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ABOUT THIS REPORT

Innovation Associates, with support from the Office of Advocacy, wrote this report to help
communities, universities, and the private sector develop high-technology regions. The San Diego
region, as many others, experienced some economic downturns. But despite these downturns, San
Diego bounced back by using its resources — universities and other educational institutions,
existing industries, and research centers — to spawn new high-technology enterprises.

For over a decade, Innovation Associates has provided technical assistance to public and private
sectors that has enabled them to develop technology-based communities, regions, and states. This
report adds to other Innovation Associates best practice reports, and is intended to be the first in a
series on successful technology-based communities. We hope this report will stimulate public and
private efforts to create new technology enterprises and optimize each community's unique resources
and strengths.

Diane Palmintera
President
Innovation Associates, Inc.
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EXECUTIVE SUMMARY

This report has been written to assist business leaders, university heads, economic developers, and
other key community players to better understand some of the processes involved in developing a
supportive environment to grow small, high-technology businesses. San Diego is one of several
cities in the U.S. that have exhibited resiliency in the face of economic downturns. San Diego in the
late 1980's and early 1990's was hard hit by defense cutbacks that caused severe economic
dislocations of defense workers, particularly in aerospace and supplier industries. But less than one
decade later, all of the lost jobs were replaced, mainly by new jobs in business services, high-
technology clusters, and tourism. Small firms almost exclusively created these jobs as small, service
and high-technology firms grew at unprecedented rates during the 1990's.

From 1990 to 1998, high-technology clusters added over 46,000 new jobs to the region. Some of
this growth has mirrored rapid national expansion in high-technology clusters. But growth in some
clusters, such as biotechnology and pharmaceuticals, and communications, have exceeded the
national average employment growth. Jobs in biotechnology and pharmaceuticals doubled adding
almost 12,000 new jobs to the San Diego region. These jobs were almost exclusively in small firms,
averaging under 50 employees. Employment in software and computer services, also doubled, and
communications grew by over one-half, together adding 16,000 new jobs. QUALCOMM, Inc.,
which started in San Diego in 1985, became a dominant force in the region’s communications
cluster. But most communication employees still work for small firms, and firms in software and
computer services averaged under 15 employees. Wages in most of the clusters are below national
averages. However, wages in biotechnology and pharmaceuticals are increasing at a much faster
pace than the national average and the wage gap in other clusters is narrowing. In addition to
biotechnology and pharmaceuticals, communications, and software and computer services, other
promising high-technology clusters in the San Diego region are recreational goods, environmental
technology, and biomedical products. All of the growing technology clusters are characterized by
small firms, and except for a few major companies, technology firms and small firms in the San
Diego region are synonymous.

The San Diego region has developed new high-technology jobs, despite a major economic disruption
from defense downsizing, and one of the highest costs of living in the country. The success of the
San Diego region’s ability to create and expand high-technology businesses is due to multiple
factors. These factors include arich research and development base, active university promotion of
science and technology to local businesses, availability of a skilled workforce, an involved business
community, and improving public support. In addition, CEO’s say that the physical environment
continues to attract their firms and workers to the region.

San Diego’s technology growth was not the result of a master strategic plan, and the region’s
business, academic, and public sectors were not always in sync. In the 1980's San Diego mounted
unsuccessful bids for major national R&D centers, particularly the Microelectronics and Computer
Corporation and Sematech, which were awarded to another city. The loss of these centers to a city
in which key players banded together, taught San Diego about the importance of community

Xiii



cohesiveness. The San Diego Regional Economic Development Corporation (EDC) took the lead
in promoting greater community participation by private sector leaders and involvement of the
academic community to reduce the region’s economic dependence on defense. At a time of
impending economic distress, the EDC’s efforts resulted in better networking among business
leaders, a closer working relationship between the University of California at San Diego (UCSD)
and the business community, and improved communication between the public, academic, and
private sectors. Although the intent of early community efforts was to attract diversified businesses
and R&D centers to the region, the efforts that rallied business leadersoaigthtbtogether key
players, ultimately resulted in strengthening the region’s environment for technology development.
These early initiatives included the Financial Forum, the San Diego chapter of the Massachusetts
Institute of Technology Enterprise Forum, and UCSD's CONNECT program. Some of these efforts
also attracted federal funding from the U.S. Economic Development Administration which seeded
entrepreneurial initiatives at San Diego State University, and small business incubation at the Center
for Applied Competitive Technology, San Diego City College.

San Diego’s defense industries provided the base for spin-offs in fields such as wireless
communications, and computer and software services. Two of the largest homegrown technology
firms — Science Applications International Corporation (SAIC) and QUALCOMM Inc. — started

by serving the defense industry in the San Diego region. Although SAIC’s defense work increased
with the rapid expansion of its business in the late 1990's, the company diversified, and the majority
of its business is now devoted to commercial sectors. QUALCOMM Inc. also started its business
based on its predecessor’s defense communications work. The firm used its expertise in defense
communication technology to develop commercial products in cellular technology, making it the
second largest producer of cellular telephone technology in the world. Although San Diego suffered
from major losses in aerospace and related industries in the early 1990's, the rich R&D base left
behind by the defense industry provided fertile ground for new technology growth aimed at meeting
the demands of emerging commercial markets. San Diego’s world renown research institutions —
Scripps Research Institute (formerly the Scripps Clinic and Research Foundation) and Salk Institute
for Biological Studies — also provided fertileognd for growth in medical services,
biotechnology, and medical device industries.

The development and growing prestige of UCSD was particularly important in promoting the

development of high-technology firms in the region. UCSD not only trained many of the engineers
and scientists who would later take positions with new and growing high-technology firms, but also
provided a valuable science and technology base for these firms. One of QUALCOMM'’s founders
was a member of UCSD’s faculty, and other firms, such as Hybritech Inc., which is credited with

starting the biotechnology industry in the San Diego region, traces its roots to UCSD. According
to UCSD, most of the high-technology firms in the San Diego region were based on technology
developed at the University or founded by its faculty or graduates.

UCSD’s Chancellor fron1980 to 1995, Richard Atkinson, now President of the University of

California system, played a vital role in building UCSD’s science and engineering disciplines and
in placing the University at the center of the region’s high-technology development. He established
a school of engineering and enhanced the University’s national credibility and prestige by attracting
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academic “stars” in science and engineering. He convinced local firms to endow chairs and fund the
University’s major expansions. He also expanded the depth and breadth of the campus’s basic
research capacity, especially through the creation of interdisciplinary research centers, established
in cooperation with technofy companies. Under Dr. Atkinson’s leadership, the University
successfully bid for one of the national Supercomputer Centers and was one of the top five university
recipients of federal research funding. Dr. Atkinson worked externally, with community
organizations, and internally, with the University’s department heads, to forge a relationship between
the University, the community, and the private sector. He believed that it was part of the
University’s mission to create a more favorable environment for attracting and developing
technology-based industries around the University and in the community.

Local organizations also added a key element in developing a supportive environment for high-
technology industries. The San Diego chapter of the Massachuset’'s Institute of Technology
Enterprise Forum, started in the early 1980's, has provided advice and education services to the
region’s growing companies. UCSD’s CONNECT program, which started a few months after the
Forum, has helped technology start-ups and small companies through business assistance, venture
capital fora, networking, awards, and public advocacy. BIOCOM has represented the region’s
biotechnology and medical device industries, and the Software and Internet Council serves as an
important networking organization for the region’s computer and software industries. The San
Diego Regional Technology Alliance has implemented programs aimed at promoting science and
technology in schools and disseminating technological know-how. One ingredient of the region’s
success has been the inclusive cooperative spirit of these industry organizations.

San Diego’s future as a technology community looks promising. Only a few years ago, reductions
in defense spending caused severe disruptions to the economy. Today, rapidly growing technology
industries have driven the unemployment rate below the national average, and have set the stage for
future growth. Although defense spending is still strong in the San Diego region, diversification of
the economy should make the region more resistant to future economic downturns than in the recent
past. Moreover, the legacy of UCSD’s former Chancellor, Richard Atkinson, who created a
nationally recognized research university, and the commitment of the region’s business leaders to
build a tetinology region, should continue to provide a healthy environment for new technology
growth. Technology clusters that have developed in the region, particularly communications, and
biotechnology and pharmaceuticals, are welitpmsed in rapidly growing markets. In addition,

firms in these clusters have developed strong supplier relationships in the region, and this should
further stimulate growth in clusters such as business services, and computer and software services.
High costs of living, transportation and other issues may somewhat slow growth. Moreover,
improvements in K-12 education, particularly for a growing minority population, are essential to
supply future skilled workers for technology industries, to insure continuing wage increases, and to
lessen the widening wage gap. But, in the near future, San Diego’s economy shows every sign of
remaining healthy and growing, as it continues to diversify and as technology clusters in emerging
markets continue to expand.
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|. INTRODUCTION

This report was written to assist business leaders, university heads, economic developers and other
community leaders to better understand some of the elements and processes involved in developing
a high-technology community. It is intended to present an overview of one community, San Diego,
which has quickly become a high-technology success story, and to present some insights by key
community and business leaders.

Under contract to the Office of Advocacy, U.S. Small Business Administratiomgvéation
Associates (IA) chose to examine San Diego, California because of the proliferation of small, high-
technology firms that developed during the late 1980's and 1990's. Despite an economic downturn
caused by defense cutbacks in the region and a slowing of the state’s economy, San Diego quickly
turned around its economy by building on the region’s rich research and development resources.
These resources included several world renown research institutes and the University of California
at San Diego (UCSD). In addition, the region’s strong defense industry promoted small, high-
technology spin-offs that served the area’s defense needs. When those defense needs diminished,
the spin-offs diversified to serve commercial sectors. Biotechnology and pharmaceuticals,
communications, software and computer services, and business services all grew rapidly as defense
manufacturing declined in the 1990's.

As in other areas known for technology development, technology industries in the San Diego region
were started by entrepreneurs who left established industries or academia to start small, high-
technology firms. In the San Diego region, many entrepreneurs left defense industries. Well known
firms such as Hybritech, SAIC, QUALCOMM, and Titan all got their start in San Diego because of
individuals who recognized opportunity and were flexible enough to meet changing market
demands.

This report is intended to provide an understanding of why those individuals started firms in San
Diego, and some of the elements that contributed to the development and expansion of their firms.
This study is not exhaustive, but is intended to provide some of the experiences and factors that
contributed to one community model. The extent to which these experiences are transferrable from
one region to another depends on multiple factors, including some tangible factors such as the
presence of San Diego’s R&D institutions, and some less tangible factors such as San Diego’s
entrepreneurial spirit, community cohesiveness, and leadership.



METHODOLOGY

Innovation Associates set out to determine what factors contributed to the development of a
“technology environment” in which small, technology businesses started and grew in the San Diego
region. Our assumptions in conducting this study were:

1) As defense industries downsized and closed, new industries were started to fill the
gap left by defense industries.

2.) Entrepreneurs started new firms by using technological know-how gained in defense
industries to develop products, processes and services aimed at emerging
commercial markets.

3.) The business community and development organizations responded to defense
downturns by putting into place strategies to diversify existing defense industries and
build small technology businesses based on local strengths.

4.) Research generators such as universities and research institutes, particularly the
University of California at San Diego, provided fertile ground for growing new
technology businesses.

5.) Leadership from the University further promoted spin-offs and growth of small, high-
technology businesses.

6.) As the region's industries diversified, business and financial services shifted their
focus to meet new demands of small, high-technology firms.

In order to assess the factors that contributed to San Diego’s rapid start-up and growth of high-
technology industries, Innovation Associates collected economic data and interviewed over 30
representatives from the city government, community and industrial organizations, academia, and
private sector. Most economic data for this report was provided by the San Diego Association of
Governments (SANDAG), which in some cases, provided special computer runs for this report.
Innovation Associates analyzed data on employment, annual payroll, real per capita income,
consumer price indices, retail sales, export/import ratios, venture capital investment, utility patents,
SBIR awards, and other factors.

We examined 15 clusters, using SANDAG's cluster definitions, and in conjunction with SANDAG,
targeted 10 clusters as high-technology: (1) biomedical products, (2) biotechnology and
pharmaceuticals, (3) business services, (4) communications, (5) computer and electronics
manufacturing, (6) defense manufacturing, (7) environmental technology, (8) financial services, (9)
recreational goods manufacturing, and (10) software and computer services. At the suggestion of
SANDAG, medical services was not included as a technology cluster in this report. Innovation
Associates also compared the rate of employment growth, wage rates, and the rate of wage growth
for four high-technology clusters in the San Diego region with that of the United States. These
clusters were: (1) biotechnology and pharmaceuticals, (2) communications, (3) software and
computer services, and (4) business services. Specific cluster definitions, shown by SIC code, can
be found in Appendix D.



We were not able to analyze some factors because data was unavailable. For employment

data on technology clusters were only collected by SANDAG 19@0, and therefore, we were
unable to provide longitudinal analysis prior to 1990. Other data, such as the number of firms or
average payroll by technology clusters, were unavailable for most years, due in part, to the lag in
U.S. Census Bureau classifications and analysis in emerging industries. Moreover, comparisons and
analysis between various employment data, and between employment, wage, and firm size data
collected at the local level were not always possible because of different definitions and different
time periods.

Innovation Associates collected substantial information through personal interviews with over 30
representatives. From the public sector and government-related sectors, Innovation Associates
interviewed the Mayor of San Diego, a City Council Member, the Vice President of the Economic
Development Corporation, and the Executive Director of SANDAG. From UQ8yation
Associates interviewed the former Chancellor of the University (currently the President of the
University of California), the Dean of University Extension, the Director and staff of the CONNECT
Program, the Associate Director of the Supercomputer Center, and others involved in technology
transfer. Innovation Associates also interviewed the Director of the Center for Applied Competitive
Technologies at the San Diego City College, the Executive Director of the Entrepreneurial
Management Center at San Diego State University (SDSU), and the Coordinator of the Defense
Conversion Center at SDSU. From industrial associations and community organizations, Innovation
Associates interviewed the Director of BIOCOM, which represents the bioscience and biotechnology
industry; the Director of San Diego Dialogue, a group involved in cross-border issues; the Executive
Director of the San Diego Manufacturing Extension Corporation; the Executive Director of the San
Diego Regional Technology Alliance; a Regent of the University of California and President of the
Preuss Foundation. Innovation Associates also interviewed CEO's or top level representatives from
eight corporations: General Atomics, IDEC Pharmaceuticals Corporation, Myelos Neurosciences,
Inc., ORINCON Corporation, QUALCOMM, Inc., Science Applications International Corporation,
Stellcom, and The Titan Corporation. A list of all persons interviewed appears in Appendix A.

Innovation Associates interviewed public, community, and academic leaders about their role in the
development of high-technology industries in San Diego. We also asked corporate representatives
about the history and development of their corporations, their interaction with R&D resources and
community organizations, and major factors that led them to develop and maintain their corporations
in the San Diego region. We asked representatives from academic institutions and community
organizations about specific activities that have stimulated and supported technology growth in the
region. In addition, we asked all those interviewed about their perceptions of the factors that
contributed to the development of high-technology firms in San Diego and lessons for other
communities trying to stimulate and support small, high-technology firms.



REPORT STRUCTURE

In this report, we present economic data, a history of high-technology industries, discussion about
the role of universities and community organizations, public policy and infrastructure influences,
brief descriptions of corporations, and lessons learned. Chapter Il summarizes major themes and
presents lessons for communities that want to grow high-technology businesses.|lOhastents
economic data on the San Diego region. Chapter IV gives a brief history of the development of high-
technology industries. Chapter V discusses the importance of the university-industry connection and
describes UCSD’s CONNECT Program, the Supercomputer Center, and SCente for Applied
Competitive Technology. Chapter VI describes community-based organizations and their role in
business development. Chapter VII presents the role of public policy and infrastructure issues.
Chapter VIl discusses cross-border issues and their effect on San Diego’'s higbleagyg
industries. Chapter IX presents brief case studies of several high-technology corporations.



II. LESSONS FOR COMMUNITIES

San Diego, in the late 1980's and early 1990's, experienced severe economic losses caused by
defense downsizing. In this defense-dependent region, the U.S. Department of Defense (DoD)
reductions could have resulted in a downward economic spiral, had it not been for the rapid growth
of other businesses and industries to replace defense jobs. Inthe 1990's, San Diego moved from a
defense-dependent economy to a diversified economy, partly driven by the emergence of small,
high-technology firms. Employment losses, caused by the defense downturn, were quickly replaced
by jobs in business services, tourism, and several technology clusters. Three technology clusters
— communications, biotechnology and pharmaceuticals, and software and computer services —
added over 28,000 new jobs to the San Diego region in just eight years (1990 to 1998). These three
clusters alone replaced the direct jobs lost in defense manufacturing. Growth in business services
added more new jobs than any other cluster; but some of this growth was from new and expanding
businesses needed to support emerging technology industries. Small firms, almost exclusively, were
responsible for creating new jobs, and almost all new firms in growing clusters employed less than
50 workers.

Some of the factors that contributed to the start-up and growth of technology firms in the San Diego
region were much the same as factors that have stimulated growth in other technology regions.
These factors included a rich R&D base supported by a major research university; leadership from
individuals in economic development organizations, the universities, and the private sector; a local
government that adopted business-friendly policies; an attraction of investment capital; and a
cohesive private sector that was committed to stay and grow in the region and to help other
technology firms get started. The presence of world renowned research institutes, and the coming-
of-age of UCSD, which grew into a nationally prominent research university, provided an important
R&D platform for new technology firms. In the 1980's, under the direction of Chancellor Richard
Atkinson, UCSD built up its engineering and science disciplines. A few professors spun off
technology firms based on research conducted at the University. But more importantly, the
University created a labor pool of highly trained students in emerging science and technology fields,
who would supply the region’s growing industries. Some of these students became employed in
local defense industries, and later, started their own technology firms based on UCSD education and
defense industry experience.

Chancellor Atkinson’s leadership of UCSD was a significant factor in promoting university-industry
relations that underpinned San Diego’s technology development. The Chancellor, who had been the
Director of the National Science Foundation before heading up UCSD, brought an enlightened view
of the university’s role in the community. He believed that a research university, in addition to
striving for teaching excellence, should play a role in developing a technology-based economy. The
Chancellor viewed the University as a source of basic and applied research upon which technology
firms could build and expand. Chancellor Atkinson brought several science and technology “stars”
to the University, increased federal funding for R&D, established an engineering school, and
developed a program through the University Extension — the CONNECT program — that would



provide assistance to, and networking of, technology firms. Under former Chancellor Atkinson’s
leadership, one of the national Supercomputer Centers was awarded to San Diego and located at
UCSD.

The predominance of the defense industry in San Diego, prior to the early 1990's, was another
critical element in the region’s technology development. DoD funding supported the early growth
of technology industries in the region to meet the defense needs generated by the Cold War. As
significant as DoD funding was to the start of technology industries, the rapid decline of DoD
funding, in the early 1990's, was just as significant to the generation of new technology firms and
the diversification of existing defense firms. As defense industries reduced their work forces,
employees began forming their own technology firms. Many of these firms developed products,
processes, and services in niche technology markets and became suppliers to the defense industries
for which they had worked. Later, when defense cutbacks caused further defense industry
reductions, and as DoD priorities shifted to different technology areas, these small technology firms
adapted their products, processes, and services to commercial markets.

Economic development, community, and private sector leaders played key roles in helping new
technology start-ups and promoting the diversification of firms into new market areas. The
Executive Director of the Regional Economic Development Corporation (EixR)the lead in
organizing public, private, and academic sectors to address economic opportunities and respond to
downturns. At first, public and private leaders organized to attract national research centers to the
region. Later, this core group of leaders worked together to help technology firms get started and
to leverage the strengths of regional R&D resources. Partly as a result of their efforts, several
initiatives were started in rapid succession. In 1985, the San Diego chapter of Massachusetts’
Institute of Technology (MIT) Enterprise Forum was founded, and UCSD’s CONNECT program
was formed a few months later. In the early 1990's, the Financial Forum (now part of CONNECT)
was started, and industrial associations such as BIOCOM and the Software Industry Council (now
the Software and Internet Council) were established. These groups provided important networking,
investment match-making, advocacy, and technical assistance to start-up and growing technology
firms. UCSD’s CONNECT program was further strengthened by the hiring of a well-recognized,
local technology entrepreneur, the late William Otterson, who brought private sector credibility to
the university-based program.

In the early 1990's, a coordinated community effort also attracted federal funds from the U.S.
Economic Development Administration, which supported start-up of several initiatives aimed at
diversifying the region’s economy. These initiatives included entrepreneurial training at San Diego
State University, and technical training and establishment of an incubator — the Center for
Advanced Competitive Technologies (CACT) — at San Diego City College. The CACT provided
an often overlooked part of the technology development process, training of skilled technicians for
high-technology industries.

The cross-border economy added another dimension to the region’s economic growth. The system

of maquiladoras, in which San Diego firms supply technology inputs and Mexican industries provide
manufacturing at value-added, tax deferred rates, has produced benefits for both sides of the border.
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Mexico not only provides low-cost manufacturing capacity to San Diego’s regional economy, but
also contributes substantially to San Diego’s retail trade, and is the major importer of San Diego’s
goods.

The growth of some of San Diego’s technology firms is impressive. QUALCOMM Inc., a firm
which only started in 1985, and Science Applications International Corporation, which started in the
1970's, each had revenues of over $4 billion in 1999. When executives from these firms and several
other technology firms were asked why they got started and remain in San Diego, the executives
concurred on the reasons: (1) the presence of UCSD, which provides access to students and a
window on technology research, (2) the region’s “technology culture” and synergy among the
technology firms, and (3) the physical beauty and lifestyle of the region.

CEOQO’s and executives were concerned that shortages of skilled workers could hamper continued
growth of technology firms in the region. They cautioned that Congressional restrictions on working
visas for foreign engineers and scientists could exacerbate an already tight labor market. Moreover,
K-12 education in the region must be improved, particularly for minority populations, to meet future
skill requirements of growing technology firms. High housing costs, water shortages, and limited
land also may hinder continued growth of the region’s technology firms. In addition, environmental
issues concerning the storage and disposal of low-level radioactive waste generated by the medical
research community, need to be resolved. San Diego’s infrastructure also must keep pace to support
the region’s expanding technology firms.

Although most communities cannot recreate the beauty and climate of the San Diego region, there
are some elements that have contributed to the region’s economic turnaround, which communities
can learn from and apply to their own environments. Some of these lessons are:

¢ A research university provides a valuable resource for technology firms, but
does so only if the university is open to and actively facilitates linkages with the
private sector. Technology transfer offices and industry relations offices can
provide help in patenting and licensing university technologies, organizing industrial
sponsored or collaborative research, and identifying professors and students for
consulting. Organizations such as UCSD’s CONNECT, which operates as part of
the University, can provide additional entrepreneurial assistance, venture capital
match-making, information dissemination, networking, and advocacy. In other
cities, these activities often are provided by independent, non-profit organizations
supported by state technology programs, and located at major research universities.
There are advantages and disadvantages to both types of models. A university
program may have greater credibility in the community, but less flexibility, than an
independent program located at or near a research university.

¢ Leadership within the university, from the top, sets the tone and direction for
cooperation with industry. In the case of UCSD, former Chancellor Richard
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Atkinson viewed the research university as a platform for technology-based
economic development. He set into motion technology transfer policies and
university-industry programs that helped create the foundation for a growing
technology community.

Universities, as well as technology firms, benefit from university-industry
collaboration. Industries benefit from having a window on emerging technologies
and access to faculty and students. Universities benefit from increased funding of
R&D, financial support for faculty and students, and having a window on “real
world” industry needs.

Research universities not only are an important source of R&D, but perhaps
more importantly, are a source of future skilled labor for growing technology

firms. The university provides a valuable source of skilled labor from which
technology firms can draw, as well as a source of future entrepreneurs. Industry
support of research universities helps insure a continuing labor supply of skilled
labor.

The supply of technicians and technical support is equally important as the
availability of engineers and scientists to support growing technology firmdn

San Diego, San Diego State University and San Diego City College provide a
valuable source of highly skilled technical labor. Moreover, entrepreneurs who start
service firms that support technology industries often come from technical
backgrounds.

Industry organizations can provide an important forum for technology
industries to exchange ideas, keep abreast of developments in their field, and
advocate for issues that affect their industriesIn San Diego, organizations such
as BIOCOM, Software and Internet Council, and MIT Enterprise Forum are
important sources of information, networking, amdiv@acy for the region’s
technology firms.

University and industry organizations can provide valuable services for small
technology firms. Small firms, unlike larger firms, often do not have access to
capital sources, and may not be able to afford business planning, market research,
and other services needed for start-up and growth. University and industry
organizations can be a valuable resource for these small firms. UCSD’s CONNECT
program and the MIT Enterprise Forum, in San Diego, provide small firms the
opportunity for introductions to the investment community, licensing and partnering,
business planning, and help with other critical services.

Current and in-depth analysis of cluster data is essential for economic
development planning. A local or regional organization can provide this
information service. The San Diego Association of Governments (SANDAG)
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provides information services to the region by collecting and analyzing data, not only
on traditional industrial categories, but also on high-technology and other clusters.
In addition to conducting economic analysis of ifiadal indicators, SANDAG
assesses demand and supply relationships among clusters, collects data on firm size,
and provides other data inputs upon which to base regional economic planning and
decision-making.

Economic data provided by federal agencies is lagging behind the information
needs of communities and regionsln a rapidly changing economic environment,
once useful industrial classifications and data collection, no longer provide adequate
information for local economic development needs.

Local and state governments can make a difference by creating a “business
friendly” environment for technology firms. In San Diego, Mayor Golding cut
numerous regulations and streamlined permit processing. The Mayor let it be known
that the City was willing and able to work with technology industries. In addition,
the state government supported a technology environment by increasing tax credits
on business investments in university research, and providing other direct incentives
for technology industries.

Cooperative leadership from all sectors — academic, government, and private

— is an indispensable element in creating a technology environmenin San
Diego, leadership came from several sources: the Director of the Economic
Development Corporation, the UCSD Chancellor and Dean of University Extension,
the Mayor, CEQO'’s of corporations, heads of local foundations, and service providers.

A severe economic event can unite leaders, but it takes a common vision of the
future and a local plan of action to sustain the momentumln San Diego, the loss

of defense contracts brought the community together temporarily to seek other
government funding. But it wasn't until the leaders got together to develop a
strategic plan aimed at building a technology base on local resources, that real
cohesiveness was achieved.

The technobgy firms that survived defense cutbacks were those which remained
flexible enough to diversify. Some of San Diego’s defense industries survived the
up’s and down’s of defense budgets by quickly diversifying their technologies to
meet new government priorities and commercial market demands. QUALCOMM,
Inc., for example, originally developed and supplied defense communications, but
quickly applied this technology to the commercial market for wireless
communications.

As firms in certain technology clusters developed, they spawned other firms in

that cluster. New firms resulted when employees of technology firms spun off
other firms in niche areas, often becoming suppliers to the original firm, or providing
secondary or tertiary products, processes and services. In San Diego, this clustering
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of firms appeared most prominent in communications, biotechnology and
pharmaceuticals, and biomedical devices.

¢ Networking of technology firms appeared to help develop and maintain small,
technology suppliers in the region. Technology luncheons, award events, and
other opportunities for firms to interact, helped provide an opportunity for service
providers and suppliers to learn about the needs of growing technology firms and
develop relationships with those firms.

¢ Small firms, in business services and technology, were the driving forces of San
Diego’s economic turnaround. Almost all of the new jobs created by San Diego
firms in the 1990's were created by small firms. Entrepreneurs, primarily from
UCSD and defense industries, led the way in creating technology firms to meet the
demands of evolving defense and commercial markets.

As San Diego enters the year 2000, its economy is much stronger than just one decade earlier. The
region’s economic landscape is being reshaped by a committed and cohesive private sector, a rich
research base that involves university-industry collaboration, and an active community leadership.
Although tourism and defense industries still are major sectors of the region’s economy, technology
industries have become a major economic force, and have set new directions for San Diego’s
economic future. Small technology firms have led the way. As these technology firms continue
to grow and spawn other technology firms, they increasingly will change San Diego’s image from

a town known for Sea World to a town known for technology.
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lll. ECONOMY OF THE SAN DIEGO REGION

EMPLOYMENT OVERVIEW

Since the early 1990's, the San Diego region has experienced severe economic dislocations caused
by defense cutbacks affecting aerospace, space systems, shipbuilding, and other military-driven
industries. According to the San Diego Association of Governments (SANDAG), from 1990 to
1993, San Diego 088,000 jobs, 60 percent of which were in high-wage manufacturing and
aerospace sectors. From 1990 to 1995, three out of four, or 21,200 hiijely, skghly paid
aerospace personnel were laid off.

In the mid to late 1990's, there was a dramatic turnaround in the employment situation. By 1998,
all of the jobs that were lost in defense and aerospace had been replaced. In fact, there were over
100,000 more jobs in 1998 than in 1990. (See Table 1.) The employment rebound was largely due
to record gains in the service sector, which represented the largest and fastest growing employment
sector in the San Diego economy. Three sub-sectors — business services, health services, and
engineering and management — together accounted for over half of service employment. Jobs in
these three sub-sectors were highly remunerated, with wages above the regional average, while other
service sector jobs, as in amusement, and hotel and lodging, below the regional average.

High-technology jobs represent a growing and important part of the region's economy. High-
technology jobs represented almost one-fourth of the region's civilian employmentin 1998. Between
1990 and 1998, biotechnology and pharmaceuticals, communications, and software and computer
services added more than 28,000 new, high-paying jobs, and employed a total of 61,318 workers.
Employment in biotechnology and pharmaceuticals, and software and computer services doubled,
and high-technology clusters grew, on average, 27 percent. In the late 1990's, as defense
manufacturing continued to decline, the service sector and the high-technology clusters were driving
San Diego’s economy.
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Employment by Industry, 1980, 1990, 1998

Table 1

San Dieggo Ragion

Employment Change (1990-1998)
Industry 1980 1990 1998 Numeric Percent
Agriculture and Mining 16,717 11,50 10,7Q0 -840 -110
Construction 42,161 51,60 61,190 9,540 15ﬂ.4
Manufacturing 110,462 134,10 127,390 -6,890 -ﬂ.l
Trans., Comm., Utilities 29,99] 36,00p 44,6p0 8,60 2“9.9
Wholesale Trade 27,24 44,100 47,1p0 3,000 HS.B
Retail Trade 139,654 192,600 200,590 7,9p0 Nl
Finance, Insurance, Real Estate 42,946 63,900 64200 300 0.5
Services 171,869 266,300 360,490 94,1p0 353
Hotel and Other Lodging N/A 22,70D 23,590 800 .5
Business Services N/A 51,400 85,6P0 34,200 gp.5
Amusement, including Movies N/A 17,00p 23,2p0 6,20 3.5
Health Services N/A 59,60 70,890 11,290 1.8
Engineering & Management N/A 34,500 52,6p0 18,300 qp.5
Other Services N/A 81,10 104,790 23,6p0 29.1
Civilian Subtotal 581,048 800,100 915,90p 115,840 14.5
Government 141,089 177,40D 194,8p0 17,400 B.8
Wage and Salary Employ. Subtota 722,136 977,500 1,110,70D 133,240 1}16
Self-Employed and Domestic Workers N/ 107,300 99,7100 -7,600 7.1
Military 118,271 111,011 93,89 -17,121L -15|p4
Region Total 840,407 1,195,811 1,304,290 108,4y9 9.1
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Source:1990 and 1998 - California Employment Development Department (EDD), compiled by SANDAG; 1980 - SANDAG
Regionwide Historical Database. Military 1980 and 1990 - U.S. Census Bureau; Military 1998 - SANDAG estimates.

Note: Due to definition changes, data prior to 1988 is not comparable to later years. 1990 self-employed and domestic
workers = total employment (TE) - industry employment (IE);1998 self-employed and domestic workers = .5748 (TE - IE).

In the wake of their defense-related job losses, the San Diego region had an unemployment rate
which reached a peak of 7.7 percentin 1993. By 1998, San Diego’s unemployment rate had declined
to 3.0 percent, lower than that of California or the U.S. (See Table 2.)
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Unemployment Rate, 1980-98

Table 2

San Diego Region, California and United States

Year San Diego California United States
1980 6.8 6.8 7.0
1981 6.9 7.4 7.6
1982 9.3 9.9 9.7
1983 8.2 9.7 9.6
1984 6.0 7.8 7.5
1985 5.3 7.2 7.2
1986 5.0 6.7 7.0
1987 4.5 5.8 6.2
1988 4.3 5.3 5.5
1989 3.9 5.1 5.3
1990 4.5 5.8 5.5
1991 6.3 7.7 6.7
1992 7.3 9.1 7.4
1993 7.7 9.4 6.8
1994 7.0 8.6 6.1
1995 6.4 7.8 5.7
1996 5.3 7.2 5.3
1997 4.2 6.0 4.7
1998 3.0 4.4 4.0

Source San Diego - California Employment Development Department, Labor Market Information
Division, 1999, and Greater San Diego Chamber of Commerce, 1999. California-California
Employment Development Department, Labor Market Information Division, 1999, and Greater
San Diego Chamber of Commerce, 1999. United States - U.S. Bureau of Labor Statistics, 1999.

Note: Data collected for the San Diego region reflect the 1999 employment benchmark.

SMALL AND MINORITY BUSINESSES

Small businesses, those with fewer than 50 employees, accounted for 95 percent of San Diego's
businesses in 1998. (See Table 3.) The increase in new businesses during the 1990's was almost
exclusively small businesses, especially those with fewer than five employees. The growth rate in

small businesses has outpaced that of California or the United States.
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Table 3
1998 Civilian Employment and Firms, San Diego Region
by Number of Employees

Number of Total Number of

Employees Employment Percent Firms Percent
1-4 61,363 6.6 46,092 62.0
5-9 73,740 7.9 11,235 15.1
10-19 101,336 10.9 7,609 10.3
20 - 49 164,751 17.7 5,595 7.9
50 - 99 130,138 14.0 2,055 2.9
100 - 249 165,259 17.9 1,216 1.”
250 - 499 87,874 9.5 321 0.4
500 - 999 63,287 6.8 123 0.4
1000 + 80,770 8.7 79 0.1
Total 928,518 100.0 74,325 100.0

Source: California Employment Development Department, 1999; complied by SANDAG.

Note: Percentages may not add to 100 due to rounding. Data in several employment categories are suppressed
by the California Employment Development Department because confidential data could be extrapolated
from totals. Data in Table 1 and Table 3 are not comparable because of the suppressed data in Table 3.

San Diego has made progress in business ownership by minorities and women. The latest data
available showed that between 1987 and 1992, there were large increases in Black-owned firms (70
percent), Hispanic-owned firms (83 percent), and Asian-owned firms (76 percent). Women owned
one-third of all businesses in the regton.

PERSONAL INCOME AND COST OF LIVING

From 1985 to 1997, San Diego’s real per capita income growth mirrored that of California, but fell
short of average U.S. growth. In the early 1990's, San Diego’s per capita income growth slightly
exceeded that of California, but significantly trailed that of the U.S. Between 1990 and 1994, as the
U.S. real per capita income rose by 15.2 percent, San Diego's rose by 8.7 percent. San Diego's real
per capital income growth accelerated between 1994 and 1995, and between 19967and 1
exceeding California's growth for those years. (See Table 4.)

11992 Survey of Minority Owned Businesd¢$. Census Bureau.
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Table 4
Real Per Capita Personal Income Index, 1985-97
San Diego Region, California and United States

Year San Diego California United States
1985 100.0 100.0 100.0
1986 105.3 104.4 105.1
1987 111.0 110.0 110.7
1988 117.3 116.6 118.1
1989 124.2 122.4 125.8
1990 129.1 129.3 132.9
1991 131.7 130.1 136.3
1992 134.9 134.3 142.9
1993 137.2 135.8 147.3
1994 140.4 138.9 153.1
1995 150.0 145.1 161.1
1996 152.3 152.2 165.0
1997 159.2 159.3 169.0

Source: U.S. Bureau of Economic Analysis, 1999.

In 1998, in terms of average pay, San Diego rank&d&®ong the 302 largest counties. Average
annual pay of employees in San Diego county was $32,221, slightly higher than the national
averagé€. In the 1990's, low earnings growth and the slow rise in real personal per capita income
were due to the loss of high-wage, defense-related jobs, to an increase in low-paid visitor industry
services, and to increases in the region's consumer price index. San Diego has had one of the highest
consumer price indices in the country, according to the U.S. Bureau of Labor Statistics. Compared
to 13 equivalently sized metropolitan regions, San Diego had one of the highest costs for
transportation and housing, and the third or fourth highest for medical care, public transportation,
and food and beverages. Although one of the least affordable housing markets in the country, San
Diego's situation has been improving. Housing permits, which were stagnant in the early and mid
1990's, increased in the mid and late 1990's. In 1998, 41 percent of San Diego’s families could
afford the price of a home, compared to 17 percent in 1989.

21.S. Bureau of Labor Statistics, 1999.

3Housing Opportunity IndexNational Association of Home Builders, 1999.
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RETAIL SALES

Throughout the 1980's, per capita retail sales exceeded that of California and the U.S. In the late
1980's and early 1990's, however, there was a significant falloff in the growth of per capita retail
sales in the San Diego region, which kept pace with California but fell short of the average growth
in the U.S. By 1995, per capita retail sales were about the same as in 1990, but were above
California and the U.S., and were growing. Retail sales were expected to continue growing as the
employment and earnings picture improves and as tourism increases. (See Table 5.)

Table 5
Per Capita Retail Sales, 1980-95
San Dieggo Region, California and United States
(in 1995 Dollars)

Year San Digjo California United States
1980 10,132 8,843 7,800
1981 9,402 8,694 7,689
1982 9,213 8,546 7,447
1983 9,391 9,268 7,890
1984 9,822 9,564 8,318
1985 10,340 10,005 8,595
1986 10,768 10,198 8,901
1987 11,107 10,670 9,118
1988 11,850 10,905 9,381
1989 12,282 11,406 9,546
1990 11,364 11,387 9,503
1991 10,202 10,639 9,174
1992 10,707 10,294 9,330
1993 11,079 10,086 9,655
1994 10,864 10,529 10,140
1995 11,224 10,765 10,367

Source San Diego and California - Table K3, California Statistical Abstract, 1996; United States -
DRI/McGraw Hill History Tables for the United States Economy, 1970-95.

17



INTERNATIONAL TRADE AND CROSS-BORDER MANUFACTURING

San Diego's economy has become increasingly intertwined with Mexico's economy. Under the
maquiladora program, unfinished goods produced in San Diego are exported to Mexico.
Manufacturers in Mexico add value to the goods and return them to San Diego for further refinement
and/or sales. This export and import system has been largely responsible for a rapid increase in the
value of international trade moving through San Diego's ports in the mid and late 1990's. From 1992
to 1997, the total value of exports moving through the San Diego region rose from $4.4 billion to
$7.8 billion, an increase of 77 percent. (See Figure 1.)

Figure 1
Value of Exports and Cross-Border Manufacturing
Originating Within the San Diego Region, 1992 and 1997
(% in Billions)
$8
$7.8
87 —
$6 —
85 —
$4 $4.4 ||
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Source: U.S. Census Bureau.

Largely because of the maquiladora program, Mexico received 90 percent of all exports from the San
Diego region and accounted for 63 percent of all imports to the region in 1997. (See Figure 2.) The
leading commodity for both exports and imports with Mexico was electrical machinery, which
included manufactured television sets. In 1997, the San Diego-Tijuana, Mexico region was the
largest producer of television sets in the world. Although Mexico was San Diego’s main trading
partner, the region also traded with Canada, Europe, and Asia.
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Figure 2
International Trade
(Exports, Imports and Cross-Border Manufacturing)
Passing Through the San Diego Region, 1997
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Source: U.S. Census Bureau.

THE GROWTH OF HIGH-TECHNOLOGY CLUSTERS

SANDAG has defined 15 economic clusters in the San Diego region. For purposes of this report, we
have considered 10 of these clusters as high-technology: (1) biomedical products, (2) biotechnology
and pharmaceuticals, (3) business services, (4) communications, (5) computer and electronics
manufacturing, (6) defense manufacturing, (7) environmental technology, (8) financial services, (9)
recreational goods manufacturing, and (10) software and computer services. The distinction between
high-technology and other clusters, however, has become blurred as other clusters increasingly use
technology equipment and services. (For cluster definitions, see Appendix D.)

In 1998, high-technology clusters employed over 216,000 workers in the San Diego region. Of the
10 high-technology clusters, business services employed the most people, while paying the lowest
average wages. In the 1990's, the region's high-technology clusters were growing rapidly. From
1990 to 1998, the average rate of growth in high-technology clusters was 27.2 percent; or 57.1
percent, if defense manufacturing is excluded. During this period, recreational goods was the
fastest growing cluster, but represented a small portion of total high-technology jobs. Employment
in biotechnology and pharmaceuticals more than doubled, and by 1998, the San Diego region had
the fourth highest concentration of biotechnology jobs in the country, according to SANDAG.
Employment in software and computer services increased at similar rates as biotechnology and
pharmaceuticals. Other fast growing, high-technology clusters were business services and
communications. (See Table 6.)

19



Table 6

Average Annual Employment, San Diego Region
by Industry Cluster, 1990 and 1998

Year Change
Industry Cluster 1990 1998 Numeric Percent

Biomedical Products 7,363 5774 -1,549 -21j|6
Biotechnology & Pharmaceuticals 11,267 22,9p9 11,432 1(J|4.1
Business Services 48,15p 78,792 30,6833 6“.6
Communications 13,164 20,61p 7,443 5(4]6
Computer & Electronics Manufacturing 21,338 25,0p6 3,468 1.2
Defense Manufacturing 39,114 19,149 -20,0p5 -5].1
Environmental Technology 3,111 4,447 1,3%6 4316
Financial Services 15,75 15,778 48 o2
Recreational Goods Manufacturing 2,023 6,1P5 4,372 2(1 2
Software & Computer Services 8,804 17,790 8,496 1(11.0

High-Technology Cluster Subtotal 170,095 216,439 46,344 27.H
Entertainment & Amusement 9,45p 16,032 6,5)7 GH.G
Fruit & Vegetables 3,541 3,65 11B 3."5
Horticulture 6,328 6,323 -5 O]"
Medical Services 50,66( 56,05p 5,395 1(“6
Visitor Industry Services 75,58 77,278 1,698 2"2
Total Cluster Employment 315,659 375,786 60,127 19.“

SourceCalifornia Employment Development Department, 1998; compiled by San Diego Association

of Governments, 1999.
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Innovation Associates (IA) compared the rate of employment growth in four of San Diego region's
technology clusters — biotechnology and pharmaceuticals, business services, communications, and
software and computer services — with the average employment growth for those clusters in the
United States. IA found that the rate of employment growth, between 1990 and 1998, in two of the
four clusters — biotechnology and pharmaceuticals, and communications — outpaced the average
growth in the United States. (For more details, see Appendix B.)

Many of the jobs in expanding high-technology clusters were high-wage jobs. For example, in 1998,

the average wage, adjusted for inflation, in software and computer services was $63,657, and in
biotechnology and pharmaceuticals, was $55,974. From 1990 to 1998, the fastest growing wages
were in recreational good manufacturing, computer and electronics manufacturing, software and
computer services, and biotechnology and pharmaceuticals. (See Table 7.)



Table 7
Annual Payroll Per Employee, 1990 and 1998
San Diego Region, by Industry Cluster
(in 1998 Dollars)

Year Change "
Industry Cluster 1990 1998 Numeric Percent

Biomedical Products $36,673 $41,444 $4,7p1 14.1
Biotechnology & Pharmaceuticals $43,280 $55,974 $12,694 IHQ.B
Business Services $31,651 $30,884 -$767 4
Communications $45,625 $51,352 $5,7%7 13]6
Computer & Electronics Manufacturing $40,205 $54,2118 $14,013 1.9
Defense Manufacturing $42,62p $52,513 $9,951 28.3
Environmental Technology $36,35B $43,201 $6,848 1.8
Financial Services $36,869 $42,146 $5,31L7 144
Recreational Goods Manufacturing $26,803 $36,340 $9,p37 5.6
Software & Computer Services $47,312 $63,6b7 $16,285 .4

High-Technology Cluster Ave. Subtotal $38,745 $47,185 $8,44 21
Entertainment & Amusement $27,3% $30,944 $3,949 8.0
Fruit & Vegetables $13,649 $16,41p $2,763 2("2
Horticulture $18,015 $22,025 $4,01p 22"3
Medical Services $39,814 $38,015 -$1,804 4"5
Visitor Industry Services $15,31% $15,790 $418 2"7
Total Cluster Average $33,443 $36,274 $2,83p 8."5

Source California Employment Development Department, 1998; compiled by San Diego Association
of Governments, 1999.

Note: Average annual wages are adjusted for inflation based on the Consumer Price Index. Totals do not include the
Uniformed Military cluster.

IA compared the growth rates of average annual wages between the San Diego region and the United
States in four high-technology clusters — biotechnology and pharmaceuticals, business services,
communications, and software and computer services — and found that average wages rose more
quickly in biotechnology and pharmaceuticals, and software and computer services in the San Diego
region than in the United States. However, in 1998, wages in all four clusters were, on average, 4.5
percent below that of the United States. (For more details, see Appendix C.)

High-technology businesses are mainly small businesses. In 1996, San Diego’s most rapidly growing
high-technology clusters—biotechnology and pharmaceuticals, business services, software and
computer services, and recreational goods manufacturing— were composed of firms with an average
of fewer than 40 employees. Moreover, business services, and software and computer services were
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composed of businesses with an average of fewer than 15 employees. (See Table 8.)

Table 8
Average Firm Size, San Digo Region
by Industry Cluster, 1990 and 1996

Number of Average Firm Size
Establishments (No. of Employees)
Industry Cluster 1990 1996 1990 1996

Biomedical Products 91 134 81 48
Biotechnology and Pharmaceuticals 367 564 3 3B
Business Services 4,018 5,497 12 1
Communications 146 273 47 42
Computer & Electronics Manufacturing 541 791 419 3
Defense Manufacturing 129 134 303 134
Environmental Technology 74 109 42 38
Financial Services 493 1,094 32 9
Recreational Goods Manufacturing 155 223 2( ZHa
Software and Computer Services 474 99d 1 1"4

High-Technology Cluster Subtotal 6,488 9,813 64 40
Entertainment and Amusement 350 542 3] ZHJ
Fruit and Vegetables 370 407 10 EJ
Horticulture 478 513 13 12
Medical Services 3,640 4,170 14 13
Visitor Industry Services 2,353 3,548 30 20

Source
Califor

nia Employment Development Department, 1997; San Diego Association of Governments, 1999.

Note: Total excludes Uniformed Military cluster.

Biotechnology and Pharmaceuticals
San Diego’s biotechnology and pharmaceutical industries employed almost 23,000 people in the San

Diego region in 1998. Between 1990 and 1998, employment in these industries doubled in the San
Diego region, while remaining constant in the United States. (See Figure 3 and Appendix B.)
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Figure 3
Biotechnology and Pharmaceuticals Cluster
Average Annual Employment, San Diego & U.S.
Percent Change, 1990-98
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Jobs in biotechnology and pharmaceuticals were high-wage jobs, with an average in 1998 of
$55,974. Average wages in this cluster were slightly below the national average but, throughout the
1990's, the gap between wage rates in the San Diego region and the U.S. were steadily closing. (See
Figure 4 and Appendix C.)
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Figure 4
Biotechnology and Pharmaceuticals Cluster
Average Annual Wage, San Diego & U.S., 1990 and 1998
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The majority of the region's biotechnology and pharmaceutical firms are located in, or adjacent to,
La Jolla where the University of California at San Diego (UCSD) and two internationally renown
institutes are located: the Salk Institute for Biological Studies and the Scripps Research Institute.
These two institutes and UCSD have provided a rich base of scientific research in biotechnology and
biosciences.

Biomedical Products

San Diego’s biomedical product firms lost employment in the 1990's, but still remained strong.
Between 1990 and 1996, the biomedical products industry restructured, resulting in 68 percent more
firms with fewer employees in each firm. During this period, the number of employees dropped
from an average of 81 to 48 employees per firm. Hybritech, started by two UCSD researchers, was
responsible for many of the firms in this cluster. UCSD and the local research institutes continue
to produce spin-off firms and provide a platform for this industry cluster.
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Communications

Communications firms in San Diego focus on cellular, satellite, analog and digithicts.
Although San Diego is the home of major telecommunications firms, most firms are small,
employing an average of 42 employees (1996). The proliferation of communication firms in San
Diego’s Sorrento Valley is so well known that the area has been named “Telecom Valley” or
“Telecom Town” by local residents.

San Diego’s communication firms employed almost 21,000 employees in 1998. From 1990 to 1998,
the communications cluster grew by 56.6 percent. The rate of employment growth for
communication firms in the San Diego region was greater than the average rate of employment
growth for the nation, which grew at 13.9 percent. (See Figure 5.)

Figure 5
Communications Cluster
Average Annual Employment, San Diego
& U.S., Percent Change, 1990-98
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According to SANDAG, communication workers had an average wage rate 67 percent above the
regional average. However, in 1998, average wages in the region's communication firms were 5.8
percent below the national average. In 1998, communication jobs in the San Diego region averaged
$51,352.
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Through the 1980's and 1990's, QUALCOMM has been San Diego’s leading telecommunications
company, and has largely been responsible for San Diego’s growth inthisfield. A former professor
in UCSD’s Department of Applied Electro-physics, Dr. Irwin Jacobs, left his teaching position in
1971 to start Linkabit, which quickly grew to become a mgor communications firm. Dr. Jacobs, a
few years later sold Linkabit and started QUALCOMM in 1985. QUALCOMM developed a pool
of expertsin satellite communications, focusing on radio, digital signa processing, control software,
and control protocol. 1n 1998, QUALCOMM employed over 11,600 employees nation wide and was
the second largest producer of cellular telephone technology in theworld. Because of its growth in
telecommunications, San Diego has attracted other telecommunication firms to the region. In 1997,
Sony located the Sony Wireless Telecommunications Company in San Diego, and Ericsson, Nokia,
LG Infocomm, and Motorola aso have operations in San Diego.

Computer and Electronics Manufacturing

Employment in the computer and e ectronics manufacturing cluster grew dightly during the early and
mid 1990's. The field restructured during that period, resulting in more firms with fewer employees.
From 1990 to 1996, there were 250 more firms, a 46-percent increase, with an average of 35
employees. This sector not only was important because it provided more than 25,000 jobsin 1998,
but also because it provided inputs for San Diego’s other high-technology industries, including those
in communications, biomedical products, defense, and software and computer services.

The computer and el ectronics manufacturing cluster in the San Diego region has extended beyond
the border to encompass the Maquiladora factoriesin Mexico. Using computer and e ectronic inputs
from San Diego firms, Tijuana s factories produced over 12 million television setsin 1997, making
the cross-border region the television manufacturing capital of the world.

Among the computer and electronics companies located in San Diego were Kyocera, Composite
Optics, Hewlett-Packard, Pulse, Rockwell Semiconductor Systems, XLNT Designs, and Doctor
Design.

Environmental Technology

Although environmental technology employs a smal number of people, it isagrowing cluster in San
Diego. Firmsin this cluster provided environmenta engineering; toxic, hazardous, and radiological
waste disposal and monitoring; air and water filtration; and other products and services. From 1990
to 1998, employment in this cluster grew by 43.6 percent.

Recreational Goods

This small, but growing cluster achieved the highest growth rate of any cluster, more than tripling
employment between 1990 and 1998. Firmsin recreationa goods have capitalized on new composite
materials used in defense industries to develop high-performance recreational products. One of San
Diego'sfirmsis the leading manufacturer of golf clubsin the nation.

Softwar e and Computer Services
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In San Diego, the software and computer services industry has developed rapidly. Almost non-
existent before the mid 1980's, there were about 1,000 firmsin 1996, more than double the number
of firmsonly six years earlier. From 1990 to 1998, employment in this cluster more than doubled
and accounted for amost 18,000 jobs. Wages in this cluster were the highest of any technology
cluster in San Diego, averaging $63,657 in 1998, an increase of 34.4 percent in eight years.
Although the rate of change in wages was about the same for the San Diego region and the nation,
wages in this cluster were dightly below the national average. (See Appendix C.) Software and
computer services were characterized by very small firms, averaging fewer than 20 employees per
firm.

Software and computer service firmsin San Diego provided computer programming, prepackaged
software, systems integration, data preparation and processing, information retrieval, multimedia
development, and Internet applications. Software and computer services supported other major
clusters in the region including defense, communications, biomedical products, and computer and
electronics manufacturing.

Some of the firmsin this cluster are SAIC, Image Ware Software, Inc., Intuit, Stellcom Technologies,
and Visicom Laboratories, Inc.  The largest of the firms, SAIC, was started in 1969, by Dr. J.
Robert Beyster who left General Atomics to start this computer services firm. In less than thirty
years, SAIC grew from afirm of 20 employees with $250,000 in annual salesto afirm of over 35,000
employees and $3.4 billion in annual revenue in 1999.

PATENT GRANTS

Patent and copyright grants are indicators of the region's potential for future growth in technology.

In the 1990's, San Diego was a patent powerhouse, ranking eleventh among all metropolitan areas
in the country. Total patents awarded in the San Diego region jumped from 761 in 1990 to 1,673 in
1998. (See Table 9.) Fully 74 percent of all patents were awarded in biotechnology and
pharmaceutical fields.”

*Biotechnol ogy and pharmaceuticals include patent classes 435, 514, 424, 536, and 530.
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Table9
U.S. Utility Patent Grantsby Metropolitan Area, 1990-98
Rank Ordered by 1998 Grants

Rank Metropolitan Area 1990 1994 1998
1 San Jose, CA PMSA 1,295 2,099 4,931
2 Boston-Worcester-L awrence-L owell-Brockton, MA-NH NECMA 2,051 2,476 3,687
3 Chicago, IL PMSA 2,086 2,260 2,959
4 Los Angeles-Long Beach, CA PMSA 1,586 1,875 2,335
5 Minneapolis-St. Paul, MN-WI MSA 1,154 1,513 2,051
6 Detroit, M| PMSA 1,342 1,537 1,913
7 Philadelphia, PA-NJ PMSA 1,213 1,426 1,758
8 New York, NY PSMA 1,084 1,193 1,749
9 Rochester, NY PMSA 915 1,381 1,749
10 San Francisco, CA PMSA 557 682 1,705
11 San Diego, CA MSA 761 936 1,673
12 Orange County, CA PMSA 891 1,113 1,484
13 Dallas, TX PMSA 750 1,033 1,471
14 Oakland, CA PMSA 629 802 1,461
15 Houston, TX PMSA 1,009 1,234 1,445

Source: U.S. Patent and Trademark Office, 1999.

Note: Metropolitan areas are based on definitions effective July 1, 1998. MSA= metropolitan statistical area;
NECMA= New England county metropolitan area; PMSA= primary metropolitan stetistical area. The
geographic distribution of patentsis based on the residence of the first-named inventor.

SMALL BUSINESSINNOVATION RESEARCH AWARDS

The Small Business Innovation Research (SBIR) program provides grants and contracts to small
technology firmsto support feasibility studies (Phase 1), and prototype development (Phase 1), amed
at commercializing new and advanced products, processes, and services. The SBIR program is
sponsored by 11 federal government agencies and can be used by smal firmsto develop and test new
innovations, enter new markets, and increase federal procurement opportunities. It can be an
important funding vehicle for start-up and emerging small technology companies.

In the 1990's, the U.S. Small Business Adminigration's Office in San Diego and UCSD- CONNECT,
aggressively marketed the SBIR program to the region's small, high-technology firms. They did so
as away to fund high-risk technology research in a region with little venture capital in the early
1990's. By FY 98, the San Diego region ranked sixth in the number of SBIR awards nationwide. The
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five metropolitan areas that received a greater number of SBIR awards had larger populations than
the San Diego region. Small technology firmsin San Diego received over $47 million in grants. (See
Table 10.)

Table 10
SBIR Awards by Metropolitan Area
Ordered by Decreasing FY 98 Awards

FY98
FY98 No. of
Rank Metropolitan Area Population (in $Thou.) Awards

1 Boston, Lawrence, Salem, Lowel, MA 4,055,700 130,649 498
2 Bay Area (SF) 5,534,200 83,287 293
3 Los Angeles Area 13,074,800 72,935 273
4 Washington, DC-MD-VA 3,565,000 81,974 310
5 New York Area 15,529,300 63,016 429
6 San Diego, CA 2,201,300 47,208 161
7 Philadelphia Area 5,697,200 30,578 129
8 Denver-Boulder-Longmont, CO 1,847,400 41,592 168
9 Sesttle-Takoma Area 2,284,400 25,976 87
10 Albuquerque, NM 474,400 11,320 56

Source: Office of Technology, U.S. Small Business Administration, 1999.

The SBIR program has provided an important source of seed and start-up capital for high-risk
research projects performed by San Diego’s technology firms. Because of the competitive nature and
high research quality demanded by the program, winning one or more SBIR awards has given many
San Diego firms the additional credibility needed to obtain follow-on capital from private sources and
government procurement contracts. SBIR awards to San Diego firms increased substantially during
the 1990's, with the total amount of grants to San Diego firms more than doubling in less than a
decade. (See Table11.)
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Table11
SBIR Awardsto San Diego Firms
by Number and Funding

Funding
Y ear No. of Awards (in $Thou.)
1983 21 1,319
1984 49 5,534
1985 78 10,602
1986 111 16,824
1987 127 12,813
1988 131 16,411
1989 133 18,936
1990 126 19,943
1991 148 19,390
1992 147 19,613
1993 170 26,635
1994 169 27,224
1995 170 34,109
1996 178 40,943
1997 186 44,722
1998 161 47,208

Source: Office of Technology, U.S. Small Business Administration, 1999.

VENTURE CAPITAL

There were significant amounts of venture capital flowing into the San Diego region. In the third
quarter of 1997, atotal of $104 million in venture capital was invested in the region, funds which
benefitted 26 small businesses. In 1997, San Diego ranked eleventh in the country in total venture
capital invested. (See Figure 6.)
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Figure 6
National Venture Capital Investment Over $100 Million
Third Quarter 1997
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Source: “Venture Capital Roundup Report,” Price Water house, 1996-97.

OUTLOOK

San Diego regiona officials expect jobs to grow by 50 percent by 2020, more than double the rate
of theU.S. Employment growth is expected to exceed population growth in San Diego, and income
levelsto rise faster than inflation. SANDAG expects that growth in real per capitaincome through
the year 2020 will keep pace with that of the U.S. They also anticipate that through 2020, the price
of asingle family detached home will increase more than twice as fast as income.
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Officials expect current trendsin job creation to continue. Defense manufacturing and government
sectors are expected to continue declining, while tourism, business services, and high-technology
clusters are expected to rise. It is anticipated that, by 2020, only 25 percent of employees will be
employed in manufacturing and government jobs; and 58 percent in services, trade, and various high-
technology clusters. Moreover, the lessening dependence of the economy on defense and
government, and the increasing diversity of the economy, should make the region more resistant to
any future economic downturns.

In summary, the economy of the San Diego region during the 1990's has been arapidly changing one.
Prior to the 1990's, defense spending had anchored the economy. With the decline in defense
spending in the early 1990's, the local economy suffered through arise in unemployment, a decline
in rea per capitaincome, and aloca cost of living which remained high. However, in recent years
there has been a turnaround. Certain high technology clusters, such as biotechnology and
pharmaceuticals, and software and computer services are growing rapidly. Wage levels and real
household income are rising, athough real wages remain below nationa averages in high-technology
clusters. Trade flowing through San Diego's portsisincreasing. Venture capital is coming into the
local economy. The formation of new businesses is outpacing that of the U.S. and California. San
Diego’s economy is robust and the economic signs indicate that this should continue for the next
severa years.
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V. THE ROAD TO DEVELOPING SMALL,
HIGH-TECHNOLOGY FIRMS

HISTORY OF HIGH-TECHNOLOGY FIRMS

San Diego has a history of technology-based industries that were created to serve the military’ s nava
presence. The region’s technology-based industries began to grow during World War Il when
Consolidated Aircraft Company was tapped by the Pentagon to manufacture war planes. Its
employment swelled from 13,000 people in 1940 to 45,000 by the end of 1942. During the war,
other aircraft manufacturers and suppliers flocked to the area. By the end of the war, tourism was
still amajor part of San Diego’s economy but aerospace employment, and the military contracts that
fed it, were increasingly becoming the lifeblood of San Diego’s economy. The groundwork had been
laid for the development of future small, high-technology industries that would begin to appear in the
1980's and 1990's.

Postwar San Diego boomed from the presence of nava bases and military contracts. But asthe threat
of the Cold War ended in the late 1980's and early 1990's, and as national defense budgets were cut,
the Department of the Navy reduced its presence in San Diego. Once leading defense firms such as
General Dynamics closed its doors, and others such as Rohr reduced its workforce in San Diego.

But reductions in defense industries gave impetus to new small, high-technology firms in
communications, computer and e ectronics manufacturing, and computer software services, which
grew out of defense industries. These new firms responded to the ebb and flow of defense spending,
meeting defense industry demands when defense spending was up, and meeting commercial market
demands with diversified products and services, when defense spending was down. Other industries,
such as those in biotechnology and pharmaceuticals, emerged from the rich  environment of private
research institutions, and all types of new technology industries benefitted from the establishment of
the University of Californiaat San Diego (UCSD) in 1960.

THE ORIGIN AND “BEGATTING” PROCESS OF HIGH-TECHNOLOGY FIRMS

There were three major sources of high-technology industries in the San Diego region — the
universities, particularly UCSD, the medical and bioscience institutes, and the defense complex.
UCSD provided a particularly fertile ground for developing and nurturing high-technology and
biotechnology industries. The University’s Center for Wireless Communications and School of
Engineering proved rich spawning grounds for telecommunications, software, e ectronics
manufacturing, and defense and space manufacturing. According to CONNECT, at least 41 San
Diego-based communications and telecommunications companies were either founded by students
or faculty, or spun off from firmswith tiesto UCSD. Telecommunications entrepreneurs from UCSD
included former faculty members Dr. Irwin Jacobs and Dr. Andrew Viterbi, cofounders of Linkabit
and QUALCOMM.

34



San Diego’'s renown Scripps Research Institute (formerly the Scripps Clinic and Research
Foundation) and Salk Ingtitute for Biological Studies, and UCSD’s Center for Molecular Genetics,
Cancer Center, Center for Marine Biotechnology and Bio-medicine, and Institute for Biomedical
Engineering provided arich R& D base for San Diego’ s biotechnology, pharmaceutical, and medica
sarvicesindustries. (See Table 12.) San Diego' sfirst biotechnology firm, Hybritech Inc., was created
by two UCSD researchers, Dr. Ivor Royston and Mr. Howard Birndorf. Hybritech has been credited
with the birth of the biosciences industry in the San Diego region. (See Tables 13 and 14.) A recent
example of adirect UCSD spin-off in pharmaceuticalsis Myelos Neurosciences. Dr. John O’ Brien
started the firm based on research being conducted at the University.

The U.S. Department of Defense’s (DoD) funding of naval facilities and regional contractors has
played a mgor role in establishing San Diego’s high-technology industries. DoD has funded
contractors in software, electronics, and communications. As mgor defense corporations expanded
through the 1980's, contracted in the early 1990's, and expanded again in the mid and late 1990's,
high-technology entrepreneurs were born. These entrepreneurs spun-off from large defense
contractors, filling specialized high-technology niches needed by DoD. In lean defense markets,
entrepreneurs from downsizing defense firms diversified military products and services for
commercial uses. Examplesinclude Science Applications International Corporation (SAIC) and The
Titan Corporation, which were started by individuals who had worked for the military contractor,
General Atomics.

As amdl, high-technology firms spun off from UCSD and defense industry R& D, they began to grow
and spin off other firms. Linkabit proved especidly fruitful, spawning 36 communication companies
including QUALCOMM. (SeeTable 15.) Inthe biotechnology and pharmaceuticals field, over 45
firms trace their lineage to Hybritech. Firms started directly by the founders of Hybritech, or by
Hybritech aumni, include Gen-Probe, Inc., Idec Pharmaceuticals Inc., Genesia Inc., Pyxis
Corporation, Chugal Biopharmaceuticals, and Dura Pharmaceuticals.  This “begatting” process
continues to produce new high-technology firms in San Diego, forming clusters in emerging
technology areas and developing strong supply and demand relationships among them.
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RELATIONSHIP BETWEEN TECHNOLOGY CLUSTERS

There is a strong demand and supply relationship that links a number of the region’s high-technology
clusters. Some of the emerging high-technology industries in San Diego originally grew by
supplying the defense industry. As defense industry demands decreased in the 1990's, and as other
industries grew to replace defense industries, established suppliers developed relationships with new
technology firms aimed at commercial markets. For example, growing telecommunications
industries in the 1990's increasingly required inputs from electronics and computer manufacturers,
primarily printed circuit board manufacturers, that had once supplied defense industries. Software
and computer service firms, that had supplied defense industries, also shifted to supply new
telecommunications industries. Other clusters, such as medical services, which grew from the
region’s research institutes, stimulated the growthbkers in biomedical products, biotechnology

and pharmaceuticals, and related industries.

In order to track some of these complex relationships, SANDAG calculated “cluster dependency
factors” among various clusters in the region. This analysis revealed strong primary support
relationships among a number of growing industries. (See Figure 7.)

COMMUNITY AND UNIVERSITY LEADERSHIP IN BUILDING A HIGH-TECHNOLOGY
ENVIRONMENT

Community and university leadership spearheaded activities that helped stimulate and nurture the
development of small, high-technology firms. In the early and mid 1980's, economic development
efforts in San Diego were led by the Economic Development Corporation (EDC). The EDC, as
other EDC'’s of its time, pursued business attraction strategies focused on marketing San Diego and
competing against other cities and states for major corporations and federal facilities. At that time,
the City sought and lost two major federal bids for Sematech and the Microelectronics and Computer
Consortium (MCC). These R&D facilities were awarded to Austin, Texas partly because the
community in Austin worked together to collectively package and market the community. But San
Diego’s loss of these major facilities for the first time brought together the public, private, and
academic sectors. According to Daniel Pegg, former Director of the EDC, “the lesson that the
community learned from losing the MCC was that it had to pull together.”

At the same time, some astute business leaders from the community noticed that new enterprises had
been growing around major research institutions — Salk Institute for Biological Studies, Scripps
Research Institute, and UCSD. In many of the cases, these new technology industries had been
started by scientists and engineers who had graduated from UCSD or had some other connection
with UCSD. The EDC formed a small advisory group, which involved their board members,
UCSD’s Chancellor Richard Atkinson, and private sector leaders, to develop ideas aimed at bridging
the gap between public and private sectors, and leveraging research at UCSD and private sector
institutions.
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Figure7
Primary Supply Relationships Between San Diego High-Technology Clusters
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At the same time, the private sector started a separate initiative — the Technology Financial Forum.
The Forum brought together high-technology entrepreneurs with potential investors. Attorneys,
accountants, and management consultants from the community provided services to the Forum to
help entrepreneurs develop business plans and make presentations to investors.

The EDC approached UCSD about initiating a program that would provide advocacy and networking
activities for high-technology firms. Mr. Pegg worked with Chancellor Atkinson to implement these
activities by establishing the CONNECT program. This program would be housed on campus, and
administered through the University's Extension Program. Early in these efforts, Chancellor
Atkinson involved Dr. Mary Walshok, Dean of University Extension, who had studied public-private
partnerships and who had conducted executive programs for engineers and scientists. CONNECT
first focused on public policy issues that attracted the attention and participation of private sector
leaders. Later, it provided training and services to entrepreneurs and networking opportunities for
high-technology firms in the community. CONNECT assumed responsibility for the Technology
Financial Forum a few years after its start.

At first, the private sector did not willingly become involved in community efforts to support high-
technology development. According to several corporate representatives, the EDC and UCSD
“strong-armed” several leaders from the private sector, and later, others more willing followed. Mr.
David Hale, President of Hybritech, Mr. “Buzz” Woolley, CEO of Girard Capital, Dr. Irwin Jacobs,
CEO of Linkabit, and Mr. Bob Weaver from Deloite Touche, were some of the first private sector
activists. Corporate leaders were reluctant to work with the University because they viewed the
University as too bureaucratic and too academic. Aware of the private sector concerns about the
University, Chancellor Atkinson kept a tight rein on the University to help insure that the
University’s department heads were receptive to corporate relationships. Moreover, Dr. Walshok,
who led early development of UCSD’s CONNECT program, carefully orchestrated the University's
image portrayed to private sector. UCSD’s CONNECT program grew quickly when some private
sector representatives from service industries saw their involvement in the University’s program as
an opportunity to reach high-technology businesses, and when other high-technology industry
representatives saw the program as a way to network.

In 1991, two trade associations on life sciences and biotechnology were founded by local CEO's
representing those industries. The Biomedical Industry Council (BIC) was founded to represent life
science industries, and BIOCOM was founded to represent biotechnology service firms. Afew years
later, these two organizations merged to form the present BIOCOM, which has became the region’s
leading advocate for issues affecting biotechnology, biosciences and medical device industries. San
Diego’s Software and Internet Council (formerly the Software Industry Council) also formed in
1993, and the San Diego Regional Technology Alliance was established by the State in 1995.

Public policy initiatives also created a more “business-friendly” environment. In 1992, Susan
Golding was elected Mayor. Mayor Golding was determined to reverse San Diego’s anti-business
image. Mayor Golding’s initiatives to streamline permit processing and cut red tape facilitated faster
and easier development and added to a supportive business atmosphere.
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In an atmosphere that included defense contract reductions, the coming-of-age of UCSD as a major
research university, strong private research institutions, and an active community, small technology

industries began to appear. Table 16 shows a chronology of major university and community events
in relation to the growth of high-technology clusters.

In the next chapter, we detail actions taken by the universities, particularly UCSD, to stimulate and
support the growth of high-technology firms in San Diego. In Chapter VI, we provide details on
several of the community organizations mentioned in this chapter, and in Chapter IX, we describe,
in greater detail, several of the firms mentioned in this chapter.
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Table 16

SAN DIEGO HIGH-TECHNOLOGY CHRONOLOGY

Indicator 1960 1965 1970 [ 1975 1980 1985 N 1990 W 1991 1992 [ 1993 N 1994 1 1995 1996 [ 1997 ‘ 1998
University and Research  UCSD (1977)  Richard Atkinson UCSD-CONNECT SDCC-CACT UCSD SDSU SDSU Defense UCSD
Institute Events founded Scripps  becomes Chancellor of founded founded Dialogue Entrep. Center Conversion Center  Center for Wireless
ImmunLab  UCSD founded founded founded Communication
founded founded
(1984) UCSD
UCSD Engineering Supercomputer Richard Atkinson
School founded Center founded assumes UC
Presidency
Community
Events SD Institute EDC (1972) (1982) MIT Enterprise Biomedical Industry ~ Susan Golding Software Industry SD Technology Susan Golding SANMEC EDC & Team SD
founded founded SANDAG Small Bus. Adv. Forum founded Council founded elected Mayor Council founded Council founded re-elected Mayor founded release
founded Board founded five-year plan
Tech. Finance Biocom SD City Mgr. EDC & SANDAG Regional Tech.
Forum founded founded appoints Econ. release five year plan Alliance founded
Development Task
Force
City installs

cable system

Corporate Events (1964) (1971) (2976) (1981) QUALCOMM General Dynamics
SAIC Linkabit Hellicom Titan founded founded closes most Myelos Sony locates Sony DoD relocates
founded founded founded defense facilities Neuroscience Wireless Telecomm. SPAWAR to
in region founded Co. to region region

(1978) (1984)

Hybritech Stellcom

founded founded
(1978)
Orincom
founded

Technology Clusters

Biotech & Pharm.

No. of firms 367 — — — — — 568 - -
No. of employees 11,267 12,754 14,720 16,123 16,335 17,228 18,617 20,328 22,999
Business Svcs.
No. of firms 4,018 — — — — — 5,497 — _
No. of employees 48,159 48,606 47,967 50,521 51,869 55,149 65,871 71,039 78,792
Communications
No. of firms 146 — — — — — 273 - -
No. of employees 13,166 11,278 13,193 13,912 14,705 14,787 16,400 18,094 20,619
Defense Manufg.
No. of firms 129 — — — — — 134 - -
No. of employees 39,114 32,639 29,327 26,599 22,378 19,517 19,185 19,627 19,109
Software & Comp.
Services
No. of firms 474 — — — — 990 - -
No. of employees 8,804 8,869 9,443 10,245 11,422 12,366 13,643 15,179 17,700

Source: Innovation Associates, Inc.; Technology Cluster Data - San Diego Association of Governments.




V. THE UNIVERSITY-INDUSTRY CONNECTION

THE UNIVERSITY OF CALIFORNIA AT SAN DIEGO (UCSD)

The Critical Role of UCSD’s Chancellor

Industry-university cooperation enriches the university. In San
Diego, UCSD took the lead in creating a more favorable environment
for building knowledge-based businesses. As businesses built up, the
University benefitted from the tenology people (that the businesses)
attracted.

- Richard Atkinson, President, University of California

Dr. Richard Atkinson, President of the University of California, was the Chancellor of UCSD from
1980 to 1995. Dr. Atkinson played an important leadership role in promoting high-technology
development in the San Diego region. As Chancellor, he set the tone and direction for the
University, encouraging cooperation with industry, which helped the region’s defense industries
diversify and helped small, high-technology enterprises get started.

At UCSD, Dr. Atkinson actively involved locahdustries in recruiting science and technology
"stars" and endowing chairs at the University. In fact, the campus recruited faculty of such stellar
quality in virtually all disciplines that, despite the need to add positions quickly to keep pace with
an increasing enrollment, 1995, a National Research Council study ranked UCSD tenth in the
nation in the quality of its graduate programs. The excellence of the faculty, and of the research the
faculty produced, increased the credibility and visibility of the University in the community, state,
and nation, and was a major factor in UCSD'’s success in contributing to the San Diego economy.

Dr. Atkinson’s strategy included establishing a new school of engineering, whose principal advocate
and architect he became as soon as he arrived on campus. hébeéss grown in size and
distinction over the past 10 to 15 years, and one of its first faculty members, Irwin Jacobs, went on
to found QUALCOMM. Under Dr. Atkinson’s leadership, the campus successfully bid for one of
five national Supercomputer Centers and aggressivelghg and attracted research funding in
science and engineering, making UCSD one of the top five university recipients of federal research
funding during most of his tenure.

Dr. Atkinson encouraged collaborative research with industry by establishing technology transfer
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programs in science and engineering departments and saw that UCSD mounted a vigorous campaign
to attract industrial consortia — the Microelectronics and Computer Corporation (MCC) and
Sematech — to San Diego. Although both eventually located in Austin, Texas, San Diego was the
only city in Californiato be afinalist. He engaged the University Extension in developing corporate
executive programs, and later, working with community and private sector leaders, promoted
networking activities for high-technology business and industry. The networking activities became
a more formalized program — CONNECT — which has grown into an impressive program aimed
at networking, advocacy, assistance to and promotion of technology firms. Dr. Atkinson charged
Dr. Mary Walshok, Dean of Extended Studies and Public Program, with developing the corporate
programs including CONNECT, and subsequently recruited a well-respected business leader,
William Otterson, to direct the program. Th©ORNECT program and the San Diego Computer
Center are described in the next section.
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INTERVIEW WITH DR. RICHARD C. ATKINSON,
PRESIDENT, UNIVERSITY OF CALIFORNIA

In September 1998, Innovation Associates’ President met with Dr.
Richard Atkinson to discuss his philosophies on the role of the
university in stimulating high-technology economies. The following
is derived from that meeting.

Dr. Atkinson’s philosophies on university-industry cooperation are rooted in hi

experiences as a professor at Stanford University. At Stanford, he witnessed Dr.
Terman, Dean of Engineering, actively encouraging university-industry cooperation
promoting spin-offs of high-technology industries from the University. Dr. Atkinso
carried this philosophy with him to the National Science Foundation (NSF), where
Director, he began to build bridges between universities and industries. Atthe NSF
Atkinson started the Industry-University Cooperative Research Program (IUCRP), wh
required university R&D projects funded by the IUCRP to involve industrial partne
In the late 1970's, Dr. Atkinson promoted the idea of university-industry cooperatio
the NSF when there was not much interest in this type of cooperation. At first, the i
of requiring industries to partner with universities to receive grants met with oppositi
but eventually the concept became accepted and institutionalized. Dr. Atkin
promoted the importance of university R&D and the role of university-industt
collaboration at the NSF:

¢ By initiating formal analysis to measure the economic results of R&
investments;
¢ By promoting technology transfer policies aimed at moving intellectug

property rights from government to universities (which later wa
mandated through the Bayh-Dole Act);
¢ By institutionalizing engineering as an integral part of NSF activities, ar]
underscoring the relationship between science and engineering; and
¢ By encouraging university-industry relationships in R&D through th¢
IUCRP.
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Dr. Atkinson said that, prior to the “Sputnik era,” universities and industries had $trong
relationships in science and engineering. Universities cooperated with industries becauge it was
economically beneficial for them to do so. But the bonds between universities and inqustries
weakened during the Cold War when the federal government provided extensive funding for
university research, lessening the need for university-industry cooperation. As the “Sputhik era”
was coming to an end, Dr. Atkinson believed it was time to renew the once strong relatipnships
between universities and industries. The IUCRP, and other activities that stemmed ffom Dr.
Atkinson’s tenure at the NSF, laid the groundwork for national policy and provided a moglel for
state technology programs. Programs such as the Ben Franklin Program in Pennsylvania, and
the Thomas Edison Program in Ohio, followed NSF’s lead by focusing resources on uniyersity-
industry collaboration in R&D and university-centered technology transfer.

As Chancellor of UCSD from 1980 to 1995, Dr. Atkinson drew on his Stanford and NSF
experiences to position UCSD as a key technology generator in the San Diego region.| During
his tenure, the University played a central role in creating an entrepreneurial climate by aftracting
federal research dollars and helping bring research to market. Dr. Atkinson believed that it was
part of the University’'s mission, as a state-funded institution, to give something back to
California by creating a more favorable environment for attracting and developing techrjology-
based industries around the University and in the community.

Dr. Atkinson promoted his ideas of university-industry collaboration at a critical time ip San
Diego’s economic development. Inthe late 1980's and early 1990's, when the region expgrienced
defense cutbacks, Dr. Atkinson worked externally, with community organizations, and intgrnally,
with the University’'s department heads, to forge a relationship between the University, the
community, and the private sector. He believed that it was natural that small, high-techhnology
enterprises would fill the gap left from reductions in defense contracts to major corportions.

In order to promote the development of high-technology enterprises in the San Diego redion, Dr.
Atkinson’s initiatives at UCSD aimed:

To increase the University’s basic and interdisciplinary research capacity
To increase the University’s computer and engineering education and research
through new schools and centers,
To encourage the transfer of the University's technologies to the private [sector
and into the market place,

To support the development of new technology enterprises, and
To develop national credibility and visibility for the University and the regipn’s
technology community.

L 2B 4 & L 2B 4
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Dr. Atkinson believed research was the key to economic progress, and that university-industry
collaboration was essential to transfer research into the market place. Citing principalg set out
by President Truman’s Science Advisor almost 50 years ago, Dr. Atkinson said that (1) basic
research should be funded by the federal government, (2) basic research should be carried out
in research universities, and (3) funding should be made available to individuals not instifutions.
Dr. Atkinson’s active pursuit and success in obtaining federal funding for research, and his active
courtship of private funding, were prerequisites to building UCSD as a nationally prorpinent
research university.

Dr. Atkinson believed in greater freedom for academics to carry out their own research pr¢ggrams.
He also believed horizontal, non-hierarchal structures encouraged “academic entreprgneurs.”
Under Dr. Atkinson’s direction, UCSD professors were expected to spend about half ¢f their
time conducting research. Dr. Atkinson said, despite the emphasis on research, that feaching
guality remained high. This was demonstrated by consistently high satisfaction ratings from
undergraduate students.

Industries, he said, primarily want two things from research universities: access to studgnts, and
a window on science and technology. In San Diego, Dr. Atkinson helped provide the window
on science and technology by instituting university-industry cooperative programs, exg¢cutive
fora, and programs that networked high-technology firms in the region.

Dr. Atkinson believed, although direct technology transfer to industries was important, perhaps
even more important was the indirect technology transfer which resulted from studentg taking
jobs with local industries and starting businesses. This indirect technology transfer benefitted
growing local industries as well as the University’s ability to attract top students.

Dr. Atkinson stressed the difference between the university being an “engine that driyes the
economy” and a “job shop.” As an “engine,” the university provides technology firmg with

research and development and technology transfer. Moreover, Dr. Atkinson said that npt every
university should be engaged in research, for different universities serve different purposges in the
community and the state.

Dr. Atkinson believed the most important asset for any university was to employ the bestjpeople.
He actively involved the private sector in recruiting top national scientists and engineers to the

San Diego region. He said, “you cannot create intellectual talent, you must go after it and reduce
the constraints in attracting the best people.” He contended that a public university is presented
with greater challenges than a private university in attracting the best people, but that thjs could
be overcome, in part, by involving the private sector.
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In terms of the national economy, Dr. Atkinson said that the application of knowledge may be
(the United States’) best strategic advantage in an international market. In order tp apply
knowledge and increase the U.S. competitive position, he believes two factors are key: (1)
increasing productivity of the American workforce, and (2) increasing investments in regearch
and development (which ultimately leads to increased productivity). He referred to a report by
the Council of Economic Advisors which stated that 50 percent of all U.S. economic grqwth in
the past 50 years has been due to investments in research and development (R&D). H¢g said that
research universities have been, and continue to be, a valuable source of that R&D. Dr. Atkinson
expressed concern about declining federal R&D funding to research universities, and syggested
that this could weaken future economic growth.

In 1995, Dr. Atkinson assumed the Presidency of the University of California, wherg he is
applying experiences from Stanford University, the National Science Foundation, aphd the
University of California at San Diego. He has already increased the University of Califgrnia’s
university-industry efforts in biotechnology, and is expanding that collaboration to other ffields.
If the State of California benefits from Dr. Atkinson’s leadership, as San Diego has bengfitted,
the State is indeed fortunate to have him at the helm of its university system.
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The CONNECT Program

The capacity we are adding is a set of organizations and activities
that harvest the best and most useful knowledge that we find, and
then organize and deliver it to people who can use it; whether they
are scientists in industry, engineers in telecommunications, or middle
school teachers of mathematics.

- Mary Walshok, Dean, Extended Studies and Public
Programs, UCSD

CONNECT was started in 1985 to foster university-industry cooperation and promote the growth
of high-technology industries. It is part of the University’s Extended Studies and Public Programs
(University Extension), but operates somewhat independently from the University. CONNECT is
a self-sustaining membership organization that provides to its members and the business community
advocacy, networking, seminars, financial match-making fora, corporate partnering fora, and
awards. CONNECT has grown rapidly. In 1985, CONNECT started with 17 company sponsors;
by the end 0fL998, there were over 540 sponsors. The organization has a staff of 12, several of
whom are volunteers. CONNECT draws heavily on an active community of corporate leaders and
service providers to conduct various activities. These activities include reviewing business plans,
critiguing business presentations, conducting seminars and promoting public policy positions. In
interviews with the Mayor of San Diego and CEO'’s of major corporations, UCSD and CONNECT
consistently were cited as major forces in San Diego’s rapid high-technology growth.

Early inits history, CONNECT brought together corporations for the common purpose of advocating
public policy positions concerning water rights and environmental issues. CONNECT continues
to advocate and lobby public policy issues. Recently, CONNECT has focused on reforming U.S.
Food and Drug Administration regulations which may hamper progress in biotechnology industries.
CONNECT also has advocated increasing the number of visas to permit recruitment of foreign
engineers.

CONNECT conducts seminars and classes for high-technology CEO’s and entrepreneurs. Seminars
are given on how to market a high-technology product, how to write a business plan, intellectual
property, marketing, and other topics central to developing and managing a high-technology
business. CONNECT’s former Director, the late William Otterson, said that a major difference
between CONNECT’s seminars and those given by other organizations is that CONNECT’s
seminars are taught by practitioners and not professors. Seminar leaders are service providers,
seasoned managers, CEOQ'’s, and venture capitalists. Classes for entrepreneurs also are given
through the University Extension. The most popular class, "How to Start and Manage a High-Tech
Company," runs for 10 weeks. In this class, entrepreneurs form business teams, develop business
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