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Abstract:

Determining the Structure of the U.S. Marine Instrumentation Industry
and Its Position in the World Industry

This report is a general, but comprehensive, description and analysis of
industrial organization in the field of marine electronic instrumentation (MEI), a
broadly defined "industry," which until now has received little systematic,
scholarly attention. The report reviews the current literature on internmational
trade and competitiveness, as well as trade and scientific journals relevant to
the industry. The results of a series of interviews with representatives of the
industry and responsible goverrnment agencies are presented and industry and
governmment data on R&D and output have been collected and analyzed together with
other indicators of industrial performance. On the basis of these sources, the
structure of the industry and its markets is characterized and the importance of
marine eléctronic instrumentation in international high technology trade is
established. Over 350 firms in the U.S. industry are identified, which annually
earn total estimated gross revenues of approximately $5 billion. These firms fall
into three largely distinct industry groups: (1) defense systems contractors; (2)
commercial marine electronics; and (3) scientific instrumentation. The first
group is by far the largest in sales volume and is oligopolistic in structure,
consisting of a few large rivals for infrequent and complex defense systems
contracts. The other groups are more purely competitive. Four major customer
groups are distinguished: (1) military; (2) commercial and recreational shipping
and boating; (3) offshore oil and gas; and (4) oceanographic/environmental. Most
of the firms in the industry face internmational competition. The importance of
marine electronic instrumentation to technological advance and economic activity
in the world's oceans is strongly apparent. Parameters affecting the
international competitiveness of firms in this industry, including those relating
to industry structure and behavior and govermmental practices and institutions
such as sponsored research, procurement, intellectual property rights, tax
allowances, antitrust enforcement, small business encouragements, export controls,
import restrictions, exchange rates, and technology transfer are summarized. A
nunber of issues relating to international competition, economic analysis, and
government policy that are fruitful areas for further research also are identified.
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This document reports the results of a first year of research on the
structure of the U.S. marine instrumentation industry and its position in the
world industry. The goal of this first year of study was to provide a broad
description of industrial organization in the field of marine electronic
instrumentation. During the course of the study it has become clear that no
previous overview of industrial organization and competitive dynamics in this
field is available.

This research project is one of three comprising a multi-institutional
program, "Developing a National Marine Electronics Agenda," sponsored by the
Massachusetts Centers of Excellence Corporation (MCEC) with funds from the
National Oceanic and Atmospheric Administration (NOAA). The two other research
projects in the MCEC program are being conducted at the Oceanic Institute of
Hawaii ("Projecting Demand for United States Manufactured Instrumentation in
Aquaculture and Selected Fisheries Sectors") and at Florida State University
("Survey of Marine Instrumentation User Communities in Selected Marine Sectors").

The three research projects have been assisted and reviewed by a "Marine
Instrumentation Panel" consisting of participants in and experts on the marine
instrumentation industries. Drawing on results of the research projects and its
own expertise, the Marine Instrumentation Panel is seeking to devise and
articulate a national marine electronics agenda to enhance the health of the
nation's marine electronic instrumentation sector.

The research results reported herein will be supplemented by those of a
second year of work concentrating on: (1) a sharper resolution and quantification
of the broad industry profile presented here; (2) detailed examination of the
sources of incentive activity and pathways of technology transfer in the field;
and (3) a comparative study of govermmental involvement and support for firms in
this field in those nations with which U.S. firms compete most heavily.
Therefore, this report should be treated as a working draft of research in
progress and still subject to substantial revision, correction, and modification.
All comments and suggestions are most heartily welcomed.

A large number of individuals contributed in various ways to the completion
of this report, and they are listed with great appreciation in Appendix E.
Special thanks are due to Director Megan Jones and Project Director Gary Glenn of
the Massachusetts Centers of Excellence Corporation, to Program Monitors Charles
Kearse and Bernard Polanin of National Ocean Service in NOAA, and to Program
Coordinator Arthur Gaines of the Woods Hole Oceanographic Institution. All have
supported this work through active involvement and enthusiastic encouragement.
This report was prepared by James Broadus, Porter Hoagland, and Hauke Kite-Powell
at the Marine Policy Center of the Woods Hole Oceanographic Institution.
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EXEQUTIVE SUMMARY

The purpose of this study has been to generate a broad description of the
industrial field of marine electronic instrumentation. The report seeks to
provide a fairly comprehensive, qualitative overview of industrial organization in
this field and to identify those features that merit more detailed examination.

Marine Electronic Instrumentation in the Context of World High Technology
Competition

High technology products are important to the economic strength of the United
States, as R&D-intensive products continue to show the best performance of any
U.S. foreign trade sector (Figure 1; p. 1). It is a matter of national concern,
therefore, that the U.S. share of world high technology manufactures exports has
been declining since 1982, potentially indicating that the competitiveness of U.S.
high technology firms has faltered. U.S. civilian R&D expenditures (as a
percentage of GNP) have lagged substantially behind those of competitors like
Japan and West Germany (Figures 3a and 3b; pp. 3-4). Although general causes are
superficially appealing, issues associated with international competitiveness are
likely to be idiosyncratic to individual industries, requiring careful examination
of those industries to understand and analyze appropriate policy responses.

At the intersection of the world electronics market of $400 to $500 billion
sales per year (spy), the world marine market on the order of $400 billion spy,
and the world instrumentation market of about $250 billion spy, there exists a
significant area of high technology products that can be described as "marine
electronic instrumentation." Broadly defined as the group of firms producing
electronic tools and devices for use in marine enviromments (including oceans,
lakes, and streams) the marine electronic instrumentation sector includes an
annual U.S. production of some $5 billion in a world market of about $10 billion
(Figures 16, 19; pp. 24, 26).

Early marine electronic instrumentation includes radio, first employed on
ships in the early 1900s, sonar devices in the 1910s, and radar in the 1930s. The
history of these instruments highlights several features of importance in today's
industrial dynamics: (1) the prevalence and vigor of international competition;
(2) the limited usefulness of patent protection; (3) the manner in which the
technology may span several important end use sectors; (4) the crucial importance
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of the Navy as a dominant customer and influence on industry evolution; and (5)
the effects of nationalistic interests in govermmental intervention. Modern
developments have been driven largely by goverrmment interest in the ocean
activities and by the offshore energy boom in the 1960s and 1970s. The importance
of advanced marine technologies and instrumentation was emphasized by the Stratton
Commission in its 1969 report and has also been noted in other govermment studies.

Due to its "high tech" aspects and the underlying similarities of the world's
oceans, trade and competition in this field are international in nature. U.S.
producers face foreign competition in virtually all product lines. Four
principal end-use sectors can be distinguished, and they are listed here with
estimates of U.S. annual sales volumes (Figure 15; p. 23): (1) the military ($2
billion), (2) offshore energy ($200 million), (3) recreational and commercial
shipping and boating ($500 million), and (4) scientific ($100 million).

Structural Overview of the U.S. Marine Electronic Instrumentation "Industry™

Serving the four user groups above are four major groups of firms (see Figure
21; p. 23): (1) oceancgraphic/environmental instrumentation shops, clustered
around academic institutions (see Figure 22; p. 36), which generally mature at
annual sales below $10 million and specialize in custom instruments for the
scientific and offshore communities; (2) commercial "marine electronics" firms,
which produce retail navigation and communication equipment for the commercial and
recreational "mass markets" and generally have annual sales in the tens of
millions; (3) military contractors, which specialize in large systems work for the
U.S. and foreign navies and are usually $100 million-plus divisions of defense
contracting giants (Figure 23; p. 39); and (4) service companies, which provide
product design and support for all end-user groups and are particularly important
in the offshore business.

The "industry" as a whole is competitive and characterized by niche-seeking
and specialization. Barriers to entry and exit, and to mobility across product
lines, tend to be relatively low. A small number of large suppliers dominate the
military markets, where high-stakes, multi-year systems contracts are the rule.
Anti-submarine warfare (ASW) and integrated navigation/communication/battle
management systems are the major military uses (Figure 24; p. 41). Mass
production is found only in some retail marine electronics and in expendable
probes. Key aspects of the "industry" include the involvement of goverrments
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(R&D subsidies, procurement policies, import restrictions and export controls,

among others), the international nature of competition and trade, and the

importance of R&D and inventiveness to sustained success (Figure 25; p. 44).

Institutional Parameters Affecting Competition in Marine Electronic
Instrumentation

Some of the most important factors that affect the performance and
competitive position of U.S. marine electronic instrumentation firms are
institutional ones, namely incentives or restrictions on R&D, production, and
domestic and international trade. Broad national and internmational policies
govern research, production, and markets for most manufactured goods, and specific
policies govern individual goods and services in this industry. These policies
include domestic "industrial" policy, such as the protection of intellectual
property, business and income taxation, and antitrust policy, and policies
affecting international trade, such as export controls and import restrictions.

Other policies specific to marine electronic instruments include government
investments in R&D, "buy-national" procurement rules, validated export license
determinations for controlled items, and nontariff trade barriers (such as
govermment funding of development costs of technologies competing in world
markets), among others. The U.S. government annually provides on the order of
$500 million for R&D in marine electronic instrumentation. Nearly all of these
expenditures originate from the U.S. Navy, are directed predominantly toward
advanced research and development stages of technologies (called RDT&E), and now
emphasize ASW as a research priority (Figures 26 and 27; pp. 48-49). Basic
research efforts, while small in comparison, originate in the Navy, NOAA, and NSF,
and are important to the oceanographic/environmental instrumentaticn sector of the
industry. Similarly, the Navy accounts for the lion's share of government
procurement (Figures 32 and 33; pp. 56-57). As a consequence, military research
priorities and procurement policies have a major effect on the state and
development of the industry.

Govermment programs that encourage investment across all industries are seen
to have only a limited impact on the industry. For example, patent protection
rarely is sought by members of this industry, and research tax allowances are
employed by only a subset of firms in the industry. Joint ventures in R&D and
small business innovation research awards to date (Figure 37; p. 73) have been of
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minor importance in this industry. Venture capital investments are
inconsequential, indicating that industry growth may be perceived as long-term,
although discrete opportunities for investment in technologies with rapid, short-
term growth potential may exist.

The variable imposition of export controls has caused problems in terms of
regulatory uncertainty and foreclosed sales for some members of the industry,
particularly for smaller firms in the scientific/environmental instrumentation
sector (Figure 40; p. 78). Recent technology diversions around international
export control mechanisms may have had an important influence on the allocation of
goverrmment defense funds toward ASW, stimulating activity in the military
contractor sector. Tariffs are less significant barriers to trade than "buy-
national™ policies and govermment subsidies of R&D programs. The introduction of
new policies in the United States (the 1988 Trade Bill and the U.S. Canada Free
Trade Agreement) will have as yet unseen effects on international trade in marine
electronic instrumentation. These issues require further attention.

The flows of technology between industry sectors (e.g., offshore to
military) and across institutional and international boundaries (e.g., from
government labs to industry [Figure 43; p. 90] and from the North Sea to the Gulf
of Mexico) potentially are significant factors that affect industry growth and
international competition. Technology transfer and the sources of inventiveness
and innovation are likely to hold the key to the future competitiveness of the
industry. The influence of national laboratories, engineering centers of
excellence, and university curricula and the mechanisms by which consumer needs
are communicated to firms in the industry are also areas requiring additional

investigation.

Conclusions

Marine electronic instrumentation encompasses most of the high technology
tools that are vital to the efficient exploration, understanding, and use of the
oceans. Technological advance and economic activity in the world's oceans depend
strongly on this class of technology. Producers of these instruments sell into a
world market, and their consumers span all ocean sectors from undersea defense to
offshore oil and gas, oceanographic research, environmental monitoring, commercial
shipping, fishing, and recreational boating.

Annual production of marine electronic instrumentation in the U.S. is on the
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order of $3 to $5 billion, with perhaps 20 to 30 percent of this being exported,
and a smaller amount being imported. The world market for these products is
estimated at about $10 billion annually. U.S. firms face foreign competition on
nearly all of their marine electronic instrumentation products.

Govermments affect international competitiveness in the marine electronic
instrumentation industry. The Navy has always been of central importance in
driving technology development in this field. R&D intensity and the rate of
inventiveness and innovation are particularly important to the success of firms in
this industry. The sources and pathways of technology transfer, as well as
inventiveness and innovation, in this U.S. industry are of great importance to its
continued competitiveness.
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1. Introduction: Marine Electronic Instrumentation in the Context of
World High Technology Campetition

1.1. Importance of High Technology Competitiveness.

High technology products (and associated industries and services) are
important to the economic strength of the United States, both domestically and
internationally (Spence and Hazard, 1988). High technology products are defined
generally to include those products for which research and development (R&D)
expenditures are a significant (perhaps as high as 5 to 15 percent) proportion of
sales. Figure 1 compares R&D expenditures for high technology manufacturers with
other manufacturing industries over the twenty year period from 1964 through 1985
(NSB, 1987). High technology's share of domestic U.S. production and exports has
grown rapidly during the past decade and is generally considered to be one of the
mainstays, present and future, of American economic wellbeing.
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Figure 1: U.S. R&D Expenditures for High Technology and Other Industries,
1964-85. Constant 1982 dollars, in billions. Source: NSB
(1987) .

It is a matter of national concern, therefore, that the U.S. share of world
high technology manufactures exports has been declining since 1982 (ITA, 1985).
The U.S. share of all major industrial countries' high technology exports fell
from 28.4 percent in 1965 to 23.1 percent in 1978 (ITA,; 1985). As shown in Figure
2, although the U.S. share has recovered somewhat in the past decade, it did not
regain its 1965 mark and has been slipping again in recent years (OECD, 1986).
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Some of the immediate causes of the eroding U.S. high technology
competitiveness are becoming apparent. Inadequate investment in both tangible
(plant and equipment) and intangible (R&D and learning) capital may be an
important factor, resulting primarily from the high costs of capital associated
with a low overall national savings rate (Hatsopoulos, Krugman and Summers, 1988).
For the advanced technology industries, intangible capital investments may be the
most important, and inadequate investment in this field seems almost paradoxical
in light of upward trends in R&D expenditures. For example, industrial R&D in
electrical equipment (SIC code 36), which includes radio and television receivers,
communications equipment, and electronic components, has followed the trend for
high technology manufacturers generally, increasing from $8 billion in 1960 to $10
billion in 1970, and $15 billion in 1985 (NSB, 1987). The electrical equipment
class has a relatively high rate of R&D funding as a percent of net sales,
averaging just under seven percent during this period, almost double the average
for all manufacturing industries. Even with this growth, however, the rate of R&D
spending has barely kept pace with the efforts of other high technology
competitors (Figures 3a and 3b).

Year France West Germany Japan United Kingdom United Slates
National expenditures on R&D as a percent of GNP
1979 sonsmns s 1.91 2.06 1.85 2.07 2.57
1971 ... 1.90 2.19 1.85 NA 2.42
RO s mracaioom: 1.90 2.20 1.86 2.11 245
37,5 | FRT——— 1.76 2.09 1.90 NA 2.26
TOTY o swnces 1.79 213 1.97 NA 2.23
1975 e neenne 1.80 2.22 1.96 2.19 2.20
TBIES s 177 2158 1.95 NA 2.19
L2 7 — 1.76 2.14 1.93 NA 2.15
198 s sammans 1.76 2.24 2.00 2.24 2.14
1979 ..o 1.81 2.40 2.09 NA 2.19
B iy ensnmsasmis 1.84 2.42 2,22 NA 2.29
VBT vscnivmnsssanes 2.01 2.44 2.38 2.41 235
1082 v o 2.10 2.59 2.47 NA 2.51
1983 .......vnnn 2.15 2.54 2.61 225 2.56
1988 .o wnseainns 225 252 2.61 NA 2.59
TOBS sy s 2:31 2.67 2.77 2.42 2.69
1986 ............ 241 2.74 NA NA 2.72
VOB - vesrastismmiig NA NA NA NA 207

Figure 3a: National Expenditures for Performance of R&D as a Percent of Gross
National Product, by Country, 1970-87. Source: NSB (1987).
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£ 175 LSOO NA 2.03 1.84 NA

1.65
VORR v wsvsioutivts = 1.58 2.08 1.84 1.56 1.60
5 o [ PR 1.38 1.94 1.89 NA 1.58
12 7. | R e 1.43 1.98 1.86 NA 1.63
[ O —— 1.46 2.08 1.95 1.55 1.63
BB 4 crowizaonsonme 1.44 2.01 1.94 NA 1.62
b 1.44 2.01 1.92 NA 1.61
1078 - svvniega 1.41 2.10 1.98 1.61 1.63
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FABE oo amamnaas 1,76 2.41 2.59 NA 1.86
YEBE v arime i 1.85 2.53 275 1.71 1.86
T8BE s viie s ©1.94 2.60 NA NA 185
19R7 R NA NA NA NA 1.88

Figure 3b: Estimated Non—-Defense R&D Expenditures as a Percent of Gross
National Product, by Country, 1971-87. Source: NSB (1987).

Compared to Japan and West Germany, there has been a distinct erosion in
relative non-defense R&D effort by the United States. Although the U.S. total
national R&D-to-GNP ratio for 1988 is estimated at 2.7 percent (comparable to
that of Japan and West Germany), the U.S. spends a substantial proportion of its
national R&D funds on military projects. Since World War II, military R&D has
accounted for roughly half of all U.S. R&D spending; this figure has risen today
to 68 percent. Japan and West Germany, prohibited since World War II from
following this example, have instead invested their R&D efforts into commercial
products and processes. The U.S. civilian R&D-to-GNP ratio for 1983-88 has
hovered just below 1.9 percent, while the comparable figures for Japan and West
Germany are 2.6 and 2.7 percent, respectively (NSF, 1988).

It is likely, however, that there are idiosyncratic factors that affect the
competitive position of firms in discrete markets, and broadscale analysis may
result in only a generalization of problems and solutions, inadequate or
sometimes inappropriate to the individual industry. From a industry-level
perspective, several theories have emerged in attempts to to explain the
dwindling competitive position of U.S. firms. Some commentators believe that
business in the United States has entered a period of "financial caution and
interest in short-term profits," relying less on investment in risky high
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technology R&D and more on technology import (Roman and Puett, 1983). Others
believe that the innovation process in the United States gives too much emphasis
to "significant new technical breakthroughs" (Young, 1988) and that incremental
innovation focusing on manufacturing, design, and the product development cycle
may be of greater importance to the commercialization of a breakthrough and
ultimately to competitiveness (Gomory and Schmitt, 1988).

This report is part of a study designed to determine the nature of the U.S.
marine electronic instrumentation "industry," to identify the competitive
position of U.S. firms with respect to foreign manufacturers in international
markets, and to suggest ways in which its future viability and competitiveness
might be assured.

1.2. The Marine Electronic Instrumentation Industry.

Bridging a world electronics market of $400 to $500 billion, and a world
marine market on the order of $400 billion, there is a small but recognizable and
critically important area of high technology that can be described as "marine
electronic instrumentation." Annual production of marine electronic
instrumentation in the United States is on the order of $5 billion, with perhaps
20 to 30% of this being exported, and a smaller amount being imported (the world
market is estimated here at about $10 billion) (see section 1.6. below).

Marine electronic instrumentation encompasses most of the high technology
tools that are vital to the efficient exploration, understanding, and use of the
oceans. The producers of these technologies sell into a world market, and their
consumers span all ocean sectors from undersea defense to offshore oil and gas,
oceanographic research, envirommental monitoring, commercial shipping, fishing,
and recreational boating.

In the three general industrial classes most closely related to marine
electronic instruments (communications equipment, electronic components, and
scientific instruments), the U.S. has faced strong competition in the
international marketplace from Japan and, to a lesser extent, West Germany. As
shown in Figure 4, for trade in this decade, these are the only high technology
industrial classes that have moved from trade surpluses to trade deficits (CBO,
1987). The marine electronic instrumentation field is part of the electronics
products business, for which U.S. exports in 1987 totalled some $40 billion, well
below the U.S. imports of nearly $58 billion (EIA, 1988). 2Among all manufactured
products, U.S. firms are exposed to foreign competition on 70 percent of their




Industry (Standard 1980 1983 1986

Industrial Classification) Exports Imports Balance Exports Imports Balance Exports Imports Balance
Drugs (283) 2.0 1.0 1.0 2.6 L3 13 3.1 2.3 0.8
Industrial Organic Chemicals (286) 6.4 2.2 4.2 6.0 2.9 3.1 6.9 4.1 2.8

Computers and Office Equipment (357) 8.7 2.5 6.2 117 6.2 5.5 16.1 13.5 2.6

Communications Equipment (366) 2.7 2.6 0.2 3.7 4.5 -0.8 4.3 6.3 -2.0
Electronic Components (367) 6.2 5.3 0.9 T4 8.0 -0.3 9.2 13.4 -4.2
Aircraft and Parts (372) 14.6 2.7 11.9 14.6 2.6 12.0 18.4 6.7 12.7
Scientific Instruments (380) ) 7.8 4.8 3.0 8.5 6.1 2.4 8.7 10.7 -1.0

Total 48.4 21.0 27.4 54.8 31.6 23.2 67.8 56.1 11.7

Figure 4: U.S. High Technology Trade Balance for Selected Years. In billions of
current dollars. Note: MoGuckin and Pascoe (1988) explain problems
associated with the representation of broad-scale SIC categories in
high-technology areas. Source: CBO (1987).

products (Young, 1986). In contrast, U.S firms in the marine electronic
instrumentation industry are exposed to foreign competition on nearly 100 percent
of their products.

Prior to the study we have undertaken, the industry serving the marine
electronic instrumentation field had received virtually no systematic attention,
despite the fact that marine instrumentation is a market in which the U.S.
traditionally has been a leader. Historically, the United States has been aware
of the importance of marine instruments as technologies fundamental to all ocean
sectors. In 1966, the Marine Resources and Engineering Development Act [P.L. 89-
688]1 identified as a U.S. policy objective:

The development and improvement of the capabilities, performance, use,

and efficiency of vehicles, equipment, and instruments for use in

exploration, research, surveys, the recovery of resources, and the
transmission of energy in the marine environment (emphasis added).

The "Stratton Commission Report," called for by this Act and published almost 20
years ago, noted the importance of marine instrumentation to the exploration and

1 33 y.s.c.A. 1101(b) (3).
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development of marine resources, but did not include an industry study (CMSER,
1969). Subsequent reports also have recognized the indispensable nature of marine
instruments but have stopped short of an examination of the overall organization
and performance of the industrial effort that invents and produces them (see
section 1.4.2. below).

There can be no doubt of the value of progress in marine electronic
instrumentation,since it is closely linked to progress in our ability to
understand and use the oceans effectively. However, in addition to facing
problems common to all high technology industries today, U.S. marine electronic
instrumentation firms are further affected by other circumstances specific to the
marine industries. Prominent among these are the cyclical fortunes of the
offshore oil industry, which in its exploration and development activities has
been a major market for marine electronic instrumentation.

As expressed by experts in government and academia, the recent downturn in
offshore oil and gas activity may cause concern for future progress in marine
electronic instruments, particularly because of present reductions in basic
research (e.g., Figure 5) and education. This point is made by Wells
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Figure 5: World Experditures on Geophysics for Oceanography, 1963-86.
Source: Geophysics (1961-80) and Ieading Edge (1981-86).

(1988) of the Naval Civil Engineering Iaboratory:

Today, the offshore oil industry has limited dollars available for ocean
engineering and research. Most research is now sponsored or conducted
by military research activities, and this is having an unintended but
inevitable impact on oceanic research conducted at universities. Ioss
of research income is hampering university efforts to retain staff and
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acquire modern equipment leading in turn to fewer students seeking
careers in ocean engineering. . . . Downstream effects of the decline in
ocean research are troubling. Engineers and scientists who have

already left the industry probably will not return; the influx of new
engineers and scientists will continue to decline and our naticnal
ability to compete in the marketplace will be seriously impaired.

At the same time, Iou (1988) points out an apparent disparity in the
international distribution of research support that has favored the conduct of
ocean engineering research in foreign countries over the United States.

Historically, industrial support for ocean engineering education and
research in this country [has] been minimal. Many factors have
contributed to this lack of support, including: the strong in-house
research capabilities of major oil companies, the millions of dollars
spent by these companies on research at European universities and
laboratories as part of their North Sea lease obligations, and the more
advanced experimental research and testing performed in foreign
countries due to the higher level of sophistication of their research
facilities. Moreover, the level of industrial support at American
universities is even further reduced by the depressed offshore industry.

Declining advanced technology export market shares, a proportionally small
civilian R&D effort, and reduced international competitiveness are serious issues
for the U.S. economy as a whole. However, solutions to these problems come only
through careful analysis of factors that influence individual industries and
markets. This study is a first attempt at the examination of the present and
future competitiveness of U.S. firms in the marine electronic instrumentation
field. In particular we consider problems and policies relevant to the
establishment of a National Agenda designed to improve the competitive position of
U.S. firms in this field.

1.3. An Industry Definition.

An important first step in any industry study is definition of the subject
industry and explicit determination of the boundaries (firms, markets) that
delimit the activities to be examined. This is always a nontrivial undertaking,
and in any case depends a great deal on the analyst's judgment. It has proven to
be particularly complicated for "marine electronic instrumentation.”" The
difficulty in discerning a single, well-delineated industry producing marine
electronic instrumentation, in fact, may be an important reason for the absence of
previous systematic industry studies of this field. Discussing marine
observational tools (a subset of marine instrumentation), Rear Admiral J. R.
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Wilson Jr. (1988), U.S. Chief of Naval Research, recently noted "the absence of a
specific industry concerned with the entire ocean enviromment." He stated that:

[tlherefore, the observational tools are, in most instances,
developed by the oceanographer asking the questions. This is
different from physics, electronics, chemistry, life sciences, etc.,
where there is a significant industrial component that generally
supplies the cbservational tools.

For the purposes of our study, the basis for industry definition is
derived from identification of the relevant products: marine electronic
instrumentation. "Marine" is interpreted broadly to include all products
designed and marketed specifically for use in or on the oceans, and can
include aquatic uses such as in lakes and streams. "Electronics" refers to
devices that utilize electrical currents (electrons) for the purpose of
transmitting signals or information (as distinguished from "electrical"
equipment, which involves the use of electrical currents as a means of
supplying power). Finally, "instrumentation" is interpreted as tools and
other devices, including those used for observation, control, recording,
regulating, and computing.

On the basis of these definitions, it is possible to construct a fairly
exhaustive product list of those items qualifying as "marine electronic
instrumentation" (see Appendix A). From this product list, in turn, one can
assemble a list of firms that supply these marine electronic instrumentation
products (see Appendices B and C). At a rough level, this constitutes a
definition of the industry or group of industries supplying marine electronic
instrumentation. With a definition of this kind, some statistical information
on the "industry" can then be obtained by identifying the U.S. Bureau of
Census Standard Industrial Classification (SIC) codes corresponding to the
product list (see Figure 6).2

An examination of the products and markets served by these firms has
resulted in the delineation of four major market categories, or end use
sectors, which subdivide the marine electronic instrumentation industry group

2 Any analysis based on Bureau of Census SIC data must take into
consideration the selection and editing biases of the Bureau data collection
process. Under current procedures, "many small establishments of multi-
establishment companies [are] excluded," and establishments with fewer than
250 employees "are selected with a probability which is proportional to their
size" (McGuckin and Pascoe, 1988).
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SIC Code Products

360 1000 Electronics

366 0000 Communications Equipment

366 2000 Communications Equipment except Telecom.
366 2070 Marine Electronics

366 2153 Marine Mobile Radio

366 2158 Air-to-Submarine Communciations Equipment
366 2431 Air Navigation Equipment, LORAN

366 2460 Marine Navigation Equipment

366 2470 Underwater Navigation Equipment

366 2540 Radar Systems and Equipment

366 2544 Ship-Based Search and Detect Radar
366 2552 Airborne and Space Tracking Radar

366 2557 Airborne and Marine Instrument Radar
366 2570 Sonar Systems

366 2571 Sonobuoys

366 2573 Submarine Sonar

366 2574 Anti-Mine Sonar

366 2576 Oceanographic Sonar

366 2578 Sonar Checkout and Support Equipment
366 2600 Signal Processing Equipment

366 2730 Electronic Geophysical Equipment

366 2740 Electronic Oceanographic Equipment
367 9917 Acoustic Transducers

381 1100 Aeronautical and Nautical Instruments

Figure 6: Standard Industrial Classification (SIC) Codes Relevant to Marine
Electronic Instrumentation Products.

(and the marine industry in general). These are (1) the military, (2)
offshore oil and gas, (3) recreational and commercial boating and shipping,
and (4) scientific and oceanographic activities (including environmental
monitoring). Although there is some overlap between these sectors, both in
terms of products and in terms of companies, the distinctions have proven
useful in describing this industrial field. The end use sectors are discussed
in greater detail in Chapter 2.

As marine instruments span end-use sectors and are employed
internationally, so too they are used in related marine applications by
several U.S. agencies (including the Navy, NOAA, National Science Foundation
[NSF], Coast Guard [USCG], Army Corps of Engineers [ACOE], Department of
Energy [DOE], Envirommental Protection Agency [EPA]). Some initial steps
toward understanding the extent to which goverrment agencies influence the
performance of firms in this field are taken in Chapter 3.

1l.4. Historical Review.

1.4.1. Origins and Industry Development. Identification of the first
use of a marine electronic instrument is clouded in time and, in any event, is
bound to be somewhat arbitrary. Electrical lights were introduced on some
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ships in the latter part of the nineteenth century, and, to the extent these
were used for signalling purposes, they might qualify as electronic
instrumentation (Hezlet, 1975). It is not clear, however, that these were
specially designed for marine applications. Apparently Steadmore and German
colleagues developed a resistance thermometer for oceanographic applications,
also late in the last century, and this might be viewed as a primitive marine
electronic instrument (Vine, 1988). The first major introduction of clearly
electronic instrumentation explicitly for marine use, however, appears to have
been radio.

Guglielmo Marconi publicly demonstrated wireless telegraphy in England in
1896, and the company he established the following year to market the new
technology was oriented primarily toward shipping firms and marine
communications. In an effort to cultivate demand in the United States,
Marconi used his wireless in 1899 to report on the America Cup Races from the
yacht MACKAY-BENNEIT for The New York Herald. Days later, the U.S. Navy made
its first test of the technology on the ships MASSACHUSETTS and NEW YORK in
New York Harbor. Although the Navy was relatively slow to adopt radio,
primarily because it embarked on an extended period of supplier competitions
and because of internal organizational indifference, both the Cunard and White
Star Lines began placing the devices on their ships in 1900. In response to
the TITANIC disaster in 1912, Congress enacted the Radio Act3, which greatly
increased the Navy role in radio communications (Douglas, 1985).

By intensifying demand for better hazard-warning devices, the TITANIC
disaster also hastened development of two other fundamental marine electronic
technologies, radar and sonar. In 1914, U.S. Navy wireless operators were
able to demonstrate that radio could be used to locate enemy ships (Douglas,
1985). As early as 1904, the German engineer Christian Hulsmeyer had obtained
patents in several countries for a radio echo device to prevent ship
collisions, but it was not until the 1930s that radar as we now know it began
to emerge. The French had devised an iceberg detector in the mid-1930s for
the liner NORMANDIE, and the Submarine Signal Company in the United States had
disclosed a complete radio-based detection and ranging system by 1930. The

3 The early "Radio and Communications Acts" are found at Ch. 379, 36
Stat. 629 (24 June 1910) and Ch. 287, 37 Stat. 302 (13 August 1912).
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British devised a practical microwave system in 1940, and the U.S. Navy coined
the term 'radar' in 1942. Application and refinement of the technology took
off during World War II, and several manufacturers in England and America were
marketing simple commercial systems for coastwise navigation immediately after
the war.

The development of sonar followed a similar pattern. A 1889 report by
the U.S. Lighthouse Board noted the promising studies of underwater bells and
microphones by Professor Blake at Kansas, but no action followed. In 1901 the
Submarine Signal Company was established to promote underwater bells as hazard
signals, and by 1912 hundreds of transatlantic ships were equipped with
receivers for a worldwide network of bells (Fay, 1963). In England, L.F.
Richardson filed a patent for airborne echo ranging five days after the
TITANIC sinking, and a month later he applied for a patent on its underwater
analog (Urick, 1983). The TITANIC tragedy also convinced R.A. Fessenden at
the Submarine Signal Company that his oscillator echo sounder could be used
for detection and ranging. This was proved in a 1914 test on the Coast Guard
Cutter MIAMI, detecting an iceberg at 2 miles and establishing the ability to
generate and read echoes from objects in the water and from the bottom (Fay,
1963) . The French physicist Paul Iangevin used a vacuum-tube amplifier in an
experimental sonar system in 1917 and so is credited with the first
application of modern electronics in underwater sound equipment (Urick, 1983).
Meanwhile, the Submarine Signal Company had been joined by GE and Western
Electric to develop antisubmarine warfare sonar applications for coastal
defense, but practical results were not obtained until after WWI. The first
practical echo sounders were introduced in 1919 with the Hayes sonic depth
finder. And widespread availability of the Submarine Signal Company
Fathometer followed its first commercial installation on the BERKSHIRE in
1924. Thermal distortions of sonar signals led Athelstan Spilhaus to develop
the first bathythermograph in Woods Hole in 1937, just in time for useful
deployment and refinement in World War II (Spilhaus, 1987).

The history of the introduction of radio, radar, and sonar as marine
electronic instruments is especially instructive for our purposes because it
highlights several features of importance in today's industrial dynamics: (1)
the prevalence and vigor of international competition; (2) the limited
usefulness of patent protection; (3) the manner in which the technology may
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span several important end use sectors; (4) the crucial importance of the Navy
as a dominant customer and influence on industry evolution; and (5) the
effects of nationalistic interests in governmental intervention.

Although marine electronic instrumentation in its broadest sense can be
traced back to the turn of the century, the modern era of marine electronic
instrumentation in the United States may be dated as beginning in the late
1950s and early 1960s. Rapid developments in electronics, coupled with a
strong interest in the marine frontier and potential uses of the oceans for
food, living space, and energy, helped to bring forth a number of small firms
of the "instrumentation shop" variety that specialized in oceanographic
sensors and systems. At that time, the dominant customer and driving force
behind marine electronic instrumentation technology was the government (Figure
7), both in its military and in its civilian operations (PSAC, 1966).
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Figure 7: Federal Support for Marine Science and Technology, 1950-67.
Source: PSAC (1966).

Especially in its civilian research functions, the govermment was willing to
buy "at least one of almost anything" in its effort to further the
understanding of the oceans. This first heyday of marine electronic
instrumentation firms culminated in the publication of the Stratton Report and
the establishment of NOAA, illustrating well the ambitious marine objectives
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of that decade.

Following closely on the heels of the awakening public interest in the
oceans, a boom in offshore energy activity occurred, starting earlier in the
Gulf of Mexico and moving quickly to the North Sea and elsewhere (Holcott and
Purser, 1983). Many of the firms that had gotten off the ground by selling to
the govermment and research institutes quickly switched their focus to the
offshore oil and gas sector, and applied their technologies to the problems
and demands of this new major customer. Yearend orders for tankers increased
substantially during this period (Figure 8), as it became increasingly
profitable to move large volumes of crude oil from producers to refineries.

13
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Figure 8: World Tanker Orders, 1961-88. Source: Champness and Jenkins
(1985) .

The government business did not decline during this period, but continued to
increase, at least until the late 1970s, when civilian government-sponsored
research began to tail-off (Figure 9).

The offshore business was lucrative for marine electronic
instrumentation firms until the price of oil dropped precipitously in the
early 1980s, and energy companies' budgets for marine exploration and
development of electronic products and services declined similarly (Figure
10). This time, the marine electronic instrumentation business experienced a
severe shakeout, the effects of which are continuing to be felt today. In a
limited sense, the field is back to where it started in the 1960s, dependent
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to a large extent upon govermment-initiated research funding and procurement
budgets. Yet there now exist thirty years of experience, a history of
technological development, and spinoffs from technological advances in other
fields. All these have changed the shape of the industry and have affected
its future potential.

For some firms at least, a new major customer was found in the military,
as the U.S. Navy increased R&D (Figure 11) and began to look harder at proven
civilian technologies for their changing needs, particularly in the field of
antisubmarine warfare (ASW). Even with this growth, however, a forthcoming
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Figure 11: U.S. Navy RDT&E Expenditures, 1961-88. Source: OMB (1961-87).

study by the Office of Business Analysis in the Commerce Department expects
that, based upon congressional budget estimates, there will be little or no
future growth in the defense electronics field generally (NNUT, 19 Sept.

1988) . Whether ASW electronics will follow the same projection is problematic
at this point. Sales in the recreational boating sector have risen
dramatically in the 1980s (Figure 12), however, stimulating to a significant
extent sales of marine radios, navigational equipment, fishfinding sonars, and
other commercial/recreational items. Finally, future growth is expected
especially in the area of environmental monitoring and oceanographic research,
where increases in consumption of chemical analyzers, water quality
instruments, computers, and ocean data collection buoys are anticipated
(Woodsum, 1988) .
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Figure 12: U.S. Retail Boating Expenditures, 1964-87. NMMA (1987).

1.4.2. The Stratton Commission Report. Twenty years ago, the Commission
on Marine Science, Engineering and Resources ((MSER or "Stratton Commission™)
was in the process of preparing a comprehensive review of the U.S. ocean
industry and ocean policy. Published in 1969, the Commission's report (CMSER,
1969) included recommendations that led, among other things, to the
establishment of the National Oceanic and Atmospheric Administration (NOAA).
In several instances, the report, and its accompanying panel reports
(CMSER/PR, 1969), address issues faced by the marine instrumentation field.
As its twentieth anniversary approaches, the Stratton Commission's Report
provides an interesting starting point for this study of the marine electronic
instrumentation industry.

At the time of the Stratton Commission's efforts, advances in marine
technologies were driven largely by the Navy. The Commission realized that
extraordinary breakthroughs had been made by military research and that
important technologies had been spunoff to benefit civilian applications in
such areas as naval architecture and marine propulsion. The Commission
concluded, however, that other areas of civilian technology and fundamental
(non-mission oriented) technology had not received enough attention.

The Commission noted that remote sensing platforms and instruments,
including expendable free-fall and self-propelled/remotely—guided
instruments, provided inexpensive techniques for exploring the oceans. As of
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1968, however, it found that progress in oceanographic sensors had been
largely a pioneer effort and had not yet eliminated a "high failure rate."

The Commission called on NOAA to "take the lead in fostering a wide variety of
instrumentation development programs required for ocean exploration" (QMSER,
1969, pp. 180-181).

The Commission's Panel on Industry and Private Investment found that
"much of the National investment in ocean programs now and in the foreseeable
future will be devoted to measuring the characteristics of the marine
enviromment" and that reliable, accurate instruments were necessary for this
objective. This Panel expressed concern about the performance characteristics
of marine instruments:

Most ocean programs have been limited in both staff and budget. As a
result, specific program objectives are often compromised and only
limited instrumentation is procured. Unlike conditions in many other
non-oceanographic programs, such as the space program, ocean instrument
specifications are often minimized, meaningful quality assurance programs
are largely nonexistent, and service and maintenance manuals and other
documentation are often inadequate to meet basic user needs. . . .

Past experience shows that user demand for a particular type of ocean
instrument is generally for a limited quantity of highly complex
instruments, often requiring custom design. In such cases, manufacturing
does not lend itself to mass production, one factor that has allowed the
small, technically oriented firm to compete favorably with large
corporations. Although large capital facilities are not always essential
to produce marine instruments, expensive facilities are often necessary
for development and qualification testing (emphasis in the original)
(CMSER/PR, 1969, pp. V-46-47).

The Panel suggested that the federal government change its procurement policy for
oceanographic instruments, so as to pay less attention to initial costs, and place
greater emphasis on total costs associated with of the collection, processing and
use of data. The Panel report states that:

[u]lnder present conditions, instrument manufacturers frequently do not
have adequate incentive to develop equipment or systems that will be more
cost-effective to the user. This need not be, since industry can produce
reliable equipment at costs commensurate with high quality. Until
procurement policies are changed, many instruments of inherently poor
quality will continue to be procured on a low-bid basis (MSER/PR, 1969,
pp. V-47-48).

The Panel recommended that these changes be initiated as soon as possible by the
Navy but that the testing and standardization function should ultimately be taken

on by a civilian marine agency.
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International competition in marine instrumentation was not a major concern
of the Commission. Its Panel on Marine Engineering and Technology touched briefly
on the subject in its discussion of the interrelationships among economic sectors
in the marine field:

U.S. marine technology developments should consider both internmational
campetition and cooperation. Where consistent with the national
interest, programs should encourage increased cooperation and data
exchange among ocean scientists and engineers of all nations. The U.S.
should consider advanced marine technology as a prime export product and
as a foreign aid tool to assist developing countries to strengthen their
capabilities for using the ocean and its resources as a means to
economic progress (emphasis added) (CMSER/PR, 1969, pp. VI-20).

Although the Commission did not undertake a systematic industry study of the
marine instrumentation sector, it did note some of the relevant features of the
associated products and firms. Several of the Commission's observations continue
to hold true today. For example, the presence of large aerospace firms in the
marine sector has increased and the role of small, specialized companies in the
development and manufacture of instrumentation has continued to be important.
Since the Stratton Report was published, however, other aspects of the industry
clearly have changed. Both the importance of the offshore oil and gas sector
during the 1970s and stronger international competition in the marine electronic
instrumentation field as a whole have helped to improve the quality of marine
instrumentation at home and abroad.

Other national studies (Figure 13) have made similar observations, but none
has examined or even attempted to characterize the supplying industry. The
majority of federal govermment studies have expressed concern primarily about the
capabilities and quality of instruments for basic research purposes. For example,
in 1981, the congressional Office of Technology Assessment (OTA) analyzed
technologies for govermment-sponsored oceanography. One of OTA's most interesting
findings was that high quality instrumentation was available when its development
and use had been supported over long periods of time (OTA, 1981). Another OTA
report, concerned primarily with the exploration of marine minerals, devoted
extensive attention to the description of several kinds of marine electronic
instrumentation technologies but drew no conclusions about the industry that
supplies them (OTA, 1987).
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1.5. International Nature of the Marine Electronic Instrnumentation Markets

Competition and trade in the marine electronic instrumentation business is
largely international in nature. This is due in part to the global similarities
of the marine envirorment and in part to the high technology quality of the
products. In the most relevant ways, the marine enviromment is the same the world
over (especially beneath the surface), so that an instrument developed for use in
one location may be equally useful on the other side of the globe. The offshore
oil and gas and the ocean shipping industries are truly international users of
marine electronic instrumentation, literally carrying and utilizing the same
equipment all over the world. Like other high technology products, furthermore,
marine electronic instrumentation is used throughout the world but manufactured
only in certain nations. A high ratio of product value to transportation costs
further contributes to the international character of trade in marine electronic
instrumentation. This international market seems to apply to all four end-use
sectors identified above; and internmational competition in this field appears to
be on the increase, particularly in the military sector.

The sea presents the same challenges to all who use or study it; and because
the community directly engaged in such use or study is small relative to other
occupations, it generates a fairly concentrated, homogeneous set of attribute
demands for marine instrumentation products that do not vary a great deal from one
country to the next. Companies producing marine electronic instrumentation are
found throughout the developed nations of the world. Because their products are
sought by nonproducing nations as well (for example, by virtue of the
jurisdictional rearrangements established by the United Nations Convention on the
Iaw of the Sea and domestic laws), international trade in these products is a
natural consequence.

1.6. Size of the Marine Electronic Instrumentation Sector Within the
Marine Industry.

The world marine industry, broadly defined, presently contributes on an
annual basis about $400 billion to world production. This includes military,
shipping, boating, fishing, mineral resource, and scientific sectors and uses.
The U.S. share of this world market is on the order of $130 to 140 billion. By
far the greatest part of this, especially in the United States, is accounted for
by the military uses of the oceans. Figure 14 depicts the world and U.S. markets,
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divided into the four major end use sectors. The U.S. "military" figure of $100
billion reflects the approximate size of current annual Navy budgets; the
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World Marine Market Sectors U.S. Marine Markel Seclors

Figure 14: Size of World and U.S. Marine Market Sectors. Source: see text.

corresponding world figure of $300 billion is an approximation based on the
relative sizes of U.S. and world naval forces. The "offshore" figures for the
United States and the world represent annual marine oil and gas revenues. U.S.
"recreational and commercial” expenditures are based on data from the National
Marine Manufacturers Association and estimates of commercial shipbuilding
activity; the world figure is an approximation based on the U.S. expenditures.
Finally, the U.S. "scientific" figure is based on NOAA's annual budget; the world
figure is, again, an approximation based on U.S. scientific budgets.

out of the total U.S. marine market, electronic instrumentation appears to
account for between 2 to 4 percent, or roughly $2 to 5 billion. The lower value
is based on an analysis of expenditures on marine electronic instrumentation by
the four end-use sectors within the U.S. (Figure 15). The higher value has been
derived from a tabulation of U.S. production (shipments) of marine electronic
instrumentation (from U.S. Census Bureau [BOC] SIC data) and a preliminary
analysis of import/export figures (U.S. International Trade Commission [ITC] data)
(see discussion below). No similar analyses have as yet been performed for the
world markets. Extrapolation from U.S. data suggest, however, that an upper bound
for the size of the world marine electronic instrumentation market might be on the
order of $10 billion.

The U.S. market sector size estimations in Figure 15 are based on
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procurement budgets, or estimates thereof. The $2 billion "military" estimate is
derived from actual Navy budgets, as shown in Figure 32 in Section 3 below. The

Scientifc
£100 milion
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Figure 15: Size of U.S. Marine Electronic Instrumentation Market Sectors.
Saurce: see text.

"offshore" estimate is based on reported U.S. marine geophysical shipments (SIC
tabulations) of about $160 million, and world offshore oceanographic
expenditures ($10 million) and geophysical expenditures ($500 million). It should
be noted that these estimates are made for a period of relatively low oil prices
and, consequently, relatively little offshore exploration activity. The potential
contribution of the offshore sector is much greater, as indicated by historical
data from the last major oil boom. The "recreational and commercial estimate of
$0.5 billion has been calculated based upon discussions with industry
representatives, and the "scientific" estimate figure is an approximation based
upon NOAA budgets. Taken together, the "demand side" estimates in Figure 15
indicate a U.S. marine electronic instrumentation market of approximately $3
billion. As we discuss below, this may understate the true national market size.
Figure 16 shows an estimate of the corresponding "supply side." Here, we
list and sum the estimated U.S. shipments of marine electronic instrumentation,
based on raw SIC data shown (along with some historical time-series) in Figure 17.
Before comparing the "shipments" total (a measure of U.S. production) to the U.S.
market (consumption), net exports must be subtracted from the former. Figure 18
shows some of the U.S. trade balance information for marine electronic
instrumentation. Although incomplete, these import/export data seem to indicate a
balance, implying negligible net exports. Thus, the "supply side" total from
Figures 16 and 18 appears to exceed substantially the "demand side" total of

Figure 15.
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This discrepancy may be due to several factors. The procurement estimates
used for Figure 15 are probably low, especially in the military

SIC Code Products US Shipments, $m
3662150 Marine Mobile Radio Systems (est half of "air and manne”) 20
3662154 Marine Moblle Base Stations (est 10% of “air, marine, and ground~) 21
3662164 Marine Mobile Vehicular ttrcv (est hall of “air and maring®) 5

Marinay Radio, est. total 46
3662544  Manne Ship Radar 1323
3662564 Marine Tracking Radar 253

Marine Radar, total 1576
3662552 Surface Ship Sonar (incl. ASW) 508
3662553 Submarine Sonar (incl. ASW) 1081
3662555 Arborne Sonar 350
3662558 Blectronic Support Equipment for Sonar 342

Sonar, total 2281
36625186 Ship Surface Navigation Systems (est. 80% of "ship and ground”) 250
3662517/8 Underwater Navigation Systems and Electronic Support for Nav. Sys. 810
3811125 Nautical Instruments excl. equipment under 36625 90

Marine Navigation, est. total 1150
3662551 Marine Meteorological Electronics (est 10% ol "Met Elec. and Rad. Astro.”) 11

Marine Meteorological, est. total 11
3662559 Marine Geophysical Elec. Equip. (est. hall ol "Geophys. Elec. Equip.”) 160

Marine Geophysical, est. total 160
3662513 Bec. UW Countermeasures Equip. (est. B0% of "elec. and other”) 230

Other ASW and Countermeasures, est. total 230

Estimated Grand Total, '85 Marine Electronic Instrumentation 5454

Figure 16: 1985 U.S. Shipments (Production) of Marine Electronic
Instrumentation. Estimates adapted fram Bureau of the Census
(Aug. 1986).

category: purchases under classified programs may not be included in the published
procurement budget categories. Also, the shipments in Figure 16 may be slightly
inflated in an absolute sense (as a result of estimation procedures, see
parenthetical notes in Figure 16), and may be high relative to the numbers in
Figure 15 because "support equipment" is included in the SIC data. Finally, the
net exports determination from Figure 18 is probably understated, because ITC
reports only the import and export of those products on which tariffs are levied,
which may not include significant amounts of govermment sales of military
equipment to foreign nations. It is likely, therefore, that the true U.S. market
size of the marine electronic instrumentation sectors lies somewhere between the
values suggested by these two analyses.
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U.S. imports U.S. Exports

Products Import # 'B7, $mm Export # '87, $mm
Radar Apparatus designed for Boat or Ship Installation 685.6021 29.9 685.6021 38.8
Radio Navigation. Aid Apparatus except Radar, reception only 685.6041 17.4 685.6045 12.3
Radio Navigation. Aid Apparatus except Radar, other 885.605 26 685.6052 25.7
Marine VHF Radio Transceivers 685.2441 26.5 not listed - -
Depth-Sounding Apparatus* 710.102 68.4
Other Navigational Apparatus, Electrical/Electronic® 710.105 383
Mateorological and Hydrological Instr., Electrical/Electronic* 710.182 25.3
Geophysical Instruments, Electrical/Electronic* 710.282 295

* values are for 1986 (not 1987)

Figure 18: Selected Import/Export Data an Marine Electronic Instrumentation,
1987. Saurce: U.S. TTC, custam camputer reports.

Figure 19 shows the relationship between the three elements of the industry
definition discussed above, as well as their relative sizes.

“Elecironics”
§400-500 billlon

“Instrumants®
approx. $250 billion

Marine
Electranic
Instrumentation

“Maring®
approx. $400 bilken

Figure 19: A Graphic Definition of Marine Electronic Instrumentation, showing
the approximate world market size for each of the three sectors.
Source: see text.

Worldwide instruments production is on the order of $250 billion annually, based
on SIC code 38 reports of U.S. instruments shipments of $61 billion in 1986.
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World electronics production now lies somewhere between $400 and 500 billion per
year, and the world marine market, as mentioned previously, is on the order of
$400 billion. The overlapping areas indicate the intersections between these
markets: electronic instruments, marine electronics, "manual" marine instruments,
and, in the center, marine electronic instrumentation.

Under the definition adopted for this report, it appears that "marine
electronics" and "marine electronic instrumentation" are almost synonymous; it is
difficult to identify "marine electronics" that cannot also be qualified as
"instrumentation," whereas it is relatively easy to find examples of
nonelectronic marine instruments. For many market participants, however, the term
"marine electronics" refers to a more restricted line of products (generally
including electronic support equipment for navigation and communication) primarily
consumed by the commercial and recreational end-use sector, so we adhere to the
more cumbersome and broader terminology of marine electronic instrumentation.

1.7. Methodology and Scope of this Study.

The purpose of this study has been to generate a broad description of the
industrial field of marine electronic instrumentation. To this end, we reviewed
the relevant literature (including marine trade and scientific journals and works
on international trade and competitiveness) and conducted a number of interviews
and discussions with industry and govermment representatives. These contacts
included site visits to marine electronics firms on the west and east coasts of
the United States, discussions with internmational industry representatives at the
Oceanoloqgy 88 Conference in Brighton, England, and interviews with U.S. Commerce
Department and Navy Department officials, as well as the meetings of the Marine
Instrumentation Panel at Woods Hole.

The goal of this approach is to produce a fairly comprehensive, qualitative
overview of industrial organization in this field and to identify those features

that merit more detailed examination.

The remainder of the report consists of three chapters, followed by a set of
appendices. Chapter 2 presents a structural overview of the U.S. marine
electronic instrumentation "industry," focusing on broad descriptions of the
firms that populate the broadly defined industry groups in MEI. It describes
product and end-use sectors, the "spawning ground" phenomenon in locations near
national research centers, and the nature of firms predominantly active in each
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product market. Chapter 3 focuses on the institutional parameters affecting
competition in the internmational marine electronic instrumentation business,
describing the components of U.S. domestic "industrial policy" (especially those
that influence R&D in the high technology marine electronic instrumentation field)
and the conditions of internmational trade (including export controls and nontariff
barriers to trade). Among the most important factors affecting high technology
industries are the characteristics of the pathways by which technology is
transferred from its source and the extent to which govermments accelerate or slow
this flow of technology in the interest of "competitiveness" (Guile and Brooks,
1987) . Accordingly, Chapter 3 presents a preliminary discussion of the pathways
by which MEI technology is transferred among industrial sectors and nations.
Chapter 4 briefly presents the principal conclusions of this study. The appendices
list the products, U.S. companies, and foreign companies used in the analysis, as
well as categories of items subject to U.S. export controls, acknowledgements, and

references.



18 A Structural Overview of the U.S. Marine Electronic Instrumentation
"Industry"
2.1. Industrial Organization Analysis.

Before we present our findings on the structure of the U.S. marine electronic
instrumentation "industry," it is useful to review briefly the basic concepts of
the structural analysis of industries in general, and point out some of the
difficulties and caveats associated with the application of such an analysis to
marine electronic instrumentation.

2.1.1. Introduction and Basic Concepts. Traditionally, industrial
organization economists have employed a "structure—conduct-performance" framework
to analyze the way an industry is organized and how its organization is likely to
affect competition among its members and its ultimate efficiency and service to
customers. The motivating idea for this approach is that structure--consisting of
the number and size distribution of producers and customers, the extent of product
differentiation, conditions of entry, and the degree of vertical and conglomerate
integration--shapes industry conduct, which, in turn, determines the industry's
performance. Conduct refers to the behavior of firms in the industry in such
areas as pricing, overt or tacit cooperation among producers, capacity formation,
product and technology selection, research and development (R&D) commitments and
direction, legal and regulatory tactics, etc. The principal elements in an
industry's performance are the extent to which price reflects the cost of
production (and particularly the last unit that consumers are willing to buy "at
cost") and the degree to which the industry is technically progressive in
developing and implementing more efficient modes of production.

The expected influence of industry structure on conduct and performance is
fairly straightforward and well-understood in the limiting cases of monopoly and
pure competition in mature industries. But in the more often encountered small-
numbers case or one of its variants, the theoretical expectations become more
muddled and likely behavior more complex. The situation is complicated further
when the industry is newly-emergent or in a dynamic state of development and when
national goverrmments intervene in pursuit of extra-commercial goals.

Problems encountered in attempting a conventional static structural approach
to such complicated cases have led to increased emphasis on the dynamics of
industry behavior and the evolution of industry structure over time. In this more
recent work, firms engage in strategic behavior that is explicitly intended to
anticipate and/or influence the behavior of other firms. Industries are often
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treated as composed clusters of firms or “"strategic groups," occupying similar
niches in the industry or engaged in similar competitive strategies. Thus, the
somewhat static view of industrial organization afforded by conventional studies
of industry structure has been enriched by the emergence of a new thecretical and
analytical literature addressing exactly such questions as:
e what factors determine the emergence of new industries and shape the
evolution of their structures

e vwhat are the contexts in which strategic motivations and behavior
are most likely

® how strategic motivations and behavior can affect the competitive play
in a market and dynamic characteristics of the market's performance

e what are the effects of various forms of governmental involvement on
competition over time and on the development of industry structure

e and what are the factors determining the intensity and distribution
of research and development (R&D) effort and subsequent
innovation.

2.1.2. BApplications to Marine Electronic Instrumentation. The marine
electronic instrumentation industry lacks clear boundaries and does not lend
itself easily to distinct identification and definition. Strictly speaking, the
field of marine electronic instrumentation manufacturing is best viewed as a group
of related and overlapping industries rather than as a distinct industry defined
by a high cross-price elasticity of demand for its members' various outputs.
Because of a common operating environment, shared technical problems, mutual entry
capabilities, overlapping customer pools, and professional linkages, however, it
makes sense for our purposes to treat these industry groups as a loosely-defined
single industry.

Much of the data we have gathered on these firms are preliminary or
approximate. Existing sources of data, such as those collected and published by
the Bureau of Census and the International Trade Commission, are of limited use
because, in most cases, they are not organized to generate data specifically on
marine electronic instruments. The lack of previous systematic studies of marine
electronics firms probably is due at least in part to the lack of a cchesive,
well-defined "industry" that encompasses all marine electronics. For whatever
reasons, it has become clear that our study is the first concentrated effort at a
comprehensive economic analysis of this field.
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2.2. Overview: Firms Serving the Marine Electronic Instrumentation Markets.
As discussed in Chapter 1, the market for marine electronic instrumentation

can be divided for heuristic purposes into four end-use sectors: (1) the
military, (2) offshore oil and gas, (3) recreational and commercial shipping and
boating, and (4) scientific and oceanographic activities (including "environmental
monitoring”). To some extent, marine electronic instrumentation firms can be
distinguished or grouped by the end-use sectors that they serve. As we will show
below, these firms can further be distinguished by the product types they produce
for or within their end-use sectors. By examining the companies' activities in
both dimensions simultaneously, we are able to distinguish several rather distinct
groups of firms serving the marine electronic instrumentation markets. The
discussion in the following sections is organized by these groups of firms.

2.2.1. The Product and End-Use Sectors. The various products which marine
electronic instrumentation firms produce can be grouped into five major
categories: (1) sensors, (2) data management products, (3) "support" products,
(4) services, and (5) large military systems. "Sensors" are the tools which work
in and around the marine enviromment to extend the human senses and generate
cbservations and raw data. "Data management products" include items that
transmit, store, and manipulate the data generated by the sensors. "Support
products" are navigational and communication tools that are not so much an end in
themselves, but are used in support of other marine activities, such as carrying
cargo from one place to another, or maneuvering an ROV toward an oil pipeline.
"Services" encompass the activities of firms that do not necessarily generate
physical products, but instead help in the design or evaluation of products, or
use such products to conduct marine surveys, to precisely position an offshore
platform, etc. "ILarge military sys " merit a category of their own; although
they usually consist of sensors, data processing, and/or support components, they
differ from other marine electronic instrumentation in their size, scope, and
mission, as well as in the nature of the firms that produce them. (See Appendix A
for a listing of marine electronic instrumentation products under each of these
categories.)

Many of the products comprising marine electronic instrumentation are used in
two or more of the four end-use sectors. This situation is illustrated by Figure
20, which depicts the four end-use sectors (while not exactly to scale, the
circles do illustrate the relative sizes of the end-use sectors) and gives a
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qualitative idea of their overlapping product coverage. For instance, simple

Commerclal/Recreational

Offshore
Oil and Gas

Figure 20: Overlapping End-Use Sectors in Marine Electronic Instrumentation.

acoustic transducers are likely to be found at the intersection of all four
circles, since they are part of many marine instruments. Specialized marine-
geophysical instruments might be found in the intersection of the Scientific and
Offshore 0il and Gas sectors, while fishfinders would probably exist only within
the Commercial/Recreational field. Taken individually, the end-use sectors and
the product types do not point to any clear—-cut or convenient break-down of the
firms serving the marine electronic instrumentation markets.

2.2.1.1. Major Groups of Firms. The inter-meshing of end-uses and product
types is better resolved by the illustration in Figure 21. In this figure, the
end-use sectors and product types (minus "military systems") form a grid. Any
firm serving the marine electronic instrumentation markets can be characterized by
its coverage of certain parts of this grid, depending on its line of products and
its range of customers.

We have found that the great majority of firms active in marine electronic
instrumentation fall into one of four kinds, as indicated in Figure 21. One group
of firms are those that traditionally consider themselves to be in the
"oceanographic, " "envirommental monitoring, or "offshore energy" business. These
are characterized in Figure 21 as "shops" because of their characteristic "garage
shop" origins and their relatively small typical size. A second group are large
military systems contractors; these are frequently divisions of even larger,
diversified companies, and focus narrowly on military and/or large energy-related
systems. A third group are those traditionally referred to as "marine
electronics" firms: companies serving the commercial and recreational markets
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Figure 21: The Four Marine Electronic Instrumentation Industry Subgroups.
The "Military,"™ "Marine Electronics," "Instrumentation,™ and
"Service" subgroups are shows as geametric blocks, indicating by
their shape and extent the cambination of products mamufactured
and end-use sectors served.

for marine navigation and commnications products. Finally, there are the service
firms, shown in Figure 21 as three semi-distinct sub-groups: those specializing
in military consulting and R&D, those focused on the offshore oil and gas
business, and those specializing in academic research. Each of these groups is
discussed in more detail in the sections that follow.

Some general remarks can be made about the "industry" as a whole. With some
variations by the sectors served, the marine electronic instrumentation industry
is generally very competitive both in its structure and its behavior. Among the
broad array of product lines represented, firms do tend to seek ocut
differentiated niches or specialties, but there are only modest barriers to
mobility across product lines. A relatively few firms dominate supply of large-
scale systems development for military applications, but sales to most end use
sectors are fairly broadly-distributed across a mumber of small and medium-sized
firms. Minimum efficient scale of operations in the industry appears to be low
(though there may be unrealized economies of scale in both R&D and manufacture)
and barriers to entry and exit are, for most product lines, de minimis. Most
firms in the industry offer a range of products and tend to be vertically-
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integrated from R&D through manufacturing and sales; over-the-counter retail
sales are important only in the recreational and commercial shipping and boating
sector and are handled there by an independent retail sales industry. Independent
sales representatives provide important marketing services for most firms,
especially in foreign sales. Demand for the industry's output is relatively thin,
in the sense that only a few items are mass-produced, and suppliers tend to deal
with a relatively stable set of end users who exhibit fluctuating levels of
product demand.

2.2.2. The Oceanographic/Environmental Instrumentation Shops. The
oceanographic/envirormental instrumentation shops are the archetypical
oceanographic instrumentation companies, often beginning as two- and three-man
operations out of someone's garage, and apparently "maturing" (on average) at an
annual sales volume below $10 million (their beginnings and lifecycles are
described further below). These firms serve most significantly the
scientific/academic commnities (research institutions, envirormental monitoring,
etc.) and the offshore energy exploration business. (A market study performed by
the Florida State University as part of the marine electronic instrumentation
project (Woodsum, 1988) indicates that marine pollution monitoring is by itself a
significant end-use sector). Their expertise is in the design and construction of
sensors (hydrographic, biological, geophysical, etc.) which they often combine
with data transmission and storage devices to assemble complete "data acquisition"
systems. An increasingly important element of this business is the development of
data analysis software, which is usually run on standard (occasionally
"ruggedized") PCs or minicomputers.

Firms in this category may sell predominantly to one or more of the end-use
sectors. As indicated in Figure 21, their major business is in the offshore and
scientific fields, with less significant sales volumes in the military and
commercial /recreational sectors. The element that "ties them across" the
different end-use sectors is sensor technology —- perhaps the central and primary
element of oceanographic/envirormental monitoring instrumentation. Few shops
produce only the sensors (this is more frequently done by divisions of larger
manufacturing firms, which make sensors or parts thereof); most combine them with
some data management scheme, and a few extend their line of products into the
"support" area with (usually acoustic) tracking and positioning systems, or
electronic charting systems. On the other hand, a few firms specialize in the
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data processing aspects of oceanographic systems, and do not produce any sensors.
This is also usually done by larger, information-systems firms for which the
marine applications are only one of many lines of business.

The recent sales of ROVs, and the associated tracking/positioning
technologies, to both the military and the commercial fishing sectors illustrates
the adaptability of these firms in following changing market conditions. For
further discussion of the inter-sectoral transfer of technology in ROVs, see
Chapter 3.

U.S. firms in this group obtain substantial shares of their revenues from
foreign sales (on the order of 50 percent). Independent sales representatives
play a significant role within the U.S., and an even more significant role
overseas. A strict, tacit respect for each others' market areas and client
relationships exists among the relatively small mumber of U.S. reps in this
business. The North American market can be divided into seven distinct sales
areas, listed here with the approximate number of reps in each area: California
and Hawaii (5 reps), Pacific Northwest (3), Gulf of Mexico (6), Washington DC (3),
New York (1), New England (3 to 4), and eastern Canada (1). Foreign
representatives tend to be more mumerous and are usually specific to the country
in which they do business.

Trade associations play a role mostly in the dissemination of technical
information. The Marine Technology Society (MIS) is the predominant U.S. trade
association for this line of business; many engineers within these firms are also
members of IEEE. The Society for Underwater Technology (SUT), based in England,
is the European counterpart to MIS, with a more internmational scope.

The industrial organization of the oceanographic/environmental
instrumentation group may be summarized qualitatively using the structure-conduct-
performance cornvention. The product market consists largely of sensors, data
storage/processing and tracking and positioning instruments. Geographically, the
market is international, with some national and even regional segmentation. On
the demand side, the market is thin and consists almost entirely of users who are
professionals in scientific, environmental monitoring, offshore exploration, and
military applications. Structurally, this group consists almost entirely of a
moderate mumber of small firms which specialize in various niches. This may be
described as a competitive, or more aptly (because of niches) monopolistically
competitive, structure. Entry is easy, there is only limited vertical integration
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and very little conglomerate integration. In terms of conduct, pricing is
competitively constrained, there is extensive niche-seeking, patents are rarely
employed, joint ventures have been rare, and independent sales representatives
play an important role in marketing. Customers can expect this industry structure
and conduct to keep price at competitive levels, but technological progressiveness
in this group appears to be surprisingly modest. The last observation, however,
requires further study.

2.2.2.1. Spawning Grounds and Lifecycles. In the United States and in
several European countries, the instrumentation shops are geographically
clustered around academic institutions that are active in marine research.
Figure 22 shows a map of the United States with circles representing the number
and concentration of oceanographic/envircrmental monitoring firms. The

Seattle Hiinols

New Orieans Area

Housion Area

Figure 22: Geographic Distribution of Marine Scientific Instrumentation Firms
in the U.S., showing the "spawning ground" phencmenon near Boston,
Houston, San Diego, and Seattle.

clustering effect around major centers of marine research is clearly evident:
large concentrations of firms are found in eastern Massachusetts (Woods Hole
Oceanographic Institution, Boston-area universities), in the Houston area (Gulf of
Mexico offshore, plus several universities active in offshore research), around
the Scripps Institution of Oceanography in southern California, and around the
University of Washington in the Seattle area. These firms are commonly founded by

engineers working at such institutions (or at another "garage" shop), who detect
the need for a non-available instrument or find a new design or production
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technique that shows economic promise. Start-up costs typically are low, perhaps
as little as $25,000. Research and development work may be supported by research
project funding through the academic institution, an SBIR grant, or other sources.
The proximity of an academic institution can also aid in initial marketing of the
product and in gaining its acceptance by the wider user community.

After one or two "original" products, these firms will often begin to
diversify into "standard" product lines already being manufactured by others, in
an attempt to gain market share and boost revenues. Because of the limited
markets for oceanographic products, total growth potential is limited, and firms
tend to find niches in particular product lines on which they concentrate their
efforts. Growth may also be limited by the managerial and marketing expertise of
the founding engineers. If one of these firms does become large and successful,
it begins to attract attention and is generally sold to/bought by a larger
electronics or defense firm, of which it then becomes a division or subsidiary
(examples: Neil Brown, Sippican).

2.2.3. The Commercial "Marine Electronics" Firms. This sector is the only
one in marine electronic instrumentation that can claim some sort of "mass
markets" and true high-volume production runs. Not surprisingly, it is also the
only one in which Japanese competition appears to be a somewhat serious factor for
U.S. firms.

Recreational and industrial/commercial marine radios, radar systems, radio
direction finders, Loran receivers, GPS receivers, weather fax machines, depth
sounders, speed indicators, and similar products represent a strong market,
especially in the U.S. where total recreational boating expenditures continue to
climb (see Figure 12). The U.S. firms involved in this business are, as a rule,
larger than the oceanographic/envirormental instrumentation shops, selling in the
tens of millions annually; occasionally, they are divisions or subsidiaries of
electronics giants. In recent years, several large electronics firms attempted to
enter this market with marine electronics divisions (examples include King,
Motorola, Mars, and Texas Instruments), but most of these attempts have been
unsuccessful .

The area where the products of these "support" oriented firms most closely
resemble those of the oceanographic shops (and where their sales may occasionally
overlap) is in fishfinders and related, acoustic-based instruments. However, the
differences in customers, marketing, packaging, and production volumes between the
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consumer marine electronics sector and the scientific/offshore field is so large
that no firms appear to "straddle" the boundary in any significant way. As in the
oceanographic/envirormental instrumentation business, the most successful marine
electronics firms appear to specialize in particular niches of the market.

Japan's Furuno and the United States' Raytheon are leaders in the
recreational and commercial radar business; Raytheon supplies most of the larger
vessel radars. Stephens Engineering Associates (now owned by Datamarine) is a
leader in side-band radio, while Japan's ICOM is a strong force in the VHF radio
sector. loran navigation eguipment is supplied by both U.S. and Japanese firms.

Digital depth and speed instrumentation is largely the province of U.S.
manufacturers. Fish-finders, a more sophisticated variation on the depth
sounder, represent a major part of the U.S. market in marine electronics: inland
bass-boat sales alone account for as much as one quarter to one third of the U.S.
market in retail marine electronics. ILargely because of the preferences of these
inland bass-boat customers, who are concentrated in the American heartland and in
the South, Japanese firms have not been able to make any inroads into this
lucrative market sector. Two well-positioned U.S. companies, Lowrance and
Humminbird, completely dominate this niche.

Marine electronics firms use in-house sales staff and independent reps, who
deal with as many as 300 distributors nationwide. These distributors in turn pass
the products along to thousands of marine shops, boatyards, and waterfront
marinas. Foreign sales are usually handled through appointed importers and
distributors in the client nations. Foreign sales percentages are not as high
here as they are in the oceanographic sectors, on the order of 10 percent; the
principal customers are Europe, Australia/New Zealand, and South and Central
America (including the Caribbean nations).

The National Marine Electronics Association (NMEA) serves as a trade
association for both manufacturers and dealers in this business, and is active in
the gathering and dissemination of both technical and marketing information.

Here, we qualitatively summarize industrial organization in the marine
electronics group. The product market includes certain sensors, data
storage/processing, and commnication/navigation support instruments. The market
is international but dominated by sales in developed economies and strongly
segmented by nationality in some product lines. The demand side is a broad and
dispersed market based largely on over-the-counter retail sales. Structurally,
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there are a smaller number of samewhat larger firms offering moderately
differentiated products. Overall, this structure is purely competitive, though
some firms do dominate certain product lines. Barriers to entry are low, there is
limited vertical integration and a moderate degree of conglomerate integration.
Pricing conduct appears to be competitive, patenting strategy is rarely employed,
there is distinct niche seeking, little effort at joint venturing in R&D and
manufacture, and marketing is mainly through well-established retail networks.
Subject to some sporadic or local strategic retailing behavior, prices can be
expected to approximate costs, and there appears to be moderate technological
progress.

2.2.4. The Iarge Military Contractors. As a rule, the producers of large
military systems for the Navy are $100 million-plus divisions of multi-billion
dollar high-technology defense contractors, which are often also involved in
aerospace work. These divisions tend to deal exclusively with the military, and
the size and complexity of their products makes it virtually impossible for
smaller firms to enter into direct competition with them. Their significance for
the small instrumentation shops lies in subcontracting, not in direct or indirect
competition.

Figure 23 shows the wide geographic distribution of U.S. military contractors
in the marine electronic instrumentation (systems) business. Some clustering
occurs in the Northeast and in southern California; and many of the names are
familiar members of the general defense, aerospace, and electronics communities.

Collins
Rockwell, 1O Raytheon, MA
Sippican, MA

Honeyweil, WA Raytheon, Rl

Norden Sysiems, CT

Bell Agrospace, NY
EDO, NY

Hughas, CA
Raytheon, CA
ITT, CA
QTE. CA
Litlon Bystems, CA
Amelek Straza, CA
Sclentific Atlanmta, CA
Rolm, CA

ITT Nutley, NJ
Diagnostic Ratrieval, NJ
RCA, NJ

Goud, MD
Westinghousas, MD
BM, VA

EDO Weslern, UT
Sperry, UT u i Sparry, FL 'ATST, NC

Motorola, AZ Emerson Electric, MG

Figure 23: Major Defense Contractors Supplying Marine Electronic
Instrumentation in the U.S. Adapted from Rowden (1987).
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Contracts for major systems are awarded by competitive bidding procedures;
this process is complicated by the relatively small number of capable military
systems contractors that can be sustained by defense business. Because the
Department of Defense appears to be moving away from a policy of contracting parts
of a large system to various firms, and instead is seeking single prime
contractors to manage the entire project, with overall integration responsibility
for a particular system, the "competitors" in the defense market increasingly are
teaming-up to bid on large contracts. The stakes in this game are gigantic; major
system contracts come up in cycles of only ten to twenty years. Those firms that
do not win a prime contract must therefore attempt to work as subcontractors to
the winning teams (see: section 3.1.5. below). This "teaming" is expected to
becomeeven more significant in the future, and soon may extend past national
boundaries. An ongoing Commerce Department study is predicting little or no
growth in the defense electronics field through the end of this decade, and an
anticipated shakeout in the world military electronics business has industry
representatives from many nations pursuing the idea of increased international
"collaboration" (NNUT, 19 Sept. 1988).

One class of defense electronics that is expected to remain well-funded in
the future is also the biggest class of sales in the marine electronic
instrumentation field: anti-submarine warfare (ASW) systems, which make
extensive use of marine electronic instrumentation, and integrated
navigation/communication/battle management systems. Figure 24 shows graphically
the trends in U.S. shipments of sonar equipment, a major component of ASW systems
(the corresponding mumerical data can be seen in Figure 17). ASW funding in the
U.S. is dominated by General Electric (about 50 percent) and IEM (about 25
percent), with Hughes, EDO, Magnavox, Sippican, Sparton, Bendix, and the Canadian
Commercial Division of Hermes Electronics making up most of the remainder. These
percentages only reflect prime contract awards, however, and consequently do not
indicate accurately the final distribution of ASW work. Raytheon's Submarine
Signal Division, for example, is a major player in the U.S. ASW market, but does
not appear in the funding breakdown because at this time, the Division does much
of its work as a subcontractor to General Electric and IBM.

ASW, and military marine electronic instrumentation generally, is also an
international business; some U.S. defense contractors export as much as 25
percent of their products to foreign navies. England, France, and West Germany
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Figure 24: U.S. Shipments of Sonar Products, 1967-85, in millions of 1987
dollars. Source: Bureau of the Census (Aug. 1986).

are among the top international competitors in the ASW business; the leading
players include Thomson (France), Plessey and Ferranti (England), and Krupp
(Germany). Sales of military electronics instrumentation to foreign customers
often proceed under Foreign Military Sales (FMS) procedures (see: section 3.1.5.
below) .

The industrial organization of the large military contractor group thus is
distinctly different from the previous two. Here the products are highly complex
and sophisticated, typically unique, electronic systems purchased in huge lumps
(requiring multi-year development and production time) on an intermittent and
infrequent basis by a single (DOD) or small number (foreign navies) of dominant
customers. Not surprisingly, the structure of this group is quite concentrated,
with a small number of giant organizations sharing the market as rivals,
subcontractors, and sometimes partners. Structurally, this is an oligopoly. The
product is highly differentiated, typically customized. Barriers to entry are
moderate to high, vertical integration is moderate, and conglomerate integration,
while not always pure, is moderate to extensive. In terms of conduct, pricing is
complex and expressed through complicated small-numbers bidding on large contract
offerings. Patents do not play a major role in this group's conduct. Joint
ventures of various kinds are relatively common and increasing through teaming on
contract bids. Price may be expected to include a premium over marginal cost.
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Technological progress is quite rapid in product evolution but more mcdest in
process innovation.

2.2.5. The Service Companies. The service companies are of particular
importance in the offshore oil and gas business, where they provide hydrographic
and marine—geophysical exploration services, and the highly accurate navigation
and positioning required during the installation of offshore platforms. Sales
volumes reach tens and even hundreds of millions of dollars annually. These firms
are frequently subsidiaries of major oil companies, and generally operate all over
the world. Considerable consolidation has taken place among these firms in the
recent past, as a result of greatly decreased exploration activities.

On the military side, service companies are often known as "contract R&D
shops," and maintain close ties with defense contractors. "Academic" service
firms include environmental consulting companies and instrument or data
acquisition system design consultants.

2.2.6. Overlaps and Interrelationships. While the four industry groups
described above capture most of the marine electronic instrumentation market,
there are undoubtedly some exceptions that do not fit into this classification
scheme. Determination of the approximate extent of overlap between these groups,
and further elaboration of the market interrelationships between them, require

more investigation.

2.3. Key Aspects of the Marine Electronic Instrumentation "Industry".

Three key elements that shape the nature of competition and
competitive/comparative advantage in this field warrant separate attention.

These areas are briefly described in the sections below, and motivate the more
detailed discussion of institutional parameters that follows in Chapter 3.

2.3.1. Importance of Govermment Tnvolvement. One of the most important
factors affecting the competitiveness of firms in the marine electronic
instrumentation field is the involvement of governments. An outstanding example
is the development of the GIORIA sidescan sonar system, which was funded by the
U.K. Department of Trade and Industry. Described as a "worldbeater" in part
because no comparable technology was available from private firms (including those
in the United States), GLORIA has been leased by the U.S. Geological Survey to
conduct a comprehensive survey of the U.S. Exclusive Economic Zone (Senior, 1987).
Through their procurement ("buy-national") policies, variable interpretations of
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international export controls, different levels of enforcement of intellectual
property rights, import licensing delays, and other actions, govermments do, in
fact, have a substantial influence over international trade and the flow of
technology in marine electronic instruments. This influence clearly has an effect
on the competitive position of MEI firms in an international marketplace, and we
focus on such goverrment policies in Chapter 3.

An important area of goverrment influence concerns investment in R&D. In
the United States, a major portion of R&D support for MEI originates from the
Navy. Private firms conduct their own R&D as well, and a preliminary survey has
indicated that this investment is comparable to other high technology firms (Kite-
Powell, 1988). Some current issues for public policy concern include an apparent
trend for shifting risks for defense-oriented independent R&D from the govermment
onto private defense contractors; determining the effectiveness of transfer of
technology developed with government support from national laboratories,
universities, and nonprofit research institutions into the commercial sector; and
understanding the impact of relaxations in antitrust policy, the institution of
tax preferences for research, and other changes in domestic "industrial" policy.
Furthermore, several foreign govermments encourage R&D in marine electronic
instrumentation, and this encouragement has the potential for affecting the
competition in both foreign and domestic markets. Of particular interest are the
activities of the following: Japan's Ministry of International Trade and Industry
(MITI) and Marine Science and Technology Center (JAMSTEC); the French Institute
for Research and Development of the Sea (IFREMER); the Norwegian Council for
Scientific and Industrial Research (NINF); EUROMAR--a EUREKA project proposed by
the West German Ministry for Research and Technology; and the United Kingdom's new
Coordinating Council for Marine Science and Technology.

2.3.2. Importance of the International Nature of Trade in Marine Electronic
Instrumentation. Competition and trade in marine electronic instrumentation are
largely international in nature. Two key aspects of the business explain why
this must be the case. The world-wide homogeneity (in very general terms) of the
marine enviromment means that an instrument designed for ocean use can be deployed
in any number of locations throughout the world. At the same time, the high
technology nature of these instruments implies limited geographic distribution of
manufacturers, and high ratios of product value to transportation costs.
Government data and discussions with members of the industry confirm the
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significance of international trade in this business, which can account for more
than half of some U.S. firms' sales and which appears to be on the increase,
especially in the military sector.

2.3.3. Importance of R&D and Inventiveness. Because most of the products
comprising marine electronic instrumentation can be characterized as "advanced
technology," the R&D intensity and the rate of inventiveness and innovation are
particularly important to the success of firms in this industry. The levels of
R&D spending among U.S. marine electronics firms tends to vary with sales (Figure
25) ard range from about 7 to 9 percent of sales. This has been found to be
comparable to equivalent measures in other high technology industries, such as
communication equipment and professional and scientific equipment (Kite-Powell,
1988). While competition and user demands push for rapid innovation and adoption
of new technologies, the "frontier" nature of the marine environment and the
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Figure 25: R&D Expenditures as a Function of Sales Volume for Marine
Electronic Instrumentation Firms. Note that both axes show log
values. "M. T. refers to the "marine technology" share of sales
and R&D, respectively, for those firms that also engage in other
lines of business. Source: Kite-Powell (1988).

premium on reliability at the same time seem to call for a relatively cautious,
incremental kind of product evolution. The result appears to be a more gradual
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pace of product evolution and new technology adoption than is evident in most
"land- " high technology industries. Confirmation of this observation,
however, requires further study as do its implications for the pace of advance in
ocean science and resources development.






3. Institutional Parameters Affecting Campetition in

Marine Electronic Instrumentation

Among those factors that affect the performance and competitive position of
MEI firms, some of the most important are institutional ones, namely incentives or
restrictions on R&D, production, and domestic and international trade. Broad
national and international policies govern research, production, and markets for
most manufactured goods, and specific policies govern either MEI or individual
goods and services in the MEI industry (PCIC, 1985). These policies include
domestic "industrial" policy, such as the protection of intellectual property,
business and income taxation, and antitrust policy, and policies affecting
international trade, such as export controls and import restrictions.

Other policies specific to marine electronic instruments include govermment
investments in R&D, "buy-national" procurement rules, validated export license
determinations for controlled items, and nontariff trade barriers (such as
govermment funding of development costs of technologies competing in world
markets), among others. For example, two U.S. federal statutes include statements
of policy that specifically encourage the development of marine electronic
instruments. (However, neither statute has been used in the recent past for the
purpose of subsidizing or even promoting the U.S. marine electronic
instrumentation field.) The Marine Resources and Engineering Development Act of
1966 [P.L. 89-454], which authorized the Stratton Commission study of 1969, was
enacted to "encourage and maintain a coordinated, comprehensive, and long-range
national program in marine science."l One of eight specific objectives set out in
the Act for marine science (defined to include engineering and technology in the
marine envirorment) calls for the development and improvement of marine
instruments, particularly for oceanographic research and resource exploration and
recovery. 2

A second statute, enacted eight years later in the wake of the oil price
hikes, the Solar Energy Rese:rch, Development, and Demonstration Act of 1974 [P.L.
93-473], was enacted primarily to promote the development of solar power
technologies. One part of the Act required the Chairman of a "Solar Energy
Coordination and Management Project" to assess solar energy "resources," including
the collection of data on insolation, wind, ocean thermal gradients, and

1 33 y.s.c.A. 1101(a) (1982).

2 33 U.S.C.A. 1101(b) (3) (1982).
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photosynthetic conversion. The specific goals of the resource assessment program
were to include:

. . . the development of advanced meteorological, oceanographic, and
other instruments, methodology, and procedures necessary to measure the
quality and quantity of all solar resources on periodic bases.3

Although the policy goals set forth in these legislative enactments have been
largely ignored in recent years, the importance of marine electronic
instrumentation to the advance of knowledge and to progress in all ocean sectors
remains clear. Furthermore, the competitive position of U.S. firms in the MEI
field can be affected significantly by a wide array of government policies and
actions. Here, we present summaries of such national and international policies.
We conclude with a preliminary analysis of the pathways through which MEI
technology is transferred from its origins to U.S. and international markets and

across marine sectors.

3.1 Domestic Industrial Policy
3.1.1. Govermment-sponsored research. In the United States, R&D for marine

electronic instruments is conducted by both the public and private sectors. Some
of the private sector R&D is performed under contract to public agencies. It is
difficult to break out funding specific for marine electronics from either
sector. For federal agencies, we have conducted a limited telephone survey to
identify federal agencies that conduct programs involving either R&D or the use
of marine electronic instruments. To the extent feasible, we have been able to
obtain rough estimates of R&D spending for the current fiscal year (1988) on
marine electronic instrumentation (Figure 26). Our extremely rough estimates
place total federal R&D spending on MEI at approximately $500 million annually.

3.1.2. Navy Research. Historically, the Navy has been the primary government
source of funds for R&D in marine electronics, beginning with the investments in
radio and radar at the turn of the century, sonar during World War II, and other
technologies. Until 1950, when the National Science Foundation was created, the
Navy funded the majority of goverrment marine electronics research (including MEI)

3 42 U.S.C.A. 5554(a) (2) (1982).
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Budgets:
(millions)
MEI as a
% of
Total Marine MEI Marine
Agency _R&D —R&D_ RED __R&D
Navy 6.1 38l 381 2 <1
Havy 6.2 460 460 23 5
Navy 6.3 2,779 2,779 139+ 5
Navy 6.4 4,844 4,844 242% 5
Ravy 6.5 629 629 31k 5
Navy Fleet (6.6) 1,398 1,398 _70* _5
Total})/ 10,491 10,491 507 % 5
HOAA 256 230%* 12 5
NSF 1,217%4% 135 4-5 3-4
ACcE 135%%% 43%% 1 2
USGS: Atlantic <1
USGS: Pacific — o I
Total 204 % %% 25 2 L3
DOE: ERD 6 <1 5
DOE: CO2 2 <1l 5
DOE: Other 13 = =
Total 4,886%%* 214 <1 2
usce 22%%% 19 5 26
EPA 320 9hk = [+]
TOTALS 17,275 10,973 531 5

1/ Some Havy R&D expenditures are classified and do not
appear in this table.

*0ur own estimate based upon the preoportional spending of
other agencies and a subjective consideration of agency
responsibilities.

**1986 "marine science budget" (FCCSET, 1985).
#%%1987 estimate (OMB, 1987).

Figure 26: Agency R&D Budgets for Marine Electronic Instrumentation, 1988
estimated. Source: telephone interviews with goverrment officials.

and other marine technologies at private firms, national laboratories,
universities, and independent research institutions (Allison, 1985). As a rough
approximation for the Navy, Figure 27 shows the current distribution of total DoD
research budget among these research performers. In general, independent
oceanographic institutions and universities tend to conduct basic scientific
research, while the Navy labs and private firms are involved to a greater extent
in the exploratory development, prototyping, and advanced testing stages.4
Although the Navy still funds a substantial portion of basic research under 6.1
and 6.2 monies, NSF and NOAA have now also assumed major funding roles in this

4 There are many exceptions to this general rule. For example, the
development of a "forward deployed sensor system" for Navy submarines at WHOI
might be consid "exploratory" (6.2) to "advanced" (6.3) development work
(NNUT, 5 Sept. 1988). Conversely, there are many projects sponsored by the Navy
laboratories that are purely theoretical, and thus arguably categorized as
"development of the knowledge base" (cf., NORDA, 1986).
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Figure 27: Department of Defense RDT&E Breakdown by Performer, FY 1988. 1988
total is $43,719 million. Source: Godwin (1987).

area. In fiscal year 1988, for the first time, a small program ($400K) using 6.1
monies, was established solely for the development of marine instrumentation.

As depicted in Figure 28, Navy R&D is divided into six categories (McCarthy,
1987; USN, 1985). Navy research is more properly referred to as research,
development, testing, and evaluation (RDT&E), because approximately 90 percent of
defense research cannot be characterized as basic science (NSF, 1988). Figure 11
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Figure 28: U.S. Navy RDI&E Categories and Expenditures. Source: McCarthy (1987)
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(see: section 1.4.1. above) demonstrates that total Navy research funding has
increased significantly since 1982 (OMB, 1961-1986). Projections for Navy
research call for significant cutbacks in the rate of increase, perhaps even a
decrease in funding levels. Already, the Navy has cut back the number of
individual R&D "programs" by nearly 40 percent, although this has occurred as
total R&D funding has increased (Lehman, 1987).

One major focus of Navy instrumentation R&D is in the area of antisubmarine
warfare (ASW), and this has been the "leading priority" for Naval R&D funding
requests since 1985 (Paisley, 1987). Figure 29 gives an impression of U.S. Navy
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Figure 29: U.S. Navy ASW Procurement and R&D Expenditures, 1965-88, in billions
of 1987 dollars. Source: Sea Technology (11 Nov. 1987).

expenditures on ASW procurement and R&D over time. Figure 30 shows a current
listing of ASW programs funded by the Navy, including existing and proposed
funding levels. One important research area, known as the Surface Antisubmarine
Warfare Improvement Program (AN/SQQ 89), is directed at improving the capability
of surface warships to detect, identify, locate, and track enemy submarines. This
program has received a major impetus as a result of the diversion of technology
useful for submarine propeller noise reduction to the Soviet Union (see section
3.2.1.). The Navy already has awarded two fixed contracts for the system "design
definition" to competing contractors and expects to spend a total of approximately
$1 billion on R&D for this program. The initial stages of the program will
encompass an updating of software and the repackaging of existing technologies.




51

ASW PROGRAMS
[0 mloey of ot
- hocal e —
RLD o
Vol 1988 1583
Submarine ASW Programs
SSN CMBT CNT SYS IMP 64562 50216 40338 41300 45185
S5N-21 CMBT SYS B452¢ S1541 . BLTH4 211333 103592
SSN-71 DEV 64361 51946 U055 32 195080
Sub Asctc W/F DEV 63562 51733 9753 903§ 3410
ME-48 ADCAP (ENG) 64675 SDIGE 48008 223 30300
Sea Lance £4303 S0881 o 109 701 114341 11358
SSN-688 VLS 64370 51500 .. ... 11586 21395 14.388
Sub Hull auay DEV 63560 50222 3764 1] 0
ADY CONFURM SUB ACOUS 63560 R13 4831 ] 0
Sub sonar improvement 63504 50223 . 8710 4298 uns
Sub sonar impeovemén] £4503 50219 46 358 kIRIES 3ros
ADV Sub lech 63563 51974 0 12899 pLH ]
EMSP/ECOS B4507 X1440 m 65936 6415
ADV SIG PRCC 64507 S1990 . ] 3531 9%
AN/BSY-1 GRS SI3T .. 201195 13119 88592
Operational reactor dev 25615 51303 . 18310 35491 39587
AR ASW PROGRAMS
§-3 WSIP 4217 WO48S . 9,141 0 0
CV ASW moduie 63228 S0 1106 515 515
LANPS 1 BA212 WL 1935 19684 1.98
Penguin integraton 64212 W1902 16947 12.956 g
CV HELD AVIOHICS IMP 64219 WOMBS READ IMPROV. 1.228+ 0 (]
OV 17 ASW HELD 64229 WI310. .. 34915 0581 0
P-3 Update IV aviomcs §422] WIS!I 48017 10804 10841
SH system mpiovements 64271 WI149 1.03¢ 0
SYS nlegraon 64221 WI152..... ....... 5.330 5054 5209
P+3G 64221 W1926 0 13811 nsa
Bomb dummy unil (BOU) . 0 1.451 318
P=3 U/D IV traner 64708 WO0DS .. 0 14,585 16.184
ACW lable Top Hrainer 64714 W1BJI 0 1921 1918
ERAPS B4261 WOUTB............ 0 4451 4183
ASW sensors & PROC. 64261 W40 1% 1153 1243
Hont ke anay (HLA) 64261 W2000.. 0 11.250 20300
TPC SURY buoy (1SS) 64261 W200 0 13083 1730
ADV ASW sensors 63254 w1282 31 8523 LRI
Project Beartiap 63254 W1292 2868 R 50
Project Beartrap 63708 W0490. . 8868 10 5022
Broadband Acoustic System 6426 10765 15.336 1201
RFACE ASW PROGRAMS :
AN/SQS-53C 64575 51451 ....... 431 14z Baig
ASW combat 5y5 mtegna 25620 14 638 139 13
ADV waiheaa DEY DEV §3610 §1873... U
MK-50 TORP (ALWT) E4610 50199 172994 s &R
VLS ASROC 64355 SIS04 _...... - 39836 18475 5610
500 89 impx 4113 51916 15 606 amn #n
Surlace smp TORP DEF 63506 S0225... 17 585 2033 348
Surface ship wiencing 63551 50229..... '4.283 5105 $916
ASW ADY DEV. 63553 SLT04 ... 15.053 15968 31N
SURF TACT TH Trainer 64715 5142, - 9.548 5619 11288
UNDERSEA SENSORS PROGRAMS
WSS 2311 X0766 22549 30878 aw
- ASW AID 63747 X183 ... iy 2858 719 24
FIXED DIST SYS 63788 X1312... 15991 2o
SURTASS 24313 X0758 .. 622 ]
ARIADNE 63743 X1883 . 11062 11844
TACHUC DEV 63634 50342, REE) 1935
ASW 61 programs 61153 X000 81000 81000 10000
ASW 6.2 62314 XX, 109 00 10900 11500
AT SEA ASW CRIT EXPER 63792 RISS 2000 8431 2551
ACOUS/NOK-ACOUS ANL SP 6585 T103, 0645 13716 2503
NWC STRAT Stuges SUPT 65853 R176| 1581 (811 1581
NAV W/F TAC ANAL 63853 ROS0S 33% 4581 5833
ASW SYS SUPT 65853 X0231_ ... IR 4598 1400
SACLANT ASW Researcn CIR 65857 R e 0925 1309 131
ASW ADY TECH 83311 X002 v i 0 12200 &1 40
ASW SY5 ANAL €331 X2013 . e " 0 5000 60w
AEAS OCN MSM 2nd Model PROG 63785 R0IZ0 ... 10 708 13435 1352
ADV. ASW TARG 63529 SO468 ......... ) 6705 1861 0957
EMATT 63529 S1011 1658 0 0
5T DEEP TGT £3529 51955 1200 9809 10382
AUTEC 65864 w0s41 R 19892 150U 51318
ADV ACDUS PROC 63108 30821 159 1388 1516
LR Tl LT 0 e —— 01255 20381 0818

Figure 30: U.S. Navy Anti-Submarine Warfare (ASW) Programs. Funding in millions
of dollars. Socurce: Rumpf (1987).
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Later stages will involve the development of new technology (GAO, 1988a).

Two other areas of Navy research may have an influence on marine electronics.
Joint research efforts are conducted by the Navy with other U.S. govermnment
agencies and with some of the NATO goverrments. In particular, the Defense
Advanced Research Projects Agency (DARPA), an agency that does not perform any
research itself but instead coordinates research projects of use to more than one
defense department, spends roughly 6 percent of its budget on ASW research.
Because of the heightened importance of ASW activity to the Navy, DARPA has
recently (1986) created a Navy Technology Office to elevate the status of ASW as a
research priority (Duncan, 1987). The Navy is involved under provisions of the
"Nunn Amendment" in the conduct of joint research projects with NATO govermments,
including the development of an "advanced sea mine" with the United Kingdom.
Under both the Foreign Weapons Evaluation (FWE) and the NATO Comparative Test
programs, the Navy is investigating foreign-made equipment such as the "Barra
Sonobuoy" manufactured in Australia and a naval depth sounder manufactured in
Greece (McCarthy, 1987).

3.1.3. Research by Other Agencies. For several reasons, it may be difficult to
disaggregate funding specifically for R&D in marine electronic instruments out of
the federal marine science budgets. Agency budgets usually do not include a line-
item identifying funding for instrumentation. Research contracts may include
either the development or the purchase of instruments as a necessary charge for
studying a scientific question. (In fact, Navy sources have indicated that
instruments are always developed as part of a scientific program or to achieve a
specified military mission. There is no funding solely for the purpose of
developing instruments.) Nevertheless, it is reasonable to assume that
govermment funding for MEI follows the same trends as overall govermment marine
science funding, even if the actual level is unknown. And it is clear from an
examination of Figure 26 that the Navy is by far the largest, most influential
source of expenditures for R&D on marine electronic instrumentation.

With some exceptions, funding for R&D on marine electronic instruments
generally is under 5 percent of total agency R&D for those agencies with marine
responsibilities. The future for goverrment funding of R&D on marine electronic
instruments is optimistic. It is expected that Navy funding will continue at
roughly the present level in real dollars. (Although Navy R&D funding
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skyrocketed during the last eight years, industry experts expect that Navy budgets
will have to be reoriented toward the design, manufacture, and procurement of
downstream products of research. This will effectively put a ceiling on future
increases in R&D.) Several large-scale scientific "global change" studies
involve substantial ocean components, and these are expected to require the
development of instruments, particularly current meters, telemetering systems, and
data management systems. Although not providing specific expenditure

information, Figure 31 characterizes the projected "level of effort" for the U.S.
Global Ocean Science Program, showing the total effort and the proportion that is
expected to be devoted to "sensors and sampling" (GOSP, 1987). NSF will be the
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Figure 31: Glaobal Ocean Science Program (GOSP) level of Effort Analysis. Source:
U.S. GOSP/IWG (1987).

major funding source, and NSF officials are forecasting a 5-10% increase in
funding over the next decade. In addition, increased emphasis by the Department
of Energy, ACoE, and the EPA in monitoring pollution of estuaries and marine
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envirorments may involve stepped-up levels of R&D on marine electronic
instrumentation. In particular, ACoE has begun a multiyear, $7.6 million project
to develop onboard dredge monitoring systems as one component of their "Dredging
Research Program."

3.1.4. IR&D and B&P Trends. Funding of "independent research and development"
(IR&D) or "bid and proposal" (B&P) costs incurred by private defense contracting
firms may have an important stimulating effect on research activity in marine
electronics. As part of the procurement process, U.S. defense contracting
p}:vc)c:e«i‘ures5 allow a portion of "negotiated, allowable" costs for the development
of new technology and products by private firms to be allocated to either IR&D or
B&P.

IR&D is firm-initiated and -funded and is not contracted for specifically by
defense agencies. Firms allocate IR&D costs over all contracts (and thus into the
price of their products), regardless of whether the customer is military or
civilian. Defense customers, however, have access by law to all results of IR&D
efforts, although contracting firms may retain proprietary rights to IR&D results.
The defense agencies may reimburse firms for up to 40% of their defense-related
IR&D costs, but this amount may not exceed the dollar amount of projects having a
"potential military relationship."

Although defense agencies have no direct influence over the selection or
elimination of IR&D projects, or over their scope or research direction, one
congressional study has found that "guaranteed funding by DoD to negotiated or
accepted ceilings stimulates the expenditures of corporate resources and, in fact,
lessens the elements of risk" (House Approp. Cm., 1982). Thus research efforts on
marine electronics, for example, that result in either immediate commercial
benefits or future spinoff potentials could be enhanced by defense agency IR&D
reimbursements. '

The amount of allowable IR&D is determined either on the basis of a statutory
formula in the case of small defense contractors or through an annual negotiation
process in the case of large defense contractors. For negotiated IR&D cases, the
amount of allowable IR&D is dependent upon a determination of the potential

5 The Federal Acquisition Regulations (FAR) are found generally at 31 C.F.R.
205-218 (1988).
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military relationship (PMR) of individual projects in the firm's research
portfolio. PMR determinations are to a large extent discretionary, based upon the
examination of project description reviews and on-site evaluations performed by
officials from DoD laboratories. Recently, large defense contractors have
perceived a trend of decreasing amounts of negotiated, allowable IR&D measured as
a percent of sales over the recent five year period from 1982 through 1987--from
5.25 to 4.23 percent (ADPA, 1987).

This trend has been of particular concern to high technology defense
contractors, whose principal customer is the military and whose advanced
technology R&D to sales ratio may average from 7 to 9 percent. In effect, the
goverrment may be shifting an increasing share of the risk of R&D effort onto
defense contractors, who must pay for the costs associated with increased risk out
of profits.

Although all of the reasons for this perceived trend are not immediately
apparent, govermment defense budget concerns may be a significant influence. For
example, concurrent with the decreasing trend in allowable IR&D, there may be an
increasing trend in negotiated, allowable B&P costs. The presumed effect of this
shift (decreasing IR&D, increasing B&P) is to encourage more firms to submit bids
and write proposals on specific government contracts, thereby increasing
competition early in the procurement process and potentially reducing overall
costs to defense agencies. The primary concern of the large defense contractors,
other than facing increased competition up front, is that reductions in allowable
IR&D costs will hamper their ability to maintain research momentum and, as a
result, reduce their ability to compete on a technological basis. This issue may
be particularly important to the military sector of the marine electronics
instrumentation industry, but its effects are not immediately measurable. This
issue (along with others related to government contracting and procurement
practices) is a potentially useful area for further research.

3.1.5. Govermment Procurement. Federal govermment agencies are an important
factor in the markets for marine electronic instruments, and, measured in terms of
sales revenues, they are indeed the most significant customers. Of all federal
agencies, the Navy is, of course, the largest customer. Figure 32 presents a
breakdown of planned Other Procurement Navy (OPN) expenditures specifically for
general classes of marine electronics (Smith, 1987). When all classes of Navy
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F¥1987 FYl98s FyYl1989

Communications/Electronics

Sh%p Radars 135 148 165

Ship Sonars 226 243 178

ASW Electronics Equipment 378 201 250

Reconnaissance/Elec. Warfare 251 230 327

Other Electronic Equipment 325 213 303

Communications Equipment 463 655 913

Strategic Platform Support 159 78 143
Aviation Support Equipment

Sonobuoys 187 118 138
TOTALS 2124 1886 2417

Figure 32: Other Procurement Navy (OPN) of Marine Electronic Instrumentation,
1987-89. HNumbers in millions of dollars. Source: Smith (1987).

procurement are considered, expenditures specifically for marine electronics are
roughly five percent of the total. Although this figure appears small, Navy
annual procurement for marine electronics may represent between 50 and 75 percent
of the U.S. domestic market--a very significant proportion. Figure 33 gives a
perspective on procurement for other goverrment agencies for marine electronics.
Generally, procurement budgets for MEI in federal agencies with marine
responsibilities are 5 percent or less of their total procurement. Together, all
federal agencies outside of the Navy spend only about 2 percent of what the Navy
spends to procure marine electronics. These figures are at best only coarse
estimates, because agency budgets usually do not break out specific marine
electronic procurements as a line item. For example, the U.S. Coast Guard Bear
class medium-endurance cutters are fitted out with new "Comdac" command, control,
and commnications equipment. The costs of these advanced radar/navigation/
comunication systems are buried within one contract for eleven cutters. Agencies
may seek innovative methods for marine electronics procurements, including the
sharing of expenditures with other agencies. For example, the Coast Guard is now
procuring Forward Looking Airborne Radars (FIAR) for its HC-130 aircraft. The
radars can be used for search and rescue missions, law enforcement, and ASW (they
are capable of spotting a periscope at 28rmi in moderate sea conditions). Since
1982, funding for these radars totalling $88 million has been obtained from such
diverse sources as Coast Guard acquisition, construction and improvement (AC&T)
accounts, supplemental Defense Department appropriations, and Navy Aircraft
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MEI as
AGENCY Procurement a % of
Total MEI Total
NAVY
Aircraft 9,925 - -
Weapons 6,502 = ——
Shipbuilding/Conversion 11,605 - -
Other Procurement 4,984 1,830 37
Procurement Marines 1,402 - -
Military Construction 1,451 -= .
Total 35,869 1,830 5
USCG 550 28% 5%
NOAA 80 4% 5%
ACoOE 995 10%* 1*
UsGs 36 X 3
DOE 1,657 - 0
EPA 47 <1l <1l
TOTALS 39,234 1,873 5

*Qur own estimate based upon U.S. Navy procurement proportions
and a subjective consideration of agency responsibilities.

Figure 33: Agency Procurement Budgets for Marine Electronic Instrumentation, 1988
estimated in millions of dollars. Source: telephone interviews with
govermment officials.

procurement funds.® There are many facets to the broad issue of goverrment

procurement which may have substantial influence on investments made by marine

electronics firms.” Because the govermment is such an important customer in this
field, virtually any shift in procurement policy or obligation authority will have

a tangible effect. Three policy aspects seem to stand out as having the greatest

© In 1986, a special Defense Department appropriation [P.L. 99-190] allocated
$235 million for augmentation of USCG inventories of equipment and other
procurement items for national defense purposes. These monies are to remain
available until fully expended.

7 procurement can be broadly defined as any public expenditure made to obtain
goods or services (R&D, consulting, manufacturing, off-the-shelf items or parts,
systems, maintenance, etc.) from the commercial sector. However, we focus
narrowly here on the purchase of manufactured goods.
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potential for affecting competitiveness in marine electronic instrumentation
markets: multiyear defense contracting, buy-national provisions, and foreign
military sales. We concentrate here on these issues, but note that there are
several other aspects of procurement which may deserve closer attention in future
research efforts.

In 1981, due largely to a perceived problem with underinvestment in
facilities, advanced technology, and manufacturing equipment by firms in the
defense industry, the Defense Department's authority to contract for weapons
systems for more than one year was broadened. A recent congressional study has
found that some prime contractors have been influenced by miltiyear contracting,
but, perhaps more importantly, subcontractor investments have been encouraged by
this contracting method (GAO, 1988b). In effect, multiyear contracting may
provide a lower risk, stable investment enviromment for both prime contractors and
subcontractors. However, although Federal Acquisition Regulations (FAR) encourage
prime contractors to negotiate multiyear subcontracts, this is not a mandatory
requirement.

Stuart Platt (1984), the Navy's first Competition Advocate General, has
explained that "the biggest most noticeable advantages of competition come early
in the life cycle [of the acquisition process], and we are acting accordingly."

In line with this statement, industry sources in the defense contracting business
have indicated that there is an increasing trend toward contracting with one prime
contractor for the production of an entire weapon system or system element. This
has resulted in contracts going to one large defense contractor or, in some

cases, to joint ventures. For example, in March of 1988, General Electric won a
$1.8 billion contract to engineer and produce on a limited basis a submarine
advanced combat system (AN/BSY-2), which includes both acoustic sensors and combat
control, for the Navy's new Seawolf (SSN-21) class attack submarine. IBM will
subcontract for roughly 15 percent of the work and GE must "qualify" IEM as a
second production source. The two companies will then compete for future
production contracts (GAO, 1988a).

Where large multiyear defense contracts are won by one firm, the opportunity
exists for other defense-oriented firms to subcontract with the prime. However,
the negotiating position of the prime contractor is significantly enhanced by the
stability of the multiyear contract, even in cases where there may be only one
firm available for a specific subcontracting job (GAO, 1988b). Opportunities for
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encouraging investment in the defense sector of the marine electronics field might
be enhanced through the increased employment of multiyear subcontracts. This
issue may not be as important for those subcontractors who conduct a significant
portion of their business in non-defense-related areas.

Buy-national provisions are another form of encouragement for the U.S.-based
marine electronic instrumentation industries. Industry sources have indicated
that the Navy may be looking at foreign-based sources for some marine electronic
technologies, but this still represents a very small proportion of Navy
procurement. In many cases, foreign firms may be ineligible for security
clearances (even firms from NATO countries) and this may either exclude these
firms from the U.S. market or force them to set-up or buyout U.S.-based
subsidiaries. Military-strategic concerns thus remain an important stimulus to
firms incorporated in the United States.

On another front, a bill recently was introduced in the U.S. House (H.R.
4704) to modernize and expand NOAA's oceanographic fleet. The bill contains a
provision requiring that "at least 50 percent of the cost of all machinery and
equipment must be purchased in the United States" (OSN, 1988). Certain kinds of
scientific equipment may be exempt, if it cannot be "reasonably" acquired in the
United States. Although this kind of buy-national rule would apply to marine
electronic instruments, we expect that its benefits, if enacted, may be limited to
only a few U.S. firms for only a short period of time. Furthermore, the
potential exists for the procurement of relatively costly equipment, thereby
raising the total costs of establishing and maintaining the national oceanographic
fleet without necessarily facilitating the international competitiveness of U.S.
manufacturers.

The foreign military sale (FMS), as authorized by the arms export control
laws of the United States®, is a method by which sales to qualified foreign
govermments of defense-related marine electronic instruments may be encouraged.
The President is authorized to sell defense articles or services to "friendly"
foreign countries and international organizations, to contract with private firms
for the procurement of defense articles or services for sale to these foreign
countries, to finance foreign procurements of defense articles (known as "credit
sales"), and, for a fee, to guarantee U.S. firms against political and credit

8 Foreign military sales authorizations: 22 U.S.C.S. 2761 et seq. (1982).
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risks of nonpayment when U.S. firms finance sales to foreign countries. It is
clear that a significant part of defense marine electronics are traded as foreign
military sales. For example, in 1981, the Naval Sea Systems Command awarded
Gould's Defense Electronics Division a $71 million increase on a contract to
produce towed array sonars (AN/SQR-19) for the U.S. Navy and for Spain through a
foreign military sale program (ST, Oct. 1984). The proportion of foreign military
sales in all defense sales for marine electronics and the extent to which FMS
programs stimulate the production of marine electronics are questions deserving of
future research.

3.1.6. Intellectual Property Rights.

In the United States, a patent is a grant from the federal government that
allows an inventor to exclude others from the manufacture, use, or sale of an
invention (PTO, 1982). Patents are defined by "specifications" that "claim" the
technology that is new and useful. Patent claims are supported by the
description, which may include pictures, drawings, or even a scale model, but the
claims are the most important part of the patent in terms of property rights. In
the case of an infringement, where issues of the scope of patent protection
frequently arise, reviewing courts examine the patent claims. Persons found to be
infringing on existing patent rights may be enjoined from continued infringements
or required to pay damages (sometimes up to treble the estimated damages, and
including attorney's fees).

Patent protection granted in the United States extends to every state,
territory, and possession. Patent protection outside of the United States is
possible only through application to individual govermments. Under provisions of
the Paris Convention for the Protection of Industrial Property, several countries
have agreed to standardize patent rights and to treat the date of first
application in one of the signatory countries as controlling. A separate
international agreement, the Patent Cooperation Treaty, established a standard
application and centralized filing procedure that allows one patent application to
be filed concurrently in any of the signatory countries. Upon issuance, fees and
other requirements may differ substantially by country, even for those that are
signatories to the above agreements. In general, patent protection is stronger in
the industrialized countries and is weaker (or sometimes nonexistent) in
developing countries. The issue of the protection of intellectual property
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rights, especially in high technology fields, currently is receiving attention at
the "Uruguay Round" of international trade discussions on the General Agreement on
Tariffs and Trade (GAIT).

Once a patent has been granted, as a kind of property right, it can be
mortgaged, assigned, or the rights to make, use, or sell the invention can be
transferred under license. However, not every patent is valuable, and cobtaining a
patent can be costly.? Coles (1983) has suggested that many academic patents are
"mioneering" patents at the forefront of technology (and therefore perhaps not
immediately useful for commercial purposes) in comparison to industrial patents
that tend to be more "defensive" (perhaps to maintain a monopoly position).
Patents resulting from basic research may have significant payoffs, but the
payoffs may be so far into the future that, when discounted, they appear small.

Members of the Marine Electronics Instrumentation Panel have indicated that
firms in the MEI industry usually do not employ a strategy of patent protection
for their technologies. There may be several reasons for this. First, given a
low expected discounted return on basic research, it may be commercially
infeasible to seek patent protection. Second, the rapid pace of technological
advance exhibited by marine electronic instrumentation firms, implying a
relatively short lifetime for individual products, may militate as well against a
strategy of protecting intellectual property through obtaining a patent and may be
an indication of the use of trade secrets instead.l? Third, if the issuance of a
patent is determined to be detrimental to the national defense, the Comissioner
of Patents and Trademarks has the authority to withhold the patent grant and order
that the patent be kept secret. Because much marine electronics R&D is conducted
for the military sector, a substantial proportion may fall under this national

9 The average cost of cbtaining a commercially marketable academic patent has
been estimated at $30,000 per patent, up to one-third of which may be attributed
to search costs (Coles, 1983). Members of the Marine Instrumentation Panel have
indicated that this may be an overestimate. We have received no revised estimate
from the Panel, but Driscoll and Kransdorf (1987) have stated that the average
cost may be as little as one-tenth of the above estimate.

10 In some of our interviews, a few industry officials felt that their R&D
efforts were not directed so much toward patentable technological breakthroughs as
toward the "ruggedization" of existing technologies. It is not completely clear
that this kind of innovation is unpatentable. We have found no evidence that the
patent applications of firms have been denied, but it appears that (for whatever
reason) firms may not bother to file applications.
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defense clause. Fourth, there appears to be a significant movement of engineers
and other researchers among the firms and research institutes in the field, thus
permitting a technology transfer pathway that may help break-down the patent
barrier. Fifth, in 1982, the Patent and Trademark Appropriation and Authorization
Act [P.L. 97-247] instituted "maintenance fees" for issued patents, a performance
requirement intended to curb the practice of patenting solely in order to preclude
the entry of competitors into a patented area. Patents do exist in the industry,
however, and it is still possible that developments which are perceived as major
technological breakthroughs may be patented. For example, patents exist on the
bathythermograph and its variants (Figure 34), on side-scan sonar, and on LORAN
navigation systems. Whether or not there has been a shift away from a historical
strategy to patent in this industry is a question for further research.

March 1, 1955 W. M. EWING ET AL 2,703,009
BATHYTHERUOGRAPH
Filed Nov. 28, 19435 4 Sheets—Shest 1

INVENTORS

WILLIAM M. EWING
ALLYN G. VINE

ATTORNEY

Figure 34: Excerpt from a Patent Application for a Bathythermograph, 1945.
Source: U.S. Patent Office.
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Within the last decade, several modifications of the U.S. patent laws have
been made, some of which have important implications for research in marine
electronic instrumentation.ll These modifications were instituted primarily as a
result of the realization that large numbers of patents were held by government
agencies but were being commercialized only to a limited extent (Daddario, 1985).
A significant change was the Patent and Trademarks Act of 1980 [P.L. 96-517],
which gave universities, nonprofit research institutions, and small businesses the
option to retain title to patents granted as a result of research conducted with
U.S. goverrment funds. Although some funding agencies (NSF in particular) had
begun this practice in the 1970s, it was expected that this might encourage
research leading to patents under some of the larger funding agencies (Defense,
Energy, NASA). One of the most profound results of this Act was an increase in
business funding of university research efforts (GAO, 1987a). An memorandum
issued by President Reagan in 1983 extended this policy to all businesses
receiving federal funds, but this was largely unnecessary, because most federal
agencies gave patent rights to large business contractors as a matter of course in
negotiating contracts.

Another statute, the Patent Iaw Amendments of 1984 [P.L. 98-622], created a
new form of intellectual property right, the statutory invention registration
(SIR). The grant of an SIR precludes any other inventor from obtaining a patent
on an invention.l? However, it does not exclude anyone from manufacturing, using,
or selling a registered invention. Intended primarily for use by government
agencies and for research supported by government agencies, obtaining an SIR is
less expensive than obtaining a patent (lower application fees and no maintenance
charges) and not subject to the delays associated with publishing in journals (the
date of SIR application is controlling if the SIR is granted). SIRs might be
attractive to entities that are unconcerned with the manufacture, use, or sale of
products resulting from their research efforts, and who might gain through the
publication (advertisement) of their research breakthroughs. Thus far, there has
been only limited use of SIRs by small businesses and universities. Federal

11 one nonlegislative modification has been the relaxed enforcement of
antitrust laws in patent cases (see section 3.1.8. below).

12 By 1aw, the grant of an SIR establishes "prior art" and is a "constructive
reduction to practice."
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agencies see them primarily as a means to preclude costly patent infringement
suits levied against the goverrment by private firms (GAO, 1987a). Other similar
methods, such as NASA's "Tech Briefs," which establish prior art, may be just as
effective as the SIR process. The "Tech Briefs" method was suggested by the
Marine Instrumentation Panel as a method for improving technology transfer in the
field of marine electronic instrumentation.

3.1.7. Tax Allowances for R&D and Other MEI Investments.

Here we briefly discuss some of the provisions of the U.S. tax code relating
to R&D efforts. Interviews with industry officials in the marine electronic
instrumentation field have resulted in a general impression of the importance of
these provisions to the field. Many provisions are relatively new, instituted in
the wave of tax reform that took place during the temure of the Reagan
Administration. Because of their novelty, it is difficult to make authoritative
conclusions about their effect on the industry. Most industry sources lament the
removal of the investment tax credit, which for almost twenty years was, in
effect, an added allowable depreciation over and above the total depreciable cost
of many types of corporation assets. At the same time, however, the general
corporation tax rate has been lowered considerably, and differences in effective
tax rates among asset types and industries have been reduced. The net intended
effect is the removal of distortions among investments, but, in order to achieve
this, a redistribution of tax rates affecting some industries more than others was
necessary. Thus the effective tax rate for some industries was increased (e.q.,
from 1981 to 1986, the effective tax rate for communications industries increased
from 24 to 36 percent), while that for others decreased (Pechman, 1987).

To a limited extent, tax allowances specifically for R&D investments have
substituted for the removal of other kinds of capital consumption allowances, such
as the investment tax credit. In the marine electronic instrumentation field,
many firms devote a significant portion of their activity to R&D (Kite-Powell,
1988). '"Research and experimental" (R&E) expenses may qualify for varying tax
treatments including deductions as a current expense, deferrals, or credits, and
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accelerated depreciation of physical capital.13 The use of one or more of these
tax allowances is dependent upon the individual firm's financial situation and
investment strategy.

There are now two credits available for research expenses, and both credits
may be taken together. These credits are combined with other business credits
into a "general" business credit used to offset tax liability.l4 First, 20
percent of certain "basic research" payments made after 1986 to qualified
organizations (e.g., universities, tax-exempt scientific research institutions)
can be taken as a credit.l® Second, 20 percent of "qualified research expenses"
in excess of the greater of either the average of research expenses over a three
year base period or 50 percent of the current year's expenditures can be taken as
a credit.1® Research qualifying for the credit must:

e discover information that is technological in
nature;

e involve experimentation relating to a new or
improved function, performance, or reliability or
quality; and

e be useful in the development of a new or improved
business component.l”

13 Although there is no fine line separating the activities of "research"
and "development," U.S. tax policy favoring development potentially may contravene
international accords as a form of export subsidy (see section 3.2.2. below).

14 1RC sec. 41.

15 The credit is based on the amount of research expenses that exceed a
"special floor," which is calculated roughly as average contract research costs
plus average university contributions incurred during a three year base pericd.
See IRC sec. 41(e) for specific details on the calculation of the special floor.
Basic research that qualifies for this credit is defined as an "original
investigation for the advancement of scientific knowledge not having a specific
comrercial objective."

16 This credit has replaced the previous 25 percent credit for qualified
research expenses incurred between 1981 and 1985. However, the rules explaining
what types of research expenses qualify have been modified.

17 In getermining the level of qualifying research, final products are
considered first, to see whether or not they meet the above standards. If not,
individual components of the product are considered to determine the proportion of
total research qualifying for the credit. These are abstracts of a three-part
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Tax policy analysts disagree about whether or not the R&E tax credit actually
does encourage industrial research (Eisner, 1987; Baily, 1987). These analysts
generally agree, however, on some of the "perverse" effects that result from the
way in which the credit is structured. For example, if R&E expenditures for any
particular year exceed the average of three previous year expenditures, the real
tax credit is only 10% or half of the nominal rate on the excess (GAO, 1988c).
Further, there may be an inducement for firms to decrease R&D expenditures in some
years if there are reasons to expect that this might increase the probability of
tax benefits available at a later date. Finally, firms with little or no tax
liability (especially firms that are just starting-up) may be unable to use the
tax credit, although the credit may be carried forward for up to fifteen years.

This does not mean that tax credits are of no use to firms conducting R&D,
although it is difficult to make conclusions about their usefulness for marine
electronic instrumentation firms without access to individual tax returns. Figure
35 shows the growth in qualified R&E expenditures from 1981 to 1983 over base
period amounts and the total credit available for corporations in the broad
industrial categories of electrical/electronics and instruments, which include
marine electronic instruments as a subset. It is interesting to note that large

Qualified Base Growth Rate Total*

Industry Year R&E Amount Over Base Credit
Electrical/ 81 1953 1385 41% 130
Electronics 82 3463 2402 44 273
83 4598 3059 50 451
Instruments 81 756 518 46% 51
82 1624 1202 35 106
83 1858 1339 39 137
Total U.S. 81 13,492 9612 40% 878
82 26,172 19,606 34 1653
83 28,199 20,512 38 2189

*Includes carryover from previous years in 1982 and 1983.
Some of this may be used in years subsequent to the year
in which it is calculated here.

Figure 35: Qualified R&E Expenditures and Tax Credits, 1981-83, in current
millions of dollars. Source: after Mentz (1987), using data from the
Office of Tax Analysis, U.S. Department of the Treasury.

test specified in the Internal Revenue Code. See IRC sec. 41 for details and for
ineligible expenses.
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campanies tend to reap the most benefits from the tax credit (this might be
expected because on average they may spend more on R&D). For example, from 1981
through 1984, a congressional study using a sample of 927 corporations found that
corporations with assets greater than $250 million earned from 75-80 percent of
the total tax credit (GAO, 1988c). Based upon our discussions with industry
officials in the marine electronic instrumentation field, we have found that some
firms take advantage of the R&D credits, while others do not. Evidence of the use
of research credits, however, is evidence of increases in an industry's research
effort (assuming that the increases are not solely a reclassification of other
types of investment as R&E). Increases in research effort are important
indicators of behavior in an industry, and so we plan to investigate the use of
research credits more closely in our future investigations.

There are several other provisions of the U.S. tax laws that may influence
economic activity in the marine electronic instrumentation field, including
depreciation rules, deductible and deferred expenses, among others. A complete
understanding of the net effect of federal tax rules on the behavior of firms in
this field should include an examination of these types of provisions, and we plan
to include a closer examination of the net effect in the second year. Here we
focus on two types of institutions that potentially could have a profound effect
on international competitiveness in this field: foreign sales corporations and
venture capital firms.

The foreign sales corporation (FSC)1® is a type of firm established in a
foreign country organized under the laws of that country for the import of U.S.
manufactured goods.:'-9 Even though the U.S. tax laws encourage the establishment
of FSCs for the facilitation of U.S. exports, based upon our discussions with
industry officials, we have found that there may be only limited use of FSCs in
the MEI field. Apparently, many firms (particularly the smaller size firms)
prefer instead to employ foreign sales representatives, to engage in foreign
marketing themselves, or to invest in joint ventures with foreign firms.

Venture capital companies, certified by the Securities and Exchange

18 gimilar to "domestic international sales corporations" or DISCs. Because
DISCs were found to be a form of illegal export subsidy under the terms of GATT,
the 1984 Tax Reform Act created FSCs. IRC sec. 921-927.

19 Fscs often are subsidiary corporations usually set up by large U.S. firms
trading high volumes of goods.
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Commission, invest in other corporations that are "principally engaged in
developing or exploiting inventions, technological improvements, new processes, or
products not previocusly generally available."2? aAs a form of "regulated
investment company," venture capital firms are permitted to deduct dividends paid
to shareholders and are taxed only on income that remains undistributed.2l

Because venture capital institutions tend to "forge linkages" among a diverse
array of organizations with variable skills to reduce the risks of innovation
(Florida and Kenney, 1988), their activity level in a particular field may be an
important indicator of industrial behavior.

Although there were at least two mutual funds (similar in concept to venture
capital firms) and one venture capital firm, Ocean Science Capital Corporation
(Paine, 1968), established in the 1960s that focused on marine instrumentation,
little interest has been expressed recently by venture capitalists in MEI firms.
It is interesting to note that venture capital investments in the broad class of
electronic components and other electronics, were more than $300 million in 1986,
the third largest group for these kinds of investments. Nevertheless, relative to
other fields, such as computers, medical research, or biotechnology, the MEI
field may be perceived by venture capitalists as having only a small potential for
rapid, short-term growth. Moreover, the removal of the capital gains differential
by the Tax Reform Act of 1986 reduced the incentive for venture capitalists to
invest in emerging fields with long-term potential (Schrage, 1988). To the extent
that marine electronic instrumentation technologies are perceived as early-stage,
long-term investments, we expect that venture capital activity may be minor at
best.

3.1.8. Antitrust Policy for R&D
In the late 1970s and early 1980s, American industry faced burgeoning

competition from foreign firms in many domestic markets, and international trade
increasingly became an important factor in these markets and for the U.S. economy

20 TRC sec. 851 (e)(1); Treas Reg. 1.851-6.

21 Requlated investment companies must meet certain standards in terms of
registration, nature and distribution of income, and diversification of assets.
Venture capital companies are permitted to meet a looser diversification of assets
standard than other regulated investment companies.
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as a whole. During the tenure of the Reagan Administration, the effects of
govermment policies on international campetitiveness were examined and several
proposals were made to free the private sector from what were seen as unnecessary
"restrictions." Among the national policies receiving close scrutiny were the
antitrust laws. In many instances, these laws were perceived as anachronistic,
applying to a bygone era when the U.S. economy was less international (NAE, 1988).
One of the priorities of the executive branch was the removal of antitrust
barriers to the conduct of R&D (Baxter, 1985), an issue of significant importance
to the high technology industries. One immediate result of this policy shift has
been the promotion by the Department of Justice (DQJ) of increased intellectual
property protection and the relaxed enforcement of certain patent licensing
practices that were considered "per se" antitrust violations in the recent past
(McMahon, 1986).

In 1984, Congress passed the National Cooperative Research Act (NCRA) (P.L.
98-462)22, which in the main was a legislative affirmation of existing Department
of Justice (DQJ) enforcement policy regarding joint ventures in R&D.23 Its most
important provision states that, in legal actions taken under the U.S. or similar
state antitrust laws, joint R&D ventures are not considered to be illegal per se
but instead are judged according to their "reasonableness."24 The latter standard
requires a higher level of proof that a particular joint venture is
anticompetitive. Joint ventures may take advantage of the Act's limitation on
relief provisions (removing traditional antitrust treble damages) by registering
the venture with DOJ.

A cursory review of R&D joint ventures registered with DOJ has revealed that
no ventures have been formed since the enactment of NCRA specifically for the
purpose of conducting R&D on marine electronic instrumentation. Based upon our
initial set of discussions with industry officials, we have found only a limited

22 15 U.S.C.A. 4301 et seq. (1982).

23 Concerns about this issue were examined first by President Carter's
"White House Domestic Policy Review of Industrial Innovation" in 1979. See:
Antitrust Division, Antitrust Guide Concerning Research Joint Ventures,
Washington: U.S. Department of Justice, 1980.

24 15 U.S.C.A. 4302 (1982). In addition, the Act removes the traditional
treble damage relief and awards attorneys fees to the substantially prevailing
claimant. 15 U.S.C.A. 4303, 4304.
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number of cases where R&D is conducted jointly among firms in the industry. One
registered joint venture, the Microelectronics and Computer Technology Corporation
(MCC), includes as shareholders (Figure 36) several large companies (11 out of 22
shareholders) that also are producers of marine electronic instruments. MCC
focuses on the following areas of research: advanced camputer architectures; high
density packaging of semiconductors; software technology; and very large scale
integration/computer-aided design.Z2°

Although it is unknown whether any marine instruments have benefited
specifically from the results of the MCC effort, we expect that, given the
interests and involvement of the shareholders, the possibility exists that future
benefits will flow from this research into marine instruments.

Under the provisions of the Export Trading Company Act of 1982, trading
companies may be established in the United States to facilitate export txrade.

Advanced Micro Devices

Allied Corporation

Bellcore (including Bell Telephone companies)
Boeing*

Control Data Corporation

CTU of Delaware (subsidiary of United Technologies*)
Digital Equipment Corporation

Eastman Kodak

General Electric* (including RCA)

Harris Corporation*

Hewlett-Packard

Honeywell*

Lockheed*

Martin Mariettax

Minnesota Mining and Manufacturing

Motorola*

National Semiconductor Corporation

NCR Corporation

Rockwell International*

United Technologies*

Unisys Corporation (including Sperry#* and Burroughs)
Westinghouse Electric Corporation*

Figure 36: Microelectronics and Computer Technology Corporation Shareholders.
"x" jndicates a firm involved in marine electronic instrumentation.

Among some of the encouragements found in the Act is a preliminary antitrust
clearance review conducted by the Departments of Commerce and Justice. Although
the companies are not exempt from suit by private parties after review, there is a
"presumption of validity" for the export conduct of trading companies that receive
certification. Several companies already have been organized to export
electronics, envirormental, and scientific equipment, although we know of none

25 Pederal Register 50(78): 15989-90 (23 April 1985).



pal

that are organized specifically for the export of marine electronic
instrumentation. Because several factors influence the volume and rate of
exports, especially foreign economic growth, relative exchange rates, and others,
it may be too early to determine whether or not this Act has had any positive
effect (GAO, 1986a).

Companies, joint ventures, trade associations, and other business entities
may request DOJ's Antitrust Division to conduct a "business review." This review
allows DOJ to examine and comment upon the potential competitive effect of
"proposed business conduct." A business review states DOJ's enforcement intention
at the time of the review but does not limit its enforcement power subsequent to
the review. We have examined the Antitrust Division's Digest of Business Reviews
and have found no reviews of business conduct related to the marine electronic
instrumentation industry.26

The Federal Trade Commission (FTC) has many responsibilities under the U.S.
antitrust laws, but one major focus is to encourage competitive forces in the U.S.
economy and to prevent unfair practices (price discrimination, exclusive dealing
arrangements, mergers and acquisitions that may substantially lessen competition
or that tend to create a monopoly, among others) that hinder competition. One
role of FIC's Bureau of Competition is to study conditions affecting competition
in the U.S. economy. Preliminary contact with officials at the Bureau has
revealed that they have not collected information specifically on the marine
electronic instrument industry.

3.1.9. Small Business Encouragements.

Several programs providing financial or other incentives for small businesses
are sponsored by the U.S. Small Business Administration (SBA), an independent
agency with an annual budget of roughly $500 million. SBA rules set out specific
requirements for firms that qualify as small businesses, generally in terms of

26 antitrust Division, Digest of Business Reviews: 1968-1982, Washington:
U.S. Dept. of Justice, 1983 [includes annual supplements through 1987]. Two
distantly related reviews concerned a proposal by the Electronics Industry
Association for access for American firms into a worldwide certification system
for electronic components (1978) and NSF's Ocean Margin Drilling Program, which
included U.S. oil companies engaged in joint research and scientific exploration
of the outer continental shelf and deep ocean (1980).
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numbers of employees or value of sales volume.27 Because many firms in the marine
electronic instrumentation field qualify as small businesses under these rules,
SBA programs, including business development, govermment contract assistance,
financial assistance, and advocacy, are important to this industry. Here we
discuss three programs which are of special interest.

A small business investment company (SBIC) is a privately capitalized,
profit-making firm which is assisted financially by the SBA. SBICs make "venture
or risk" investments (unsecured or partially secured loans or equity loans) in
small businesses. They are licensed and regulated by the SBA. We have not found
any SBICs that are specifically devoted to marine electronic instrumentation.
However, because of govermment assistance, this kind of a venture capital
institution potentially may be less affected by the trends toward later-stage,
short-term investments (see section 3.1.4.), and, as a result, could benefit firms
in the marine electronics field.

Regular business loans made by commercial lending institutions may be
guaranteed between 85 to 90% by SBA. An average SBA—guaranteed loan is
approximately $175,000 with a maturity of eight years (the maximum loan size is
limited to $500,000). Ioans can be guaranteed by SBA for working capital, plant
and equipment, or other needs. In the event that a small business is unable to
obtain a loan guaranteed by SBA, SBA is authorized to make loans (up to $175,000)
directly to small businesses. SBA also has other kinds of loan programs and makes
bond guarantees (SBA, 1987). We have uncovered no information about the extent to
which SBA guaranteed loans have been used by MEI firms, but this appears to be a
program with much promise for discrete market opportunities requiring improved
economies of scale for efficient production.

Under provisions of the 1982 Small Business Innovation Development Act,28 Spa
coordinates a program of competitive Small Business Innovation Research (SBIR)
awards for govermment-sponsored research to small businesses. The Act requires

27 gmall businesses are defined generally as businesses that are
independently owned and operated and not dominant in their fields. SBA
regulations set limits on the number of employees or sales volume for specific 4-
digit SIC industry groups. The limit for SIC 3662, which encompasses most of the
marine electronic instrumentation sector, is set at 750 employees. 13 CFR 121.2,
Tables 1 and 2 (1987).

28 15 U.s.C.S. 638 (1982).
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federal agencies with large R&D budgets (usually larger than $100 million) to
allocate a certain portion (1.25%) of their annual budget toward this program.2?
Figure 37 shows the SBIR awards specifically for marine electronic instruments
over the period 1983-1986 (OIRT/SBA, 1984-87). Phase 1 and phase 2 awards are
broken-out by funding agency. Over $16 million has been awarded over this period,
with the Defense Department (primarily the Navy) contributing 73 percent.
Expenditures in this area have grown steadily each year; in 1986, they topped $1.5
million to 31 firms for phase 1 research and $5 million to 17 firms for phase 2
research. In 1986, the average SBIR award for MEI research projects was $132,000.

Expanditures (current § thousands)

--------------------------------------------------------------------------------------------- % of Tolal
Phase 1983 1884 1085 1986 Tolal B83-86 1083-88
DoD 1 $874 (16/12) §824 (16/14) $1,020 (21/19) $1,168 (23/22)
2 $1409 (9/8) $2,027 (9/8) $4314 (15/14)
$11,636 73
NASA 1 $145 (3/3) $100 (2/2) $148 (3/3)
2 $974 (2/2) $959 (2/2) $485 (1/1)
$2,811 18
DoT 1 349 (111) $100 (2/2) $100 (2/2)
2 $300 (1/1)
$549 4
NSF 1 $101 (3/3) 85 (1/1) $120 (343) $65 (272)
2 121 (1)
442 3
DoC 1 $30 (1/1) $80 (313)
2 $170 (1/1)
$290 2
DoE 1 T (111) $99 (2/2)
2
§148 1
Dol 1 $35 (1/1) 835 (1/1)
2
$70 <1
HHS 1 $50 (111)
2
$50 <1
EPA 1 M9 (11)
2
$49 <1
All Agencies 1 §1,204 (24/20) 1,041 (21718) $1,517 (32/30) §1,522 (32/31) $5,204
2 $2,883 (12/11) $2,987 (11/10) $5.089 (18/17) $10,758
TOTAL  $1,204 (24/20) $3,724 (33/28) 34,503 (43/38) 36,611 (50/45) 516,042 100

This Figure Is an abstract of SBIR awards made by agency, broken down by phase. Figures in parentheses represent he number of awards and
the number of firms recelving awards (e.g.. (24/20) means 24 projects funded al 20 different firms).

Figure 37: Small Business Immovation Research (SBIR) Awards for Projects Related
to Marine Electronic Instrumentation, 1983-86. Source: OIRT/SBA
(1984-87) .

29 The program is divided into three "phases." Under Phase I, up to $50,000
is available to support up to one-half of a year of effort. Phase 2 projects are
directed at successful Phase 1 efforts, and up to $500,000 is available for two
year development projects. Phase 3 projects with a specific federal goverrnment
application may be funded to help support a project to commercialization.
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Annual SBIR awards probably represent ony 2-5 percent of the marine
electronic instrumentation industry's total R&D efforts. The Marine
Instrumentation Panel identified small business policy in the United States as an
area of special concern. Their deliberations resulted in a list of several
problems faced by small businesses in the marine instrumentation field (Figure 38
is an edited form of the list). One of the main conclusions reached by the panel
was that the SBIR program was insufficient (Comerford, 1988). In particular, the
members of the panel felt that SBIR awards "don't go far enough, either in numbers
or dollars" (Williams, 1988).

Inadequate SBIR funding

Not enough SBIR phase 2 projects
Insufficient proposal writing expertise
SBIR instrumentation too specialized

High cost of capital for high risk ventures
Limited access to funding and other resources
Unfair share of government procurement
Insufficient internal R&D support

Limited access to technology

Lack of management specialists and expertise
Holding onto good management people

e Political power gap

e Ineffective communication with elected
representatives

e Trade association activities are limited

e High cost of patenting

@ High cost of product redevelopment to match
market demands

e Identification of customer needs

e Vulnerability to market penetration by foreign

competitors
Figure 38: Problems Faced by Small Businesses in the Marine Electronic
Instrumentation Field, as identified by the Marine Instrumentation

Panel.

An examination of Figure 37 reveals the high concentration of SBIR awards
(nearly three-quarters of both the number and the dollar value) issued by the
Defense Department (Navy), presumably for predominantly defense-related research.
Navy awards have increased in numbers from 45 in 1983 to 286 in 1987 (DoD, 1987).
The mumber of proposals received by the Navy has increased as well, from 944 in
1983 to 2004 in 1987. Yet some agencies with specific marine electronics research
needs, such as the U.S. Coast Guard and the Army Corps of Engineers, may find
their research needs (and their potential for making SBIR awards) buried among the
priorities of their parent agencies. It might be worthwhile for the National
Marine Electronics Agenda to promote the potential for benefits from SBIR-type
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research for agencies with smaller research budgets but with more specific marine
responsibilities. At the same time, small marine electronic instrumentation
businesses might be encouraged to take advantage of some of the other SBA programs
that have the potential for improving their productive ocutput.

3.2. International Trade

3.2.1. Export Controls.

In the United States, the Congress has a constitutional authority to control
international commerce, and the right to export any item from the United States is
a grant from the federal goverrment. As shown in Figure 39, a grant to export
appears in the form of a license, either general or validated (requiring written
authorization). In particular, the exports of certain commodities, technical
data, or services are controlled for one or more of three general reasons:
national security, foreign policy, or domestic output constraints ("shortages of
supply"). Much of the responsibility for controlling the export trade from the
United States has been delegated to the executive branch.

GENERAL LICENSES: There are 21 types of general licenses.
General licenses are available without application, and no
documentation is issued to authorize exports under a general
license. General licenses are available for commodities which do
not appear on the control list and which are not subject to a
"denial order." For commodities not subject to the Department of
Commerce rules (munitions, controlled substances, nuclear
equipment and material), general licenses are unavailable. The
categories of general licenses are found in the Code of Federal
Regulations, Title 15, Part 371.

VALIDATED LICENSES: For commodities, technical data, or
services found on the commodity list above a minimum value,
application must be made by an exporter for a validated license.
Generally, a validated license is for a specified shipment. It is
possible to obtain a wvalidated license for a project, for
distribution of products by a foreign distributor, or for the
supply of replacement parts and repair services. An application
for a validated license must include the identification of all
parties to a transaction and "substantiate" an actual order for
the product. BXA reviews all applications to determine
consistency with U.S. export policy. In addition, DoD reviews all
applications for export licenses to communist countries. DoD uses
its unofficial "Militarily Critical Technologies List" as a
reference for export control determinations. The application
review period is variable, depending on the nature of the product
and its destination, and may run from five days to four months.
This review period is now being shortened through the use of
computerized validation.

Figure 39: Two Types of Export Licenses.
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The U.S. Export Administration (BXA), a bureau located within the Department
of Commerce, maintains a "control list" of commodities subject to export controls,
the nature and scope of control, and other pertinent information. Generally
speaking, commodities found on the "control list" in excess of specified minimm
values must receive a "validated" license prior to export. All applications for
export licenses are directed initially to BXA. In some cases, license
applications are sent to the Defense Technology Security Agency (DT'SA) in the
Defense Department or the Office of Munitions Control (OMC) in the State
Department for review.

Appendix D is an abstract of the Commodity Control List identifying several
marine electronic instruments subject to export control rules of varying
stringency. Commodities for export are reviewed on a continuing basis to
determine whether or not they should be placed on or removed from the control
list.30 Review is conducted by interagency Technical Task Groups (TTGs) with
advice from the Commerce Department's Technical Advisory Committees (TACs). The
TACs may receive comments from any interested party concerning the disposition of
a commodity.

The control list also identifies countries for which validated licenses are
required. These countries are segregated into eight "country groups." (In some
instances, certain commodities may be prevented from exportation, especially to
countries such as Libya, South Africa, Vietnam, or countries of the Soviet bloc.)

In addition, the United States is a member of the Coordinating Committee for
Multilateral Export Controls (COCOM), an international body established in 1949.
COCOM consists of 15 countries that maintain similar export control standards
based on the "technical performance" (not the stated end-use) of specific
commodities.3l A general license is available for the export to COCOM

30 For example, if a non-U.S. origin commodity is found to be "available-in-
fact" in a proscribed country, U.S. producers may be able to claim "foreign
availability" and to seek decontrol of the export of a commodity (or technical
data) controlled for reasons of national security to that country. 15 CFR 391
(1987) .

31 The member countries are: Belgium, Canada, Dermark, France, West Germany,
Greece, Italy, Japan, Luxemboury, the Netherlands, Norway, Portugal, Spain,
Turkey, the United Kingdom, and the United States. 15 C.F.R. 370.2 (1987). A
recent ruling by the U.S. Export Administration permits exports to Finland to be
treated as if Finland were a COCOM member. 52 Fed. Reg. 32121 (26 August 1987).
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destinations of "low-tech" commodities that otherwise would require a validated
license. For example, a recent COCOM review resulted in a revision to validated
license controls on item 1501A (navigation, direction-finding radar and airborne
communication equipment) .32

COCOM maintains three "lists" of comodities, the export of which the member
countries agree should be controlled to the Soviet Union and other communist
countries: the International Atomic Energy List, the International Munitions List,
and the International List ("dual-use" items that might be used for either
civilian or military purposes). However, individual member countries are not
necessarily constrained by agreements concluded at COOOM; domestic export law and
policy may supersede COOOM agreements. In addition, there may be variable
interpretations of license restrictions by individual COCOM member countries,
resulting in a variable export control system.

Perhaps the most salient recent example of this variability is the 1986
Toshiba-Kongsberg Technology Diversion case. In this case, three Japanese
companies and one Norwegian company were found to have sold "sophisticated" marine
propeller milling machines and related computer technology to the Soviet Union.
This sale is referred to as a "diversion" because the technology was considered
important for national security reasons and export licenses should have been
denied under the COCOM system (Senate Banking Cm., 1987). This case is of
particular importance to some sectors of the marine electronic instrumentation
field, because the technology can be used to make Soviet submarines run quieter,
thus creating a need for the U.S. to research, develop, and produce more effective
ways to detect these submarines. The discovery of the diversion resulted in the
tightening of the Japanese and Norwegian export control systems and heightened the
sensitivity of U.S. agencies with export control authority, even though none of
the equipment in question was manufactured in the United States.

As can be seen in Figure 40, several other federal agencies share
significant responsibility over the control of exports with BXA, resulting in a
complicated export control process driven in sometimes variable directions by
different agency viewpoints (Lindstrom, 1985). Two of these agencies are
important for MEI products, the Department of State, which manages the U.S.
"munitions list," and the Department of Defense, which manages its list of

32 pederal Register 50(176): 37136 (11 September 1985).
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licensing recommendations under 1985 Presidential OEL - Office of Export Licensing
directive)

Figure 40: Federal Agencies Exercising Comtrol over Exports.

"militarily critical technologies." All license applications made by firms
located in COCOM member countries are received initially for review by OMC in the
State Department, which seeks additional review from Commerce or Defense, if
necessary. Under a presidential directive issued in 1985, the Defense
Department's license application review authority was broadened to include eight
product categories (including one that covers "electronics and semiconductor
manufacturing") for destination to 15 specified free world countries (all outside
of COCOM), the Soviet Union and China.33 Recently (May 1988), the list of free
world destinations was shortened to eight countries, and this has cut DoD's review
load by roughly 43 percent (GAO, 1988d).

Based upon interviews with industry officials, we have obtained a mixture of
impressions of the effects of U.S. export control policy on international trade in
marine electronic instrumentation markets. These impressions range from no effect

33 However, since 1981 DoD has reviewed "high technology, computer-related"
applications to most free world destinations under the provisions of a Commerce-
Defense interagency understanding (GAO, 1986).
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at all to a significant effect, but there are at least four important factors
influencing the effects of export controls on individual firms. First, and most
important, is the destination of the product to be exported. Export license
applications to Soviet-bloc countries have longer processing times and higher
denial rates. And DoD denial of applications to Soviet-bloc and other free world
destinations can be made on general grounds of national defense concerns, without
the specificity required of Commerce Department application denials (GAO, 1986b).
MEI firms have encountered this phenomenon, and there are cases where products
that were granted licenses in earlier years more recently have been denied. Most
often the reasons for this "crack-down" on exports are attributed to the Walker
spy case or the Toshiba-Kongsberg technology diversion case. There are signs
that controls may be loosening, such as evidenced at the U.S.-Soviet Trade and
Economic Council meeting in Moscow in April of 1988 where the U.S. Secretary of
Commerce, William Verity, announced a loosening of controls on some types of
nonstrategic goods, including energy equipment and engineering services, but
progress is expected to be slow (Starrels, 1988).

Second, the nature of the products are important. Not all marine electronics
are considered to be "militarily critical," most notably the
commercial/recreational marine radios, fishfinders, etc., and many of these
products are exportable under general licenses. At the other extreme, some
defense technologies may be traded in foreign military sales programs (see:
section 3.1.2. above) and thus are, in effect, sanctioned for export by the
federal govermment. Technologies that fall outside of these two cases, and
especially products that are elements to be combined with other technologies into
a marine electronic system or assembled in a foreign jurisdiction for resale
elsewhere (computer hardware and software are good examples), seem particularly
vulnerable to U.S. license application denials. In part, this is due to the (not
wholly unfounded) perception that export controls are less stringent in foreign
jurisdictions, even within COCOM countries. Researching foreign license
validations is fraught with difficulty, especially since most foreign export
control systems are not computerized or otherwise difficult to access. Ilost sales
of some kinds marine electronic instrumentation products to foreign producers due
to the inability of U.S. firms to assure foreign customers of the ability to
obtain a U.S. export license are not uncommon.

Both the size of the exporting firm and the proportion of its sales into
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foreign markets influence the effect of export controls on internaticnal trade.
lLarger firms tend to have the resocurces to devote one or more employees solely to
the task of obtaining export clearances. In some circumstances, sales
representatives or dedicated agents located in foreign jurisdictions can speed the
process of obtaining documentation to assure federal govermment officials that
technology will not be diverted. Firms that sell only a small proportion of their
products into foreign jurisdictions would be expected to face a smaller number of
export control problems, although this is highly dependent upon the nature of the
product being exported. Small firms may still face significant problems in
obtaining export clearances, even if only one product line is involved.

There are additional issues associated with the effect of export controls on
international trade in marine electronic instruments.34 Some industry officials
have doubts concerning the level of technical expertise shown by federal license
reviewers, and this may be understandable given a wide range of technologies that
must be examined and the limited number of examiners. In cases where technologies
are available in foreign jurisdictions, but U.S. export licenses are denied, it
can be costly, with no guarantee of success, for U.S. firms to demonstrate
"foreign availability" as an appeal to the licensing decision. But perhaps the
most important issue concerns the fluctuating imposition and relaxation of
controls that has been experienced during this decade. The regulatory uncertainty
associated with variable levels of control (seemingly driven by foreign policy
directives or national security breaches) raises the costs faced by U.S. fims
involved in exporting marine electronic instrumentation. This is a problem of
direct relevance to the international competitiveness of the field as a whole and
would seem to impact to a larger proportional extent on small, newly-emerging
firms in these markets.

3.2.2. Import Restrictions and Barriers to Trade

The majority of barriers to trade concern import restrictions instead of
export controls. The erection of trade barriers raises two general issues: the
restriction of imports of U.S. items into foreign jurisdictions and the
restriction of imports of foreign items into the United States. While these

34 Two additional areas of potentially productive research include controls
on technical data or information useful for the design or manufacture of marine
electronic instrumentation, and export insurance policy.
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issues seem simple at a general level, because of the variety of methods by which
imports can be restricted and the different reasons for restriction, import policy
can become quite complex. It is not our intention here to give an indepth
description of import restrictions and import policy (cf. OTA, 1983). Instead, we
will present an overview of the issues faced by U.S. manufacturers of marine
electronic instrumentation as they export into foreign jurisdictions, and the
remedies available to those manufacturers as they face trade barriers, both at
home and abroad.

Most countries impose duties, known as tariffs, upon the entry of a foreign
product into their home jurisdiction. The exorbitant tariffs erected by the
United States under the Smoot-Hawley measure in 1930 (and the resulting
international countervailing reactions) are believed to have been a major factor
leading to a breakdown in international trade and to worldwide economic
depression. Generally, most countries have realized the detrimental effects of
large tariffs upon international trade in goods ard have agreed in multilateral
trade negotiations to control tariffs to nominal rates on most products. This
does not mean that all countries are given identical tariff treatment. As an
example, in the Tariff Schedule of the United States (ITC, 1986a), which is
maintained by the U.S. International Trade Commission, a typical entry for marine
electronic instrumentation is found (Figure 41). The three columns underneath

Ttem Article Rates of Du
1 Special 2
685.60 Radionavigational aid apparatus, 4.9% Free (A,E,I) 35%

radar apparatus, and radio remote
control apparatus, all the foregoing
and parts therof

Figure 41: Sample Tariff Schedule Entry for Marine Electronic Instrumentation.
Source: ITC (1986a).

"rates of duty" are variable tariff levels for one item entering the U.S. customs
territory. Column one represents the tariff imposed on products from Canada; this
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column is known as the U.S. most favored nation (MFN) tariff rate.3® The
"Special" column represents the special tariff faced by selected developing
countries under a "generalized system of preferences"36 and by others such as
selected Caribbean Basin countries and Israel, which have free trade agreements
with the United States. Column 2 represents the tariff faced by countries of the
Soviet Bloc and other selected communist countries (in 1980, the People's Republic
of China was removed from the list).

Tariffs imposed by other countries are not identical to those of the United
States, even under the MFN system. However, the "Tokyo Round" of multilateral
trade negotiations (part of the General Agreement on Tariffs and Trade [GATT])
resulted in substantial cuts in average tariffs. For example, because of the
Tokyo Round negotiations, the average nominal tariff on electrical machinery (SIC
383) was reduced from 6.6 to 4.4 percent in the United States, from 9.9 to 7.9
percent in the European Community, and from 7.4 to 4.3 percent in Japan.37
Because of the nominal tariff rates imposed on most marine electronic instruments
(averaging perhaps less than five percent), we expect that tariffs are not
perceived as a major barrier to trade in this industry. Items originating in
communist-bloc countries still face substantial tariff rates.

An interesting, but small, program established in the United States allows
the duty-free entry of scientific instruments. This program is available for
public or private nonprofit institutions established for educational or scientific
purposes. Eligible institutions make an application for duty-free entry to the
International Trade Administration (ITA), which then sends that applications out

35 mMost favored nation" tariffs are nondiscriminatory tariffs applied to
imports from nations agreeing to provisions of the General Agreement on Trade and
Tariffs (GATT). For Canada, this tariff rate may be affected by the ratification
of the recent United States—Canada Free Trade Agreement.

36 The generalized system of preferences (GSP) is a system of reduced
tariffs for imports from qualifying developing countries. The concept of GSP
originally was formulated at meetings of the United Nations Conference on Trade
and Development (UNCTAD). For a good description of GSP, see: Sapir and Iundberg
(1984) .

37 These reductions were initiated in 1980 and phased in over the next seven
years (Deardorff and Stern, 1984).
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for review to agencies with relevant expertise.3® A brief review of recent
Federal Register notices of applications has shown that marine electronic
instrumentation is imported from foreign jurisdictions under this program. Among
recent imports listed: the Huntec (Canada) "deep towed pressure compensated

boomer seismic system" to WHOI (1987); the I.S.E. Gulf (Canada) "remotely operated
vehicle system, HYSUB-40 to Harbor Branch Foundation (1987); and the Sea-I
Research Canada "towed underwater submersible system, Model MANTA" to NOAA/NMFS
(1987). We have requested a computer search from the Statutory Import Programs
staff at ITA of duty-free applications during the past five years to get a better
understanding of the extent to which this program is used.

There are several areas in which goverrment policies might have an effect on
the competitive position of U.S. firms in the international marketplace (NAE,

1984) . In the future, we plan to look more closely at the policies exercised by
other govermments, especially government-sponsored R&D efforts, and characterize
their effect on the competitiveness of U.S. firms in this international market.

In a related context, we will consider the extent to which foreign firms and
governments perceive U.S. defense R&D spending to be a form of domestic industry
support, particularly for technologies that are commercialized and traded
internationally. The following are examples of the kinds of foreign programs that
we will be examining closely:

e EUROMAR. Established in 1986 as a EUREKA project, EUROMAR's specific
goal is the "development, application and successful exploitation of Europe's
advanced marine technology having worldwide market potential." One specific
objective has been to "promote cooperation between industry and science in
developing marine instrumentation and methods." Participants in the EUROMAR
program (firms, research institutions, govermments) seek private as well as public
funding for their efforts. Participating European govermments include France, the
Netherlands, West Germany, Finland, and Norway, all of which have firms that sell
into marine electronic instrument markets and which compete substantially with
U.S. firms (Euromar Sect., 1988).

38 This program was established as section 6(c) of the Educational,
Scientific, and Cultural Materials Importation Act of 1966 [P.L. 89-651], 89
Stat. 897. Applicants must show that for the instrument's intended use, no
instrument is being manufactured in the United States of "equivalent scientific
value" to the foreign instrument.
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e Japan. The Japan Ministry of International Trade and Industry (through
the Agency for Industrial Science and Technology and Japan Ocean Industries
Association) and the Agency of Science and Technology (through the Japan Marine
Science and Technology Agency) target R&D opportunities in the ocean sector and
have subsidized marine electronic instrumentation R&D projects, such as the
development of ROVs, XBTs, optical fiber communication links, and automatic
offshore oil and gas drilling (Kitamura, p.c., 1988; Saeki, 1984).

e United Kingdam. The U.K. Department of Trade and Industry (DII) provides
support for the development of radars, sonars, simulators, automated control, and
satellite navigation systems (SCST, 1985). In 1984, approximately 193 million
pounds ($259 million) was spent by the United Kingdom government on "marine
science and technology." ILess than 7 percent (about $18 million) was devoted
specifically for "improvement of technology" (GBCO, 1984). Further research will
be necessary to identify expenditures specifically for marine electronics. The
U.K. govermment recently has organized a Coordinating Committee on Marine Science
and Technology to coordinate govermment funded activities in marine science and
technology and to "develop a national strategic framework" involving goverrnment
departments, research councils, and industry (NERC, 1988). The British Electrical
Engineering Association has testified before the Select Committee on Science and
Technology in the House of Lords regarding the large export potential for marine
electronic equipment (SCST, 1985).

There are many other forms of nontariff trade barriers (NTBs), including
import licenses, "buy-national" goverrment procurement policies, performance
requirements, technical standards, quotas (including orderly marketing agreements
and voluntary export restraints), intellectual property right infringements (see
section 3.1.6 above), and outright production subsidies (CBO, 1987). Our
discussions with industry officials revealed that many of these kinds of NTBs are
not prevalent in international trade of marine electronic instrumentation. There
is a strong impression, however, that in some countries (United Kingdom, Canada)
buy-national provisions do in fact restrict the markets for U.S. manufactured
products. Although the tendency for U.S. goverrment agencies (especially the
Navy) to favor purchases of marine instruments from U.S. manufacturers is
recognized by firms in the industry, generally this is not seen as a
counterbalance to similar actions of foreign govermments.

There are several methods by which U.S. manufacturers might seek relief from
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the effects of NIBs, particularly in U.S. markets. Among these are the import
relief ("escape clause"), countervailing duty, and antidumping laws, as well as
other provisions that direct federal agencies (particularly the ITC) to
investigate "serious injury" to U.S. firms due to increased imports or "unfair
trade practices" (ITC, 1986b). Section 301 of the Trade Act of 1974 allows the
President to enforce U.S. trade rights on his own initiative or in response to the
filing of a petition. This section's applicability is broad, applying to "acts,
policies, or practices of a foreign govermnment that are unjustifiable,
discriminatory, or unreasonable and that restrict U.S. trade or viclate
international agreements" (GAO, 1987b). Although this section has had limited use
in the past, more recently (since 1985) it has become the Administration's primary
method for countering unfair foreign trade practices (the Japan semiconductor
agreement was the result of a 301 case). The 301 process invokes dispute
settlement procedures either bilaterally or under GATT, depending upon whether or
not an international agreement may have been violated. Some 301 cases have taken
extraordinarily long to reach resolution, especially under the GAIT rules. The
President may act prior to the end of the formal settlement, by enacting trade
sanctions, for example, even on commodities which are not in dispute. However,
the President traditionally has waited until the GATT process or bilateral
negotiations have been successful. Often the threat of action under 301 may be
more useful than the action itself (GAO, 1987b, 1985). The recent trade bill
passed by Congress this year has transferred much authority from the President to
the Office of the U.S. Trade Representative, increasing administrative discretion
and potentially speeding the initiation of 301 cases as well as retaliatory
actions (ILangley and Mossberg, 1988). Although we know of no marine electronic
instrumentation cases or investigations pending under 301 or other U.S. trade law
provisions, it appears that section 301 may have a higher probability of use
should a case arise in the future.

In 1986, the U.S. Senate Finance Committee requested the ITC to conduct
"campetitiveness studies" in several industries. Although none of the industries
were related to marine electronic instrumentation, we expect that the methods
employed by the ITC, including the development of automated data bases providing
measures of competitiveness and generic questionnaire formats, are transferable.
We plan to examine this avenue as we begin the second year.
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The fluctuations of exchange rates can have a profound effect on

international trade in commodities like marine electronic instruments.

Figure 42

depicts over the decade from 1978 to 1988 the movement of U.S. dollar and real
effective exchange rates for several of the major industrial countries in which
trade in marine electronic instrumentation is important.
dollar has depreciated substantially, resulting in a general improvement in the
international competitiveness of manufacturers in the United States (IMF, 1988).
Interviews with industry officials in MEI markets have formed an impression that
exports of U.S. manufactured MEI commodities have improved as well with the
decline in the U.S. dollar.3?

Since 1984, the U.S.
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39 We would also expect imports to slacken at the same time, but we have no

evidence to this effect.
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We expect that the magnitude of the influence of exchange rate fluctuations
will depend upon idiosyncratic characteristics of individual markets. For
example, the effect of exchange rate variation may be more pronounced for large
volume, low profit-margin commodities that are produced in more than one country.
Thus the commercial/recreational sector is likely to be the most sensitive to
exchange rate effects. At the other extreme, international trade in unique
instruments, which may be produced by only a few firms in the world and which are
not easily substitutable, may be virtually unaffected by any but the largest
exchange rate variations. Further, the extent to which traders engage in long-
term contracts for both manufactures and support or maintenance services with
fixed price arrangements will influence the sensitivity of international trade to
exchange rate fluctuations. We expect that long-term contractual relationships
are relatively rare among firms in this industry and more common among countries,
although further investigation will be required to substantiate this hypothesis.
Foreign military sales, supported at least in part by international economic aid
programs, may be of the type that are not easily effected by exchange rate
movements.

Recent international negotiations that attempt to stabilize exchange rates,
such as the 1987 "Iouvre Accord," may minimize the effect of fluctuating exchange
rates on the markets for marine instruments. However, the value of the U.S.
dollar and the related exchange rates may be influenced by numerous factors, some
of which are beyond the reach of international accords. Among these factors are
trade disputes between nations, which may shake the foundations of international
agreements, and domestic monetary and fiscal policy adjustments (IMF, 1988). In
the future, we plan to focus on the effects of short-term exchange rate movements
on trade in some of the high-volume commodities for which credible trade data are

available.

3.3. Technology Pathways.
The sources and pathways of inventiveness and innovation in the marine

electronic instrumentation industry are of great importance to continued
competitiveness. We have begun to examine the parameters governing technological
development in this industry, both between the sectors of the business in the
United States and internationally. However, much work remains to be done on this
topic, which will become a major focus of our continuing study of the marine
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electronic instrumentation industry.

3.3.1. Education.

The effect of advanced educational programs in marine electronic
instrumentation on the transfer of technology is a subject of further research, as
is the involvement of the National Sea Grant College Program. Professional
conferences and seminars provide additional settings for the transfer of knowledge
and technology, and also reguire further investigation.

Foreign students studying in the United States — and in particular, in
advanced degree programs of study — are likely to be a source of technology
transfer from the United States to Europe, Scandinavia, Japan, and other nations.

In the area of scientific oceanographic instrumentation, research
universities play a major role in the development of new designs, techniques, and
instruments. This role is exemplified by the "spawning ground" effect previously
discussed in Chapter 2 of this report. Like the spawning ground effect, which
appears to be strongest for oceanographic instrumentation firms and which
manifests itself most cbviocusly in the United States, the technology transfer from
U.S. research universities to other nations is also likely to be larger in the
oceanographic/scientific area than any such transfer into the United States.
American research institutions are, and consistently have been, at the forefront
of oceanographic research and instrumentation design, and are therefore attractive
places of study for European and Scandinavian engineers in this field.

Conversely, U.S. oceanographic engineers have correspondingly less incentive to
attend European research institutions for advanced degrees. Discussions with
representatives of European and Scandinavian firms in the oceanographic
instrumentation business often include references to staff members being "sent to
the States" for additional education.

This is probably not true in the offshore oil and gas field. In this area,
European research institutions historically have been at the forefront due to
their proximity to the pioneering North Sea offshore developments. In offshore
technology, European and Scandinavian institutions continue to set the pace, and
U.S. institutions have been catching up since the beginnings of offshore work in
the Gulf of Mexico. Still, the oil companies working the North Sea fields spend
large sums on research at European institutions as part of their lease
obligations; and the flow of technology due to foreign students in the offshore
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field is likely to be much less one-sided than in the oceanographic field.

3.3.2. Universities and Independent Iaboratories.
Although universities and independent laboratories are known more for basic

than for applied research, even basic research (particularly in the marine
enviromment) often implies "applied" work on and with sensor technology. This
leads directly to the "spawning ground" effect discussed in Chapter 2, which has
direct implications for the transfer of personnel-—and therefore of information
and technology-—from universities and government laboratories to the private
sector. Indeed, this is inherent to the very nature of the "spawning" of new
oceanographic instrumentation firms: a scientist or engineer working at a
research university, laboratory, or other institution decides to form a commercial
enterprise in order to produce and market a new instrument that was conceived and
initially developed within the research institution. The common occurrence of
this sort of spawning points to the pervasive importance of such technology
transfer, at least in the United States and (perhaps to lesser extent) Great
Britain.

As described in Chapter 2, American oceanographic instrumentation firms tend
to be established in the vicinity of the institutions from which they spring.
This geographic proximity has implications for additional transfers of information
and technological developments long after the founding of the firms. The founding
engineer(s) or scientist(s) are likely to maintain contacts with their colleagues
at the institution (especially since they will be hoping to sell their
instruments to them); they may even continue to work at the institution while
they start their commercial operations. Because they are right next door, they
can easily attend seminars and conferences on oceanographic techniques held at the
institution. These contacts with the research community provide valuable market
information to the firm. In many instances, oceanographic firms maintain strong
relations with their "parent" institution for many years after the initial spin-
off.

The extent to which similar mechanisms are at work around other institutions,
such as cooperative research centers (NSF centers), remains a topic for further
research.
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3.3.3. National Iaboratories

The role of natiocnal (govermment owned and/or operated) laboratories in the
transfer of technology to private firms, and their effect on the domestic and
international competitiveness of these firms, is a subject of growing national
interest. It is possible that technology transfer of this kind could help the
industry in overcoming natural barriers to investment in basic research.

The national laboratories and R&D centers involved in the development of
marine electronic instrumentation are shown in Figure 43. Many of these labs and
centers are "Navy labs," directly under the control, and funded by, the U.S. Navy.
According to current Navy Secretary William Ball, "Navy technical activities have
had technology transfer offices for almost twenty years, and we are expanding and
strengthening this network of field command offices." Some of these technology
transfer offices "specifically [provide] access to technology available for
licensing and comercializing, and opportunities for participating in Cooperative
Research and Development Agreements" (Navy Factsheet, August 1988). The
effectiveness of these Navy programs remains a topic for further investigation.

Applied Physics Lab

Northwest Regional University of Washington,WA

Calibration Center, WA Naval Underwater

Systems Center
(NUSC), RI

Applied Research Lab
Penn State University, PA

U.S. Coast Guard

Pacific Marine R&D Canter, CT
enter,

Environmantal
Laboratory,
NOAA, WA

Atlantic Marine
Geology Branch,
USGS, MA

Pacific Marine Applied Physics
Geology Branch, Lal:_n. Johns Hopkns
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Naval Ocea Center, MD
Systems Center,
CA Naval Research
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cripps Institution of
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P ——_ Coastal Engineering Research
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Figure 43: U.S. National Iabs and R&D Centers Involved in Marine Electronic
Instrumentation. Adapted from Paisley (1987).
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Other programs and initiatives which we will examine include those
established under the Federal Technology Transfer Act of 1986 [P.L. 99-502], such
as the Research and Technology Applications Offices and the Federal Laboratory
Consortium for Technology Transfer; the Department of Commerce's Center for the
Utilization of Federal Technology (CUFT) and personnel exchange programs
established under the Stevenson-Wydler Technology Transfer Act of 1980 [P.L. 96-
480], and other programs run by the National Technical Information Service.40 1In
addition, we will further examine the role of special considerations given to
small businesses in dealing with national laboratories and preferences to U.S.
businesses agreeing to manufacture in the United States.

3.3.4. Intersectoral Transfers.

Other dimensions of inventiveness and technology transfer involve the
relationships between the end-use sectors. In particular, the flow of technology
between the naval and civilian offshore sectors, the two largest customers of
marine electronic instrumentation firms, bears further investigation. It is
likely that products and techniques developed in one sector could find markets in
ancther sector; a recent example of this, the military mine-sweeping use of
civilian ROVs refined for use by the offshore industry, is discussed below. This
corresponds to what may be the easiest sort of transfer, because developments in
the commercial and offshore sectors are publicized widely through advertising in
the trade and popular journals.

The development of the expendable bathythermograph (XBT) serves as a possibly
anomalous example of a development, funded by private R&D investment, which has
spread through the military, scientific, and offshore sectors. There is, however,
a general problem of the products of R&D not crossing inter-sectoral boundaries
(Williams, 1988).

Scientific facilities, such as the Woods Hole Oceanographic Institution
(WHOI) and its Navy-funded research submarine ALVIN, serve as "safe places" for
the Navy to try out new devices. "Halo" labs, less subject to criticism than
commercial ventures, can be more easily used for certain kinds of development

40 For a brief description of these programs, see: National Technical
Information Service, "Productivity, Technology, and Innovation; Study of
Alternatives for Privatizing the National Technical Information Service," Federal
Register 51(81): 15868-15870 (28 April 1986).
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efforts. The research qualifications of scientists at those labs further enhance
the capabilities for risky developments. The result is in effect a transfer of
technology across the military/scientific barrier, in both directions. Twenty to
thirty percent of the money the Navy put into AIVIN in the first 15 years of its
operation was intended for the testing of concepts and procedures in an
environment where a failure would be less embarrassing than in a military program
(Williams, 1988).

A number of failures of R&D efforts, successful in themselves, to cross
inter-sectoral boundaries, can be cited. Benthos developed emergency acoustic
beacons to be used to mark lost equipment; these have never caught on in either
the scientific or the commercial user group. Raytheon developed piezoelectric
polymer material for a wide-aperture acoustic array, but this has not been used,
even within the Wide Array project. Passing a particular technology to another
user group may be inhibited by the small demand for a particular device. For
example, a limited number of special flex-tensional acoustic transducers were
built, but they were "swapped around" within and between the military and
scientific user groups, and satisfied the research needs without generating a
larger market (Williams, 1988).

There are clearly successes as well as failures in the crossing of inter-
sectoral boundaries. Radar and sonar have diffused through all user groups.
Sonocbuoys——in one form or another--have crossed the boundaries between offshore,
scientific, and military sectors. The common characteristics of these successes
seem to be the vast quantities used, military needs, or offshore energy
companies' demands (Williams, 1988).

In this time of budgetary constraints, the U.S. Congress has asked the Navy
to examine the possibilities of using more off-the-shelf, commercially developed
systems, thereby saving the considerable expense associated with the development
of similar systems to Navy specifications by military contractors. In the case of
marine electronic instrumentation, this would mean the Navy procurement of
instrumentation systems originally developed for the scientific, offshore, or
commercial /retail sectors. While this has happened in isolated instances (see
discussion of mine-hunting ROVs below), it appears that several substantial
barriers preclude this from becoming a normal occurrence.

One problem is bureaucratic momentum. The Navy procurement system is highly
complex, and staffed with officials who are used to buying systems from military
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contractors. It will most likely take more than an occasional "suggestion" from
Congress to make a difference in the Navy's standard procurement procedures. A
related issue is the stringent "military spec" to which all Navy systems are
designed, and which the commercial systems would presumably also have to meet.
Unless special provisions are made, it is not likely that off-the-shelf
commercial equipment will pass the test of these Navy specifications. Finally,
the Navy's overall trend away from item-by-item procurement and towards the
purchase of large, complete systems from major military contractors would also
appear to decrease the chances of direct transfers of civilian systems into the
military sector.

A recent example of a transfer from the offshore sector to the military is
seen in the adoption by the U.S. Navy of slightly customized off-the-shelf ROV
systems for mine hunting operations. ROVs were developed largely at the
instigation of the offshore business, for which they are a less expensive
alternative to divers or manned submersibles in the installation and maintenance
of offshore structures. When the U.S. Navy needed additional mine-sweeping
capabilities on short notice in the Persian Gulf crisis during the spring of 1988,
they turned to Benthos, a Massachusetts oceanographic firm and ROV manufacturer,
for eight SeaROVER ROV systems. Under a $3 million contract from the Naval Sea
Systems Command, Benthos "militarized" its standard SeaROVER design, and quickly
installed the units on U.S. Navy mine-sweepers in the Gulf, where they soon
proved valuable in the detection and identification of underwater mines.

Although Benthos easily could have added manipulators to the ROVs to cut
mines from their moorings or to carry explosive charges to the mines, this step
was not taken because established Navy procedures for handling ordnance did not
permit such activities at the time and had to go through lengthy review before
any such steps could be taken. The ROVs were therefore used only as roving
sensors, using both sonar and video systems. This restriction of the full
capabilities of the ROVs points to the difficulty of introducing and using
commercial systems in naval operations, as discussed in the section above.

3.3.5. International Transfers.

Industry characteristics such as the ready movement of personnel between
firms, internationally as well as domestically, and restrictions on domestic trade
or export of products, are likely to have significant impacts on innovation and
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the transfer of technology in this industry. These issues are of clear
significance to the competitiveness of U.S. marine electronic instrumentation
firmms, and will be pursued during future research in the form of case studies of
technological transfer across national boundaries as well as across end-use
sectors.

One group clearly in a position to influence international technology
transfer are the sales representatives. Sales representatives tend to be specific
to one country, since they must know the intricacies of doing business, and
maintain close contact with the buyers of technology within that nation. While
they serve as mediators of the sale of marine instrumentation, sales
representatives are not always cognizant of the technical details of the equipment
they are selling, and probably do not serve as personal conduits of technological
information. They do play a large role in the distribution of the instruments
themselves, however, and this international transfer of instruments can constitute
technological transfer on a large scale.

Other topics of further investigation in the area of international technology
transfer include the role of trade shows, foreign sales corporations,
international joint ventures, the International Development Cooperation Act of
1979 [P.L. 96-53], and other policies such as the Japanese Technical Literature
Act. These considerations also tie in with further investigations of the policies
governing the enforcement of intellectual property rights in foreign jurisdictions.






4. Conclusions

Marine electronic instrumentation encompasses most of the high technology
tools that are vital to the efficient exploration, understanding, and use of the
oceans. Technological advance and economic activity in the world's oceans depend
strongly on this class of technology. Producers of these instruments sell into a
world market, and their consumers span all ocean sectors from undersea defense to
offshore oil and gas, oceanographic research, environmental monitoring,
commercial shipping, fishing, and recreational boating. U.S. firms face foreign
competition on nearly 100 percent of their marine electronic instrumentation
products.

Marine electronic instrumentation is a small but critically important area of
high technology, bridging a world electronics market of $400 to $500 billion and a
world marine market on the order of $400 billion. High technology products are
defined generally to include those products for which research and development
(R&D) expenditures are a significant (perhaps as high as 5 to 15 percent)
proportion of sales. Annual production of marine electronic instrumentation in
the U.S. is on the order of $3 to $5 billion, with perhaps 20 to 30 percent of
this being exported, and a smaller amount being imported. The world market for
these products is estimated at about $10 billion annually.

Four major end-user groups of marine electronic instrumentation products have
been identified. These are, with their approximate annual U.S. sales volumes:

(1) the military, $2 billion; (2) offshore oil and gas, $200 million; (3)
recreational and commercial boating and shipping, $500 million; and (4)
scientific and oceanographic activities (including environmental monitoring), $100
million. Throughout the industrial evolution of marine electronic

instrumentation manufacturing, a shifting balance of support from these user
groups has provided the funds and the impetus for the development and introduction
of new products. Within this balance, the Navy has always been of central
importance in driving technology development.

Three largely distinct industry groups supply the products of marine
electronic instrumentation. These are (1) the oceanographic/environmental
instrumentation shops, producing customized research equipment; (2) the commercial
"marine electronics" firms producing retail navigation and communications
products; and (3) the large defense contractors, specializing in complex military
systems. An additional, smaller group encompasses the service/consulting firms
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that serve the military, offshore, and academic/research user sectors. In the
U.S., the oceanographic/envirormental instrumentation shops are typically
established by scientists working at academic institutions or at other small
firms, who detect the need for an instrument or find a new design or production
technique that shows economic promise. As a consequence, these firms tend to
"cluster" around U.S. academic institutions engaged in marine research.

The industrial field of marine electronic instrumentation can be described
broadly as an "industry," on the basis of a common operating environment, product
line overlaps, shared technical problems, mutual entry capabilities, overlapping
customer pools, and professional linkages. Some general observations apply to
the "industry" as a whole. With some variations across industry groups and
sectors served, it is generally very competitive both in its structure and its
behavior. Firms tend to seek out differentiated niches or specialties in product
lines, but there are only modest barriers to mobility across product lines. A
relatively few firms dominate the supply of large-scale systems development for
military applications, but sales to most end-use sectors are fairly broadly-
distributed across a number of small and medium-sized firms. Minimm efficient
scale of operations in the industry appears to be low (though there may be
unrealized economies of scale in both R&D and manufacture), and barriers to entry
and exit are minimal for most product lines. Over-the-counter retail sales are
important only in the recreational and commercial shipping and boating sector and
are handled there by an independent retail sales industry. Independent sales
representatives provide important marketing services for most firms, especially in
foreign sales. Demand for the industry's output is relatively thin, in the sense
that only a few items are mass-produced, and suppliers tend to deal with a
relatively stable set of end users who exhibit fluctuating levels of product
demand.

R&D intensity and the rate of inventiveness and innovation are particularly
important to the success of firms in the marine electronic instrumentation
industry. At the same time, the pace of product evolution and new technology
adoption appears to be more gradual here than in most "land-based" high technology
industries. Confirmation of this observation, however, requires further study as
do its implications for the pace of advance in ocean science and resource
development.

Another important factor affecting the competitiveness of firms in the marine
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electronic instrumentation field is the involvement of govermnments. 1In addition
to providing funds to support R&D, goverrments affect intermational
competitiveness in this industry through policies governing procurement,
intellectual property rights, tax allowances, antitrust enforcement, small
business encouragements, export controls, import restrictions, exchange rates, and
technology transfer.

In the United States, existing law specifically encourages the development of
marine electronic instruments, but little has been done to implement these laws
through either subsidy or other incentives. Instead broader policies have been
employed which directly or indirectly have an effect on the industry. Government
R&D and procurement policies have the most direct effect. A rough, conservative
estimate places federal R&D spending in this field at $500 million annually.
Although it is difficult in many cases to break-out R&D and procurement funding
specifically for marine electronic instruments, we estimate (based primarily upon
Navy figures) that federal R&D in this field is 5 percent or less of federal
marine R&D spending and federal procurement is 5 percent or less of total agency
procurement budgets for those agencies with marine responsibilities.

The Navy is the most important factor in both R&D funding and procurement.
Only about 10 percent of all Navy R&D can be classified as "basic" research, with
the other 90 percent directed at "development, testing and evaluation." Nonprofit
research institutions and universities generally are involved in basic scientific
research, and funding for this activity with respect to marine electronic
instrumentation is split among the Navy, NOAA, and NSF. Private firms and Navy
laboratories are more likely to be involved in the development and prototyping
stages. Anti-submarine warfare has been the leading priority for Navy R&D since
1985 and is believed to have received this emphasis in part because of technology
diversion overseas. Navy funding projections call for cuts in the rate of
increase in R&D (and perhaps even a levelling-off) as outputs from R&D efforts
move downstream.

Navy procurement of marine electronics products (estimated at 98 percent of
federal total) is substantial, representing between 50 and 75 percent of U.S.
domestic sales. Increasingly, there has been a trend toward selecting one prime
contractor for large weapon system contracts and toward the employment of
multiyear contracts. The effects of this trend on the defense sector of the
industry are only beginning to be felt, and it is still unclear how the structure
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of the defense sector of the industry may be altered as a result. A significant
portion of defense marine electronic instrumentation products are sold to foreign
defense agencies through the goverrment-brokered foreign military sales (FMS)
programs.

Intellectual property right protection in the form of patents rarely is
sought in this industry, where technological advances often occur merely as the
"ruggedization" of existing technology. Research and experimentation tax credits
are seen as incentives for research by some firms, although this kind of
allowance may sometimes have perverse effects. Many firms in the industry lament
the removal of the general investment tax credit.

The relaxation of U.S. antitrust policies relating to joint ventures in R&D
and patent licensing practices has not had a discernable effect on the industry.
There are only a limited number of cases where joint R&D efforts are undertaken
between firms in the industry. Small business innovation research (SBIR) awards
are measurable, but minor, representing only an estimated 2-5 percent of the
industry's total R&D expenditures.

Some firms have problems with export controls. The extent to which export
control policy affects firms in this industry is dependent upon product type,
destination, and the size and capabilities of the exporting firm as well as the
proportion of its sales into foreign markets. Tariffs are not a major trade
barrier in this industry (averaging under 5 percent), although products
originating in communist-bloc countries still face substantial tariffs.

Depending upon their intent and substance, govermnment-sponsored R&D programs might
be considered a form of nontariff barrier to trade. The nature and extent of the
foreign programs and the importance of both domestic and foreign R&D sponsorship
in international trade will be examined more closely in further research.

Several other conclusions can be drawn from this study relating to
international trade. There appears to be a strong impression in the U.S. industry
that "buy-national" requirements in some countries restrict markets for U.S.-
manufactured products. The enactment of new legislation governing trade policy in
the United States and the recent U.S.-Canada free trade agreement are expected to
have an (as yet unseen) impact on trade in marine electronic instrumentation.
Export sales seem to have improved with the depreciation in the U.S. dollar
relative to the currencies of consuming nations (an expected concomitant
slackening in imports has not yet been noticed). Trade in commercial/recreational
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marine electronic instrumentation may be more sensitive to exchange rate
variations than are products in the other industry groups.

The sources and pathways of technology transfer, as well as inventiveness and
inmnovation, in this U.S. industry are of great importance to its continued
competitiveness. In particular, the flow of technology between the naval and
civilian offshore sectors (recently seen in the adoption by the U.S. Navy of
slightly customized, off-the-shelf ROV systems for mine-hunting operations) bears
further investigation. In the scientific instrumentation sector, further, the
mechanisms for demand feedback about customer needs are unclear, and a "market
intelligence" problem may exist for firms in this sector.
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Marine Electronic Instrumentation
Product List with Definitions

Oceanographic/Environmental Instrumentation ("Sensors")

- acoustic instruments: instruments dealing with sound waves
echo sounder: acoustic sounding device to measure water depth
hydrophone: instrument for listening to sound transmitted through water,
usually then transformed into an electrical signal
sonar (s ound na vigation and r anging): devices that use sonic or supersonic
waves to determine the presence and
location of an object, or the distance to
' an object (seafloor)
diver sonar: hand-held sonar device used by divers
side scan sonar: usually mounted on a towed "fish," this sonar
determines distance to bottom by measuring the phase
shift between two sound signals transmitted downward
at an angle; used for (relatively) shallow water
surveys
Swath (multi-beam) sonar: usually mounted on the bottom of the
survey vessel's hull in a longitudinal trx and a
transverse rcv array, this sonar sends separate
signals to distinct angles; used for deeper water
surveys (lower frequency that side scan)
sonobuoy: a buoy that emits a sound signal, usually for positioning/ranging

§ogg1g sources:
pingers, boomers. sparkers, air guns: underwater sound sources (turn

electrical signal into sound)
sub-bottom profilers: low-frequency sound systems (transducers and
receivers) that produce acoustic "images" of sub-
bottom formations
transceiver: a transducer that can also receive signals
transducer: a device that transmits a signal (such as a sound source), usually
into the water from a vessel, "fish," or buoy
transponder: a device that, upon receiving a designated signal, emits a signal
of its own, used for detection, identification, and location of
objects
- attitude indicator: instrument that senses the inclination(s) of a platform
- bathythermograph: instrument that records water temp as a function of depth
- CDT (conductivity/density/temperature) measurement: a single probe that measures
all of these, often as a function of
depth; resulting data permit calculation
of salinity and density

- current meters:
rfa r ;
- dissolved oxygen: probe that measures oxygen content of water
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- fluorometer:
- geophysical instruments:
geothermal heat (flow) probe: device for measuring temp (and temp gradient)
in the earth or seafloor
gradiometer: instrument for measuring the gradient of a physical quantity,
such as the earth's magnetic field
gravimeter: measures the strength of earth's gravitational pull
magnetometer: measures strength of earth's magnetic field
spectrometer: an instrument used in determining the index of refraction
spectroradiometer: (?)
- inclinometer: measures the inclination of a platform
- metal detectors:
- meteorological instruments (marine):
- radiation sensors:
- salinometer: measures the salt content of water
salt refractometer: determines salt content by measuring the refraction of a
beam of light through a water sample

- underwater inspection/ROV systems:
- velocimeter: measures the velocity of water passing the sensor
- video imaging systems: TV, still photography, etc
dissolved oxygen measurement:
electronic thermometer:
salinometer:
fransmissometer:
turbidity measurement:
lide gauge:
wave height spectra measurement: often mounted on a buoy; measures waves

by measuring acceleration of the buoy, then
uses data processing techniques to determine
height, direction, and energy spectra

Data Management Instruments ("Storage and Analysis")

-amps and preamps: devices that condition an electrical signal
- analyzers: devices that process a signal or substance
acoustic analyzers: devices that process an acoustic signal (usually after it is
converted to an electrical signal)

acoustic navigation processing: processing of acoutic data (depth info,

sonobuoy signals, etc) for navigation

sonobuoy recejver systems: receive and analyze data from a number

of sonobuoys, usually for positioning
chemical analyzers: devices that analyze a physical substance for content or
composition

electronic_analyzers: devices that process an electronic signal
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- computers: processing devices

- data_converters: devices that convert a signal from one medium to another (such as

acoustic to electronic, etc)

- data indicators, recorders, and storage: video screens, light-emitting diodes, liquid
crystal displays, printers, plotters, tape and disk
drives, etc. (includes depth indicators, etc.)

digital:
graphic:
solid-state: as opposed to on removable or flexible media
submersible: data recorders that can be incorporated into u/w probes or buoys
(self-contained)
- software:
hydrographic _survey software: helps with the storage, interpretation, and
presentation of survey data

navigation software: helps with course plotting, analysis of navigation signals
tracking software: helps with navigation in surveying, tracking streamers, etc

Communication/Navigation Instruments ("Support")

- antennas:
- autopilots: (electronic) devices that keep boats/vessels on course by monitoring
compass heading and adjusting the rudder angle
- communications equipment:
iver ications:
satellite communications: radio communications relayed via a satellite
single-side-band (SSB) radios: marine equivalent of Citizens' Band (CB) radio
very-high-frequency (VHF) radigs: FM-range two-way communications, very
common among recreational and
commercial boaters
- troni r ems: often part of integrated navigation systems; the chart is
stored digitally and displayed on a video screen (or plotter)
- fax_machines. receivers/printers (weather charts): radio transmission of weather
charts and other documents
- "ishfinder" echo sounders: used by sport and commercial fishermen, acousic
systems that display acoustic images of objects
between the surface and the bottom (including the
latter)
- fuel management systems (consumption tracking, etc): system that measures fuel
consumption, aids in improving fuel economy
- navigation, position fixing, and tracking equipment:
t e her indicators:
gyrocompass: inertial compass based on gyroscopic principles
inertial navigation systems: based on inertial guidance principles
(measurement of accelerations)
Loran-C receivers: Loran-C is a US navigation/positioning system based on
shore-based radio transmitters; commonly used in
coastal areas by pleasure craft and others

ic_diaital :



Pulse/8 receivers: Pulse/8 is the UK equivalent of Loran-C
radar systems: a device that determines distance and location of objects on

the basis of reflections of ultra-high frequency radio waves
io direction _fi : radio receivers that home in on radio beacons
i itioni . usually local sets of radio transmitters specifically
placed for precise positioning in a particular project
(offshore installations, etc)

reation instr 3
satellite locating systems: navigation/positioning using satellites

GPS (Global Positioning System): satellite-based positioning system;

on-board receiver gets accurate time and
position info from satellites, calculates speed
and course
/INAV _(Satelli igation): satellite-based navigation system
- satellite timing receivers: on-board receivers that obtain accurate timing signals
from satellites
- telemetry instrumentation: data transmission devices (usually via radio waves)
igi el : transmit data in digital form (1s and Os)
fiber-optic telemetry: transmit data via fiber-optic cables (for example, from
a tethered probe to the vessel)
photogrammetry: transmission of video images
video/sonar _multiplexing: allows transmission of video and sonar signals via a

single line
- lelex systems:
- transponders: (see Oceanographic Instrumentation above)

Advanced Military Technology

- acoustic_processor (ASW): device that processes acoustic signals, both "active" and
"passive” sonar) to detect, identify, and locate subs
- ic_simula SW_training): training device that simulates acoustic signals

for interpretation by operators in training
- countermeasures: measures taken to confound opponent's ASW and other detection
schemes
acoustic: means of hiding/distorting a vessel's acoustic "signature”
electronic: means of hiding/distorting a vessel's electronic/magnetic
"signature”
- digital magnetic anomaly detection system: (?)
- infrared detection systems: devices that detect differences in temperature (heat
radiation)
- radar_detection (ASW): device that detects radar being used by a submarine (a means
of locating subs from the air)
- radar systems: (see Communication/Navigation above)
inverse synthetic aperature radar (ASW): (?)
long range maritime surveillance radar: used on surface ships to detect

vessels, aircraft, etc
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- sonar (ASW): (see Oceanographic Instrumentation above)
helicopter dipping sonar: a sonar system that is deployed on a tether by a

hovering helicopter, to look for subs

- underwater sound surveillance systems: on-board or stationary "passive” sonar

systems for the detection of subs/ships

SERVICES
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Appendix B:
Marine Electronic Instrumentation

Source of Sales and Employment Data:

Dun's Marketing Services, Million Dollar Directory,

1987.
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Appendix C:
Marine Electronic Instrumentation

Non-U.S. Firms
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Marine Electronic Instrumentation
Non- Firm

key: Inst Instrumentation Firm
ole specializing in oceanographic/environmental instrumentation
00g specializing in offshore oil & gas instrumentation
data specializing in data management instrumentation
MarE Marine Electronics Firm (commercial/recreational)
Mil Defense Contractor
Serv Service-Oriented Company

Fullerton, Sherwood Eng Ltd (?) Mil? 2
International Submarine Eng Ltd (?) Mil? ?
Australia
Nautronix Inst integrated long and short baseline
positioning sys
Steedman Ltd Inst data collection/processing
specialized instrumentation
Under Sea Australia Ldt Inst ROV technologies
Underwater Systems of Australia Ltd Mil?  ?
Cananda
AGE Instruments Inst optical particle counters
o/e portable salinometers, etc
Applied Microsystems Ltd Inst  oceanographic instrumentation

(CTD, water...)
o/e  aquaculture monitoring systems

Barringer Research Ltd Inst magnetometer systems

CAE Mil ASW ("MAD") detection systems
(aircraft)

Candian Astronautics Ltd Inst  data processing SERVICES

navigation equipment
sonar systems

Canadian Marconi Co MarE NAVSTAR GPS receivers
Omega and Doppler navigation
systems
Caulfield Engineering Inst  acoustic core stereo side scan

micro (data) processors
specialty sonar systems
CompuNav Systems Ltd MarE autopilots
Computing Devices Co Mil ASW acoustic processors
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C-Tech Ltd

CTF Systems

Fenco Newfoundland Ltd

Guildline Instruments Lid

Hermes Elec Offshore Data Sys

Huntec('70) Ltd

Hyco Submersibles Ltd
International Datacasting Corp

International Submarine Eng Ltd

The McElhanney Group Ldt

Mesotech Systems Ldt

(subs Simrad)

Metocean Data Systems Ltd

Nortech Control Equipment Inc

Nova Scotia Reseach Foundation '

Offshore Survey and Positioning
Services Ltd

Optech Inc.

Quester Tangent Corp

RSI Robotic Systems Int'l Ltd

Mil?

Inst

Inst
data

Inst
o/e

Inst

Serv

Inst
Marg

Inst

Serv

Inst

Inst
o/e

Inst

Mil
Serv

Inst
Inst

Inst

sonar u/w detection, classification,
tracking
geophysical/oceanographic
magnetometers

transducers

data collection/processing

CSTD oceanographic systems

laboratory salinometers, digital
thermometers

bathythermographs

communications equipment

data links

sonobuoys

high res marine (deep) tow seismic
systems

seismic subbottom profiling

instruments and SERVICES

ROV technology

satellite-based network for
transmission of full-sized charts
from central database

ROVs and associated equipment

SERVICES: navigation and
positioning; surveys

acoustic scanning/profiling,
obstacle avoidance

echo sounders

general surveillance sonars

navigation/telemetry/transponders

pingers

oceanographic and meteorological
data acquisition and argos
transmitter systems

acoustic navigation equipment

u/w photographic systems

fluorometers, oxygen meters,

transponders, etc

ASW dipping-sonar, etc

navigation and rig positioning

surveys and profiling

airborne scanning laser system

compact, field system for real-time

navigation, graphics, data logging,

and post-processing

ROV and data telemetry systems
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Scintrex Ltd

Seaboy Marine Services Ltd

Seakem Oceanography Ltd

Seimac Lid

Sonotek Ltd

Vemco Ltd

Western Subsea Technology Ltd

Denmark
Eiva A/S

Navitronics A.S.
Reson Systems APS

Finland
Hollming Ltd Electronics

Rauma Repola

France
Creo S. A.

Crouzet

CSi
ECA

Hytec (Hydro-Technologie) SA

Inst

Inst

Inst
o/e
Inst
o/e
Inst
Inst

Serv

Inst
data
Inst

Inst

Inst

Inst

Inst
data
Mil
Mil
Inst

Inst

data acquisition systems

optical pumped high sensitivity
magnetometers

portable atomic absorbtion
spectrometers

autonomous robotic buoys
autopilots (navigation)
satellite/radio telemetry systems
physical, chemical, and biological
oceanographic instruments

custom oceanographic instruments
and integrated data systems

digital data acquisition systems

geophysical and meteorological
instruments

u/w telemetry and instrumentation
systems

oceanographic and offshore
engineering design SERVICES

software for navigation and survey
mapping

navigation data processing systems
survey echo sounders, velocimeter
advanced sonar, transducer,
hydrophone systems

acoustic navigation systems

distributed data processing
networks

hyroacoustic instrumentation

multi-beam echo sounders

navigation equipment

(shipyard associated)

data collection, satellite systems

digital magnetic anomaly detection
(ASW)

mine countermeasures ROVs

integrated bathymetric systems

ROV technologies

u/w cameras and ROV technologies
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Nereides

Oceano Instruments SA

Sercel
Service Argos

Suber S.A.

Thomson Sintra ASM

Germany (West)
Dr. Fahrentholz - Kiel

Honeywell Elac Nautik GmbH
Hydro-Bios Apparatebau GmbH

IBAK Helmut Hunger GmbH & Co KG
Krupp Atlas Elekronik

ME Meerestechnik-Elektronik GmbH
CTDs, etc

Salzgitter Elektronik GmbH

SIS Meeres- und Umweltmesstechnik

Japan

Furuno

ICOM

Kowa Corp

Mitsubishi Heavy Industries ?

Mitsui Engineering & Shipbuilding ?

Nippon Electric Co Ltd, Radio
Applicance Div

Sumitomo Metal Mining Co
Ocean Resource Dept

Union Engineering Ltd

Inst

Inst

Serv

Inst

Mil

Inst

Inst
Inst
o/e
Inst

Mil

Mil
Inst

Marg
MarkE

Mil?
Inst

Inst

oil spill detection systems

satellite (Argos) transmission
systems

wave spectrum etc buoy systems

acoustic positioning, navigation,
tracking

data transmission and telemetry

oceanographic and geophysical
instruments

Inst  positioning systems

environmental, XBT, location

terminals for satellite data
transmission/collection

u/w and meteorological instruments

and data loggers

sonars, u/w communications,
precision positioning, data
processing, echosounders, etc

integrated survey echo sounders
and laser positioning and recording
system

survey sounders and digitizers
CTD probe, time-depth-temp
recorders, etc

specialized (u/w) television
systems

advanced echosounders

Swath and other survey systems
Inst  acoustic current meters,

sensor technologies: CTD, etc
electronic digital thermometers,
CTDs, etc

radars, etc

radios, etc

low cost ROVs

?

?

u/w acoustics, marine systems

on-site digital processor for

surveying manganese nodules
electromagnetic current meters
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Netherlands

Van Essen B.V.
instruments

Norway

Aanderaa Instruments
instrumentation

Fjord Instruments A/S
Kongsberg Navigation A/S
MIROS A.S.

Oceanor, Oceanographic Co. of Norway

Robertson Tritech A/S
ROVTech A/S
Seatex A.S.

Sensordata A/S

Simrad-Bergen Ocean Data

Simrad Subsea A.S.

Sweden
Navtex
Standard Radio & Telefon AB

Inst

Inst
o/e

Inst

MarE

Inst

Inst

Inst

Inst

Inst
ole

Inst
ole

Inst
o/e

Inst

MarE
MarE

current, depth, water level

oceanographic/meteorological

hydrophones/arrays
differential GPS and integrated
navigation sys

inertial navigation sysiems
remote sensing equipment
wave radar sysiem
oceanographic data acquisition
systems, data analysis,
forecasting, eic

ROV systems technologies
ROV systems technologies
buoy systems for metocean data
collection and analysis, and
transmission

GPS software for offshore
positioning

miniature current meters and
salinometers with internal solid
state data loggers

automatic weather stations
meteorological/oceanographic
systems

ultrasonic current meter
hydroacoustic position reference
system, etc

telex receiver
telex receiver (for navigation)

United Kingdom (England, unless otherwise indicated)

AB Precision (Poole) Lid
Ametek Offshore Co (Scot)
Andrews Hydrographic Ltd
Bathymetrics Ltd

Bennico Ltd (Scot)

Inst
Inst
Inst
Inst

Inst

echosounders

ROV technologies

survey data logging/navigation
systems

real time combined SWATH depth

sounder and sidescan sonar system

acoustic survey and current

profiling systems
ROV technologies
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British Aerospace Dynamics Div Mil  acoustic transducers (and other

military)
British Aerospace Naval and Mil Versatile Exercise Mine System
Electronic Systems Div (VEMS)
marine mine simulator/trainer
Britsurvey Div of Britdive Ltd Inst  positioning software, signal
data digitizing packages
Brookes & Gatehouse Inst anemometers, echosounders,

fluxgate compasses
ultrasonic surface current meters

Brookes & Gatehouse Industrial Div Inst  meteorological instruments and
recorders
Caledonian Geotech (Scot) Serv geophysical survey SERVICES
00g
Camera Alive Ltd Inst u/w cameras, offshore
photogrammetric system
Cetrek Lid (subs Marinex) MarE autopilots
Chelsea Environmental Instruments Inst in-site fluorimeter, turbidity
o/fe measurement
oil sensing
transmission/logging of data
Chemlab Instruments Ltd Inst water and oceanographic analysis
ole instruments
Colnbrook Instrument Development Ltd Inst electromagnetic water velocity
meters
gyroscopes
Concept Systems Ltd (Scot) Inst integrated navigation/tracking
systems
T&J Crump Scientific Instruments Inst  tranmissometer, turbidity meter
u/w light sensors
DBE Technology Ltd Mil acoustinc positioning, hydrophones
Deep Ocean Engineering (Scot) Inst ROV technologies
Deep Ocean Robotics Serv ROV SERVICES
Del Norte Technology Inst electronic distance measurement

and positioning
receivers for navigation, survey,
and geodetic

Dowty Marine Systems Ltd Inst  sidescan sonar systems, including:
thermal linescan recorders

Druck Ltd Inst pressure transducers and indicators

EDO Almondbury Ltd Inst ultra-short baseline acoustic
positioning system

EEV (subs of Gen Elec Co, England) Inst  marine magnetrons (part of radar)

Efcom Incorporated (Scot) Inst  diver communications and
navigation systems

E.S. Products Inst data acquisition and monitoring

systems
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Ferranti ORE Lid

Fugro-McClelland Ltd
Gardline Surveys

Geodata Systems Ltd
telemetry, and
Geofix Ltd (Scotland)
(subs Oceonics Group Pic)
Geografix Ltd
Geosite Surveys Group

Geoteam UK Ltd (Scot)

Horizon Exploration Ltd
(subs Horizon Exploration Holdings)
Hunting Surveys Ltd, Marine Div

Hydraulics Research Ltd
Hydrovision (Scot)

Kelvin Hughes Ltd

Kemo Ltd

Littlemore Scientific Eng. Co.
Magnavox Systems Ltd

The Marconi Int'l Mar Co Lid

Marconi Space and Defence Sys Ltd
Naval & Ocean Eng Div

Marconi Underwater Systems
(subs LEC ?)
MAREX

Marine Acoustics Ltd
Marine Electronics Ltd

Mil

Inst

Serv
Serv

Inst

Serv

Serv

Serv

Serv

Serv
Inst
MarE
Inst
data
Inst
MarE
MarE

Mil

Mil
Inst

Mil
Inst

acoustic flowmeters and tracking
systems

long-range acoustic telemetry
systems

sonar image record enhancement
system

sub-bottom profiling systems

marine geotechnical SERVICES

survey, positioning, and ROV
SERVICES

Inst  acoustic navigation,

control systems

integrated nav/pos system for
offshore explor.

Inst integrated

offshore positioning, data

acquisition and interpretation

hydrographic and marine
geophysical surveys

seismic and bathymetric data
processing SERV's

seismic data acquisition,
processing, interpretation

hydrographic, oceanographic,

marine geological and geophysical
surveys

offshore position fixing

data acquisition SERVICES

ROV technologies

radar, automatic radar plotting aid

sonar navigation systems

custom electronic filters and signal
processing

towed and diver-held

magnetometers/metal detectors

satellite communications and
navigation systems

marine communications

navigation aids, radar

integrated navigation, location and
positioning, sonar, sub-sea
tracking systems

GLORIA seafloor mapping system

u/w diver communications systems

ocean data systems and weather
stations

acoustic systems and transducers

acoustic sector scanning sonar
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Marine Microsystems Lid (Ire)
Measurement Devices Ltd

Mertech Systems Ltd (Scot)
Micromake Electronics

Mobell Survey Ltd

NBA [Controls] Ltd

NBA Environmental Systems Ltd
Norcom Technology Ltd

Nortech Surveys

Oceano Instruments (UK) Ltd
Osel Group

Osprey Electronics Ltd (Scot)

Plessey Naval Systems Group

Qubit

Racal Marine Systems Ltd

Racal Survey Ltd
Raymar Technical Services Ltd
Robertson Autopilots UK

Schaevitz EM Ltd

Seaeye Marine
Seametrix Ltd (Scot)

Seateam (UK) Lid

Inst
Inst

Serv
Inst
data
Serv
Inst
Inst
o/e
Inst
data
Serv

Inst
Inst
Inst
Mil

Inst

MarE
Mil

Serv
Inst
MarkE

Inst

Inst
Inst

Serv

acoustic navigation/telemetry
systems

seabed data acquisition and
interpretation systems

bathymetric survey packages

laser positioning systems

ROV and survey SERVICES

radio telemetry systems

hydrographic survey SERVICES

wave crest wave profiling, etc

environmental data acquisition
systems

hydrographic surveying software

navigation and positioning SERVICES
for surveys

satnav/acoustic integrated systems
u/w acoustic systems, long and
short baseline

ROVs

u/w video equipment

ROV (mine countermeasures)
technologies

real-time integration of sonar and
positioning

high res sonar logging to optical
disk

digital sonar enhancement
techniques

radio, acoustic, and satellite
positioning

survey recording and processing
systems

various radar systems

worldwide survey SERVICES

portable surveying sounders

gyrocompass autopilots for survey
vessels, etc

angular position/inclination
transducers

pressure measurement offshore and
sub-sea

ROV technologies ("low-cost ROVs")

acoustic locating/rangefinder
systems

diver navigation systems, ROV
technolgies

Quod plus computer charting system
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Seaway Technology Ltd (Scot)

Simrad Albatross Ltd (Scot)

Smiths Industries

Sonar Research and Development Ltd

Sonardyne Ltd

Spiro Diving Services Ltd (Scot)

SUTec (UK) Ltd (Scandinavian
Underwater Technology) (Scot)

Technical Survey Services Ltd

Technical Survey Services Ltd (Scot)

Tower Computer Systems

Transamerica Instruments Ltd
T.T. Surveys

UDI Groups Lid (Scot)
(subs John Brown pic)

Ulvertech Ltd

Valeport Marine Scientific Ltd
David J. Vyner Lid

Waverley Electronics Lid

(Waverley Div, Dowty Mar Sys)

Wimpol Ltd

Inst

Inst

Inst

Inst

Inst

Inst

Inst
Inst
Inst
data
Inst
data
Inst
Inst
data
Inst

Inst

Inst
ole

Inst

Inst

Serv

offshore support SERVICES

survey and navigation systems,
including a survey and field
planning computer system

acoustic positioning systems

sonars, echo sounders, etc

sonar for submersibles (sidescan or
ahead mode) for surveillance,
navigation, etc

acoustic tidal gauges, efc

data transmission, dispiay,
storage, and processing

integrated vessel and ROV
navigation systems

high accuracy system for tracking
multiple 3D seismic streamers

sonar acoustic positioning systems,
transponders

communications systems

ROVs for mine countermeasures

processing instruments for high res
seismic surveys and graphic
recorder annotator system

signal processing equipment

software/hardware for

hydrographic surveys, data

acquisition, and electronic charting

data acquisition and recording
systems

high res seismic data recorder

high definition scanning sonar

offshore survey and positioning
systems

dual scanning profiler

obstacle avoidance sonar

oceanographic instrumentation

(self-recording current meters,
etc)

inexpensive telemetry systems

RF rangefinder and bearing units

survey sounders

computer controlled modular
sidescan sonars

worldwide survey SERVICES



W.S. Ocean Systems

Inst
ole

current meters, salinometers,
fluorometers, transmissometers,
irradiance meters, eic
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Export Controls:
Commodity List Entries Pertaining to Marine Electronic Instrumentation
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Appendix D: Export Controls: Camncdity List Entries Pertaining to Marine

1391A

1417A

2418A

4417B

1418A

1501A

1502A

1510A

5510C

1516A

1517A

1519A

1520A

1521A

Electronic Instrumentation

"Robots", "robot" controllers and "robot" end-effectors; and specially
designed components therefor (including those for underwater use)

Submersible systems, even when incorporated in a submersible vehicle

Manned submersible vehicles that may be discretely operated with an

autonomy equal to or greater than 10 hours
Underwater photographic cameras and associated equipment

Deep submergence vehicles, manned or unmanned,tethered or untethered,
capable of operating at depth exceeding 1000m, and specially designed
associated systems

Navigation, direction finding, radar and airborne communication
equipment

Communication, detection or tracking equipment of a kind using
ultraviolet radiation, infrared radiation or ultra-sonic waves, and
specially designed components therefor.

Marine or terrestrial acoustic or ultrasonic systems or equipment
specially designed for positioning surface vessels or underwater
vehicles, or for locating or detecting underwater or subterranean
objects or features, and specially designed components of such systems
or equipment, including but not limited to hydrophones, transducers,
beacons towed hydrophone arrays, beamformers and geophones (with
specific listed exceptions).

Doppler sonar navigation equipment; and parts and accessories.

Radio receivers, including panoramic and digitally controlled radio
receivers.

Radio transmitters.
Single- and multi-channel communication transmission equipment.

Radio relay commnication equipment, specially designed test equipment,
and specially designed components.

Solid-state broadband amplifiers and related equipment having an untuned
bandwidth exceeding 100 MHz or output power exceeding 50 W.
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1522A

1526A

1529A

1531A

1565A

1571A

1585A

1586A

1595A

6598F

Lasers and laser systems including equipment containing them.
Cable and optical fibers (including underwater communication cable).
Electronic measuring, calibrating, counting, testing, and/or time

interval measuring equipment, whether or not incorporating frequency
standards.

Frequency synthesizers.

Electronic computers, "related equipment", equipment or systems
containing electronic computers; and specially designed components and
accessories (except personal computers).

Magnetometers, magnetometer systems and related equipment, and specially
designed parts therefor.

Photographic equipment (including high speed cameras and f£ilm).
Acoustic wave devices and specially designed components therefor.

Gravity meters (gravimeters), gravity gradiometers and specially
designed components therefor.

Other electronic and precision instruments specially designed or modified
for geophysical or mineral prospecting or for the examination,
testing, or controlling of equipment (including equipment specially
designed or modified for offshore floating or bottom-supported
drilling and producing structures including all gathering equipment).
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earn total estimated gross revenues of approximately $5 billion. These firms fall into three largely distinct industry groups: (1) defense
systems contractors; (2) commercial marine electronics; and (3) scientific instrumentation. The first group is by far the largest in sales
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