r C A
[ i-r
1964 o =l ir
9
with
E( 'm'ro)
b = > » "the market price of risk" ;
U‘ll
and
L N
b= I IV Cim E( I, 1), constants do not

=1 j=1 depend on the exact
asset 1 wywe are
examining at any

moment in time.

"t
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Then, noting that total value of assets invested in location {1 , Ri ie

equal to V, W , with W the total value of weslth.invested riskily, we

have _
Ty -t :

’ - 2= -z, s W
(10.4A.11) Kt = ¢ 3 L =

i €y

2
(with Og, - rewritten as c: , representing the unique and independent
i

country-speéific component of the variance of return in semiconductor
production in location 1)

which 1s just (10.1) in the text.
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TECHNICAL APPENDIX TO SECTION 10 e

FPOOTNOTES

See Tobin (1959), pp. 74-75. Ross (1978) provides more general
necessary and sufficient conditions on the distribution of returns

that allow us only to consider mean-variance efficient portfolios.

Alternatively, restrictions on the utility function can yield

similar results. See Cass and Stiglitz (1970).

This model is known as the Capital Asset Pricing Model (CAPM).
See Fama and Miller (1972) for a more detailed expositiom.

Ao oo




- _ S
————T—y T e s T I e
r~ LR

T /S

—r

547

11. Jamplications._of DRiversificatiopn for ot
-2exeloped_and Developing Countries 7+

.The framework for understaniing offshore production decisions
outlined in the last section, and applied to data for"U S. 8067897

semiconductor imports, raises important questions.

some_Ibeoretical Copnsiderations

At the purely theoretical level, it is clear that diversification
of country-specific risk by producers, when choosing production
locations, will have profoundly different effects on the industrialized
economy exporting components, ani on the developing economy assembling
them, than a decision to produce in the lowest average cost location.
Instead of being a binary choice between onshore and offshore, country
1 or country 4, production at home and abroad will respond in a smooth
and continuous fashion to changes in input prices in different
locations. 212/ | .

For the industrialized-economy, any measure raising returns to
production overseas no longer is guaranteed to increase the total value
of production entering the market from offshore. First, although it is
not a particularly probable outcome, it is theoretically possible for
the supply of resources to be invested offsnore to be
"nacguard-bending" with respect to the return available offshore, if,
as the average return on investable resources increases, the effect of
1hcraased income is to make an investor less willing to bear risk
(i.e., an investor’s prefergnces are such that his aversjion to risk

increases with weaith).
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Second, even if the amount of resources invested offshore were to
increase with return offshore, if the source of the increased return
uag-%ccompanied by a shift in relative factor prices offshore, it is
pos#ible that substitution of capital for other factors of production
could have the perverse effect of lowering the output produced with the
increased stock of capital located overseas., For example, suppose a
drop in wage rates offshore were the source of the increased return
overseas.s It is not impossible to imagine that, if capital and labor
were complements (and the empirical work of the last section supported
this as a possibility), substitution of capital and labor for material
inputs could actually raise the capital/output ratio sufficiently as to
cause a net drop in output, even as off{shore investment was increasinge.

These examples of perverse effects are probably unlikely, but
nevertheless possible. If we were to assume the most likely case ==
that resources invested and output produced ofishore increase with
offshore return =- then the supply of capital to be invested in the
offsnore location by home country producers will slope upwards witn the
rate ot return in that location. )

As is well-known, 213/ an upward sloping supply of foreign capital
nean;-that an optimal host-country policy toward foreign investment
will tax the returns on foreign capital, with a tax rate dependent on
the ;éasticity of foreign capital supply. However, as a careful
readinq of the last section will confirm, this elasticity of supply
uill,? in general, depend on a great many factors, including all the
determinants of the market portfolio of assets, and the technology of
tne particular product being proJluced offshore. In particular, every

produ;t will have a potentially different optimal tax rate on foreign

.
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investments in its manufacture. oo ¥
. .!“ ¥ 1:

_ For many countries and ptoducts,van optimal taxAgglﬁpi.yould then
requirg intersectoral tax rate discrimination, based o@u;hé;
characteristics of the product being produced and tne nationality of
the‘ptoducer. Furthermore, taxes would have to be continuously
adjusted as time passed, technology changed, and other determinants of
the market portfolio of investments evolved.

If such adjustments are possible, it is easily shouﬁ that an
optimal nost country policy would tax foreigh investments at rate t

given by

o » Dy the elasticity of capital supply with

respect to the net rate of return. Foreign firms would pay a wage

equal to the marginal social opportunity cost of withdrawing a worker
from the domestic economy. 214/

Such constant change and variability in tax rates might, in fact,
increase country risk. Taxes, after all, are a mechanism for the’
social expropriation of output, and frequent or discriminatory change
increases the threat of expropriation as a business risk. The essence
of a “stable’ investment climate is a guarantee that taxes on profits
will be fixed at some known and stable level.

Also, for a variety of institutional reasons, it is generally very
difficult to tax the manufacture of different products at different
rates. 215/ Even if it were possible to do so, a great deal of risk
uéuld then be created for the investor, since, as the préduct mix
produced inevitably evolved and changed, a revision of the industrial
classification of output by the tax authorities wou. . be necessarye

Finally, since the elasticity of capital supply with respept to the
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rate of return to production in country i{ is an empirical magnitude
that must be determined by authorities, it may be imposgtp}e to

L

estimate with any precision without observing the operﬁ}i@hs of foreign
manufacturers already in place, which generally will no¥ exist until
guarantees of a fixed tax rate and other rules of investment are made.

Thus, because information on the elasticity of the supply of
capital with respect to return is only available through direct
observation, because foreign capital generally required guarantees of
fixed tax rates as a precondition for investment, because continuous
adjustment of tax rates would create a perception of instability in the
business °climate’ for foreign investment, and because it is
institutionally impractical to create and administer a structure of
product-specific tax rates on foreign investment, the implementors of a
tax on foreign investment earnings probably must content tnemselves
with setting a fixed tax rate on profits for all manufacturing with
(perhaps) occasional marginal rate adjustments taking place over time.
10 some extent, investor-specific variation in effective tax rates can
be achieved through the granting of tax concessions to individual
projects, but such individual concessions create costs for the entire
system by creating potential for abuse and corruption.

In practice, then, an optimal tax policy can probably only be
appto;fnated when a sinjle tax rate structure for foreign investment is
@esiéqed and administered. Given that a first-best th.?ol§cy using

discriminatory tax rates cannot be achieved, a second-péSt.uage policy

1

szin o the host country from foreign

, .estmenle 115 1¢..ues from the fzct that -~- for Some fixed tax rate

iy

e= *ro supply of cacitzl (and the demand for labor) will be an upward
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(downward) sloping function of tne waje rate, which is easily varied
across i.iustries and over timees OSome olfshore countries, for example,
have an industry=-specific minimuus ~3Je structure in place, and wages
are continuously acjusted over time tnrougn the political economy of
labor marKets and yovernmant regulstion.

The sijynificance of 4 Jownwari=sloping demand for lanor in a
Jeveloplnyg ecoiony 1s that it then hkas some element of monopoly power
it con ex2arcis<., Iin th2 abbsence ot taxes, it shoulc set the wage
cadlgel 10 Siisliore proiucers suca tuat the marginal revenues receiveld
tren seiling an aduitional laborer s services to the toreign-owned
export platfora are just ejual to the warginal social cost of
WitiaGlaelnyg t1at worxer fron the Jom2stic economy. 4l4/ 5Since marginal
revernius «ill bhe less tnan the wiale chiarded to exparters (because of the
Jowiimal d3=51001.3 dewani for lavor), tnals ciearly imnlies tnat the waye
shoulc =2 14221 34Q¥2 ti2 opoortunity cost of lavor in tne Jdomestic
eC0inlNy, ii 40 Optlaal roticy 15 to be tollowels. in particular, waen
tne Invastreat is noat suhject to taces (le2se, =2njoys an unlimited tax

nolilday), tne wWwaje for any sector should be set sucn taat

(11.2) PL = € ( -"pp /1 -"Lp )

Wwith Yl the w17e chargja21 to foreign producers, C° the wmarjinal social

opportunity cost ol laoor, and nivL the Wwagye elasticity of sa2ctoral
labor dgemwana ricec by the country playiny host to offshore investment.
I1, or taz otaer nan!, tax rates were to Le continuously adijustel

in ar aztims~i tashion, 21! orofit yreater than that actually rejuireg
Loftux ol Zuriign o investhieat woulld be taxed off, and

L. walsaiz. Dot reveaue from niring out a marzinal worker to the

a4 a4
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foreign assembly piant just equal to the wage receivgq. d{he loss in
the value of aggregate wages (and increase in gross ﬁrpglt;bility) due
;é,fh?_§t°9 in the wage rate rejuired to stimulate théiﬁlr}ng of an
additional worker, would be exactly offset by an increase in the tax

rate and tax collections (and would leave net profitability unchanged).

gaeicical_lmplicatigns
The results of the empirical models of the last two sections make
a certain amount of seuse, and have a reasonable policy content.

First, recall that 8

¢+ the capital stock “adjustment® parameter,
was reasonably high (about «.45). As remarked before, this means that
about seventy percent of the adjustment to optimal capital investment
levels will be achieved after a year, and better than ninety percent of
the adjustment made after three years. This is entirely consistent
with the relatively light and easily mobile capital investments
traditionally used in labor-intensive assembly methods.

Our results also supported (and we were unable to reject) the
hypothesis thét duty-free U.S. content was essentially invariant to the
wage charged for assembly labor. This suggests that manipulation of
the wage, the main policy parameter available to authorities in the
exporting country, cannot be an effective means of reducing the
duty~-free U.S. component content of production. On the other hand,
thepe was some indirect evidence that raising wages may increase the
use ;t dutiable materials, including perhaps those ptO@uced locally, as
more materjial-intensive production materials may have been adopted.

These effects, however, are rather hypothgtical, and we cannot reject

the presumption that the wage has no effect at all on material content.

mmadad A M. LIl .
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- At the same time, the long-run elasticity of production in country

1, witn respect to the wage was quite high, on the ogﬁef;of -2. (As

befb?e, note that this is a partial elasticity, Qaliq ég the margin for
a small producing country, for whom changes in returns have virtually
no impact on the aggregate market portfolio of inQestments.)

The long-run scope for action by a small country hosting offshore
SCuU production, then, may be gquite limite3d. The one policy variable
that is easily manipulated fs likely to have little impact on the
imported content of the product, and a very large impact on the market
share of the countrye.

Still, there are positive aspects. The reasonably high elasticity
of output with respect to the wage also may mean that a substantial
monopoly rent can be extracted by correctly setting taxes or wages.
Suppose, for example, that the underlying production technology
displays a fixed capital/lsbor ratio, and that the country is a “small”
producer. Then, the coefficient of the log of the offshore wage in the
output equation of section 10 is just the long=-run elasticity of SCD
assembly labor demand faced by that country; use of (12.2) suggests a
hefty wage differential -- on the order of S0 to 100 percent over the
oprortunity cost of labor in the domestic economy =- ought to be
charged, in the absence of taxes.

‘ If a discriminatory tax rate can be charged, then the wage ought

to bg set at the domestic opportunity cost, and the Q?x rate set
according to (11.2). Wwhile we do not have any direct ihform;tion on
Nkr, our estimates suggest that it is greater than 2; 2i1/ at that
value, the tax rate ought to be set at about one-third. Since that is

above levels charged by most Asian offshore countries, a second-best

a —— '™
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policy would then charge higher (than social opporthnity cost) wages to
SCD assemblers to maximize national gaine.

Since many offshore countries do, in fact, charge minimum wages
that are higher than levels within the domestic economy, there is some
evidence that the benefits of such policies may already have been

evident to national planners. 218/

»

4o Mm_a a_aa

A i a a




Appendix to Section 11

Optimal Tax and Wage Policy fo an Offshore Location

~

The total benefit to a host country is given by
B= px+rLu< -k -C (2K)

with @ gross profit per unit of capital;
K capital stock, a function K(r) of r, net profit per unit capital;
PL the wage in assembly production;
£ the labor to capital ratio;
C the domestic social opportunity costs of transferring labor out
of the domestic economy and into the offshore production enclave; c’ s

marginal social cost;

r net profit per unit capital is just under (1-t) @, t the tax rate.

Differentiating B with respect to r, we have

(11.A.1) B . (p +( -C’)2t-1) K -K
or L
9B 9L
k)2 (p, -Cc~ ) 2L
L K
aPL 3PL

Note tha’, with constant returns, §# and 1 are functions of input and

output prices only; we have also made use of the fact that 1 = :%%
L

(this result 1s a variant of Shepherd's lemma).

Ae 8 per~csary condition for an optimal policy, set both of the

derivativer ir (11.A.1) equal to zero. Clearly, we must have PL - C’,
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the wage equal to social opportunity cost, and

n
(11.A.2) r = f kr n the elasticity of K
l4+n Tk
kr
with respect to r.
Substituting for r we then have
11.A.3 1 - ke
(11.A.3) t = - for the tax rate,
l14n

kr

Now suppose the tax rate is fixed. Net return r 1s then linked to .

the tax rate (since it equals (1-t) § ), and

ALAD - & ) 2 --an 1
L aPL
Differentiating B with respect to the only remaining policy instrument,
L »
(11.A.5) 4 _33B _ 2B dr
ap 9P or dp
L L L

-« (P. -C”) 22
L — K +[ 3B (-(1-t)1)
®FL [ or ]

using (11.A.1) and (11.A.4).

Setting (11.A.5) equal to zero, and solving for (PL - ¢’), we have

(11.A.6) PL -C « (1-t) % _a_n

@D x or
L
This will have the same sign a8 - 2B (since 3% must be negative),
ar P
L

™
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So when increasing the tax rate (and lowering r) would have resulted in
a welfare gain, ?L will exceed c’. When the tax rate is above the
optimum, ?L will be below marginal opportunity cost c’.

~ Tn the special case when t = 0 (and § = r), (11.A.6) becomes

(11.A.7) P = ¢/ _-n
L l-n

where is the elasticity of labor demand with respect to the wage

= 4 (2K L e N
d P 2K ¥y, & K

Finally, suppose wages charged to offghore foreign investors were
fixed, by social and political constraints, at a level above marginal social
opportunity cost C” (i.e., P, - C” is positive and fixed). Then, setting

_9B 1in (11.A.1) equal to zero, we have
or

n
(11.A.8) r = kr ’

kr

Comparing this expression with (11.A.2), it is clear that the optimal tax rate
will be set at a level below that which would prevail if both wages and taxes

were get by policymakers.
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12. Effecls of Offshore Semiconductor Production.on.the Host

’ Economy O S

v -2

s
PR

- - : . .. . E Y
. ;n an idealized world of perfectly frictionless, competitive, and

unté;ulated martkets for economic resources, there would be little
difficulty in evaluating the effects of offsho}e production activity on
national welfare in the host economy. Since the prices of all national
resources furnished to an offshore operation would, under those
circumstances, fully reflect the marginal value of those resources in
the national economy, the net gain to the host would be the increase in
the productivity of national resources due to the inflow of foreign
capital and/or technology plus whatever revenues would be secured
through the application of taxes to the returns received by foreign
capital and technology. The analysis of the last section focused on
the optimal tax level to be set dhen the host faced an upward~sloping
supply curve for foreign capital (or when the tax policy cannot be used
in a discriminatory manner, the second-best optimal wage to be fixed).
Keality, however, reguires that we consider the effects of such
operations in a more complex framework. Because markets for capital
and foreign exchange often tend to be thin and highly imperfect in
developing economies, market prices for those resources often do not
reflect marginal social costs. For political, structural, and
institutional reasons, the wage paid in a particular sgctor of the
econony'nay exceed, or fall short of, the social marginal return to an
hour of labor. Because tariffs, controls, taxes, and sdgsidles alter
the market prices of goods and services, those prices will ho longer be

accurate guides to the social costs of the resources they use. 2193/
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( In evaluating the impacts of offshore manufacturing og the 3

domestic economy, a host government is likely to tocuéibﬁ'iIVe major : '#

seﬁs”bf soclioeconoaic effects. First, because most develbping
B econon_ies are faced with significant problems of open unemployment and_

underemployment, the effects of offshore operations in absorbing an

excess supply of unskilled labor are bound to be of fundamental
;‘ importance. Second, because foreign exchange is generally a scarce
F (and often, rationed) commodity in these host economies, the net impact
on the balance of payments, and the availability of foreign exchange,
] will be of great importance. Third, many developing countries have

sejected industrialization as an explicit deveiopment strategy, and the

: contribution of offshore manufacture to this process will be of
t‘(Cmterest. fimilarly, the possible importance of this type of foreign
investment in transferring more advanced technology to the developing
areas ought to be considered. Finally, the possible long-term

implicatlons of orienting the industrial economy to foreign markets and

Ta

technical developments, over which the host has little or no control,

raises the issue of the effects of this type of manufacture on tne

A B aER ki e o a

stability of the host economy, and its dependence on foreign markets.

gmployment
' While reliable and detailed information is difficult to obtain, 1

aya{laple data do allow us to draw some conclusions. ?qble 12.1

summarizes available information on employment in the electronics |
industries of the major Asian "offshore" countries. It is clear that
while employment in the electronics sector has grown very rapidly in

all of these countries, it absorbed a fraction of the working age
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population ranging from about four-fifths of a percent_(ih'!alaysia) to
close to five percent (in Singapore). It was most 1npoi;gé} in
Singapore and Hong Kong, followed by Taiwan and Korea; ana.still a
rgla;;vely ﬁinor source of jobs in Malaysia and the Philippines. Since
(except in Hong Kong) industrial employment amounted to from about 15
to 3C percent of employment, however, electronics was considerably more
important (in relative terms) as a source of industrial employment.
Because electronic component production is only a (substantial)
fraction of elec.ronics output in most of these countries, and
semiconductor output of offshore affiliates a smaller fraction, these
figures overestimate tne employment impact of offshore semiconductor
employment in the major Asian producer economies. The only really
solid fiqgures on offshore employment (by U.S. semiconductor producers)
appear in the 1977 Benchmark Survey of U.S. Direct Investment
Abroad. 22{/ That survey lists data for "electronic
component" ==~ ﬂroducing affiliates of U.S. firms in a number of
regions. For Asia and the Pacific (excluding Japan, Australia, and New

3
Zealand), however, exports to the United States accounted for some 83

percent of sales. When checking data on U.S. imports of electronic )
components from the Far East (excluding Japan) in 1977, one finds that
some 92 percent of these imports gqnsisted of semiconductors. 221/ s
Thus, electronic component production by U.S. affiliates in Asia in
1977 was almost exclusively devoted to the manufacture of
semaiconductors; we shall therefore use this data on the Asian

rztions of . 7. siflliteis @ ot oolres orexy for those of

Je3., 0ffshore sexnlicoriuctor faciiitier in 1977.

sandva
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Table 12.2 summarizes this information on employpgntigy_

-y,

UeS. electronic component affiliates in 1977, along uiﬁhigln;lat data
on J;panese affiliates in 1979. The U.S. data are also broken out
separately for majority-owned foreign affiliates (MOFAs). While the
Japanese employment is almost entirely concentrated in Asia,
substantial U.S. electronic component employment can also be found in
Latin America and Europe. Little of this U.S. output is exported to
the U.S. from Europe (less than 3%); in Latin America a substantial
percentage (75 percent) is exported to the U.S., but little consists of
semiconductors. 1In the Japanese firms, probably only 10,000 to 20,000
of the Asian component employment is related to semiconductors (see
Section 8). . <

At any rate, Table 12.2 suggests an upper limit of about 100,000
on empio}ment by U.S. hsian offshore semicondhctor affiliates in 1977.
To this must be added any employment by non-affiliated local contract

assemblers working for U.S. firms; this was probably reasonably small

in relation to the overall figure and 100,000 is probably a reasonable .

estimate of all U,S. -= related bftshore semiconductor employment in -

Asia in that year.

It would be interesting to break down this employment by country,
S0 as to make a comparison with Table 12.1 and guage the employment
1lpagt by country. The data, unfortunately, are not sufficiently
disyjdregated to do so. However, all U.S5. electrical gquipment<
eaployment in developing Asia and the Pacific in 1977 amounted to some
158,000 workers (of which 101,000 were in electronic components) which
is given by country in Table 12.3. Again, these ought to be considered

approximate upper limits on oti;hore employment in Asia by U.S. SCD

.
’.
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Table 12.2

Foreign Employment of Foreign Affiliates
(1000 Employees)

Electronic Component Producers (SIC 367)

U.S. Firms, 1977 Japanese Firms, 1979

MOFAs Only All Affiliates All Affilistes
185 219 99
52 62 .1
3 . TN -
95 101 89
24 37 S
- : - 1

374 228 1

For U.S., U.S. Department of Commerce, Bureau of Economic Analysis,

U.S. Direct Investment Abroad, 1977 (Washington, April 1981)
For Japan, Japan Electrical Machinery Industry Association

Home Industry Employment from U.S. Census of Manufactures, 1977
and U.S. Dept of Commerce, Country Market Survey, Electronic Components -
Japan, (Washington, 1979).

For 1978

ol
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Table 12.3 4

Employment of U.S. Affiliates Producing Electrical Equipment
- +(1000 Employees)

Hong Kong 19 %
Indonesia 5.3 |
Malaysia 24 .
Philippines ' 8.9 'f
Singapore | 25 ;
South Korea 8.5 ]
Taivan - 48 B

Developing Asia and the 158
Pacific ‘

"Source: U.S. Department of Commerce, Bureau of Economic Analysis,
U.S. Direct Investment Abroad, 1977 (Washington, April 1981)
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producers. As can be seen, the great bulk of U.S. operations are
lpcg}gq.ln Taiwan, Singapore, Malaysia, and Hong Kongg.;éyfconparing
thgéé figures to Table 12.1, it seems safe to argue tﬁgt:at least half
ottolectronics employment in Singapore (most, probably, in
semiconductors), and Malaysia was associated with U.S. subsidiaries and
pernaps on the order of a quarter of electronics employment in Hong
Kong and Taiwan owed to U.S. subsidiaries.

Two other, rather fragmentary, sets of information, give us some
indication of how offshore semiconductor employment has grown overtime.
First, Table 12.4 documents offshore employment by major semiconductor
firms of all nationaitities in 1971 and 1974. 222/ These figures also
represent upper bounds on semiconductor employment, since they often
refer to assembly operations whi/ . produced electronic output other
than semiconductors. They suggest that developed-country semiconductor
producers of all nationalities employed under twenty thousand workers
in their offshore semiconductor assembly operations in 1971, and
perhaps three to four times as many uﬁrkers in 1974. Roughly
thiee-quarters of the employment was by U.S. firms in 1971; roughly 85
bercent was american in 1974. The greatest growth occurred in
Singapore and Malaysia.

The other source of information on the growth of offshore
elplpynent is a 1979 study by the U.S. International TFade Conmission
of the U.S. integrated circuit industry. In it, u.s; }C fites
tesponded to a2 guestionnaire with information on their domestic and
“oreign e~nlovran*t. presented in Tcble 12.5. The numbers on foreign
employment in semiconducticr manufacture include European manufacturing

facilities, as well as the Yoffshore'" operations in Asia described

-4
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Locatdion

Singapore
Korea
Malaysia
Hong Kong
Mexico
Indonesia
Taiwan
Thailand
El Salvador
Philippines

TOTAL

\J

[y
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Source: UNCTAD (1975), pp. 17-18.

LY

S

Data refer to employment in facilities producing semiconductors,
but many also assemble other electronic products.

Table 12.4
Offshore Employment of Major SCD Producers
1971 and 1974
(1000 Employees)
Nationality of Producer
U.s. European Japanese All
1971 1974 1971 1974 1971 1974 1971 1974
5.7 18 .75 3.0 6.5 21
4.8 13 4.3 4.8 13
14 1.8 1.2 16
2.0 5.4 3.0 2.9 5.0 8.3
2.2 NA 2.5
2.3 2.5
1.7 4.5 .85 1.0 2.6 5.5
2.0 2.0
1.8 1.8
2.0 2.0
16 61 4.6 11 5.5 21 72

. mmE e e mae
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1976

78
68
93

108

1977

81

93

103

7

(
l.
Table 12.3
Foreign and U.S. Employment of U.S. IC Producers
1974-1978
1974 1975
1) Foreign SCD Employment
(1000s) : 70 59
2) Z of (1) working in
Manufacture of ICs: 63 64
3) As 2 of (2), Production
Workers: 94 93
4) (1) as X of U.S. SCD
( Employment of Sample: 81 87
| 5) As X of U.S. Workers,
2 in Manufacture of
ICs: 73 69
6) As I of U.S. IC Workers,
Production Workers: 53 69

63

567

89
73
93

100

74

63
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above, and exclude the employment of U.S. firms uhich‘gqpq:qcture

senlconductors other than ICs. f"z;§*~

.fﬁ;' The survey shows over 82,000 in forcign SCD enploy-cnt in 1977, by
u.s._lc'ptoducers, of which almost 70 percent was in the manufacture of
1Cs. Some 93 percent of the foreign employees in IC production were
production workers. Roughly the same proportion of domestic SCD
employment was in IC production, but a3 much smaller proportion (under
2/3) were actually on the production line. Since total U.S. SCD
employment in 1977 was 114 thousand, 223/ the proportion of

p.s. semiconductor employees covered in this sample was close to

tnree-quarters. 7Tne figures of Table 12.5 also indicate a significant

increase in the relative importance of overseas employment during and

‘f'. after the 1974~75 recessione.

We conclude then, that all the statistical information examined
indicates a véry large increase in offshore employment in the
production of semiconductors between, say, 1971 and the aid=1973s, and
a much more moderatg growth after the end of the 1974-75 recession. 1If
we had to venture an educated guess on the size of tne offshore labor
force in semiconductors in Asia in 1977, it would be in the
neighborhood of 100,000 workers, and certainly no more than 120,000 as
an upper limit.

Av While this, in the aggregate, is a respectable number of jobs, it
is‘qé'pegt a narqiﬁal contribution to employment absorpt&gn for most

. ]
Asian countries. It might be argued that there are "multiplier"”

effects, since offshore assembly operations might stimulate the growth

" of 1ndustr;es using the assembled components in exports of other

electronic goods. The lou transport costs for semiconductors argue
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against this point, however; and even if we were to consider all

e;pc}tonics emp loyment in those offshore countries, tnggpsbtption of

A 3

e!pioyyint is still marginal when compared to the sizgipf the working
aée ;opulétion. '

The exceptions to this generalization seer to be Singapore and
Malaysia, where semiconductor-related e-ployneht is the major component
in electronics employment, which, in turn, is a major portion of the
industrial work force. But, in general, offshore semiconductor
assembly operations probably have a relatively minor impact on
employment in most Asian economies.

Before turning to other possible impacts, we should also remark
that otfshore assembly of semiconductors, like the offshore manufacture
of other products described elsewhere in this book, uses.§ |
predominantly young, female labor force. 223/ To a certain extent, such
operations may exacerbate LDC enployment probleas by encouraging labor

force participation by demographic groups not normally economically
active. 225/

Balapce.of Pavmenis_apnd.Inlustrialization
To evaluate the effect of offshore production on the host

economy’s foreign exchange position and balance of payments, a

.conceptually_precise approach would calculate the domestic resource

qosti oi_the nationally-produced inputs used in asseably per dollar of
fbtctqn exchange produced, and compare the calculation with the

domestic resource costs of earning a dollar of foreign exchange in

~ alternative activities. 226/ If the only national input used were

labor, then net inflouw of foreign exchange uohld equal employee
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.~

conpipsation, Plus whatever taxes were collected by the ?ogt on the
prqg§t§ of offshore operations. The domestic resourci%éé;t;'ot 8
doli@f of foreign exchange would just be the wage bili;-aivided by this
l;té!r sum multiplied by the market exchange rate. If the price
charged for labor services supplied to offshore producers differed from
the opportunity cost of labor used in the national economy., the wage
bill in the numerator would have to be corrected for the divergence of
market price from marginal social cost. Effectively, the wages of
workers and income taxes are paid in foreign exchange, at a social cost
to the national economy of the value of the workers foregone services
in the national economy. If workers are paid more than is the case in
-the national economy, costs per dollar of exchange Hill decline.

On the other hand, if national inputs other than labor are used,
the calculation will have to take into account tne social costs of
directing those resources from the national economy into fhe export
enclave. 4 calculation of the domestic resource costs of asseably for
export, then, will be greatly affected by the amount and type of
national resources used. 1In particular, an export-oriented assembly
operation using capital drawn from local capit;l markets (for example,
if a pational entrepreneur sets up a factory that subcontracts assembly
operations with foreign principals) way’ have much higher Jomestic

tésogth costs, especially if capital is very dear, as is usually the

»

oy

case in a developing economy. Also, if the assembly operation (even if
totally financed by foreign capital) requires 1nftasttu§§hrai
investment by the host count-v, the cost of those investﬁents must be

added into the domestic resource costs of the foreign exchange.
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t: The little empirical evidence that exists suggests that

toreign-ouned semiconductor assembly operations use signlticant amounts

of qon-labor national inputs. This can be seen in Table 12.6, which

breaks down the income and costs ot UeSe electronic component

R ( |

affiliates in Asia into imported and national components. As remarked :
before, the output of these affiliates consists, overwhelaingly, of 'i
;‘ semiconductors. The table shows that imports from the U.S. account for 1
: over forty percent of sales, 221/ and net profits, fees and royalties

another five percent. Tne remaining 54 percent of sales is paid out in

Fj émployee compensation, taxes, utilities and overhead and purchases of

P DO

inputs. This latter figure may have to be reduced (in calculating the
net inflo# of foreign exchange) if inputs are imported from other

Hsiﬁ countries, which is not known from the available information.

""i“‘

- To calculate domestic resource costs, the various components of
! the 54 percent of sales composed of national inputs would have to be

identified and priced at the correct shadow prices for those inputs. "1

Unfortunately, lack of information on the structure of these costs, and

- the correct shadow prices prevents us from doing so.

£ We can, however, gauge the importance of semiconductor exports in -~
termas of gross flows of foreign exchange. Table 12.7 displays the
value of semiconductor production and exports in a number of Asian

il countries in 1976, in comparison with manufactured exports and . -
lctqpihdise exports. For Singapore, Taiwan, and the ?p;llppines, '

;‘ semiconductors are a large and significgnt portion of .manufactured

exports. 7The sfituation in the Philippines in recent vezars is even more -
- dramatic, as exports of semiconductors zoomed to $289 million by

1979. 4228/
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Table 12.6

Income and Costs of U.S. Poreign Affiliates,
Electronic Components, less Developed Asis and Pacific

1977
Million
TOTAL INCOME 1622
- Imports of Inputs from U.S. 661
« Direct Investment Income 54
= Remittances of Fees and Royalties 22
= Net Inflow of Foreign Exchange 885
of which:
Employee Compensation 195
Operating Expenses, Overhead, Taxes,
Inputs 690

Source: For U.S., U.S. Department of Commerce, Bureau of Economic Analysis,

Z Total
Income

100
41

42.5

U.S. Direct Investment Abroad, 1977 (Vashington, April 1981)

(Note: Reinvested earnings are not subtracted from direct invest-
ment income, on the assumption that they would be close to zero

for an investment with stable capacity.)
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Table 12.7

Importance of Semiconductors in Manufactured Exports
1976

e ‘s’cn Active Component Manufactured Exports
untzy Production rts to DCs* (Million as I of all exports
ol $ Million

1ion of merchandise)
of which,
X to

.S, Japmn
Hong Kong 168 113 80 S 7,882 B )/
Singapore 314 313 79 1 3,02 ' 46
Taiwan 401 6,922 es
Philippines 81 73 17 608 : 24
Malaysia 252 82 7 824 16
Korea 261 64 25 6,770 ‘88
Indonesia 13 9% 7 130 : 2
Sri Lanka 1.3 0 100 76 14
Thailsnd 4.7 98 2 572 19
Brazil 1 85 () 2,500 25
Mexico 127 98 .2 1,010 31
El Salvador 35 85 2 209
Barbados 1.5 99 0
Hait4 3.3 18 0 43 51

¢ Includes tubes, as well as SCDs, as reported in import statistics of 24 developed
countries.

Source: PFor SCD production, U.S. Department of Commerce, Country Market Surveys -

Electronic Components (Washington, 1979).
Active component sxports are SITC 729.3 from U.N. Statistical Office,

Supplement to World Trade Annual, 1976,
Manufactured Exports Data from World Bank, World Development Indicators

(Washington, 1979).
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(: . . Hhile the precise contribution of offshore seuiconductor exports

- o'EPe foreign exchange position of the host ocononios is uncleat,

{‘ f}ngzbthe costs of securing foreign exchange cannot be calculated wWith

] preclsion and compared to alternative activities, it is clear that they

- _ Qre a substantial source of foreign exchange for those economies. They
are also a major factor in the industrialization of those economies, as

‘ can be seen in the significant portion of manufactured exports they
account for.

. Irapsfer_of Iechpology

Discussions of the transfer of technology through the offshore
operations of muitinational firms tend to focus on two distinct sets of
issues. The first is whether or not workers in these firms gain
valuable skills and industrial work discipline through their
} experiences. This issue is discussed in great detail 229/ elsewhere

: in this book. The only point to be added here is that, as remarked
h! earlier, 230/ an assembler reaches peak efficiency after about two to
tnree months of experience, which does not indicate a particularly

difficult level of skill is attained.

The second issue, and by far the most intriguing froa the
viewpoint of the host, is that valuable process and product technology
;' 1§ transferred as nationals ftom the host countty observe the
g tochnology of production, distribution, and sales. Semiconductor
E' assenbly using manual techniques is not a particularly difficult
° 1ndustrial process, and nationals from various “ottshorc" countries

( have set up contract assembly plants, relying upon subcontracting
¢

arrangements with developed country firms for their business volune.
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Firas in the Philippines are particularly well known a;}independent

subcontractors in semiconductor assembly. 231/ Sy

A

) ' 3 -:L . .
'i!hile it may be argued that the value of this sort qf simple

as;i;bly technology is louw, the increasing complexity of the operations
pett6;ned and equipment used offshore are upping the technological
ante. Dbiscrete semiconductors were being manufactured by local
producers in Asia by the early 1970s 232/ and more complex integrated
circuits chips were being produced by the late 1970s. 233/ American
fictas 1ncteas?nqu began to locate complex testing equipﬁent in Asia in
the 1970s, and most recently, automated assembly eguipment. 234/

On the other hand, it is not clear that the offshore assembly
operations had any clear relationsnip to the technology used by local
sroducers 1n'chip manufacture. Gold Star Semiconductor, of Korea,
which is one of the few (non-Japanese) Asian firms to produce its oun
chips, is a joint venture with ATT’s Western Electric manufacturing
ara. 233/ The three Hong Konqébased manufacturers who recently started
instaliing IC capacity obtained their technology by sending engineers
to the U.S. for training, and by importing production engineers. 236/

Taus, while it is true that local entrepreneurs have éuécessfullv
started contract assembly plants for semiconductors, and that this may
irave been related to experience in and observation of the successful
offshore operations of foreign firms, 231/ it is also clearly true that
assembly experience is limited relevance to the manufacture of the
héart of the device, the etched silicon.chip; It is §gestionab1e Just
how much technology can be transferred without the educational and
sesearch infrastructure that is required for the successful application

of technology. 1In fact, the experience of Japan would seem to indicate
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that technology can be acquired successfully without dirocf investment,
as long as the skills and manpower resources that are nccdod to
ttansnlt it exist and access to proprietary knouwledge Ean be
hncggttated. Dn the other hand, all the fnvestment in the world will
not transmit technology if the educated manpouwer required as a ﬁediun

of transmission does not exist. 238/

S33kility/Rependence

Tne final set of issues we ought mention when discussing impacts
on a host economy of offshore assembly relate to the degree of
stability of the level of economic activity, and the dependence on
foreign markets, created when resources are transferred into an
yffshore assembly enclave. If the costs of shifting resources between
activities were nil, this would not be an issue. But unemployed or
displaced workers, for however long they remain in that state, and
fixed infrastructural or industry-specific investments, are costs to
the the economy when demand drops in the industry in which those
resources are employed. Hence, variation in the level of output
imposes costs on an economy, and the stability of demand is a factor
with economic value when evaluating the return to committing resources
to an industry.

This economic cost of instability also imposes a certain amount of
economic and polltiéial dependence. If demand can be affected by the
decisions of some group, that body has a degree of bargaining power in
1ts relations with the economy facing that demand. Rather than

sedaler the ¢osts of shuffling resources about, it may be more

»c.-thwhile for host country policy-makers to make economic concessions

)
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of a lesser cost. _ “‘.‘&

_ tnis latter sort of dependence does not seem an llportant feature
of the international semiconductor industry, because of the fiercely
coapetitive nature of the industry (as opposed, say to soae of the
natural resource industries). There have been few suggestions that
foreign offshore assembly operations, acting in concert, have been able
to exert influence over host country economic policy deci<ions by
threatening to close or reduce their operations. 239/

On the other hand, cyclical instability is an impor ~t feature of

electronics demand. An economy that places a major port .- »f its

labqt force, or its capital, in an exporteoriented zlactronics 1ndustty

may face 3 severe cost when the trough of the world business cycle

L nits. Also, the low transport costs and high mobility that led to the

original overseas migration of the semiconductor industty will make
local production levels exceedingly sensitive to changes in the costs
ana attractiveness of a particular host country, and therefore,
somewhat unstable. iHistorically, variations in costs and political
conditions have led to drastic and rapid changes in the international
distribution of assembled output.

Thus, instability in demand =- for individual host economies as
a consequence of their econoaic decisions and those of their
competitors, and for the world economy as a whole == {s likely to be
an important factor in determining the optimal amount of national
resources (labor and capital) to commit to semiconduc;qr.assembly.
¥hen the coet cf adjusting resources among sectors is reasonably low,
nowever, as may be the case for the unskilled labor used in a;sembly,

and when the overall level of employment (and potential unemployment)
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is small, as appears to be the case in the Asian countries we have
oxanined, it will probably be of only marginal significaooo..

This reasoning implies that the less developed host economies may
5. playing a risk~sharing role in the world semiconductor econony,
spreading among themselves tne consequences of variations in world
demand that would otherwise be felt by workers in the home
seaiconductor industries of the multinational firms that dominate the

industry. Tnis very naturally leads us to consider the effects of

] offshore production on the industrialized countries that serve as

markets for this international trade.
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, The export.of semiconductor assembly tasks to offshore plants has
a;#q'had significant effects on the structure of the<;ﬁd;;tty in ihe
indhstrialized countries uwhere it is based. In an id;alized worlad of
frictionless competitive markets, the benefits of that movement
offshore to the home economy would be measured by the lower prices paid
for assembled devices by producers, which in turn are reflected in
lower prices to consumers for the final good which use thea as inputs
(and ignoring distributional questions) 240/ |

In a real world economy with rigidities, adjustaent costs, and a
‘host of structural and institutional imperfections, houwever, the

question of the effects of this international transfer is not so easily

resolvede 241/ Cnanging the number and nix'of workers in an industry

may impose social costs on distinc; groups within the economy. If

there are displaced workers, they will have to seek new employment,

retrain, or perhaps even face involuntary unemployment. So it may be
of interest to investigafe what precisely, the effect of offshore

assembiy on the domestic labor force will be.

In this section, we will evaluate these effects. Because useful

data are only available in detail for the United States, and because,
as we have seen, the Unitgd States is the only national semiconductor
market in which offshore production is the dominant feature of supplies

to”tﬁat market, we will only look at effects on the U. S. industry.
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Ihe Economic_3epefits_of Dffshore_Broduction S

Figure 13.1 displays the theoretical framework ue uill use to

N

Egg;ttuct some (wainly illustrative) social cost-beneflt calculations.
id.issune all resources used in assembly (onshore anld offshore) are
available in perfectly electronic supply to a competitive semiconductor

industry, and that there are constant returns to scale in asseably. D

. is the demand curve for semiconductors as an input to the consumer

goods industry. 2427/ Cu is cost of a finished semiconductor when
manufactured in the U. S. , Co the cost with offshore assembly, -Qu and
Qo the deaands for semiconductors with prices set equal to the
respective costs.

With these assumptions, the benefit received by consumers, in the
fora of price reductions for goois using semiconductors, can be
measured by the increasc in consumers surplus in the final goods

sarket, given by the shaded trapezoid G co B Atn Figure 13. 1. 243/ That
is, suppose cost were to drop from C, to C, Then a mingn of c,, Co, B A
on semiconductor inputs would be 1l§§dlaicly passed on to consumers in
the form of cist reductions. Because of the drop in price,
furthermore, more semiconductors will be used (per unit of consumer
goods, if this is substitution in production as well as in the greater
volume of consumer output demanded at lower prices). Eecause some
produccrs and indirectly, consumers, would have been willing to pay
-qto than Co for some of the semiconductors they used, trlangle ABC

-ust also be added to q,c B A to get the net social bonctit of reduced

semiconductor costs.
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aiternatively, 1f ve consider the social cost of bringing home
offshore prouduction, Je can calculate a welfare 19s8s V having a valu2
egqual to the area of that trapezoide i13king a second order
approximation, w2 can axpress that chanje as a fraction of the original

(offshore) value of sealcunductor output 243/

(13.1) QV_Q:" -(_:::_': -1) <1+!s (_g_: -1) an,)

with n P the price elasticity of D at C,.

Q

«e then 3pproxiuate tne soclal cost (in terms 9f a dollar value2)
of transferrinj resources out of othar sectors of the econowy and into
ijomestic semlcornjuctor ésscmblv, instead ot producing othar goods and
tradiny tnem Za%/ for oftshore assenbly services, «sith (13.1). The
f2s0urces rejuirzi to assenble a seniconudctor lomestically come at tae
expense o0f other output having value Cy’ exceeding the value of the

costs with a foreijn asseunler, Co* To measure this loss, estinates ol
c .
u . . s - .
2;'- 1 s adaitional J. 3. assembly costs as & fraction of the cost of
0

an offshore-asseubled device, and Mgp, the price elasticity of denani

for senlconductors as an innut are neaded,
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To arrive at a crude estimate of the latter, we can use the information on
SCD input per unit of output given in Table 3.3. To see this, first note that 246/

113.2) "gp =Mgp + € *+ S \

with n the price elasticity of semiconductor demand per unit of consumer good,
qP

€ the price elasticity of demand for the consumer good; S the cost

share of semiconductor inputs in consumer good production.

Since S 1is quite small (See Table 3.2; it never exceeded .06 in

the 1972 input/output table), to a close approximation we can ignore the

second term of 13.2 as long as ap is reasonably large.

To estimate Ngp® Ve will make use of the fact that cost reductions
in semiconductors, which have been extremely large, have almost certainly
swamped all other relative price movements affecting semiconductor usage.

If all input priées other than semiconductors have moved roughly proportionately

to output price, we have

(13.3) ngp = dtng / dea (P/R) ,

fpinthe natural log, P the price of semiconductor input relative to
P
x

output. We have already tabulated data on q in Table 3.3. If we obtain
data over time on the relative price of semiconductors, and approximate the
differentials in 13.3 by the first difference over time of the natural logs

of q and P , their ratio will be an estimate of Ngp*
P
x

Table 13.1,

This is done in

The estimated per unit SCuv demand elasticities show a ratnar
zlustic dewzni, with estinates of ahout =-%.4 for computers, anl
estimates 1rn tue neijnuornool ot =23 for various otaer types of

electrical ejuipment. Since aggregate demand elasticity is a

o —. - w4 = v




component density has been made.
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( Table 13.1 j
T ‘ Estimated Elasticity of Demand for Semiconductor R
i Input per Unit Electronic Output -
: __ Output Price Indices Estinmated SCD Demand Elasticity
! 1972 = 100 n__ (1967-1972)
Sector | P, 1967 , @ y
3 Computers & Calculators 98.6 5.4 .
t Telephone & Telegraph Equipment 83.8 -2.6
- Badio & T.V. Communication 83.1 -2.5 3
*’. Equipment 1
s Semiconductors 115.1 NA
1972 Sales Value Weighted i =3.5 4
Average, & Electronics Sectors 1
]
Source: Same as in Table 3.3 calculation of demand elasticities described in text. 1
No correction for techmological advance in levels of integrated circuit

s
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Table 13,2

Lower-Bound Estimatas, Elasticity of Semiconductor Demand

Computers & Calculators ' -1.6
Telephone & Telegraph Equipment «1.4
Radio & T.V. Commmication Equipment -1.4
1972 Sales Value--Weighted Average, -1.5

4 Electronics Sectors

Source and Methods: Same as in Table 13.1, as described in text.
The 1967-valued indices of IC production and price were multiplied
and divided by 4, respectively, and used to recompute the ratios
of quantity and relative price changes.
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value-weighted average of the elasticity of demand by scctor, aggregate
demand elasticxty for semiconductors used in electronic output uas
about,-3.5. We have not done the elasticity calculat;gnq for sectors
other than electrical equipment, because their use of semiconductors is
gen;tally in electronic ejuipment used as internal consumption, and
thus, the elasticities so calculated would also reflect the elasticity
of demand for electronic equipment which contained the seaiconductor
content. |

These elasticity estimates, to be sure, are crulde, but are
probably the best avai;able. 243/ They may be affected, however, by a
serious negative bias. The price data usel to construct Table 13;1 are
based on U. S. bureau of Labor Statistics wholesale price series for
various types of semiconductors, and probably accurately reflect price
declines in existing types of semiconductors over the 1967-72 period.
Around 1970, however, a major advance in IC production technology was
made. 7lhe number of circuit elements on a single chip was increased
about four times for most computer chips; 243/ this technological jump

in levels of circuit intejration is not reflected in the price series

for existing types of chips. A4 1972 IC computer memory chip was

equivalent to four 1967-generation computer memory IC’s. Other types
of IC°s were also subsejuently produced at much greater levels of
couplexlty using the same technology.

L ?hus, on average, a 1972 IC pettorned the functions of several
1967 ICs. Since I1C°’s rose from 21 percent of the value og Us SCD
shromerts ir 1967 to B¢ rercent of the value of U.S. SCD ;hipments in
2T v eacd Lie lersus semiconductor cutput measure must significantly

vncerstate the anount of 1967-equivalent output produce in 1972, and
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’

the price index must overstate the cost of performing 1967-equivalent
.‘Ja"j _:' - )
tunctxons. The net effect will be to overstate the magnitude of the
v ‘. 'f,.;‘v\l','. ,‘é

trhe ptice elasticity of demand. 251/ :;~;f}

f‘the elasticity estimates of Table 13.1 support this conjecture.
The sector uhich made use of the integrated circuits most affected by
the great increase in component density, computers ani calculators, has

an estimated elasticity roughly double that of the other electronic.

~equipment sectors whose SCD usage of relatively more discrete devices,

and simple ICs, was less affected by the technological leap forward.
cince 13.1 effectively places an upper limit on the magnitude of the
price elasticity ot demani, it would also be convenient to place a
lower limit on that elasticity. ‘

Tnis is done in Table 13.2 by assuming that all 1972-generation
1Cs performed the functions of « 1967~-generation ICs. We are
implicitly treating the demand for ICs as a demand for the electronic
functions performed by the ICs, so that one 1972 IC and four 1957 ICs
would be perfect substitutes in the manufacture of an item of
electronic equipment. 252/

This rather radical upward revaluation of the guantity of

1967=-equivalent ICs produced.in 1972 almost certainly results in the

elasticity estimates of Table 13.2 lying significantly below their true

sagnitudes since most ICs used outside of the computer sector were

ﬁrobably much less affected by the higher chips density levels, and

even within the computer industry, not all chips quadt@pledAln density.

Tnus, the true per unit price elasticity of SCD input.demand probably
.vi &efés.tls 0 the =i.Y to =3 range, with the clustering of values

.- Tazie 13.1 $cr non=computer uses suggesting the afidpoint of that
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t range, or around =2.3, as a decent boint estimate. £ .
Before we can return to our original objective, ?qléglgtlnq the

e

goygtive welfare loss that would be suffered if oftsﬁbto issolbly vere

ttanégpired back onshore, as given in (13.1), we also need an estinmate

ot & _, + the relative price increase to users of

sonxcéﬁductors i{ assembly were to be relocated. This cost increase

depends, in turn, on tuwo key parameters: the increase in assembly

\

N costs onshore, as a percent of total manufacturing cost with offshore
i  assembly (call it a ), ani total manufacturing cost as a iraction of
; SCD output price, with offshore assembly (call this ratio b ).

Then%%P l!uill just equal ab, 1f the absolute difference between price
and manufacturing cost remains roughly constant. 253/

« To estimate how much more costly assembly in the U.S. would be is
difficult, since only fragmentary information is available. The only
teai datum is a table in Finan (1975), which can be reworked to
estimate the cost differential, as in Table 13.3. It indicates that in
spite of the fact that labor cost increases in the U.S. raised total
manufacturing cost by 60 percent of its Singapore value, substantial
savings in material costs and manufacturing overhead leave the net
UsSe cOSt increase at about one-third of Singapore cost. The e;ldcnce

reviewed in Section 9 on manufacturing costs suggests that, since

asseably costs have shrunk in relative importance with the more

advanced complex chips, this cost differential may actually have
y declined somewhat by the late 1973s, in the aqgreqate; as deaand for
}, these chip types soared. '

.
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Table 13.3

Cost Breakdown, Assembly in U.S. and Singapore
U.S. Semiconductor Industry, Early 1970s

All Values Expressed as Percent Total Manufacturing Cost
with Assexbly in Singapore

Assembly in Assenmbly in Increase if Assembled

Cost: U.S. sm.‘”” in U.S.
Manufsctured Overhead 40 50 - -10
Direct ladbor Cost, of which 80 20

Wafer Fabrication 12 12

Assembly 68 8 +60
Materials 13 30 «17
TOTAL COST 133 100 +33

Source: Tinan (1975), P. 66. To rework his figures into this form, we used the
fact that the sbsolute direct lsbor cost in wafer fabrication (which was
done in the U.S.) 1s constant, whether or not assembly takes place offshore.
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h.

: The other critical parameter, manufacturing cost ls K. ttactton of

~ o

sales price was also estimated by Finan to be about .65, in the early

f[f 1970:. More recently, Dickens (1979) puts the ratio at about «3 and .4
!L tor a sinple and complex IC, respectively, in the late 19703. 254/ To
- some extent, the smaller ratios for 1579 may reflect demand pressures
" .on prices in that year; they may also reflect the greater role of
j' research and developnment costs in the production of newer and more
advanced chips. _
; If we take Finan’s estimates of .33 for a , and .65 for b , as
?. appropriate to tne early 1970s, the cost difference as a percent of

sales price with offshore assembly, %E -1 . s Was about 21

percent. 1If both ratios dropped by the :ate 49¥7Cs, say to .25 for a ,

k (( and .4C for b , as lower bounds, the increase in sales price would not

‘ have been less than ten percent. Thus, we shall hypothezise that in

;. the early 19705,%3 "1~uas about .2, and in the late 1979s, somewhere

#! between .1 and .2, '

‘ The above estimates refer to cost increases per unit when offshore

production is transferred back to the U.S. what we are attempting to

o measure in ejuation (13.1), however, is what the aggregate welfare
ettecé of transferring offshore assembly back to the U.S. is. Since
not all assembly took place offshore, however, the effect on the

e ;qggqiate price level for semiconductors will be a weighted average of
“ e :

[ the éffect on offtsnore output and on output already aséenbled in the

- »
»
"

[ u. s. &1.0., no etfect). ro put it more precisely, we -ust replace
£ - T :
L r - 1xn (13.1) with in -»1 uith-‘..reterring to the ayerage price
i < °
ingreace per SCU after the trans!brrinq back of offshore production, as

e iracticn of Zyeiage price with the exis;ing use of offshore assemblye.
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r Using a range of .1 to .2 toﬁi:' ‘4 and an estimate of the fraction of
c output assembled offshore of 7C percent, the implied 'rangé:tor--l;‘5 -1
. . e o

C tng average price increase as a fraction of the average price berore
) reioéatlnq offshore production, is from .07 to .13. 255/

C Table 13.4% performs the welfare calculations of eguation (13.1),
C using a variety of parameter values over the plausible range. Taking a

~

price elasticity estimate of =2.3 as our preferred choice, the
calculations suggest that transferring offshore assembly onshore uwould
be roughly equivalent to a windfall loss in income to consumers of
about eight percent of the value of their SCD consumption, give or take
perhaps three percent. Since U.S. semiconductor consumption in 1979 is
estimated to hLave been about $5 billion, 236/ this translates into a
loss of roughly $400 million, plus or minus pernaps $15)0 million. This
is a respectable but not overwhelmingly large sua.

Since, implicitly, we have assumed protectionist policies to
prevent imports from displacing U.S. products as U.S. prices rise, the
calculations of welfare loss overestimate the loss in the absence of
protectionist pblicies. Prices for semiconductor output would then be,
on average, lower, and the welfare loss smaller,

These calculations, of course, ignore the costs of retraining and
relocating workers who were displaced by offshore production, as well
as }he costs of any unemployment they may have had. While they may
qiv;fa useful approximation to the costs of telocatinqlpgtshore
assembly to khe UeSe., they must certainly undetestlnate'%he costs of

the original movement offshore to some extent.
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. Table 13.4
L i
L . =
- Value of Welfare Loss as a Percent of SCD Consumption with ‘ 4
2 Transfer of Offshore Assembly to U.S. .
[ Late 1970s
' p
E Paraneter Values  Value of Welfare loss as 2
of SCD Consumption
’n
L
3 o B
A‘ 1
! .13 -1.5 12
013 -2.3 u
o -4
B .13 -3.0 10
.07 -105 7
. .07 2.3 6 '
L - -4
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Source: Equation (13.1); see text. 4
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Effects_of OfLsbore Production op._the _Stiructure_of UsS._Employment

_ . The export of labor~intensive assembly operationg.fp offshore
ategs.ﬁis had vastly different etfects on different groups within the
u.s;igeuiconductor labor force. 1In this section, we briefly spell out
what some of those diftetences'have been.

Table 13.5 displays basic information on employment in the
U.S. industry. The first, and most obvious, feature of employment is
that it has bea2n growing juite slodly, relative to output. 3Between
1563 and 1978, it increased about 2.3 times. The value of shipaments,
over the same period, increased about 9.4 times; since prices for
seaiconductors were declining, real growth was even greater.
Certainly, some larje part of the divergence in growth rates must be
due to the use of offshore assembly arrangements.

Second, recession ani econoaic slowdown have nad drastic effects
on employment in the U.S. industry. Employment growth rates fell off
sharply during th 1966=67 econoaic slowdown, and dropped steeply during
and after the 1970 recessione During the 1974-75 recession, eaployment
in the U.S. industry fell by over 27 percent in 1975 alone.

Third, the U.S. semiconductor industry is top-heavy witn
non-ptoduction-employment. In 1977, the average for all
U.S. manufacturing was about 2.6 production workers per non=-production
clployce, and about 1.9 production workers per non=production employee
in electrical eguipment; the corresponding figure for the SCD sector
uasil.3; about half of the average for all manufacturinge Only the
ordinance industry (with .8 production workers per non=production

employee) fell below this level. 251/

e
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. Furthermore, recession seens to have been a catalyst for the
restructuring of eamployment in the U.S. industry. ng;gﬁ;nt declines
in the ratio of production workers to non-production.§-p{oy§es occurred
gq:ing the 1970-71 and 1974-75 recessions, with the new and lower
ratios of production employment persisting after the recession. 1In the
aftermath of the most recent recession, that of 1930, worldwide
semiconductor employment again dropped significantly, with
U.S. employment taking the brunt of the cutbacks. 258/ Coupled witn the
information in Section 6, this seems to indicate that major
restructuring of the industry has occurred during recessions, with
higher=cost U.S. assembly opefations shut down, and replaced with
offshore asseably plants when demand again picked up.

Little pattern is evident in the relation of hourly wages in

semiconductors to the wage for all manufacturing. The SCD wage has

. generally fluctuated betueen 8( and 9¢ percent of.the manufacturing

wage; some of this instability may reflect shifts in the sectoral
pattern of manufacturing employment and overtime.

More insight into the impact of offshore assembly on the structure
of U.S. semiconductor emplpyment can be had by examining more detailed
information on tne structure of production employment in census years,
displayed in Table 13.6. The data reveal that there was little change
in fhe structure of production employment until the period from 1967 to
1?7;,.'over that period, however, use of assembly labgrers, per
non;production employee, was roughly halved, while non-assembly
production employee per non-ptoduction'employee increased slightly.
This radical shift suggests that the bulk of the movement toward
offshore asseably took place over the 1967-72 period. Tne slight

po— — T T o C e e ——— . S > o
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increase in other types of production employment layﬁgedggg_po the
ipc:zre_i_ling conplexu':y;‘.” of chip fabrication operations,_f‘}i&li{tq greater
numbers of production workers required to handle -at‘ri§1§ handing,
1n§$¢ction, and testing operations servicing ottshore;asseubled output.
Between 1972 and 1977, relative use of assembly workers again
dropped, thougn by a much smaller amount than was the case over
1967-1972. This is consistent with the continued more gradual
expansion of tine role of offshore assembly in production for the

JeSe marxet noted in Section 6. Non-assembly production employment,

per non=-production eamployee, remained essentially constant over this

period.

shat little direct information exists supports the view that the
transfer of U.S. production employment offshore coincided with major
recessions. Table 13.7 gives a breakdown of U.S. and worldwide
production employment in semiconductors of U.S. integrated clircuit
producers over the 1974-78 period. Since IC makers accounted for the
bulk of U.5. SCD output and employment over this period, the table
probably reflects the worldwide distribution of employment fairly
accurately. It shods a marked increase in the relative share of
foreign SCD employment following the 1974-75 recession; it also

confirms that growth in foreign employment in the mid to late 1970s was

_t;?hgr gradual compared to what must have been explosive growth in the

igt§t19605 and early 1970s. _

The significance of the transfer of production employment offshore
during an2d z“::r mz3inr recession:c is that it suggests that recessions
@ay be €OnZ.L...ol, it3:5 LEThiuwi U foreign emplovment than to domestic

UsSe productic: empicyment. Clacrening demand may lead producers to
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close their least profitable operations, which are proQ’bly more often
N ' ""1" :

. than not in the U.S., with its much higher costs for ai3§ibly labor.
s . N A X0

~ *.since significant variation in output and enployment over the
business cycle seeas to be a key characteristic of the semiconductor
industry, it might be asked what effect the ‘transfer of assembly
operations offshore has hald on the stability of employment within the
U.S. industry. To examine this guestion, the deviations of production
and non-production employment from their trend growth over the
1963-1978 period were examined. 259/ The results are plotted in Figure
13.2.

Over the 19¢3-1978 period, production employment gred at a trend

rate of 3 percent annually, while non=production employment grew at 8

(fzpercent per year. As can be seen in Figure 13.2, deviations of actual

employment from the levels predicted by this average growth rate were
substantially more severe for production employment. The movement
todard more offshore assembly, however, seems to have hail little or no
discernible effect on the instability of U.S. production employment,
suggesting that assembly employment is not, or is only slightly more
affected by business cycle fluctuations than other types of production
eaployment. #Prior to 1968 or so, there may have been slightly less
fluctuation in production employment around its trend, but the
dttfc;once seems slight and of little significance. The same may be
said of non-production employment. ‘

' That is not to say, of course, that offshore prodﬂction has had no
effect on the stability of U.S. employﬁent. Since the use of offshore
assembly seems to have been associated with a shift toward relatively

more U.S. non~production employment, which shous less variation around

oy .
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lts'trend, the changing composition of U.S. SCD enploynq?t.setved to
stabii‘uze total U.S. employment. 262/ "3“3

.. .- Before ending this discussion, it 1s useful to ;;le;ly describe
th.%éparactetistics of production workers in the U.S. fndustry. A
Laboi'Department'survey, conducted in September of 1977, 261/ found
about one-fifth of the production workers were unionized, with almost
all unionized plants in the Northeast (defined to include the
mid-Atlantic States). Apout half of production morkers in the
Northeast were unionized. The unionized uork;;s held a 61 percent wage
advantage over their counterparts in unorganized plants, nationwide,
though the differential drops to 48 percent when only Northeastern
plants are examined, and 31 percent when only large Northeastern plants
are studied.

Most strikingly, the production labor force in semiconductors is
overwheluingly female. As Table 13.8 shows, this has been true
historically, since at least the early 1960s, and shows little prospect
of changing. The occupation most dominated by female workers, in fact,
is asseably, where over 90 percent of workers are women.

The preponderance of women in this work force 1is in par;
attributable to an employee preference for women workers in close
tolerance work, 262/ i.e., in routine and monotonous tasks where manual
dexterity is required and great physical strength is not particularly
ugetulﬂ It may also be related to generally lower wage ;ites paid to
wopen, and a lesser propensity to Srganize in unions. Mehy labor force
analysts attribute the high labor force participation rates for women
. afezs wllh eiectronic industries to this demand, which draws into

- a

th.e labor force women not previously a formal part of ft. 2583/
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Table 13.8 Woman as Percentage of All Workers in the U.S. Semiconductor

Industry by Occupation

Women as Percentage of All Workers

by Occupation
1962 | 1977

Assemblers 90-100 92
Inspectors and testers 90-99 88
Processing and fabrication 65~90 NA
Processing only NA 73
Custodial and janitorial 5 14
All production workers 70-72 71

Source: U.S. Department of Labor, Bureau of Labor Statistics, Bulletins

2021 (April 1979), 1363 (October 1963).
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+hatever th2 causz of the predominance of female workers, it
carries witi. it the 1aplication that tae plienonenon of offsnore
assembiy aas imposel reiiatively more costs on {emale workers, as the
UeSe assemiily work force contractad. Female workers, as noted
elsewvnere 1n t.iis nook, al130 Scen to suffer jreater taan averaje losses
when displaced., Since, in many cases, it appears that formal female
participation in the labor force «€as stimulated by an employer
prefereice, tiz traasier ot assewbly to foreiyn locations may Liave
aexacervates unvsployment anong womian Workers, and i.aposed udon tha
fenale labor pooi a Jisprozortioniate saare or the costs of azjusting to

snilits in piocuction location.,

agl_caalovi2at tdtudo fiz Jde3._22342004uCL00 In3USLLY

Tha srice elasticity estinates constructea earliar in this section
can be useu to ass2ss the net imoact oh empiovaent sitain tne )
ss3¢ litaustry of tihe treni to ofishore assembly. The net effect will
reflect a balance between two conflicting forces. 3Jn the one aini,
ofisuore assewmbly leals to a lecrcase 1a the unit rejuirements for
jeSe ladoor per sa2aiconiuctor. JIn tie other nand, a d«cline in tie
price o1l senicorjuctors 1leats to increased denand and Jreater
emtloyment,

ae 3tart hy rzlating the elasticity ot 320 demanl witn resnect to
o (tae ftrastion ot outout assempled oifshore),ch ¢+ 10 the price

elasticity ot serniconductor Jewand, (nQP) 454/

(13.4) n
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. .r‘ ‘ ; 1
where, as bctoro,’ ’s the average percent tncteasc ln the price of _ f
a finished semiconductor to be expected when oftshorc asselbly is ]

entirely relocated back in the U.S. 265/

- . 1
————— .

“. Next, note that production qnploymht in the U.S., Lu s €3N be

divided into non-assembly employment and assembly employment, with

labor reguirements per unit of assembled output of %, , and L,

respectively, 266/ so that (with Q total units of U.S. output) b

. - —— e -

(13.5) L“ - (“M*‘(l.‘)‘l) Q f
and its elasticity with respect to a change in ¢ , the fraction of f
output assembled offshore is just

(13.6) .on - - Qe , :
e © e A |
- ‘

)
where S:fL.is the U.S. assembly employment that would be created if all

offshore assembly were transferred back to the U.S., as a fraction of
current U.S.~-semiconductor production employment.

Substituting (13.4) into (13.6), we have

. 3. Na =_ e (’_ - 1)_Q!.A.a

- - S g —— e —— e
-—————

—_————— —
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~ If as before, we work under the assumption that pethgps 70 percent
of U.S. semiconductors were assembled offshore in thc laio 19703, the
toughly 29,002 workers shown in Table 13.6, who in 1977 uorked in
assembly occupations in the U.S. industry, would have been assembling
perhaps 3C percent of U.S. output. If the additional 70 percent of
output were brought back onshore, then, perhaps another 68,000

U.S5. semiconductor assembly 3jobs would have been created, amounting to

roughly 106 percent of 1977 U.S« industry production employment. If we

take our range of estimates for the elasticity of demand,“ﬂP ¢ 281/ to
be from about «1.5 to -3, as before, and : -1'to be from about «07 to
<13, as in Table 13.4, we produce the tanJ: of estimates forr&“P given
in Table 13.9, from about =.7 to ~l. There can be little doubt that
the trend toward offshore production has resulted in the loss of
moderate numbers Of assembly jobs in the U.S. industry, with a 10
percent decline in the percentage of output assembled offshore (from 70
to 63) associated with the creation of perhaps 4500 to 6400

Ue.S. assembly jobs.

As before, we are assuming that protectionist pol{cies prevent
foreign imports frow displacing U.S. product as U.S. SCD prices rise.
To properly take into account these displacement effects, we would need
an gstinate of the degree to which foreign imports would be substituted
gqg'u.s. output as prices rose, ﬁhgch would be very difficult to
g§tqié. Since the relative importance of assembly coéis, and price
increases, in output price ar; fairly smal., houever,;tpese would
probably reduce these job creation estimates by a smail amount. Also,
we have not considered the impact of price increases in semiconductors

on other industries. Cheaper semiconductors displace other types of
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®
, Table Z. Estimate: ol the Eissticity of U.5. Semiconductor Production Employment
with Respect to o(, Fraction of U.S. Production Assembled Offshore.
r .
Pu_
Po " MLua
' .
- .13 -1.5 -.9
013 -2'3 -08
' 013 -300 -07
! -07 -1.5 -100
007 -203 ‘09
‘. o°7 -3-0 -09
o
QAo
{ Sources: Equation (14.7), with — = 1.06 assumed.
y‘., L Lu
2 .
See text.
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components and the workers who produce them, and used asulnputs in the
electronic equipment industry, may reduce labor deman&fiﬁf?hg user
gnqhstr;es (if the elimination of the need to wire nqﬁy disétete )
couponénts into equipment in lieu of a single integrated circuit more
than compensates for the increase in demand for the product due to
input costs savings passed onto the consumer as lower prices), and
increases demand for workers in industries that supply the

seniconductor sector with inputs. The net effects are hard to predict,

but may be relatively small, since the cost savings due to offshore

assembly are fairly ;mall.
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The.Balance_of Paypenis | ' .-

[ 34 .
) -'sr.-‘ hd
.

__Finally, Wwe briefly summarize the impact of ottsﬁqég production on

' (AL 1
the_q.s. semiconductor industry balance of payments. Table 13.10 gives

sose estimated totals, decomposing exports and imports into a net
balance on trade not related to offshore assembly, and an item (3)
giving the net balance on offshore production-related trade. 268/ While
tne 80o/807 dutiable value figure overestimates the net drain on
foreign exchange due to the offshore production arrangements of U.S.
producers (some of tne dutiable content may be U.S. materials which are
materially transformed offshore, or otherwise ineligible for duty-free
reentry), it is clear that offshore production arrangements have
absorbed an increasing large portion of the surplus of trade in
finished goods.

Tnis 1s not to say, of course, that those arrangements have
worsened the balance of payments. It may well be that by cheapening
U.S. production costs, they have led to an expansion of exports and
pteyented growth in foreign imports. «hile a quantitative analysis of
this question is, in ptinciplé, possible, there is little or no
information available on the price elasticity of U.S. semiconductor
imports and exports, in the presence of recently=-arrived Japanese
competition in international markets. Also, to some extent, products
in which the U.S. has not yet faced significant international
competition might be vulnerable to such competition iq‘tpe face of

>

price increases.

Eul)




_ o
. -y
, O
r
'
b
*8330d%T £08/908 83T s83i0dw} T¥303 9ie s3aodmy L1quesse-uoy
*9330dWT 208/908 3O VAIVOD °g°Q 8897 $330dxs 9303 2av s330dxs L1qEassw-uoy
. ‘NTPA IIqUEIND ‘s3zodwy £08/908 10 ISP UOTSSTWEO) apwil TeuorIvWIUY °g°n
. {s330dw} pus #330dxe ()8 T¥IO3 303 83n0JUTad eNsUI) Y3 JO NUAINg ‘IJIewmw0) JO Juamysdaq *g°n s99anog
. (€-2-1)
1418 161 - 887 1414 $62 8eT 1§21 £01 692 Tie NVusTeg N ‘Y
. . eNTeA TqeTINg
i T6$ €0s LLY 9e €Lc 9zt 114} e 69 8s £08/908 °t
. ’ s3z0day
062 %4 612 1] ¢ 692 861 174 6 8 8 Arqwessy-uoy
8j3o0dxyg
! 9£0T 988 ¥86 11/ LE6 299 Iy€ 9T 9zt 8L2 A1quesey-uoy . °1
8L61 LL6T 9L61 SL6T vi61 €L61 cL6t TL6T 0L6T 6961
$ 50 JO SWOTITIR
) 8L61-6961 ‘sjuwamkug jo dueyey pajenfpy Lijenpug 4032NpUAOTEIE °g°A *OT°€T *TqWL
(.. H\! ) - - - ~
A . > T _ . . ... BT — e




l @

. 610

Sup3aLyY _‘ 5 "‘_'-."'.‘ O
. )

-

This section has been concerned with tracing out thc ottects of
u.s.-ottshore production on the structure of the u.s. scuiconductor
1n¢qstty. After examining what little evidence exists on price
elastiﬁities and cost structures, some siﬁplc calculations revealed
that (assuming protection prevented an influx of foreign imports) the
relocation of U.S. offshore plants back to the United States would have
been ejuivalent, roughly to a welfare loss on the order of wmagnitude of
perhaps 1( percent of the value of U.S. consumption.

These calculations ignore the social costs of readjusting and
retraining the workers displaced when the offshore move first occurred.
Such costs may have been substantial, and impacted disproportionately
on relatively loa-income, unskilled women in the U.S. labor force. To
some extent, tae labor force participation of these women may have been
the direct result of the previous employment practices of
U.S. electronic firms. On the other hand, there is some evidence that
shifting these production jobs offshore may have stanilized employment
in the U.S. semiconductor industry as a whole, since non-production
employment is less affected by business=cycle fluctuations.

The magnitude of these employment losses has been subtantial, with

perhaps on the order of five to six thousand jobs associated with the

.riéatgiation of 7 percent of U.S. semiconductor assembly back to the

qufgd‘States. On the other hand, these calculations assume that
gr;;ectlonist policies elininatg the‘d;nger that a tiic in U;S. costs
will lead to loss of market share to foreign imports. In.the long run,
very little in the way of ppploynent might be gained witnout offshore

producf!on, if the industry remained open to international competition.
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: Finally, a cursory examination of the balance of pay-ents in the
U.S. industry showed that imports of offshore value added substantially

4

roduced what otherwise would have beed a very large positive balance on
tinished goods exports and imports. Again, however, th; cost increases
associated with U.S. assembly might have substantially cut ‘
U.Se producers” domestic market share (in the absence of protection),
and Jriven the balance of payments into the red.

we conclude, then, that on balance, offshore production
arrangements havo indirectly benefitted the U.S. consumer. Important
numbers of workers, however, have been displaced by the movement

offshore, and unskilled female workers, in particular, were likely to

have been forced to suffer the costs of adjustment.
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L The large=scale migration of labor-intensive productlon operations
a 'y PR

to otgshore locations began in the U.S. semiconductor lndustry in the
ea:Ey 1960s. Yhis move was born and baptized in the fires of Japanese
competition, beginning life as an essentially defensive response to
cheap foreign transistor imports. It was a very successful strategy
for maintaining U.S. market shére in the U.S. market, since wages in
most of underdeveloped Southéast Asia were even lower than wages in
Japan, shich were the original basis for Japanese competitiveness in
the international semiconductor market. ‘apanese success in
industrializing their economy guaranteed that this was to remain an
effective strategy for dealiny with the low-wage competition to the
VeSe. industry, as Japanese wages moved to even greater levels relative
to the rest of Asia through the late 19€0s and 1970s.

~ The success of U.S. SCD firms in dealing with foreign low-wage
coméetition through the use of offshore production arrangements was
imitated by the European electronics firms who made up the other major
force in the International electroniés market. European trade policy.,
however, (unlike U.S. trade policy in semiconductors) veered toward a
highly protectionist stand, which prevented the offshore strategy from
being a terribly effective means of supplying semiconductors to the
Edtopcan market. As 3 result, European and American plants producing
tor the European market were forced to site most of thelr assembly
operations within the European tariff walls. The exceptions to this
rule were the relatively ainor amounts of assembled seniconductors
rerz.tted entry under the quotas for outward processing and generalized

pre:erencg tariff-sparing artanqgnents{ and the very simplest sorts of
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- \devices, whose very large labor content, relative to the total value of

the assembled product, made it economically uorthuhi{,'gﬁ;pé§emble
dtfshOte in spite of high tariffs. When the Japanesexjaziroﬁ the
European semiconductor market in the late 1970s in a bfg way, they too
were forced by the economic logic of high tariffs to set up European
plants to penetrate the uarket.éxbthef non-tariff barriers‘to SCD
imports emphasized the need to set ﬁ;kautopean plants.

A number of characteristics of semiconductor production were
essential to the success of the offshore strategy in the U.S. market.
The extremely high value-to~weight ratio, for one thing, made transport
costs a negligible cost of producing offshores in fact, insurance costs
probably dominate the cost of international semiconductor flows. The
rapid pace of technological advance, and the rapid obsolescence of
existing types of devices, maie automation (the other major response to
competition based on low-cost foreign labor) an unsuccessful strategye.
And the type of labor preferred by employers ~- unskilled, female
workers, often participating for the first time in a formal way in the
industrial labor force -- was in ample §upply in the cities and
villapes of Southeast Asia and Latin America.

3his strategy was not the only reason, however, for the continued
U.S.'}ominance of international semiconductor markets. Heavy

~
investment in research and development by U.S. firms continuously

' pusﬁeﬁ forward the technology of microelectronics. The introduction of
Aafbaiet ! A

a n’eu‘ and superior types of devices, and the receipt 7o§ the
technbloqical rent charged by the few firms producing thai device, uere
2t least as profitable as becoming the lowest cost manufacturcy of an

older existing device, whose technology was widely diffused and whose
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sarket was therefore much more subject to competitive price-cutting
pressures. Many UeS. firms, husbanding their scarce‘lﬁﬁhgeflal,
financial and technical resources, uwere surely correct“iﬁ deciding that
investing in new products yielded a higher return than investing in
i;u-cost manufacturing technology for older, existing product types.

This situation did not remain static, thoughe 1n the early 1970s,
it was apparent to the Japanese semiconductor industry that it had
serious competitive problems, in the dubious quality and reliability of
some 0f their products, in the relatively small amounts of resources
(essential to keeping up with technological advance) invested in
research and development, ana in the continued advance of labor costs
in the Japanese electronics industry relative to the rest of the world.
The Japanese, who had since the late 1950s made development of their
electronics and computer iniustry a matter of explicit national
priority (recognizing, presumably, that the social return to
technological investment was likely to far exceed the private return),
proceeded with a multi-faceted program designed to make their
semiconductor industry internationally competitive in the shortest
possible time,

The Japanese program methodically analyzed the international
market, and applied resources to areas where it was possible to gain
some s0rt of competitive advantage. O0ften, the Japanese solution
oxplgitfﬂ the particular structure and strengths of thelr industrial
sysipl. To solve the problen of.drivxng the Japanese industry to the
frontiers of technological advance, enormous resources uete'punped into
research and development, financed by government subsidy, and by

guidance of substantial amounts of nominally private capital into the
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industry through implicit guarantee, and the direct ;ugegvlsion of the

loan portfolios of finanacial institutions. The Japaheg!?system of
labof felations, Juaranteeing firms an essentially sttifq;free
envi;onment in return for assurances of lifetime employment for
workers, made it possible for firms to go heavily into debt to finance
these investments. The labor relations system, which relied on a |
system of paternalistic relations between employer ani employee,
emphasizing cooperation and interaction between managers and uorkers,
also helped the Japanese to improve the quality of their output through
the widespread use of so-called “quality circles.’ These are now being
imitated in widespread experiments throughout the U.S. electronics
industry.

The other Japanese response to the quality problem was to automate
all stages of the production process, including, in many cases,
assembly and bonding operations that were largely performed offshore by
U.S. firms. The trend toward automation was especially significant in
the area of integrated circuits, particularly computer memories, where
the rapidly growing market size made automation economic even when
product life was rglatively short. This also solved the problem of
rising labor costs for those products whose market was sufficiently
large to warrant a heavy capital investment in automated machinery.

A For less advanced products, where quality was not so important,
qu qure labor cost was a relatively greater portioq'of total cost,
;E; Jépanese adopted the offshore strategy, especially for export to
foreign markets. Throughout the 1970s, offshore production of simpler
discrete semiconductor devices, and simple integrated circuits,

expanded rapidly. At the very end of the 1970s, especially, Japanese

»
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use ot offshore assembly plants seeams to have incteased narkedly.

-

. The siting of assembly of simpler products offshore Uas also
consisf;nt with the realities of the Japanese labor relations system,
and tising protectionist sentiments within Europe and the U.S. Bacause
labor was often a quasi-fixed cost to Japanese producers, the
operations that were most profitably transferred offshore as the volume
of Japanese semiconductor output increased and made labor requiresents
exceed existing employment, were those in products which were most
labor-intensive, where the relative cost savings to be obtained
offsnore was greateste Increasingly protectionist attitudes within the
U.S. and Europe, where national producers and trade policymakers were
especially concerned about Japanese competition in tnhe most aivanced
types of products (where a strong national industry was important for
strategic reasons, and for reasons of technological dynamism) made it
politically imperative for Japanese exporters to begin production
operations within those markets. The lesser role of labor cost in more
complex devices érovided economic reinforcement to tnat decision.
Also, it may be that the large offshore capital investment required for
the asseably of complex, high quality integrated circuits, would have
disturbed the broad social consensns that permitted the government to
funnel large amounts of capital, public and private, into the industry.

y.rnese moves by the Japanese, to some exteat, caught the
Ugsi_lndustry off guarde For one thing, U.S. producers (with the
exception of the largest producers, including ATT and IBM, whose
production is entirely consumed internally) were late in recognizing
that quality and reliability were associated with significant cost

savings in the assembly and testing of the increasingly sophisticated

- - - N

[ WU TR

PP R S O S




electronic equipment using semiconductor components. Fot another
thing, the historical legacy of heavy reliance on sales to the nilitary
narket (which no longer dominated U.S. consumption, sinqp the late
19605) was brute force, “burn in,” quality control techniques, which
were far less economic than the statistical techniques used by the
Japanese. Also, capital was probably relatively more expensive to the
smaller U.S. firms, making highly automated assembly methods (and the
quality increases associated with them) less attractive to Y.S. firas.

In the late 197Js, however, it had become obvious tb
UeSe producers that they would have to respond to the Japanese guality
innovations by automating their assembly operations. As a result,
VU.S. offshore operations benefitted from heavy investments in automated
:quipment. The greater capital requirements (and reduced importance of
labor costs) and scale of efficient plants, however, coupled with the
political risks of offshore investment, make it likely that an
increasingly large fraction of output destined for the U.S. market will
once more be assembled and tested within the U.S.

Tne eftects of the offshore migration of operations intensive in
the use of unskilled labor, in the 1960s and 197(s, are reflected in
the changing structure of the U.S. industry. The U.S. industry°’s

eaployment was increasingly dominated by higher skill non-production

occupations, whose lesser susceptibility to the viscissitudes of the

business cycle probably stabilized overall U.S. employgent in the
indusfry, to some extent. 0On the other hand, the cos}s of dislocation
and unemployment that were imposed on the U.S. assemblers who were
Cis..zced, were felt disproportionately by the relatively unskilled

womer, Wwho make up the bulk of the industry’s production work force.
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'louc;_prices of goods using semiconductors as an input, gqu1¥alent to

rather large overall labor force, these offshore operations seeam to

_obetations to supply semiconductor assembly plants with certain inputs.
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This social cost was mitigated by a gain to U.S. consumers, through
2 ST
an income increase of perhaps ten percent of the value of U.S. SCD
consumption, a not insignificant aaount. These calculations assune
prohibitive tariffs would have shut off competitive imports; in the
absence of such tariff increases, competitive imports nighi have
reduced U.S. employment, and output, even more than the movement
offshore (and reduced the welfare gain). _ ]
The impact on the developing countries, where the assembly |
operations were located, is even more difficult to judge; Because of

the relatively limited amount of employment generated, in relation to a

have had only a minor impact on the employment and unemployment figures
for the Asian host econoaies (with the exception, perhaps, of the small
island economies of Singapore and hong Kong). Also, since fhe ]
predominantly unskilled and female labor force was largely drawn from

demographic strata with little prior formal labor force participation

experience, the employment created could have had but little impact on

existing pools of unemployed and underemployed workers. There also )
seem to have been few linkage; created to locally-owned input supplier

industries, although some foreign companies have set up liajited

"

':;pn the other hand, offshore assembly operations seem to have made
a significant contribution to the foreign exchange positign'pf the host
economies. And while the evidence on the contribution of offshore - 1

assenbly to the transfer of useful technology to the host econoay {s

negligible, it might be argued thag the transfer of more
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capitai-intensive testing and automated functions to offshore assembly
‘'sites will inevitably lead to some training of local égf}ﬁnnel in more
skf@}ed technical and maintenance occupations (thouqq:thp assembly ani
t;silng operations themselves probably regquire less training with more
mechanized techniques). Some local firms in Hong Kong, Taiwan, and
Korea have, in fact, started up completely integrated plants to
fabricate and asseuble simpler types of semiconductors, but since the
design and engineering skills required are far removed from what an
assembly worker or plant manager are rejuired to understand, it is
doubtful that this trend is related to the offshore assembly operations
servicing foreign-based chip production (other than, perhaps, through
exaaple).

Offshore assembly, tnen, began as, and continues to be, a
competitive response to low ‘cost foreign labor. Its utility as a
strategy depends on the importance of quality (and hence the need for
automation), and the economic costs of the major alternative to
labor-intensive assembly, automation (which in turn hinge on the scale
of output and the costs of capital)e The continued existence of
differentiated markets, of vastly different sizes, for different types
and qﬂ%lities of semiconductor devices, suggests tnat oftshore'assembly
will continue to be an important feature of production flows in the

A Y
international semiconductor industry. It will be of possibly

1nctca;1ng significance to the Japanese industry, as output and labor
costs ?nctease in relative terms, and of possibly dinlﬁished
significance in the VU.S. industry, as large capital investments in
automated machinery lead to the transfer of some operations back to the

UeS. Just as it served as an example of competitive response for otner
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Footnotes : :ve .4;.
Py
. ,':"' - . .. AU s34 ..*. 5w
3 1! Otherwise known as microchips or nicrocircdits, they are

slllcon chips treated with metal impurities in extremely ptecise
quantities and locations, functiqning as a circuit which would
otherwise (with older technology) have contained hundreds or even
tnousands of discrete components wired together. The discrete
compohents replaced include active components (tubes and other SCDs)
and passive components (resistors, capacitors, etc.).

2. Inductors are the most important electronic device that
cannot be replicated in a semiconductor-device. See Meindl (1977).

3. A complete and highly entertaining history of semiconductors
may be found in Braun and MacDonald, (1978).

4. l1bidss p. 79

5. lbids

6. Linvill and dogan (1977), p. 1106. See Tilton (1971),
pPe 92-93 as well. Braun and MacDonald (1976), p. 80, report that the
industry in 1955 had the capacity to produce 15 million transistors a
year, compared to an actual output of 3.6 million.

7. U.S. Department of Commerce, Dffice of Producer Goods (1979),
p. 8; Linvill and hHogan (1977).

.~ 8. Linvill and Hogan (1977), p.1108.
i

['_- . 9. U.S.I.T.C. (1979)' Pe 21. X AL

- --

PRI | .,.
- - .
- - ..

'10. Electronic components, computer, photoqraphlc equipment,

4-’-5

radio and television sets, and telephone and telegraph apparatus.
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16+ Scherer, g3_ala, 1975, Appendix Table S. 3,’p93 437-439.
SCDs were worth, on average, $30.40 per pound. The ;q§p§;€7up were
rad{p_and comaunications equipment ($12. 36), radio aﬁd telebkaph
aépa:atus ($12. 05) computing machines ($7. 68), scientific instruments
($6. 30). '

17 R. Moxon, 1974, Appendix 1, Table D.

18. Citead in K. Yoshihara, (1978), p. 134. Price per kilogram
(in yen) ;as 10C for steel, £0¢ for autos, 1,000 for bearings, 3,000
for color televisions, 10,00, for cameras, 100,000 for computers, and
20C,000 for integrated circuits. '

19. For SCDs in general, see Rada (1980) p. 23; for 1Cs the
figure is calculated from Tables A-21 and A-36€,
JeS. I. To Co (November, 1979).

20. According to the- 1977 Census of Manufactures.

2le See A, L. kRobinson, "Are VLSI Microcircuits Too Hard to
Design?" Sciepce (July 11, 1930), pe 2583 I. R. Sadaler, “Can VSLI
Crowth Continue?" Military_Electropnics (February 198J, p. 96).

22. See C., Norman, "Inmos Enters the 64K RAM Race," ﬁ;xgn;g {(May
8,1981).

23. See Business_seek, (April 20, 1981), pp. 44-43, Asiap.Ball
Streed_Jourpal (June 2, 1960), pe 15

24. Eysipess.seek, (July 21, 198C), p. 189.

25. "Automated Semiconductor Line Speeds Custom Chgp

»

production,” glectronics, (January 27, 1981).

verbtdny 71377Y, pe 57
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27. Testimony of H. D. Samuel, U.S. Departnent of Labor before

u S. Senate Subcommittee on International Finance, Coint}iée on

J

-
-+

Banking, Housing, and Urban Affairs, April 4, 1979. .+ % o

e o wge. cme

‘28. See the Science Policy Research Unit studies.

29. See Tiltoﬁ, (1971), p. B83; webbink, (1977), p. 131.

30. See U.S. Dept. of Commerce, Office of Producer Goods
(1979), p. 54. |

31. See Tilton (1971), p. 83; Webbink (1977), p. 57.

32. A. McCue, "U.S. Firm”s Plan to Assemble Semiconductors on
Wwest Coast Could Threaten Asian Producers,™ Asiap_kall_Street_Journal,
(June 23, 1980), p. 16.

33. webbink (1977), pe. 57.

34. This point is often overlooked in the current debate whether
U.S. or Japanese microchips are higher quality (have lower reject
rates). See, for example, "Japag Makes Them Better," Ihe_Zconedisi,
(April z6, 1980), p. 55-56. See, "U.S. Reject Rate Still Trails
Japanese," Eleciropics, November 6, 1980, p. 463 "U.S. Makes Raising
processor wuality,” Electropigcs, (December 18, 1980), p. 41.

35. Tilton, 1971, p. B5. These 4deas on learning curves uwere
developed in the late 1960s by the Boston Consulting Group (BCG), a
private management consulting firm.

36. See Finan (1975), PP. 21,68.

R 37. See Finan, 1975, Chapter 3, for a more complete discussion

el .
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c:“the tecnnology, and its various economies. . R I
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" ade

", Jz-a-u-c -~roducers, on the other hand are reported to have
- .%z::..7 move ¢f t-e bonding operations, and may enjoy scale

eCCNONLIES.
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L(f ' 39« ™Tape automated bonding meets ULSI challqug;"glggzggnzgs, "
FA< (December 18, 1980). o :%QE;i;g E
3 " 40. At IBM in the late 1970s design costs ueto;;;QJfMSIOO per i
E logi_c module on an integrated circuit. A. L. Robinson, "A Giant 4
§ Corporation from Tiny Chips Grow,"™ Sciepce, (May 2, 1980), p. 483.
41. These ideas on cost curves are taken from Robert Noyce
:qg (1977). - )
42. lbid. ' . ‘
| 43. See Tilton (1571).
o 44. It is made in Haggendorn and Brown (1979), pp. 240-243. . 4

45. See Finan (1975) Chapter 4; Webbink (1977), pp. 96-1313 ani
U.S. Central Intelligence Agency, (1979), pp. 6-8, on this point.

46. Since firns cannot pay for the innovation, and charge only 4
marginal production cost, witnout incurring losses, a patent or

licensing system is a second-best solution to the problem of allocating

resources to technical innovation. Even achieving such a seconi-bpest )
solution may not be possible if it is difficult to appropriate an 4
innovation, as seems to be the case in the semiconductor industry. |
Another consequence of the peculiar economics of invention is that
the presumption is that a monopoly may have less incentive to make a .
cost=-saving innovation than an inventor in a competitive industry (See ]

Arrow, 1962). ]

a wg
A

Y :the‘existence of learning and scale economies, as well as the

ilpbrtance of major 1nvestnen; in R&D, may explain a principle feature
of growth in the semi-conductor industry. On the one hand, as Tilton
first noted, small firms account for a disproportionately large number

of innovations CFinan (1975, Chapter 3-4) also has useful discussion of
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this point, as does #Webbink (1977, pp. 104-112).3

et
- '.~-

_On the other hand, an industry "shake-out" qenera]ly occurs later,
leaving several large firms producing the vast bulk ot a speclflc
prodqct line; 14ittle firms are often taken over by larger established
firms, or end up becoming large firms, as such scale and learning
economies come into playe. '

(A wave of mergers and acquisitions in the late 197)s suggest such
a “shake=out" was then occurring. See "Can Semiconductors Survive Big
Business?", Jusinsss_degk, December 3, 1979. The picture is
complicated, however, by a growing tendency toward vertical integration

with large users of semiconductors guaranteeing the stability of their

supply tnrough tne purchase of their suppliers, and by foreign firms

acquiring technology or access to the U.S. market. through the purchase
of smaller U.S. firms.)

Such large tirms, if they face a downuward-sloping demand, and some
monopoly power, have less incentive to invest in a given invention or
improvement tnan smaller marginal produéers (or individual inventors).
Inventors who pioneer a cost-cutting device or process are able to
capturé the entire rent of a monopolist producing with tnat process or
produci, while an existing monopoly reaps only that incremental portion
of thexrent which exceeds the rent p;evioﬂsly earned in 1its
ptc-inaovatton market.

this is necessarily less than the full value of the

~post-linovation rent (See Arrow, 1962). Hence, one can discern an

econonic rationale fpr the SCD industry°®s apparent pdttetn of small

" firas or individuals pioneering a new invention, growing or merging

into large firms whose advantageous scale or learning economies reduce

= Aj‘- o

-,y
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competition, establish market power, and eventually repeat the cycle as
invention again becomes more profitable for outsidets_thqn for large -

established firms. _

.

_ .;;.4i. The undervaluation by the market of the returns to invention
may be offset by pecuniary economies tnat arise as the assets of
innovating firms 1nciease in value at the expense of other firms in the
industry. See Dasgupta and Stiglitz, (1979).

46. See Finan (1975), pp. 71-75; U.S. Department of Commerce,
Dftice of Producer Goods, (1979), pp. 55-98; U.S.International Trade
Comaission (1979), pp. 54-67. These policies may be radically altered
by the outcome of the Tokyo Rounds.

%Y, Finan (1975), p. 53.

S50. See Cooper (1971), Baldwin and Murry (1977).

51. EEC (1979), p. 233.

S2. EEC Commission kegulation No. 14B/79 (1979).

53. UNCTAD (1974), p. 134.

54. Cooper (1971).

$%. EEC Council Directive 76/119/EEC of 18 December 1975.

56. Tnis discussion is based on the U.S. Coamerce Department’s
Global Market Survey (1979); "Europe joins Microchip Race,"™ Neg_XYoILk
Iines (January 29, 198%), p. D1; U.ﬁ. I. T C. (1979), pp. 75-77; and
Electronics (March 13, 1980), pp. 81-87. _

$7. And complain the Japanese have obstructed the establishment

oy

of U.S. subsidiaries in Japan. See U.S. I. T. C. (1979), pp. 59-60.
xevertheless, a number of major American producers (American Micro
Levices, Faircnild, Motorola, and Intel) are preparing to begin

production in Japan. See Asian_nall.Strest_Journal_meskly, (April 27,
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1981)’ Pe 15, v._“g' .

Pl

S58. 1In 1974 for ICs; 1975 for computer parts. a$9p_153h1hara

- .

(1978), p. 1463 GAD (1979), p. 28.

s rwy
-

L ¥

- 59. See U.S. Department of Commerce, (1979) in the Global Market
Survey for Japane.

60. Akccording to Erich Block, of IBM, quoted in Electronic
angipeering Iimes (May 25, 1981), p. 89.

61. See GADO, (1979).

62. UNCTAD (1974), p. 183.

63. Yamagawa (1980), p. 7. Figures on all I.C imports are based
on official Ministry of Fiﬁance Statistics for finished 1.C imports.

64. See U.S¢e I« Te Co (1978), Table A=56.

6>, See Finan (1973), pe. 75; U.S. Department of Commerce, Dffice
of Producer Economics (1979), p. 92.

66. JRig, v. 96.

67. 1t is interesting to speculate that the establishment of
silicon wafer production facilities by Monsanto and Dow in Malaysia,
and b} General Instrument in Taiwan (the latter diffuses the wafers as
well, in the same facility), represents a trend toward raising national
content in order to gqualify for the Japanese and European GSP systeams,
or perhaps even the U, S « system. The inclusion of SCD’s gn the list
oIAitels eligible for the U.S. GSP has been under study, and discrete
gcniconductors (but not IC’s) recently (in 1982) placed on the list.

' See Malaysia, F. I. D. A. (1978), p. 27 and Eres_China_ Reyiew
(February 1980), pp. 40-41 on wafer production; OAS, Trade_Newss
vol. V, No. 4, p. 6, on the U.S. GSP list.
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Texas Instrument is also reported to be planning to ggoduce chips
in Singapore, starting in 1983. Asian.!all.&:xzzl.dnq:nii;leeklx

. "

(February 16, 1981), p. 6. o
| 68.. Conversation with Japanese embassy 6t£1cials, May 1980. See
also U.S. I. T. C. (1970}, p. 32.

69. See, for example, statement of W. J. Sanders III before
Subcommittee on Trade, House Committee on Ways and Means, March 24,
1976.

70. See New York limes (May 12, 1981), pe. D1. The agreement was
larqely_the result of pressure by the U.S. industry.

7l. This is the so-called "BCG type analysis". See Abegglen and
Rapp (1972), Hagendorn and Brown (1979), pp. 240-3, GAD (1979), Chapter
i0.

72« To guote a quasi-official Japanese source Look_Japan, (May
10, 1981), p. 24. The "socioeconoaic state"™ alluded to is a scarcity
of raw materials, energy and land, and an abundance of skilled labor.

73. See Peckman and Kaizuka (1976), on the Japanese tax system.

The Miller-sodigliani theorem, stating that firms are indifferent
petween debt and equity financ;, only ho;ds true in thé absence of
taxes and costly bankruptcy. dith the most common sorts of tax
structures (i. e. , interest on debt deductible from taxable corporate
1nco-q, and roughly comparable personal tax rates on interest,
dxvlgends, and capital gains) firms ought to perfer debt, With

unceftalnty and the possibility of costly bankruptcy (but no taxes),

€

firms ought to prefer equity (which requires no fixed service and

y Lm-

therefore reduces the probability of bankruptcy).With both, there will

be an optimal financial structure using both debt and equity. See

e e .4
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Gordon and Malkiel (1981) for an excellent exposition Qt thcse issues.
.. 74. This is roughly the same acoount of how tho qovernuent
quides capital investment as can be found in the GAQ”’ s (1979) report on
0.§.,-Japan Trade, p. 185. Many of the same points are made in Ackley
and Ishi (1976), especially pp. 203-205. On the functioning of “window
guidance’® by the Bank of Jaban, see Suzuki (1980), pp. 166-181.

The interpretation of great amounts of debt used in Japanese
corporate finance as tne product of the tax structure and implicit
government guarantees of priority investments is also made by Abegglen
and Rapp (1972), p. 35. The Japanese system of labor |
relations == with its infrequent use of strike =-also serves to
reduce the risk of bankruptcye.

Semiconductor industry leaders have focused on the high Japanese
debt to assets (or équity) ratio as synptomatic of the competitive
disadvantages of the American industry in its access to capital markets
(See Testimony of RKobert Noyce and John Welty before Subcommittee on
International Finance of the Senate Committee on Banking, Housing, and
Urban Atfairs, January 15, 1980). Noyce, for example, cites figures
showing ejuity as 22 and 86 percent 0f Japanese and U.S. semiconductor
companies’ assets, respectively. The Japanese figure is roughly the
sane as in all Japanese industry in the aggregate, while the
b.s. anustry uses sybstantlally more equity than U.S. 1industry in
gcngrﬁx. Wallich and Wallich (1972), p. 267 cite figuges of roughly 18
and 51 percent for industry in general, in Japan and‘fbe_u.s. in 1972;
Abegglen and Rapp (1972), p. 34 cite figures of 21 aﬁa.sb percent
equity in Japan and the U.S. 1in 1968,
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| 75. See GAD (1979), pp. 178-184. ;ﬂ~r.
- 76. See U.S. Department of Commerce, ngunizz.uaxkg:.ﬁuzxg!
': auumiunmnnsnu =.-Japan (1978), p. 8. o 4]
E! _ . T7« UsS. CIA (1979), p. 11. The program was funded at about {
$240 million 1976 U.S. dollars. See also U.S. I. T. C. (1979), p. 77.
78. GAD (1979), pp. 179-184. 3
79. Eusiness_smeek, (April 13, 1981), pp. 123-124. The VSLI ]
research program reportedly spent 5140 million over the 1976-79 period. ?
A new cycle of MITI semiconductor research is Just getting under way. 3
MITI recently asked Parliament to approve a logic circuit research i
program in the $100 million range Electropic_News, (March 30, 19&1). ;
80. See Abbeglen and Rapp (1972), p. 35; Namiki (1978), p. 128. i
The influence of tnese loans is viewed by some as overrated or no }
longer of great importance. See Treszise and Suzuki (1976), 3
pp. 795-797; Namiki (1976), pp. 126-129. i
dl. Treszize and Suzuki (1976); Table 11-4; Japan Development
Y Bank (1979).
° 82. Peck and Tamura (1976), p. 552. ‘
s 83. Peck and Tamura (1976), p. 546.
‘ b4, U.S. Co I. Ae (1979), pp. 6-8. ;
o 5. See U.S. I. To Co (1979),pp. 59-60. 3
86. Tilton (1971), p. 147; Peck and Tamura (1976), p. 552. 3
87. Actually, a provision like 806.30 existed:fgforo 1963. See 3
™) UeSe Ie To Co (1970), pP. 14-26. It is, however, né}o.rgstrictive i
than ites 807.00. o f
o j
. _ —
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88. Data refer to customs value, and are based on inforaation

found in U.S. I. T. C. (1980, 1979) and unpublished Ug§;ipepattuent of

Coamerce tabulations. "

89. U.Se Io Te C. (1979), Tables 6 and 8.

90; See footnote 25.

9l. U.S. I. T. C. (1978).

92, U«Se 1. Te Co (1979), Table A-40; U.S. CIR (1979), pp. 6=9.

93. IRM was number 3 and sestern Electric number 4 in 1972. See

U.S. Department of Commerce (1979) p. 89. Webbink (1977), pp. 21-22,

“Europe Joins Microchip Race," {ew._York.Iimes (January 29, 198C).

94. U«.S. Department of Commerce (1979) Office of Producer Goods,

Pe 17.

VHSIC

95. Finan (1975), Table 6~3.
96. UeSe 1+ Te Coe (November 1979), p. 5.
97. See lbid, p. 76; J. Streb, “Technology Transfer froa the

Program,” Military_Eleciropnics (February, 1980).
98. AQuoted in Braun and MacDonald (1978), p. 142.
99. Lusinsss_keek, (April 20, 1981), p. 39.

100. See Chang (1971), pp. 40-44.

M01. Stories are still told within the U.S. semiconductor

industry describing how some Japanese producers even stuck extra

transistors onto their circuit boards, often with no actual electrical

connoétion to the radio circuit (since the number of transistors in the

radioyas often used by consumers as a measure of qua-llty)..

102. Tilton (1971), pp. 75-76, 119.

PP I
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104. Of the $144 million in Japanese radio-imports, $116 million

103, See section 4.

fom

Y

uq:; transistor radios. U.S. shipments data are fron.£h§"1972 U.S.
" Census of Manufactures, U.S. import data are official Departaent of
Commerce foreign trade statistics.

105. Fairchild in particular, set up first in Korea and
_ Singapore, as well as dong Kong. See Chang (1971).

106, As did a conversation with an industry representative (in
early 1380), who pointed to Sri Lanka as the next area of industry
interest. liote that the 1971 and 1974 samples differ in composition
and definition. Also, only gurrepnt assembly operations are coqsidered.

1(7. The Mexican sorder Industrialization Program and the
Kaohsiung Export Processing Zone.

10&. 1Tney might have 'a positive bias if foreign producers using
a minor amount of U.S. content chose to export with 806/807; a negative
bias if U.S. producers chose not to go to the bureaucratic trouble of
using 8v6/8(7 (costly paperwork) or if foreign firms offshore¢exports
to the U.S. had no U.S. content. Both problems are probaoly small.

109. According to the U.S. Tariff Commnission’s estimates, all
806.30 imports troi the LDC’s exporting to the U.S. in that year
(Mexico, Hong Kong) amounted to under $300,000 in 1967. 1In 1968, if
Tajwan, ketherlands Antilles, and Korea are added to that list, the
pog;ible maximum rises to $4.6 million. That figure IUSE further be
reduced by any 806.30 imports not composel of semiconQuchr;; in 1969,
in the aggregate, onlv ten nercent of all B06,30 1mpo;té'uére SCD’s.

-
$
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110. The figures for 806/807 1mp§rts, as well as total imports,
reflect revisions to published statistics. Compare tpe;;_éky example,
to US.I.T.C. (1975), Appendix tables; U.S. Depattmeni of,?qyierce
(1979), pp. 60-62., As an example of such discrepancies, the
UeSeleTeCe (197C) published an estimate of 1969 BC6/807 SCD imports
eJual to 5126 million. The official figure qulished for all s¢d
imports was $154 million for that same year (see Table 4.3). That last
figure was revised upward to $111 million by Commerce in 1979
(U.S. Departuent of Commerce, Bureau of the Census (1973b), Table 3b),
still well below tae UeSeIeTeCe figure of $134 million. The net
effect of accepting the unrevised Commerce Department Statistics would
be to increase the proportion of imports entering under 8J6/807 prior
to 1970.

1il. See 103, QJoeortupities_for.lodustrial_lovestaent-in_daiti,
1979, pp. 37-38.

il2. See wWorld B8anxk (1978b) pp. 23-24 on Thailand. Note that
unilg the Bataan export processing zone opened its doors in 1973, most
foreign electronics assemblers established operations outside the zone,
near the Manila airport. See "Electronics fever hits Philippine
Zones," Philippipe Daily. Express, November 02, 1973, p. 22

113. See Chang (1971), pp. 34-38;Moxon (1974), pp. 45-47.

114. In testimony before the House Subcommittee on Trade on
March 24, 1975, David Paékard (of Hewett-Packard) remarked that he was
concerned about our long-term exposure in Malaysia and wondered whether
wc (Het) zould eolve the problem by automating the asseibly process and

oo L s. Jv: . ... w& [ound that If we nad to do

(& ]

| STPUEVEE R &4 .h.L ftates lie iLncrecezzed costs would force us out
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of this particular business.® el

. 115. The conventional manner of calculating agbig;p;;gonsunption
- taking the value of U.S. industry shipments, adding}ll;;f;s, and
éubgkacting exports -- would double - count many U.S. SCD imports angd
exports. As noted before, the U.S. shipments estimates made by the
Bureau of the Census already include the final value of unfinished
806/€07 type imports when the value of U.S. shipments is calculated.
Similarly, SCD parts exported to be fabricated into 8C€/827 iamports,
are actually consumed inside the U.S. when they return as 806/807
imports. Thus, thé appropriate way to calculate U.S. apparent
consumption is to take U.S. final shipments, add the value of imports
gtber_tbap unfinished 806/807 imports, gnd subtract the value of U.S.
5CD exports less the U.S. content of unfinished 8(6/807 imports.

116. See UeSeIeTeCe -(1983), P. 11.

117. Prior to 19302, when a new valuation code took effect.

116. See A.G. Lebowitz, Jtem_ 807,00, Mandel and Grunfeld Seminar
notes, Mandel and Grunfeld, New York, November 1979,

119. ~Note that = except for certain special tools and dies
unijue to a specific product - depreciation and other capital costs
ought properly be considered a general expense. Also note that
research, development and design costs fall into a grey area of the
law. ?hen directly allocable to a U.S. made component, they are not
qonsidered a cost of fabrication. When numerous production stages take
place inside and outside of the d.s. s before a f1n1$he§ product
emerges, it is unclear what allocation of basic technical,'

administrative, and research overhead ought be made to be various

stages of production. Does the silicon chip from which an integrated

e
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circuit is assembled overseas, and then shipped backlfépghq,u.s. for
tgipinguand packing, embody the research cost that uéﬁii@dt; it as a
chié)_piiot to export, as an assembled I.C. , or as ;upﬁckaqed 1.C.

after 1} has passed electrical tests and is actually ready for sale?

Asvniqht be imagined, the U.S. Customs Service has had great .
difficulty in interpreting this statute. An informal survey of Custonms
practice at various ports of entry along the U.S.~¥exican border, where
a great deal of B06/807 trade enters the U.S., in early 1983, disclosed
a great deal of variation in actual practice. Some import specialists
ask for actual fabrication cost, general expenses, and profit, others
make elaborate calculations comparing various cost ratios among the
operations they are responsible for, in an effort to monitor “usual”’
expenses and profit; many simply accept whatever declaration is made
with minimal scrutiny. Often, a wide variety of practices is followed
within a single port of entry.

120, See Finan (1973), Table 3=3. .

121. U.S. Department of Commerce, Bureau of fhe Census, 19811
Ceosus.ef_manufaciures.

122. See bickens (1980).

123. Additional support for this hypothesis may be deduced from
data published by the U.S. Tariff Coamission in its 1970 study of
6§tsh0te fmports. (See ép. 97-99, 126-128), They conducted a survey
of 14 domestic U.S. SCD establishments, with a total value of
shipments of $513 million in 1969, and final shipments of articles
entered under 806.3C and 8C7.00 of roughly $21 uillion';hd $128
aillion, respectively. yet the Tariff Commission reports total B06/807
imports in 1969 to be about $127 million, well under thg $149 million

- o v o - AP — -t - -,
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in 806/807-based sales reported by these 14 firas alogggﬁ.[bg
gif{fren;e can logically be attributed to a markup oqf§é6)867 import
Qa;ue prior to final sales. The Tariff Commission al#;'yepbtted that
those firms shipped about $47 million in U.S. conponeﬂts to 8067807
faéilities in that year, or roughly 32 percent of the value of
shipments of articles entered under the offshore assembly tariff
provisions. 1f we attribute the entire difference between that 32
percent U.S. content figure, and the 5S4 percent U.S. content in 806/897
SCD imports in the official traje statistics, to a mark up on import
value prior to final sale, an 84 percent markup on declared customs
value appears to have been the norm for semiconductor devices entered
under 806/807 in 1969.

124, To makz this argument algebraically,
let total valus aided in U.S. snipments be TVA;
off shore value added in U.S. shipments be OVA;
UeSe value added in U.S. shipments be UVA;
value added offshore/unit assembled offshore be Vo
total value added/unit (onshore and offshore® be qkﬁ ¢ @ constant;
units assembled offshore §“; ’
all units assembled X . 7
Then TVA

OVA + UVA = !R* X4o£
»0VA = %“; xb#

and

OVA/TVA = ( Xope / X ) - (Vogs/ Yeor)
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L’, If OVA is not directly observable, but is ptopor}}dq;l.to some

index Iy , with constant of proportionality k, ue hatp;n"

’ - L SN . me = e . m smm it e m e -

: <

‘3

Xogg | Xtz * (viot I Vogg) ° (k Toee / T

v, . IV

ot | Voeg) (k Togp / UVA + K10

' (k-1) I
- W IV Q- /s off ))
UVA + Ioff

(Icff ,WA + Iﬂff)

For k close to 1 (our measured index of OVA close to fits true value),
and (l,, /UVA + I ) small-(a small proportion of value is added

offshore), we have, approximately,

Xore

T g / Vogg) - k (Tgge /0VA *+ Toge)
tot

‘

In reality, both ﬂtﬁt / VOF‘) and k have probably changed over time.
(Ve 7 Voee ) has probably increased as more complex devices, with a
'qreate} portion of their value reflected in the costs of desiqning‘and
producing a functioning chip, have been introduced, and gssembly costs
recuced as a proportion of total cost. 0On the other hand, increased
iestert titsnere gpay have counteracted this trend, to some extent,

since L..ic wouid increzse Vegg .relatlve to \’*& s Scteris_paribus.

s
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Since our measure of I,o 1is dutiable 6067807 value,'yh;qh incluies

sole\dytiable U.S. materials, k must be less than 1.,'1gi;h§ unfinished

-

g

chip.c;ae to be a greater and greater proportion of {him;;lue of U.S.
na;érials used (and was the main item admitted duty-free) with
increasing chip complexity, k must have been increasingly closer to 1
as the years passed.

Since, therefore, both k anad T probably
eor | Voeg

increased over time, the index we are
calculating (Iofflﬁm + };ff) o
of offshore value added probably nndg;siaxgs the true increase in
offshore operations.

1¢5. See the last footnote,

126. This is because materials (like wire, packages, epoxy,
etc.) which are materially altered or transformed during the assembly
process are dutiable as is the value of any assistance supplied by the

U.S. parent. Actual cost data from customs records of 806/807 assembly

operations for integrated circuits graphically make this point:

Producer No. 1 Producer No. 2
Malaysia 1976 '
1973 1974 1975 Mexico Mexico Malaysia South
Border Interior Korea
Eoreign_Qperating
Expense
(includes Labor and
Overhead) -
as § of Total t' 29 21
Reported 20 . 8 Y 3 Rl T
Cost

i * ' '

2s ¢ of.Dutiable '
. u® 25 17 18 87 67 63 68
The data for the Malaysian operation, for 1973, probably reflects
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extrgordinaty start-up costs. There obviously appeats to bo s
substantia] variation from producer to producer. -;’gz

.b‘

The information was supplied by the Regulatory Audit Dlvision of
the“q.s. customs Service.
127. Also, Customs court decisions have substantially
liberalized the definition of what sorts of operations are permissibles
on U.S. materials that can subsejuently re-enter the U.S. duty-free.ec;
See Lebowitz (1979). -
123. See references in footnote 24. _
129. [big. .
150. 1lhe ITC (1979, p. 6) noted this trend. The Office of \
Producer Economics, Department of Commerce (1979, p. 64) thinks that
the increasingly costly and capital-intensive nature of the testing
process for I1.C.”’s has led to a shift in testing facilities back to the:
United States, to take advantage of economies of scale in centralizei
facilities. The additional riskiness perceived in placing more
expensive equipment in foreign locations may also explain some part of ;
this saift. ¢
In the early 1970°s, houwever, most testing of U.S. devices €
intended for the U.S. market probably was sited in the U.S5. See Finan :
(1972), pp. 138-19.
~ 131. According to the U.S. Department of Commerce, CQUDLLY 3
Markel Suryey=Slecironic.Comeonents, "Hong Kong," (washington, 1978),
some 75 to 95 percent of Hong Kong output returnel to tﬁe~u.s., where
most testing was done. At that time, the vast bulk o} oﬁiput in Yong -

Kong was produced by U.S. multinationals.

3
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. 132. It is not known how European production q}atist}cs account
for offshore production. ER

133. See The Consulting Group, BA Asia, (1919)i'p. 109.

~ 134. Calculated from MITI and MOF data, as reported in The
Consulting Group, BA Rsia Limited, IDe_Japanese_Seaiconducter

© Indusityi__bo.Qyerxies, (Yong Kong, 1979), p. 137. Original yen
figures have been converted to dollars at 274 yen/dollar.

135, See 3Jusipess_deex, (October 6, 1980), p. 47.

136 U. Se 1. Te Co , (hsovember 1979), pP. 44.

137. J4sian_sall._Street_Jourpnals, (March 14, 1961), p. 3; also Ngi
York_Iimes, (June 27, 1981), p. D=1,

136, See Yoshihara (1978),'Table AB.

139. See Yoshihara (1978), TablevAB.

149. Korea and Taiwan, from the viewpoint of a Japanese
investor, offer many of tne same advantages that Mexico offers to a
Us Se investor. They are gquite close (Korea is a one hour ferry boat
ride from Western Japan), have much lower wages, and have a long
history of political, cultural, linguistic, and ethnic ties to Japan.

14l. VYoshihara (1978), p. 16l.

142. 1t is also interesting to note large volumes of parts
expoits from Malaysia to dong Kong and Singapore, confirming the
4-pte§sionistic evidence that more complex operations are being set up
in Hong Kong and Singapore with increasing frequency.

" 143, See Section 5.

144, According to EEC (Eurostat) 1978 statistiés} semiconductors

accounted for roughly 15.6 million European units of account out of a

grand total of 18.6 million EEC units of account imported from the

L - -4 -
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Pnilippines in RIMEXE section 85 (electronic goods), in 1978.
According to Berthomieu and Hanaut (1980), outward p:oééiglng imports
from the Phiiippines in NIMEXE 85 in 1978 amounted to_£§g9 million
units of account.

145. 1In 1978, U.S.-based manufacturers uere thought to have
produced about 58 percent of the value of European consumption, and 78
percent of IC consumption, through European affiliate production and
UsSe exports., 1In 1979, those percentages uwere thought to have been 52
and 63, respectively.

Increases in Japanese market share accounted for most of the
decline. 1In 1979, the Japanese produced about 3 percent of European
seaiconductor consumption, and perhaps 6 percent of IC°s. (See Office
of Producer Economics, U.S. Dept. of Commerce, (1979), p. 90; Fortune
(July 28, 1982), p. 86CG).

146. The Japanese have recently been investing heavily in
European production facilities within the Common Market tariff walls.
See Business._tegk (October 6, 1980), p. 47.

147. VLSI stands for Yery Large Scale JIntegration (see section
3).

148. See Electronics (Juné 2, 1931), p. 116.

149, The VHSIC program (Yery High Speed Integrated Citcdit) is
expected to advance the basic technology of ICs two to three years

beyond what otherwise would be achieved. See Electronics (June 16,
1981), p. 39. ' -
L 2

150. Both NTT and Bell do not compete with private SCD
producers, and have no particular interest in obstructing the diffusion

of technology. NT1 does not produce circuits, and Bell’s Western

L R
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Electric Manufacturing subsidiary produces only for internal ATT use.
151, See U.S. Department of Commerce, qunzxz_!égigt_SQngx.:

Elecironic_Componenis..daean, (1973), for a contemporéé}'diagnosis of
these difficulties.

152. See Electropics (June 2, 1981), p. 117; Egortune (July 28,
1960), p. 80. '

153. For evidence on the lag by U.S. SCD merchants in defect
rates on memory chips, see Ihe_Econopist (April 26, 1980), pp. 55-56;
Electronic_Epiineering.limes (March 2, 1981), p. 2 Zlectronics
(November 6, 1930), p. 46, (May 19, 1961), pp. 141-148,

UsS. quality levels are apparently about the same as the Japanese
in microprocessors, where the U.S. still had a technological lead. See
Elecironics (December 13, 1980), p. 41.

104 3See glectropigs (May 19, 1981), pp. 125-198.

i55. e shall use the word quality to means botha "quality"™ and
“reliapility." Technically, quality is measured by the portion of a
batch conforming to the established electrical specifications of the
product, and reliability by the rate at which devices” performance
fails to meet these specifications over time in use.

156. A manager for quality control for GE°’s Television Business

division put it this way:

We try to get our engineering to design in the
Japanese devices where we can, because from'a .
'nanutacturinq standpoint, it°s a lot cheap;r )
be‘re 131% testing thexn (¥.5. &nd European

components), and {n some cases we“re also paying

s e A
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e
for high-reliability testing. We don°t 1003 test -
C any Japanese device. :é}jiiﬂ;.
- Eleciropnics (May 19, 1981), p. 143. )
E! 157. According to the 1?77 Census_of Manufactures
158. Accoriing to the CIA (1979), p. 2.
[ 159. This was also true for two of the largest
L>‘ U.S. semiconductor producers, IBM and Western Electric, which supply
i' all of their output to other divisions of their own company. Both do
all of their production (including asseably) for the U.S. market in the
F¢ U.S., and by all accounts are even more advanced than the Japanese in r#

terms of Juality levels and automation.

166, This can be seen by examining the return to capital

investment. Pechman and Kaizuka (1976, p. 344) point to a2 study which

had shoun the average grosé rate of return on all assets to be about

tne same in Japan and the U.S. Effective tax rates are also roughly

similar. ]

On the other hand, calculations by Rober Noyce (presented at a

Hearing before the Subcommittee on International Finance of the Senate
Committee on Banking, Housing, and Urban Affairs, January 15, 1930)
show 5apanese firms with a debt/asset ratio about five times greater
than U.S. firms and an after tax return on equity about twice that of
U.Se. iirms. Assuming similar tax rates, for the gross return on assets
io ha;o been the same, tpe average interest rate paid on debt would
have gad to have been about substantially lower than-the U.S. interest
rzte. Tnis .s 'ivelw, but also sugrecztc @ ruth lrvel ¢rofs rate c{

return on zssets in SCC®s in Japan then in the U.sS., which in turn
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suggests the availability of cheap capital to Japaneso tlrns.

161. It is claimed that half of Japanese process oqulpment comes

tron the U.S. See Zlectronic Enaineering.Iimes (April 21. 1981), p. 25
New_York Times (June 3, 1981), p. D4.

162. See Electropicss (July 14, 1981), PP. 89=90,

163. These "juality circles” are now being experimented with at

many U.S. firms. See Electronics (May 19, 1981), p. 125, (April 21,
1980), pp. 106-108,

164. The stress on labor relations and the “human factor®™ in
Japanese methods is juite remarkable. For example, NEC°’s
VeS. affiliate, unlike some U.S. firms, uses a “clean rooa"™ for
assembly operations, not only for controlling defects, but also because
they claim "the sterile environment helps instill assembly workers uwith
a sense of care.™ (glectropics CJune 2, 19811, p. 38). The results are
also, apparently, transferable.

Hewlett=-Packard, after discovering that its Japanese piant was
getting gquality levels five times higher than the average of all HP
plants, studied its operation and made major improvements in its other
plants. See Eleciropnic Enaipeering. Iimes (May 25, 1981), p. 15.

In another famous experience, retail failure rates dropped
dtaqatically when U.S. color television plants were purchased and
tioroanized by Japanese firms. See GAO (1579), pp. 96-97.

A Japanese electronics firm in California, much to the dismay of
its non~-union U.S. neighbors, recently agreed to barqfin with a union.

(Electropics CApril 7, 19811, p. 41).

Dttesteiaidebatitt,
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r” 165. 1BM and Bell®s Western Electric subsidiary, gﬁ{gh do not
L sell their prodﬁct on the open market, adopted'sinllir,lgééggtxons
r bet@gg the Japanese, it should be noted. . *hﬁt  f;
GLE 166. See U.S. ITC (Noveaber, 1979), p. 133-34, for a description

of some of these tax arrangementse.

167. See Japah Electrical Machinery Industry Association (1980,
in Japanese), p. 33. These “offshore® Asian countries are Korea,
Taiwan, hong kong, Thailand, Singapore, Malaysia, The Fhilipppines, and
Indonesia. '

158, See U.S. Department of Commerce, UsSs_ Direct _Inyesiment
abread==1911 (aashington, 1981), p. 149. Developing Asia and the
Pasific is defined as all of Asia and the Pacific less Japan,
Australia, and New Zealand.

169. It is, of course, possible that Japanese firms, by virtue
of the small military power projected by Japan, face grgaier political
risks than ULe3. firmse

170. See Asiap_pall_Stresl_Jdaurnal (June 23, 1982), p. 16.

A crucial difference between U.S. and Japanese producers doing
cost comparisons is that Japanese~made chips are charged duty when
entering the U.S. wnile U.S.-maie chips entering under the 806/807
tariff provisions are not. |

. 171. see Asian.Ball_Street.dourpal article cited above; Y2 York
Tises (June 27, 1981), and the analysis of the last goct}bn.

' 172. Japanese auto exporters’ success was recéﬁtij met vith
import quotas. Import quotas on Japanese color T.v..:;tﬁ were

successfully bypassed by Japanese producers who set up operations in

the U.S. to assemble color T.V. sets uwi‘  subassemblies and components
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o imported from Japan. U.S. trade authorities found this to be an
K acceptable way for Japanese producers to expand T.V. E?!;§~;" the U.S.
See U.S. ITC (May 1, 1980). ' 3z
E‘; L 173. See Japan Electrical Machinery Industry Association, (1980,

[ in Japanese), pp. 249-261.

! 174. See U. Se 1. Te Co (September 1970), pp. 21-22.

:‘! 175. See Lebouwitz (1979), p. 1S.

!

176. See U. S. I. Te Co (July 1976), p. 44.

177. See U. S. I. T. Ce (January 1980), pp. 38-39,

- @ 178. i. e. , § '= cost of foreign assembly/cost of domestic

assembly m = cost of a fabricated chip/cost of domestic asseablye.

Since the overall cost difference between domestic and foreign assembly
.n i ./'

?‘ is

L

cost of domestic assembly=-cost of foreign

assembly-~tariff and transport cost

- [1 c2-(t+é)(me+ ).)] . cost of domestic assemdly.

°
E 179. The U. S« Tariff Commission (September 197C¢) in its survey
of the effects of 8067807, came to a similar conclusion, but only
calculated duty-savings as a percent of total duty-paid value, in
[

draulnglits conclusion for all sorts of products. A&complete analysis

sould also rejuire an analysis of cost savings accompaniinq the use of
’ ’?...f‘!- PO

foreign assembly githout 806/807. FERYT

‘ 1. :

a
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. The technical condition required for 806/807 to. be ctitical to the
use of offshore assembly is that expression (9.2) be less than tn -

but'grcatet than 0. 1f't

"ol - '..-- -

180. And as much has been said by the Japanese; see in Section
8.

181. One operator with an automated bonder replaces roughly 30
wor«ers using manual bonding techniques. In trimming and forming, one
wotker and appropriate machinery replaces seven workers. See
Zlegtronigs, (June 2, 1981), p. 38

1832 Texas Instruments recently announced plans to start
fabricating chips in Singapore in 1983. See Asian_aall_sStreel._Journal,
(February 16, 1981), p. 6. . ‘

163. See jAsiap_dali_Siresi_dournal, (June 23, 1980), p. 16;
testimony oI'Robett nNoyce before Subcommittee on International Finance,
Senate Committee on Banking, Yousing, and Urban Affairs, (January 15,
1983), p. 113; Eleciropics (way 19, 1981), pp. 132z, 145.

184. Frost and Sullivan Report No. 716, quoted in Jortherno
Califorpnia_Eleciropics. iews (January 7, 1980), p. 1.

185. See Elgciropics, (June 2, 1931), p. 38.

186. Although this situation may have begun to change by the
late 1970s, as the U.S. SCD producers increasingly began to make
otfshore investments in more automated assembly facilities.

187. To be precise, a Markowitz=efficient por;folio.

- 1f capital markets work perfectly efficiently, ddci?;ons that
amprove the return on investors’ assets, given some fixed ievel of
risk, ought to result in increases 'in the market value of the firm that

makes them. Since, in this simple view of things, firms are merely
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e - . - e -
- . ;'}.'

financial intermediaries with the technical and tinancﬁii inforsation
Do 7,
to transform an investor®s capital fnto a portfolio of tangible

LY - Ld

inv;stgents in products, processes, and production loéptioﬁg, a single

tirq.has no determinate mix of products, processes, ahd prdduction

locations. In the aggregate, however, the market is assumed to reward

marginal firm decisions, that make the market portfolio more efficient,
with increased firm market value. Tﬁus, production managers for
individual firms would be guided by market signals to improve the
aggregate market portfolio, and while the overall aggregate investment
in products, processes, and production locations gould be deteramined by
risks and returns of invested assets, the composition of a single
firm*s portfolio of investments in these characteristics would be
indeterminate,

188. 1If T, is return to a dollar invested in semiconductor
assembly 1in location 1, -TI, the return in location 2, we are assuming

that
L L
::1 Cialy + & ;WM =Mp+ 2 C I, + e

M- M, +
= M )

L

.- ——- ~— -

where H.', "3 are mean return in the two locations; there are L
underlying factors (1’) which affect the returns of these and all other
assets in the market, with effect equal to C,g or C‘g for location 1 or
25 and £, and €9 are location specific disturbances ("country risk")
thqt are independent of the returns to all other assets (}ncluding each
ot&er) in the market portfolio. Investment returns lp !ﬁcations 1 or 2
woull ther te relate? tc each other or to returns in Jkﬁ;r locations or

procustis, only througn these underlying factors. Tne empirical content

of trnis assumption is that all covariances among rates of return to

IPNY UD PR

PIDNIR WY
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offshore semiconductor production investments can be sxpressed as a
tixed linear combination of the L variables I‘ (where t is the number
of underlying factors) whose values change from year-to-yeat, but are
the same for all semiconductor production investments, regardless of
location.

See the technical appendix for 2 complete discussion.

189. See preceeding footnotes Cj = 0 when underlying factor
Iy has no effect on returns in country i. .

19¢. To see tnis, note that TIj" 1is a variable profit function
(per unit capital) containing prices of inputs and outputs as its
arguments. An output-augmenting technical changesejuivalent to (and
leads to identical input and output decisions) an increase in the price
of output n the old profit function, holding other input prices
constant. It will thus cause a shift in intercept H, which includes
tne term containing the log of output price. The same argument applies
to output-augmenting technical advance shifting the values of €& angd
€, in (1€.6) and (16.13).

191. See Muth, "Optimal Properties. . . "

"192. 1. e. ,producers” prior period exﬁectations of the price
level: at time t (Pz ) are egual to the rate of increase in prices
observed in the previous period ( /Pt-a. ), times a weighted
average of the actual and expected price levels a time t-l1.

193. The value of capital to value of output ratio 1s Just

R P K'(P) /Py s

- -

L LRI

matmiols

PPV G |
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A

£ 0

Substituting into (10.8) using (10.6), (10.4), and (10.3),

Pt

where k° {s the physical capital-output ratio.
194.

ue then have, adding an additional subscript to our variables to allow

tot our lag specifications for values that vary over time (and omitting

t and 1 when values are constant ovet tile or country)

R o e - A S - e e emeee

[_'z-x-J( tny . ~tn

[eﬂ( tn Py -to B, )

(10.9) 2 Y [cg

in Y

1 it-2 1:-2

tn Y 1t-2 + ;:

+ ¢ |6(142)q, -
j_[( 179

+_1[ )a{] tn P,

+ Smu ¢ +(Cor =Copa.)= (1-2-3) (Cor-~Conn )+ Jxe.m.j [6 (1-;)]
Uit 1t-1 ) + [”-_] Ju : [6 (A-2) (v, =Vge3) + 8 vij

(2-1-8 )](!.n RS J )

s (1-2) (8 - E® )
+[(>( -

The easiest way to see this is to solve (io.é) to get

2ok = 8 /U= (-8IL) 2o K* ;

e —r ——— - ————

O aseaanaad man amas d

using L to denote the lag operator, solve (10.6) to get

- e e———

& Pt e @+L-12)/Q-Q2)L)

then substitute these“ixpreséfiﬁk'into'ilo:éfh5nq‘f10{3) respectively,

and multiply both sides of (10.8) by (1-(1-))L) (1-(1-{)L). The
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result is (10.9). with brackets enclosing the coeftiéicnts of the - B
vatiables used as data, and the ‘e’ superscript used to denote

expectations of H and J Tne last bracketed term is a tanqol error, with

™ K}

v_‘t',_‘.“ econometric error term added to equation (10.8).

195. Since the B06/607 tariff items amount to a subsidy to the

P PTILE& 4

use of U. S. components in imported manufacturers at a rate of subsidy

equal to the tariff rate. _ : rd
196. dWith this modification (10. 9) becones
10.1 - e . e o — - a .. - - . - - .- -
(10.10) 2n Y-y, Ez f] .. (Y, , -t ) -[s{,
L - "
® T * [‘PL*“ Pye = In Pu.k[‘ A4A) &y - e (2 -2-8 )] |
(tn P

- fn P ) o+ d
11t-1 11t-2 ( PL + ePL ) & n PiLt-Z

e ) .
+E -1 & -8 ) + & 3: + (€0~ o) = (A=2-3)(Cor., ~Cora )+ EACo-a. + !

ﬁ‘(ej_(ljz -Isz-s)_ + ( § (1 "3 - e - x-o)) (a1l -

jt-1 ;

e e ‘

o Ijt-Z ) + (dj + e ) &) tn Et-Z ):] + [(1-)\) sJ J° - Jit-]) '
+ae] g Ez (4 + ¢ &2 lnq] [1-1) 8, -0, )+ un] :

197. As in footnote 187 to this section, the value of ) ' '

U.S.=component input per dollar of capital is Just

W)/ P

e S O
P
1
[

»
<0
?.:'ﬁ -

A < ’
. . X

By

vap. v

A
-

snere /A' is the physical U. S. component per unit capital ratio, P,

and %k the relevant input prices.

- - —— - —— - =~ e e e

_————— e —
e e e A — A A
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4 198. These data begin in 1969. Since consistent P
C-. countty-by-country estimates are available only for 807 trade before
¢ 1972, all 8G7 import data for the 1969 and 1971 period “have been \ c
] nultiplied for each country, by the aggregate ratio of all 806/807 SCD
) imports to those imported only under 807.
I thank the U.S.I.T.C. for furnishing on magnetic tape the . -
| unpublished &§l6/807 import figures from which the SCD import figures
were constructed.
199. The wages were convertéd to U.S. dollars using the market :
e exchange rate. Since the wages refer to different pay periods and 4
industr}es, it is assumed that they are comparable to each other after
; deflation by a country-specific scalar, related to each country’s i

internal wage structure, fringe benefits, and norms for monthly hours

sorked.

Actual wage data used were

A 4exico, Korea, Hong Kong: Average wages in
manufacturing, 1967-1979, from ILO, Yearbogk_of

lpternational_Labor_Statistics, various years.

8. Singapore, 1967-1978 same as A. 1979 estimated
on basis of 20 percent average wage increase

reportec in Aslap_Wall_Stireet_sJourpal, (may 25,
. - 1981, Pe 17. '

C. Tajwan, hourly wage in manufacturing 1966~1977,

(2.

sz7 UeSs Bureau of Labor Statistics, Handbook._of
L22:0.52231is11¢.1978. Linked to official figures
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{

;.(!. N

for hourly wage in manufacturing, 1977-1879,7¢.7 "7,

Y I

... Teported in Taiwan, 513xislical.Xsaxhnak-nf;ih?”gl
* " Bepudblic-9f China- .

D. Philippines, index of average hourly earnings
for unskilled labor in non-agricultural

occupations, from IMF, lpterpational_Fibapcial
Statistics, various yearse.

All exchange rates are from INF, Internatiopnal.financial
Statistics, except Hong Kong, based on trade conversaion factor fronm

JeNo ,Mopibly_3ulletin_ef Stallstics, and Taiwan, 1979, from official
statistical yearbook.

Since 806/8(7 SCD imports in significant volumes did not come fronm
tne philippines uniil 1973, estimation of the model (which requires two

years of lagged imports data) used only the years 1975-19%73 for the

Philippines. Data for 1971-1979 were used for all other countries.

200. 1The actual political shiftldummies used were

(i) for Mexico, all years = 0, except 1675, 1976 =
1; (ii) for Taiwan, all years = 0, except 1978,
1979 = 1; (iii) for Philippines, all years = 0,
except 1972 = 1/2, 1973 to 1979 = 1 (martial law

'i9 . was declared at the end of 1972).

. «3.

- -

" To take into account that the expectations of cohhtry tisk in year
¥ :
t (when optimal K* is determined), depend on
srevious years” obquVations of country risk, the "expected" shift

dumny used as a determinant of optima) capital stock K* was taken,

PreTT Y
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[§ simply, to be the undeighted average of the dummies (i) to (iii) for
- the three years t-1, t-2, t-3, and called "; in (10.11) and (10.14),
201. NMote that when all country intercepts are cénéggained to
E. equal zero, the overall intercept is the value for 1971, uithout
, reference to country.
% 202. Since we do not directly observe offshore
‘ production == instead we have customs value, which as mentioned
before, is a constructed value having an uncertain relation to actual
{ sales value == We assume that customs value, C , is related to
¢ unobserved production by |
:
Tfi_{' (or Cye = & Y, e¥it )

E

#! Zﬁt a year-specific constant relating customs to market value, and/“ ‘

random errore.

If we substitute with this into (10.11), we have a relationship
'@ identical to (10.11), but with 1n C, on the left-hand side, 2,
incorporated into the constant and the time dummies, and ﬂ“

A
incorporated into V& e This was the relation that was actually
o estiqated.'

203. Tne bulk of duty-free U. S. value is probably the declared

F R4
export value of the unassembled chips. Some other U, s. naterials are
‘!“ L

permitted to reenter the U.S. duty-free, but most other U.S.

1aterials, which undergo physical transformation, are probably

dutiable.

e

L

—A A
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204. To be precise, 1f the original v;‘ of (lo.a)Aato_
independent, identically distributed, the transformed errors of
> o~ —
A - .
equation (10.152), with Vv = ,‘(1- a ( Vie, = Ve D) ¢ v, . -

will display first-order autocorrelation with autocorrelation
coefficient equal to - 5’ (1- A). Even with such autocorrelation, our
coefficient estimates remain consistent. For A small, tne
autocorrelation coefficient will be juite small, and little error
introduced into our estimates of standard errorse.

205, 1hat is, two-stage least squares was used

ejuation=-by-ejuation to estimate the parameters of (10.15)

consistently, then residuals were calculated to consistently estimate

aN -~
the variance-corvariance matrix of ¥V and w (assumed constant over

country and tine). The estimated variance=-covariance matrix was then

used to transform the data,  and the coefficients of (10.15)

simultaneously estimated as part of a single “stacked" equation system.

Tue 335L5 proceaure of SPSS

. N ~ was used for SLS calculations,
and the INST proceudre from TSP for an original sinjle-equation

analysis using two-stage least=-sJuares.

%(6. Since our estimate of R?x ( = 2~ J —X) applies an

estima\te of tf . )\ eJual to .59, with a standard error of .51.

——— —

) ?07‘ *Since B, and §, are both functions of § and A , they can be

solved !af‘cAA;iltcnt estimates of § and A . The estimate of & | ™ °
s0 prodyced using the second coluan of Table 10.1 is .59% Lous1, E

for A , ‘our point estimate {s -.11 divided by our estimate of § .

[he imaginary roots are a consequence of 82 ( = - 6)) bhaving

estimate .11, when, In fact, it should be a megative number. If

we set 81 ¢ 0, we have an estimate of .59 for one coefficient

when the other is set to tero.

=
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208. That is, if eﬂ_ in (10.10) is equal to tﬂ_ m (10.13), the
value of U.S. components/output ratfo will be constante. thc special
i ey

cas? .AL = fAL = 0 corresponds to both ratios being conplcto)y
unaffected by the uwage rate.

203. There is another pricé of evidence that supports the
hypothesis that Cj = .45, }\ = 0. As mentioned in footnote %,
these parameters imply an autocorrelation coefficient of about =(.45)=
-.2) in botk V and # of system (10.15), if the original untransformed ¥
and » were uncorrelated. when thne residuals corresponding to two-stage
least sjuares estimates of equation (10.15A) and (1¢.158), with no
restrictions imposed, were used in an autoregression to estimate the
autocorrelation coefficient, about this value was produced for the
autocorrelation in (10.15R) and for the autocorrelation in (16.158).
gotn values are guite consistent, then, with this hypothesis. Using

§= «45, we have
tn Ky = 8 tn K& + 8 (1-8)en K 4% + 8 (1-8)2tn K% 2
wvhich gives us the weights described in the text.

2410. This must follow, because if capital stock is fixed, and
output rises, use of at least one other input must have been increased.
1t cannot be assembly labor, since demand for labor declines with an
increase in the wage. The amount of duty-free U.S. components used per
dnlg of capital will rise, but since it si fixed by the level of

output, ft does not explain houw greater levels of output per unit of

'capttil is attained. 7The only major remaining input is dutiable

material and componentry, therefore, use per unit capital of dutiable

2aterlals must rise.
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In more formal terms, the restrictions we have llgpéed iaply a

production function of the form R
oo L

. vean[ecum wo, Cue v x

(Producers will choose U, L, and M per unit K so that both terms in brackets will

be equal, to minimize cost)

with L, M, U, and K labor dutiable material duty~-free materials, and
capital, respectively. Constant a is the U/Y ra%io, which is assumed
fixeds For Y/X to rise, either L/K or 4/K must therefore rise.

<ll1. In a formal nypotnesis~-testing framework, calculating a
testatistic, we cannot reject this hypothesis at the 90 or 95 percent
confidence levels.

212. And it will pot be true, as sometimes has been argued (See
UeSe Tariff Coamission, 1970) that measures that raise the returns to
off{snore production (such as the 806/807 tariff provisions) have no
effect on the location of production in the cheapest location, when it
would be cheaper even without such incentives.

213. This §s the so~called Kemp-MacDougall optimal tax on direct
foreign investsent. See Kemp (1962).

<l4. See the appendix to this section.
i '.}15. *Model” international tax codes, for example, forbid
dlscrlnlnation on the basis of tne nationality of the favestor.

216. See the appendix to this section.

. s

217. This follows froa the fgct that Tkr '.J&PL o )

P L
"kr the elasticity of K with respect to the wage L
L £
§  the ratio of gross profit to the wage bill; l
. P AR o
 §

. e e e e e

P

a4
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Our estimatedcoefficient 8, from section 10 1is a rough estimate of

FkPL ; it was near -2. Because vages are a small part of assembly

costs (see gection 7) L is likely to be quite large (and exceed 1).
» P L y
L

2i%« 12e 1031C €3N be reversed, OI course. 1f, for social and
political reasons, wages »paid by foreign éssevbly oxerations exceed
iomestic economy mirketl wajes, taen the tax rate saoulid we set at a
level palgs tniet which would e optimzl 1f foreign offshore operations
mel=2 cnargeds tae marjzinal soclal cost of lahor.

See 23uition (li.A.2) in tne appendix ot this section.

Zl%« ot course, in the presence ol economies of scale,
axtarnaiities, l23rning econonies, or coastly information, they would
mot rec=sscarily reflect margingl sorclal cost to start Wwitn, and the
V3r10us S0I1> o1 taxes and controls described would be used to remedy the_
situction.

2L0. o5, Depsrtrment ot Cowmiarce, 2ureiu of fconomic Analysis,
u;e;-glizil-Abli;iﬂihl-Lilgdﬁ;-l:lz (+3shington, :oril 13531).

“iltlen Tinan (15372) and tae office oi rrolucer :conomics,
Jeraituent ci Jowrerce (1279) have astimated offshor2 seniconductor

enploym=znt by s.S5, firas as follows: (in 1775 employees)

1963 64 65 66 67 68 69 70 71 72 73 74

Pinan (1974) 2

&~

7 9 15 30 67 75 85 89 NA NA

Dept. of NA NA NA 4 10 20 40 45 S0 60 BO 85
Cotmmerce (1979)

toth: serie: wet2 sunPr0sed to have been estimated by the Coma2arce
Jepartnent or the L135is of information supplied by Tinan on the
Cfisasrz Cirerst1oal of setected semiconductor firms, exnanded to cover

e= . Tl _...0r2 operationse. ihe aetho:ology us2d to do

WA eR . | eSS AR It AN AR BT Jaddintih e [TV VUSRI VO PRSP
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The accuracy of these figures is open to serious question, though.
For one thing, the Commerce Department revised these 3§f£;ates downward
dgqé;tically between 1974 and 1979, with no clear exqiknit;on for their
actfon made. Also, the closest thing to real statistics on
U.S. offshore electronics employment in these years is an estimate made
by Roger Stobaugh in 1970, on the basis of information furnished to him
by the U;S. Electronics lndustry Association. He concluded that the
total, worldwide foreign employment of U.S. electronics firms in
foreign plants producing iteas entering the U.S. under tariff item €07
amounted to about 66,003 workers in 1968, and 83,000 workers in 1969.
Employment in products actually imported under 807 was estimated to
have been 45,370 workers in 1966, and 46,000 workers in 1969. (See
Stobaugh, 1970).

Since the U.S. Tariff Commission points out that, in those years,
UeSe BUt and 877 SCD imports were essentially coming from the saame
plants, with 837 accounting for fhe bulk ;f imports (U.S. Tariff
Comaission, 1970), these figures must be considerably quater than
actual offshore employment in semiconductors (since gll electronic
products, not just semiconductors, and 3all plants, not just plants
mainly producing for export to the U.S. are considered).

It we take the qualitative shifts (rather than exact levels of
enployment) portrayed by these figures, however, we are left with the
1lpr¢ssion of great growth in offshore SCD employmenti;q'the period
1966 ta 1969, an3d 1972 to 1973. This is consistent uitﬁ other

imforratinon presented elseshere in this essay.
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221. U.S. Department of Commerce, unpublished ;pjpllation of

official trade statistics. S 3
.f"222. The firms in the sample accounted for abou¥ ;g percent of

qlobil Semiconductor sales in 1972. This may be seen by coﬁp;rinq the
namés of firms in the sample with market shares published in Webbink
(1979), p. 22.

22z3. See the U.S. Census of Manufactures, 1977.

224, See tne overview essay in this studye.

225. Tnese arjuments are considered in the overview and country
case studies.

226. See Bruno.

227. Total income and total sales are virtually synonymous in
this case, as may be seen by examining the data for MOFAs. (Total
sales are not available for affiliates other than MJIFAs).

428. Philippine exports of semiconductors were (in million

U.Se. dollars)

1976 84 1978 253

1977 125 1978 289

See Bysipess_ueek, (June 16, ;983), Pe 36, In 198580, Philippine
SCD exports amounted to almost $516, and manufactured exports to a

little over $2 billjon. See Asian_sall_Street_Jourpal, (April 13,
1981).

~§

229, See the Mexico case stuly.

PR S I Y W
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230. In Section 9. e —

_%31. Some have permanent ottlées in the Anericaﬁzgéilicon
gaii;y," where the arrangements are made. A Philipprine subcontractor
eveﬁ took the step, recently, of setting up a U.S. assembly line using
Philippine immigrant labor. QNorthern.California Electropic_News, (May
12, 1980).

232. In Hong Kong, see U.S. Department of Commerce, Global
dacket Survey=Zlectronic _Comoonents (Washington, 1974).

233. In Korea and Taiwan. See Asiap_pall._street_Journal,
(February 1€, 1981), p..g. 7 (April 13, 1981), p. 7.

234. See Section 9,

235. See footnote 233, above.

23%. JRid:s On the other hand, one firm is "sending its local
engineers to a California semiconductor company with which it has close
connections." All tnree firms expect China to be a major market for
their output, empha._izing how difficult it is to prevent the export of
technology evein when strict controls are placed on the export of the
products in which it is embodied.

237. Firas generally prefer to set up their own offshore
opetagfons because they are cheaper (perhaps because capital is cheaper
for thfm), but smaller firms not yet ready to absorb the fixed setup
cost o?ten subcontract assembly. See Finan (1974), p. 63; Dickens,
(1980)> p. 63. o

g38. Korean authorities, for example, frankly acknouledge that
skilled manpower {s the key bottleneck in the future development of

thelr semiconductor industry. Korean Development Institute, Long=Iezn

Broscect for Ecopomic_apnd_Social _Development,_1321=31 (19738),

1N
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‘( Pe 2.59-281.

239. 1n Mexico during the 1975-76 period, there were suggestions

3

that assembly plants acted in concert to create pressure for lower wage

<

e -

;, levels.
‘ It may well be that relatively minor portion of employment
accounted for by these offshore assembly operations in most countries
" is a gounseguence of host country desires to minimize export instability
and‘dependence.
240« Which basically could de eliminated by an equally idealized
) system of }ump-sum transfers.

241. For a discussion of optimal policy in the presence of these

costs, see Lapan (1976, 1978, 1979) and Ray (1979).

242. Technically, D is a compensated deamand; i.e. , the demand
for semiconductors that would obtain if, as we changed tnhe price of
semiconductors and, therefore the cost (price, in a competitive
consumer good industry) of finished consumer goods, we were to make
lump sum transfers to consumers to maintain their satisfaction
constant.

As an approximation, however, we shal’ use the market demand
instead of the compensated demand curve. Willig (1376) shows that this
is a reasonable (i. e. , generally relatively minor errors)
approximation.

243, Ssee Schmalensee (1976), Carlton (1979).

244. To see this, note that

L]
o
»
N
1
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B .

E - Taking a second-order Taylors series approximation to ¥V in the ‘ ke

t neighborhood of 0, i. e. , for C,-C, close to zero i‘* t '

. Ve (Gt oty + & ]

- ° ° + 2 ‘ - Q,rco) ) !

b

ﬁ. 8o . -
V «. C

; G0, (gs =1) (l+¢w _1) Ngp )

L [ 2

ity ohich is Just (13.1).

4 ' )
T 245. ]

At fixed international prices. Wwe are also assuming

foreign exchange is in pertectly elastic supply, and that foreign

imports are not allowed to be substituted for U. Se =produced
semiconductors as Ue. S. semiconductors become more costlye

246. e have

'1
Q = qg (P) X (h(P)) wita Q@ total demand for
semiconductors, q demand per unit of consumer good }
output, = g (a function of the price of

semiconduciors), X demand for the final consumer . "

W e - e =

good, a function of h, the unit cost of producing X (assumed
e

equal to prlé!‘ in turn a function of the price of semiconductors .

e -

Then differentiating with respect to P ’
w* = ¢g" % ¢ q %X°h® By Shepherd’s Leama, h* = gq,

0 e e T L ST el a0
s0
@ 2 «q’2 +27n 0%p |
< q x b !
a

——

e P it deminingcietmbetedesde el
T e A o — -
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wh1C1 15 Just (13e2)

447, This follows trom the 1act that input demands are
homogen30ous of dJeyr2e zero in priczse. That 1s, ietting 2o stani for
the pric2 of ancthzr inpu* (w2 assum2 only 1 for expositional

sirmplicity), ana P®x the price of output,

- q (P, Poy,
q (P, Po) q(Px'Px)

The1, taking) ierivativez 4ith resnzct to tine

P Po
49 =« 3g__ a By . 3q a 7
dt 3(2 ) dt 9,Po dt
Px (ﬁ)

oy Our «ssu.stion of roughly constant relative prices for inputs otner

o iumtar . P P
taall s3emilconiucttors, E Now, since 3q (P Po) . 3q(Px, Px
d Px ., , P TRy
dt : Px
dg . _3g (P, Po) ack
we have a‘% __9.__5..__p Px G
dt
4q 1 Multiplying both sides by P
and 3q (P, PO) _ét_l.,_ Px q
aP P P
d (Px "gp = 99 . PBx
dt P q

qu;)
which 1s (13.3).

éa23e 4= OWly Otuel s2rlous attempt taat 1 aw adare ofi 1ls that
of eebLwinz (1:77), @who r29ressed tn2 loj of agyrej;ate demand for
different tyges of saumiconuuctor Jevices on 107 seniconductor price ani
the loyi of value of electronics sales. 1f tlhe electronic output price

- S . -~y -
l L e ™. “a. o (0 a 3 \-’.l-ﬂm‘u

o

rveol) 15 najatively correlated wits semicenluctor

PCACLS OvVar tie periol of ais saani2 (roughly 23v.=213270), whica wWe

.d

st
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would expect, and positively correlated with output.(gl;p;to be
gxpeétgd; as demand for electronic products lncreasgdjié ?gltchot price
1ﬁcég;§es), his estimate of the price elasticity uill.frobabli be
bia#ed toward zero. This is because the bias in his estimate of the
price elasticity will equal -by ¢ With y the coefficient of the log of
electronics sales, and b the coefficient of semiconductor price in an
auxiliary regression of the (unobserved and omitted) log of electroni;s
output price against the logs of semiconductor price and value of

electronics output (the included independent variables). See Theil

(1971, Pp. 548-550) for a description of the principles Jdetermining the

specification bias when an independent variable that might be included
(i.es, the log of electronic output price), is omitted.

Webbink’s own=-price elasticity estimates were

linear ICs T 1.4 A

digital ICs =1.6

sil;con transistors <«.65

germanium transistors =l.7

silicon diodes =17

germanium diodes 28

leai-mounted rectifiers =-.93

chassis-mounted rectifiers ~1.4

zener diodes ~e69 _
f‘ﬂ” " He made no attempt to correct for changes 15’%?0‘

-

complexity of ICs over the 1960-1972 periods .

WA B S G AP A > W S on - amm e eree s o -

e

3

.

]

1
-
1
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A":.i, . . - - . .- )

The only other related estimate I tounQ&i!
that of Wilson, Ashton, and Egan (1980), uho, g;sod

gk .Q. RIS

?} - . on the observed price=-guantity relations for -o-ory

- ) ’.;‘ ~ bits sold over 1971-1979, guess that the total (not
. per computer manufactured) price elasticity of ;
computer memory bit demand (of MOS RAM ICs) to be ) 1
about ~2. Their estimate, because it does not take
& into account changes in compufer demand, and
3 because no actual price data for memory bits sold
was used (instead, memory bit costs in the most .
advancel design chips manufactured, and guessuork,
was used), is not particularly solid.
249, Noyce (1977), p. 67. | o
250. According to U Sa._Census_of :
Mapufaciurss, 1972. ' ]

251. Call x the measured percentage rate of :
increase in output between ;967 and 1972, y Fne R
measured percentage rate of decrease in price ;
between 1967 and 1972. Our calculated price :

elasticity (times = 1) is just x/y.  If, however, 1
unit of semiconductor sales in 1972 is egquivalent

to N units sold in 1967 ( N> | ), then the

PR

‘true’ price clastlctty for 1967-equivalent dovlccs

‘. '

- 20 :
is f:j;ﬁ} ! luhich will fall short of ‘%
noasur;&'diastiélty as long is x/y is grcator tQan '

1 (which it is, for all sectors in Table 13.1).
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-( To see this, note that

. 4 (xA . - (¥x) < O forx, y> 0.

da E2TS (y+ar2

-

2%2e lals 1s probavly not a bad éssumgtion,
4s 3 reasonable approximation. For example, an
eXx2cutive at »3IC (one of tae piggest Japanese 17T
maxers) exnlained in 1321 why vapanese producers
«2rn2 delaying miss proiuction of the nex jeneration
of 3=% computer memory chins in these terms,
stating titat "1{ 64Ks are introduced in the market,
trer2 will be no demand, sinc2 four 16 Xs ate lass

( CLatly trnen one Sahe™ (isizd_iall_sirgel_Jouraszl
LELSdY, ApTiL 9, 1271, pe 14).

The JeS. T2nsus index of 1377 IT output at

cw

1667 prices was first auitipiiel by four, and taen
multinlied dy the (1457 dollar) price index for ICs "1
to 3ot a3 new estimate of the value of 1¢72 IC

oultut at 1527 >2rices in terms of iJ:T7-tyne ICs,

.'1

-4

ang used in the nuaerator.of the calculated

P2 I

elisticity. Thnen, tne revised figure for

(1¥€7=uriced) 197z 1C output was adled to existing

.
bk

estinates of the (13¢7-nriced) value of 1572

aw 7 f,

aed

PP Tr

Ptoduction of otiter types of semiconductors, then

-

. divided into 1372 ST production of all classes of

. Jevices at current pricas, to get an implicit price

ol

detlator for a unit of 13972 SCD output in teras of

)
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1967 output. The original (ctoas-uotghtod) 1912 & -
census price deflator for SCD output (19618100& uas
86.9. The implicit SCD price deflator attcr‘Jf-'

e . -
" -

revaluing 1972 production at four times the
original (1967-priced) gquantity index was 30.9.
This new price for 1972 semiconductors in teras of B
1967 prices was tnen used to tecalculate-the change ?4
in the relative price of semiconductors over the
1967=72 period in Table 13.2.

253. That is, let price less manufacturing. "
cost (with of:shore assembly) equal a constantTl.

Let manufacturing cost offshore be My, ]

manufacturing cost with onshore assembly M. !:
Then A

S + 7

e e T N e T - )

Yo Mo + ¥ M M+ . "

as defined in the text.

o L e e R + rrem e - . Ni

Since this difference between price and the

cost of manufacture covers the costs of R and D,

mnd mam' 4’ m s

Vo e e

corporate overhead, anq profits, it will remain

approxinately constant in a competitive industry as

long as the technology of assehbly does not change
. S

too much when brought back onshore.

A




0 T rr.! 3 A

v

.
.

A
[ 4

For example, if the transfer of asso-b}i'back
to the U.S. led to the use of automated as';lgxy:
techniques using much uore capital, 0 (uhtc]\'
contains tne return to tnat capital 1nvestnent)'

might increase somewhat. Since assembly has become

~ a relatively small part of the cost, houwever, T

uould_probably not increase 3 great de2l even with
a switch to automation.
254. The estimates of manufacturing cost as

a percent of sales price were

See page 220a.

255 The average price of a semiconductor if
there is no offshore production, F,, 1s Just Cy.

The average price with fractionsassembled offshore

is Py = e« C, + (1-a) Cu .
J
"Therefore ) i
| - G - %
Py - P a(Cy = C)) e [-1§r-—-]
!o

w Co + (1-adCy 1+(1-u)[°u"°o

© emme - w g -

which is used f{n the text to get our likely

parameter ranges.

In doing so,«was taken as equal to .7}_569

. "Section 9.

668




254,

'Value

«65

.40

.30

Description

For Industry, early 1970s,
with offshore assembly in
Singapore

16K RAM, computer memory IC,
1979, with offshore assembly

Simple linear IC, 1979, with
offshore assenbly

[ 8

669

Source:

Finan (1975), P. 26

Dickens (1980), P. 82

Dickens (1980), P, 83
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256. See “World Markets Forecast,* .- -

R TR

Electropnics, (January 3; 1981), pe 131, = =

257. Statistics are taken from U.S. h:ﬁﬁhg
of Fapufactures, 1977.

258. Some manufacturers triaming their
operations in.early 1981 reported that the bulk of
their shutdowns affected their U.S. employment and
not their foreign operations. See Electronic Neus.,
(March 30, 1981), "Semicon Firms Wriggle Work
Schedules"; New_York Iimes, (May 30, 1981), "Layoff
Set by Texas Instruments®; Asiapn_¥all_Street
d2iznal (Sept. 14, 1931), P. 14.

259. That is, regressions of the form fn X

= a ¢+ bt were calculated for dependent variable X

corresponding to production and non-production employment in

incremented by )
1 in every subsequent year. Coefficient b is an

estimate of the trend growth rate. Over the
1963-1378 period, b was ejual to .030 £;r
production workers, 060 for non=production
workers. )
Deviations from trend enploymént were then
calculated by comparing actual employment tha;
predicted by the trend growth equation estilai@d.
260. That is to say, for a given avo}d;o :
volume of seuiconductor employment, increasing the

proportion of that employment which is

- . P P R G DI P P R R R QD P RSB PP @B DT e ga e
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non-production workers reduces the variations in total employment.

This follows from the fact that- based on Figure 13-2- variance of non-
production employment around its predicted mean is less than the variance of
production employment, and their covariance is positive (i.e., the fluctuations

tend to move together).
To put this more formally, we are hypothesizing that total employment equals
(sy €y + Sp€p) L, with S, and ~Sp the fracticnal shares of non~production and

Production employment, respectively, in total employment L (S.#5 =1), €y and €,
(mean 1) random errors usocuted with fluctuations around ged enploynent
at any moment in time. Let &%, o™, udcm, be the variances and covariance of

these random fluctuatious. P
The variance of total employment is then equal to
2 2 .2 2,2
L ( sy oy + (1-5))" 0 + 255(1-8y) Oy)

and its derivative with respect to (1.e., the effect on variance of an’
increase in the portion of employmn made up of non-production workers) is

2
n? o, [s,,(g',u 2200 + (- 1)
with ?NP the correlation coefficient af.éN and ‘1,.

Using the residuals of the estimated equations desct:l.bed in the last footnote,
we can form consistent estimates of Q". c: » and g-' » taking on values of about
.659, .00964, and .0280, respectively.

For an increase :l.n SN to reduce variation in overall employment, we must then
have s, ¢ \- 3 % Cwr
ga‘ ¥\ ;"ﬁ Cwe
which, using our kstimates, requires that s $1.07.
Therefore, with the observed pattern of employment fluctuation, any increase in

the employment share of non-production workers appears to reduce the instability of
overall employment (since Sy must always lie between 0 and 1).

o=

261, U.s. Department of Labor, Bureau of
Labor Statistics, lodusiry_Kags
Suryey:_ _Semiconductors_Ssotember 1917,
‘(hashington, 1979), BLS Bulletin 2021.
' 262. See Rubenstein and Andrews, Iqe
Elscironics.lodusicy_io_New England_10.1920,
(Federal Reserve Bank of Boston, December, 1959),
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«53. lhids
«t4a, Since
the price and gqguantity ot Y.5. SCD outpurt,

resnvactively;

=q”/ _ar & P
ek P Q
= n n
QP P

~#3 before, we 4s3un: aggregate averije SID

pPricz 1s a weigited average of tiie orices ol

Sevices assaabrlad onsiiore anag offshiore, so

P = “co + (1-ok) Cu (see footnotedss)

dp
de = Co - Cu , and nn‘ = (Co - c:) o

= - ( PU-PO ) .

Po

¢vSe JS2¢ jootnote &85.

2Lse Given Uebe tactor price2s, and constant

returns to scale, IA T x~4 will oe constant.

—g——
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_ 267. Technically, this should be the et
elasticity of demand for U.S. production (incikalﬁq
net exports, as well as domestic consumption, Ghtch
will be a weighted average of the price
elasticities of U.S. consumption demand and net
export demand. S5ince net exports are very small in
relation to U.S. consumption, however, taking this
into account would have no appreciable effect on
the price elasticity estimates used. 1n 1978, for
example net exports of finished goods amounted to
roughtly 5.7 billion, while U.S. consumption was
almost $5 billion. '

268. This net balance underestimates the

true net balance on the international trade of the

U.S. semiconductor industry, since the total export
figure for the semiconductor industry does not
include materials other than semiconductors which
the industry ships, only to later reenter as part

of the content of 806/807 imports.
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