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Introduction

Municipal health has long been tied to the physical infrastructure on which a local and regional economy is built. This physical infrastructure includes core infrastructures like roads, bridges, water supply facilities, sewers, airports, mass transit, and electric and gas plants, but over the past forty years, telecommunications networks have become a more important infrastructure player. Although they are not as readily apparent as core infrastructure, current communications, whether voice, video, or data, are ultimately dependent upon the existence of telecommunications. With the economic growth and development of a region dependent on these infrastructures, the role of telecommunications is distinctive given its relative importance to different types of firms. Core infrastructure is a complementary factor in a firm-level decision because such infrastructure is most likely not as important as labor costs are when a firm’s is making a location decision. However, telecommunications is unique because it can allow some types of business to select a location with lower labor costs even if it is farther away from a desired location. Such a decision shows telecommunications as a complement vis-à-vis labor, but as a substitute for transportation costs. The quality, quantity and price of telecommunications may make a location distinctive or attractive to firms that are heavy telecommunications users because overall business costs can be lower (Arsen 1997). This capability to be both a complement and substitute differentiates telecommunications from core infrastructure, making it all the more relevant in today’s information economy. Thus determining the type of firm or business that benefits from availability and enhanced capacity of telecommunications is necessary in any consideration of the impact of local telecommunications infrastructure on growth. 

Beyond the traditional telecommunications firm that is reliant on the infrastructure for its product and services, a number of sectors are reliant upon telecommunications. During the 1960s, private telecommunications providers invested heavily in the expansion of telecommunications infrastructure, resulting in not only technological improvements that increased fiber-optic cable’s capacity to carry more data at faster rates but also led to greater deployment. These and continuing developments significantly reduced the cost of telecommunications as an input in economic production (Cronin, Hebert et al. 1992). Modern economic productivity benefits from the proliferated use of telecommunications networks and information technologies like computers and software. This trend has not only altered the business practices of many industries that use these as inputs, but it also sponsored the growth of new businesses that we now refer to as information technology (IT) and information communications technology (ICT) industries. From semiconductors to multimedia dot.com firms, ICT industries are by definition a consumer of telecommunications. Bandwidth and broadband become the essentials of a conversation because business, especially in ICT industries, have growing need to be located in a jurisdiction that is able to meet its telecommunications service requirements. “Broadband information infrastructure is now as important to a growing array of IT firms as railroads were to nineteenth-century steel and textiles mills” (Wieman 1998). 

The link between a local economy, its infrastructure, and industrial profile is not a new concept; however, in the past decade, multiple economic indicators suggest that municipalities that are home to or attracting ICT industries may have a competitive advantage. A recent government report explains that ICT industries not only accounted for nearly one-third of economic growth in the United States between 1995 and 2000, but with the their rebound those industries also contributed to over one-third of our growth in 2003 (U.S. Department of Commerce 2003). In addition, ICT industry jobs in both manufacturing and services still remain at a greater level today than the two years prior to the bubble bursting (Hilton 2001). In general, these positive indicators suggest that ICT industry would be an attractive target for growing a local economy. Thus, if cities desire ICT industry, provision of an adequate telecommunications infrastructure may be a location factor that cannot be ignored. 

This paper provides an overview of the research findings and literature concerning ICT industries, telecommunications infrastructure, and their relationship to economic growth and development in order to understand how such strategies may assist municipalities in need or seeking transition. 

The Role of ICT Industries in Local Economies 

The effect that ICT jobs and businesses have on a local economy is purported in a variety of environments, from government and academe to consulting and think tank organizations. However, although most agree that ICT is tied to growth, the definition of what type of firm is an ICT firm is debated. Much of the early literature concentrated on high-tech manufacturing as the growth engine of local economies because it created jobs that were high paying and attract high-skilled labor (Glasmeier 1985; Markusen, Hall et al. 1986; Barkley 1988; Glasmeier 1991; Malecki 1991; Hackler 2003). However, even the definition of high-tech manufacturing was subject to debate on whether high-tech was related to human capital or resources and physical capital. The resources and capital side stressed that high-tech industries were those with greater research and development intensity, while the human capital side focused on technology employers, those industries with larger proportions of technical workers than other industries (Malecki 1991). The first Department of Commerce report on the digital economy further stressed the disagreement as it compared the definitions and sector lists from American Electronics Association, Information Technology Institute and the Bureau of the Census’ “information sector” classification for the new North American Industry Classification System (NAICS) (Commerce 1998). The cornerstone of this debate changed as growth in the service industries indicated the transformation of the economy from manufacturing. In conjunction with the growing dot.com bubble and telecommunications provider expansion in the late 1990s, a reference to high-tech became even less precise. The traditional high-tech moniker evolved to IT and ICT, including industries that produce information or rely on telecommunications to produce a service. 

While the debate of which industry is considered high-tech or not is relevant methodologically, the application of these definitions to measure how a metropolitan area is faring has critical implications. A number of recent studies that rank metropolitan economies based on the presence “high-tech” industries, and the success of the metropolitan area depended on which definition and data set was utilized. The following list highlights these varied definitions. 

· The Milken Institute sought to examine high-tech industries with greater producer output in order to capture contribution to economic performance. Their definition of high-tech industries was very familiar, combining both the human capital and resources definitions. Their high-tech industries had above-average amount of revenue on research and development and employed above industry-average number of technology-using occupations (scientists, engineers, mathematicians and programmers) (DeVol and Wong 1999). Using this definition, the study ranked metropolitan areas based on the Tech-Poles composite measure, which multiplied two location quotients: 1) the output of high-tech industries as a percentage of total U.S. high-tech industrial output (vertical density), and 2) the percentage of the region’s own total economic output that comes from high-tech industries compared to the nationwide percentage (horizontal density). 

· The Progressive Policy Institute’s metropolitan new economy index examined a metropolitan area’s share of high-tech, which was defined only as the number of science and engineering graduates from area colleges and universities. In addition, it tried to measure an area’s capacity for technological innovation through measuring the number of patents issued, expenditures on research and development at colleges and universities, and venture capital investments. These measures are discussed in the last section (Atkinson and Gottlieb 2001).

· The Brookings Institute examined the number of jobs in core high-tech industries, which included only the industries of computer and electronic product manufacturing, software publishers, information services and data processing services and computer systems design and related services (NAICS codes 334, 5112, 514, and 5415 respectively) (Cortright and Mayer 2001). 

· A recent comparison high-tech versus I-tech industries highlighted the importance of human capital, specifically the scientific and technical workforce, to “high-techness” (Chapple, Markusen et al. 2004). Building off previous studies (Hadlock, Hecker et al. 1991; Hecker 1999), the authors defined high-tech industries as those that employed above three times the national industry-average number of science and technology occupations (9.98%), which includes managers and computer professionals. The I-tech industries were a subset of the high-tech industries and included only systems analysts, database administrators, computer professionals, and other computer scientists. 

· The U.S. Department of Commerce reports on the digital economy focused on IT industries that were defined as those that “produce, process, or transmit information goods and services as either intermediate demand (inputs to production to other industries) or as final products to consumption, investment, government purchases, or exports…. [T]hey also provide the necessary infrastructure (communications) for the Internet to operate” (Commerce 1998). 

· In their study of organizational change, Kling and Lamb differentiated the digital economy from the new economy and information economy. The new economy is a macroeconomic construct based on high growth, low inflation and low unemployment that should not be confused with the others. The information economy includes all “informational goods and services, including publishing, entertainment, research, legal and insurance services, and teaching in all forms” (Kling and Lamb 2000). Yet the digital economy includes “goods or services whose development, production, sale, or provision is critically dependent upon digital technologies.” Thus, the digital economy focuses on forms of IT-enabled business activity from electronic commerce, digital delivery of goods and services and IT-supported retail sale of tangible goods; these forms fit into four subsectors: 1) highly digital goods and services, 2) mixed digital goods and services, 3) IT-intensive services or goods production, and 4) segments of the IT industry that support the other threes segments of the digital economy. 

Measurement of the high-tech, IT or ICT industrial foundation of local economies is highly varied, and this results in a somewhat different characterization of which metropolitan areas are more successful. Yet the desire for these types of industries is high and influencing the location of such industries is a major strategy of many municipalities. From strategies attracting similar businesses to develop clusters of businesses to appealing to new industries, policies highlight the location factors that firms find attractive. Blakely states that cities must create conditions that will allow new firms to take root and flourish (Blakely 1994, pg. 297). In particular, he stresses that such development requires a basic core infrastructure and a sound research base, where invention, adoption, development, innovation, and dissemination can occur. These basic factors are part of agglomeration economies, where geography and its associated hard and soft qualities are central to location decisions. 

A multitude of works has empirically analyzed the traditional location factors of these industries. While skilled populations, wages, taxes, and transportation play a role, a number of studies suggest that these types of firms are exceedingly sensitive to quality of life attributes. Given the importance of the human capital definition to these industries, the intellectual capacity of ICT workers makes them more likely to be attracted to locations that provide cultural and civic activities around the performing arts, museums, popular music venues, vibrant street life, outdoor recreation, sport stadiums, and unique festivals. Florida believes that the prioritizing of quality of life provisions cultivates a creative class (a worker for which creativity is key), which includes a significant portion of the ICT workforce. “Regional economic growth is driven by location choices of creative people—the holders of creative capital—who prefer places that are diverse, tolerant and open to new ideas” (Florida 2002). In identifying what types of people are key to growth and what shapes their location decisions, his theory does not suggest a locality is restricted because of its traditional factor endowments. Consequently, local strategies that upgrade a community with investment in infrastructure and services are likely to have an effect on the quality of life and provide a foundation from which both a creative class and ICT industries can grow (Reese and Rosenfeld 2004). Some testing of the creative class theory has found that regions with high concentrations of the creative class are strongly correlated with regions that have greater high-tech concentrations (Cushing 2001), further suggesting the importance of quality of life in attracting the employees and employers. 

Although the quality of life approach suggests the diminished impact of factor endowments, much of the literature on developing a high-tech or ICT cluster reflects on how institutional and entrepreneurial endowments facilitate cluster evolution. Saxenian’s classic comparison of the Silicon Valley and Route 128 in Massachusetts suggests that the different culture of innovation and support provides opportunities and constraints on firms (Saxenian 1996). Recognition of how regional dynamics differ from place to place has lead to more systematic analysis of the formation and sustainability of regional clusters. One such study examines the importance of both agglomeration economies and building firm capacity with entrepreneurship (Bresnahan and Gambardella 2004); however, it stresses the latter and recommends that the institutional and organization structures are key, from creating organizational structures that promote both technological and managerial skills to creating processes that guide knowledge transfer from invention to commercialization. These steps are more successfully accomplished in an open and trusting culture of innovation. A recent Milken Institute report echoes the importance of entrepreneurship, innovation, and technology concentration and dynamism (DeVol, Koepp et al. 2004). The report proposes that successful economic development is more probable through the leveraging of science and technology assets. These assets include research and development expenditures, risk capital and entrepreneurial infrastructure, human capital investment, technology and science workforce intensity, and technology concentration and dynamism. Consequently, the culture of an area and how it breeds entrepreneurs can confine the possibilities of an area, regardless of other traditional factor endowments. The old economy standards of business are quite prevalent in the new ICT economy; how localities with a desire for ICT industries are able to respond and cultivate these conditions is the mirror image of understanding what types of ICT industries are suitable to the locality. 

The Role of Telecommunications to Local Economies

As the above discussion indicates, ICT industries are synonymous with innovation and growth. These industries rely on not only the agglomeration factors discussed above, but also on supporting infrastructure. This section focuses on the effect that telecommunications infrastructure has on local economies and proposes that if areas desire to remain competitive in the new economy, the creation of information and telecommunication networks will be necessary (Rondinelli 2001). “The economic impact of increased broadband availability may operate directly by attracting firms that rely on sophisticated telecommunications, or more indirectly by first attracting or promoting the development of residents who are technologically sophisticated, which in turn leads to firms locating in order to take advantage of the labor pool” (Clark, Gillett et al. 2003).

Concentrating on the direct economic effect, various studies document increases in employment, positive spillover effects on other industries, and increases in regional output. However, the measure of telecommunications infrastructure varies just as the definition of high-tech, IT, or ICT industries varies. This is the result of a lack of telecommunications data at the local level. Thus, many of the studies are national in scope or provide only a small snapshot of one region. Nonetheless, there is a body of evidence that suggests that telecommunications infrastructure is critical to local economies. Investment patterns, firm location, and employment growth are a result of a locality’s access to advanced telecommunications products and services (Atkinson and Gottlieb 2001), and a recent report suggests that the rollout of broadband services to 50% of U.S. homes (currently at approximately 20%) would add $140 billion to gross domestic product—a result of increased service subscriptions, sales of technology equipment, cost reductions from increased telecommuting, and the expansion of e-commerce, new entertainment applications, and healthcare services (Randall, Jackson et al. 2003). Although the forecasting of such changes requires a number of assumptions, other approaches suggest the importance of telecommunications investment in increasing annual average pay, per cap income, and education levels (Dholakia and Harlem 1994). More specifically, the level of telecommunications capital stock and efficiency of telecommunications utilization benefit certain industrial sectors greatly. For example, service sector output is found to be very responsive to such stock and utilization rates (Yilmaz and Dinc 2002). However, such research also stresses the importance in understanding each sector’s relative demand for telecommunications. Over-investment in telecommunications may occur in some localities where industrial sectors do not have great demand for telecommunications. 

Given telecommunications potential for economic development, this strategy is more appropriate for industries that are more reliant on telecommunications. The definition for IT industries, as well as some ICT industries, infers that they are likely heavy users, yet business type may not be the best classification in determining usage. Instead, examination of functional demands and business processes that require telecommunications would more correctly identify heavy telecommunications users. For example, the financial, insurance and real estate (FIRE) sector are heavy telecommunications users, yet not often consider high-tech. The sector relies on telecommunications networks to deliver their products or services like fund transfers, credit cards, e-banking, mortgage loans, and insurance quotes, such that telecommunications accounts for over eight percent of the sector’s expenditures (Graham 1999). Additionally, some businesses are dependent on back office job functions that are “routine, standardized operations [that] can decentralize into suburbs and small- and medium-sized towns by utilizing the telecommunications network” (Walcott and Wheeler 2001). Telecommunications reliance is also important to a number of businesses that the Bureau of the Census’ has classified as part of the new “information sector” under the North American Industrial Classification Standard (NAICS). Process and function may dominate product or service, and this has implications on how municipalities seek growth based on telecommunications. 

Several studies reveal important issues regarding heavy telecommunications users and location. One such study suggests a geographical divide among light and heavy users. Forman, Goldfarb, and Greenstein examine trends in commercial Internet adoption by location, rural to urban, and industrial concentration (Forman, Goldfarb et al. 2003; Forman, Goldfarb et al. 2003; Forman, Goldfarb et al. 2004). Most important to their discussion is how they differentiate commercial internet usage into two types: 1) basic participation in communications with e-mail and passive document sharing, and 2) sophisticated/enhanced usage to change existing internal operations, introduce new services, conduct e-commerce transactions, and/or establish an enterprise resource planning system. Although they find that firms in larger metropolitan areas and cities are more likely to adopt basic usages, firms in such locations are even more likely to adopt enhanced applications. The industries with the greatest enhancement usage in large cities are concentrated in managerial, media, telecommunications, data processing, utilities, finance and insurance, professional, scientific and technical services, and wholesale trade. To exacerbate these findings, a location analysis determines businesses in larger cities are more likely to adopt enhanced usages of commercial Internet technologies unlike similar businesses in rural areas with preferences for basic usages. This is most likely due to the fact that large areas have complementary infrastructures like IT services and integrators. Gorman’s research agrees; “…the Internet is not acting as the great geographic equalizer….Instead it is increasingly falling into a more distinct urban hierarchy…. If anything, e-business professional service firms have shown a distinctly urban bias for downtown and central business district areas in the largest metropolitan areas” (Gorman 2002, pg. 534). 

With the research suggesting a short run comparative advantage in productivity for urban areas, less large locations and rural areas may not be left out in the long run. These areas can benefit from possible decreases in the cost of communications and development of adequate telecommunications infrastructure, prompting business relocation from high-cost/high-density areas to take advantage of structural changes. Consequently, the evidence that the digital divide is increasing between rural and urban areas emphasizes the importance of local telecommunications and technology endowments in local strategies for economic development. This response to the digital divide is also appropriate given intra-urban development concerns. Areas that are on the wrong side of the digital divide fare much worse on traditional telecommunications measures like telephone penetration, computer and Internet usage, and cable modem and DSL subscriptions. As an indicator of poor telecommunications infrastructure, telecommunications-intensive input sectors are not attracted to such areas (Lentz and Oden 2000); but with improvement, certain sectors may be ready to relocate and help revitalize municipalities (Kotval 1999). Sanyal and Schön suggest that “the market alone cannot provide the poor with access to the digital world, and, even if access is provided, it is unclear whether it will be enough to integrate them into the nation's mainstream economic, political, and social life….Without some government support, private firms may be reluctant to invest in technological innovations” (Sanyal and Schön 1999, pg. 377). 

Research on depressed rural communities finds that technology-led development generated more entrepreneurial activities, attracted more highly skilled workers, increased the number of residents employed by local business, and attracted more technology-related business (Administration and Communities 2002), yet municipalities have a number of possible directions to address this matter. Successful technology-led economic development strategies include more than just providing telecommunications infrastructure, such as telecommunications assessments to attract broadband service to the region, creating business incubators, IT and scientific training for the local workforce, education of local business owners on e-commerce and web sites, and involvement of local IT specialists and educators in economic development efforts. 

Another recent trend that parallels the need for government action is municipal deployment of a new telecommunications infrastructure, or wireless broadband to community WiFi-based “hot spots”. Long Beach (CA), San Francisco, Seattle, Jacksonville (FL) and New York have municipal public hot spots that provide free WiFi Internet access. This investment “results in social returns that exceed appropriable private returns (e.g. economic development benefits of WiFi hotspots in depressed areas or broadband that improves human capital, or furthering non-economic social goals like enhancing community cohesion and political participation)” (Lehr, Sirbu et al. 2004, pg. 28). Often described as a municipal response to market failures and a more cost effective method of providing the “last mile” infrastructure, local governments do not always need to act first. For example, governments can leverage private wireless broadband deployments. A private mall may offer free WiFi access to promote business, and the town can respond with hot spots in the depressed downtown business district and other areas in order spur economic development (Lehr, Sirbu et al. 2004).

Whether municipalities focus on telecommunications deployment to address lack of service or inadequate capacity, the research discussed above details telecommunications direct effect on various industries and the implications for locations seeking to attract such industry. In addition, telecommunications holds an indirect role that is a constant not only because of its physical nature, but also because it creates a proper environment from which to grow (Reamer, Icerman et al. 2003). The described economic growth is important, but it is only part of the picture. If municipal livability is improved, the benefits diffuse enhancing the production frontier of school life, home life, civic life, cultural life, government service delivery, business functions, healthcare facilities, and possibly many more facets. 

Success in Linking Telecommunications and ICT Industries

The previous sections indicate that ICT and telecommunications have special positions in many local economies; whether they are growth engines or drivers, their effects are tangible. Understanding how municipalities can capture such growth is the concluding focus of this paper. The unique relationship that ICT industries have with telecommunications infrastructure is not as well studied at the local level, but it has large implications for municipalities seeking change. Many localities struggle with the limited role they are able to play in the development and maintenance of telecommunications infrastructure in their jurisdiction. According to a recent survey of municipalities, the hurdles that prevent localities from using telecommunications as part of their economic development strategy are funding (70 percent) private sector ownership (35 percent) (Hackler 2002). In general, telecommunications service providers and infrastructure owners consider network information proprietary and release only aggregate figures by area code to the Federal Communications Commission. In addition to the fact that most cities have multiple providers, the situation makes data collection at the local level near impossible, as the survey also reports. Although 84 percent control the rights-of-way, only 35 percent request information on the location and type of telecommunications infrastructure to be deployed. Thus, it is no surprise that only 25% report having an inventory of local telecommunications infrastructure (Hackler 2002). According to Gillett, Lehr, and Osorio, municipalities may be missing an opportunity. Even if “local governments have little control over some important factors (such as state and federal policy, and the technical state of the art) that influence the geographic distribution of broadband[,]…other key factors are subject to some degree of local influence [like]…local government policies that bear on communications infrastructure deployment, business and residential demographics that shape demand, and the nature and quality of existing infrastructure” (Gillett, Lehr et al. 2004, pg. 539). Such a step is often key to localities attempting to attract greater telecommunications deployment through assessment and aggregation of demand initiatives. 

A number of municipalities are doing just this. With each having different goals, research indicates that such initiatives may have positive returns to developing a high-tech or ICT economy. Even when controlling for the other location factors, a city’s metropolitan share of bandwidth is positively correlated with a city’s metropolitan share of IT establishments (Hackler 2004). Combining this result with an earlier study on how preceding years of IT industry growth was negatively correlated to existing telecommunications infrastructure (Hackler 2003), telecommunications infrastructure may be found to be a prerequisite to industry growth. Thus, how municipalities create this infrastructure is important. The local approaches to addressing telecommunications infrastructure include a number of categories. First, some who own municipal electric utilities have leveraged utility improvements to provide telecommunications services in some combination of voice, video, and data. Second, a number of municipalities have deployed their own cable television infrastructure (CATV) and offer broadband services. Others have deployed their own telecommunications system with the express reason of becoming a competitor to the often-inadequate incumbent local exchange provider through their own provision or leasing the infrastructure to other competitors. The financial structure, the type services, and who actually offers the services are very diverse. Utah’s Telecommunications Open Infrastructure Agency representing fourteen cities, Cedar Falls (IA), Palo Alto and Anaheim (CA) are just a few examples of such deployments. A recent report lists all municipalities with municipal-owned or proposed CATV and/or telecommunications systems (Clark and Baker 2003, pg. 36-45). Not only do these initiatives have linkages to future growth, but they also address a general municipal concern about declining infrastructure (Reese and Rosenfeld 2004); thus, both older and younger municipalities are likely to consider telecommunications as a likely economic development strategy.

Examining Local Economies: Telecommunications and ICT Industries

To understand the policies that localities may pursue in order to capture some of these new growth opportunities, this section attempts to address the role of telecommunications and ICT industries in local economic development. The research presents a number of difficulties since the topic is not only understudied, but also the availability of secondary data for municipalities on these issues is limited. Primarily, local data on telecommunications infrastructure is sparse since telecommunications service providers and infrastructure owners consider network information proprietary, and they only are required to report their data for local phone area code boundaries. This, in addition to the fact that a city will have multiple providers, makes data collection at the local level near impossible. Consequently, this paper utilizes telecommunications infrastructure data collected from a nationwide survey of local governments
 in summer 2002 (see Appendix A for sample characteristics).
 Following the ideas and theories proposed above in this paper, this section will utilize the sample of cities from the survey to highlight the effect of ICT industries on local growth indicators, the effect of telecommunications on local growth indicators, and the effect of telecommunications infrastructure on innovation and ICT growth (see Appendix B for all estimations).

This examination of ICT industries captures their revealed preferences through a series of traditional industrial location econometric models that examine location preferences vis-à-vis telecommunications infrastructure and other traditional location factors. To do so, local industry employment data were necessary. Unfortunately, these data are not available for any legal jurisdiction smaller than counties, but starting with the Economic Census of 1987, these data are available for each zip code. In order to utilize these data for city-level analysis, the number of employees for a sector in a zip code must be summed for all zip codes associated with a city.
 This summation allows for an analysis of ICT employment at the city level vis-à-vis telecommunications infrastructure. Two definitions of ICT industries are used based on the North American Industrial Classification System. Technology Employers are those that employ above three times the national industry-average number of science and technology occupations (9.98%), which includes managers and computer professionals (Chapple, Markusen et al. 2004). Primary Technology Generators are those that exceed the U.S. average for both research and development expenditures per employee ($11,297) and for the proportion of full-time-equivalent research and development scientist and engineers in the workforce (5.9%) (Praytas and Berglund 2004). 

Local Economic Growth

The effects of ICT industries and telecommunications infrastructure on local economic growth are assessed separately. Growth in technology employers and generators accounts for 1998 to 2001, while all telecommunications data from the survey is for 2002 and include greatest bandwidth capacity available from a telecommunications provider in the jurisdiction, aggregate bandwidth for the metropolitan area, number of high-speed service providers in the city per capita, fiber-optic infrastructure availability, and an additive index that accounts for localities with multiple offerings (local telephone service, hybrid fiber coaxial/ high-speed CATV, wireless, microwave, satellite and fiber). The control factors for the two models include the jurisdiction’s square miles of land, population growth between 1997 and 2000, civilian labor force unemployment rate for 2001, percent black population in 2000, percent population with a college education in 2000, total patents between 1991 and 1999 per 1,000 people, and local government general expenditures per capita in 1997. To examine the local economy, three measures of local economic conditions are assessed: total employment growth between 1998 and 2001, average wage growth between 2001 and 2002, and per capita income in 2001. Each local economic growth measure is regressed separately on all control factors and either on one of the two ICT industry measures or on each the five measures of telecommunications infrastructure with OLS. All specification and bias tests were conducted to ensure robust results. 

In general, both technology generators and technology employers have a significantly positive effect on employment growth and average wage growth. However, the telecommunications measures are not significant and in only the income model are the measures of telecommunications having a positive effect within the sample of cities. The income model also shows two interesting relationships for the control factors of college, as an indicator of local labor pool skills, and patents, as a proxy for innovation. College and patents have significantly positive effects on local income, but not on employment growth or average wage growth. This proposed interrelationship among high-skilled labor pools, innovation, and telecommunications is of interest, yet the results overall indicate the non-importance of telecommunications to local economic growth. 

ICT Growth & Innovation

Empirical investigation of a locality’s ICT industrial growth also produces insufficient evidence concerning the contribution of telecommunications infrastructure vis-à-vis the other control factors. Again using OLS, the control factors and each of the telecommunications measures are regressed on technology employers or generators growth. None of the telecommunications measures contribute significantly to either growth of technology generators or employers. In fact, even in the sample, the results indicate a negative relationship for all measures except fiber availability for technology employers and for bandwidth capacity and fiber availability for technology generators. 

Telecommunications infrastructure seems to only have an effect on the innovation capacity of a local economy, and even then the effect is not always as predicted. When the control factors and each of the telecommunications measures are regressed on patents, only bandwidth for the metropolitan area and number of high-speed telecommunications providers have significantly positive effects on patents. Bandwidth capacity has a positive, but insignificant effect. The remaining two indicators have a negative effect on innovation, with only fiber availability’s effect being significant. Again college has a significantly positive impact across each specification and seems to indicate a pattern of local innovation that is reliant on knowledge workers and to some extent telecommunications. 

Summary and Conclusions

Examining the link between telecommunications and ICT is only part of the picture since determining how municipalities can build a telecommunications- and ICT-focused strategy relies greatly on institutional capacity and readiness. From the available measures of high-tech or ICT industries to the different concepts of a digital economy vis-à-vis telecommunications’ role, the above review suggests that the interconnectedness of these issues should have an effect on the future of municipalities. However, the preliminary data analysis indicates a different story in regard to telecommunications infrastructure. Although ICT industries seem to have a positive impact on local economies, the relatively small sample of jurisdictions for which telecommunications is also assessed do not suggest that telecommunications may be natural local economic policy solution. Whereas the relationships that are proposed seem to correspond to conventional thought, the empirical tests of these relationships suggest differently. The results defy convention and may be a result of the imprecise measures used to approximate the relationships; however, these are the best measures available at this time.

To some extent, it is necessary to query whether geography affects these relationships since testing of telecommunications effect or even ICT industries’ are often for metropolitan areas, counties, and states. Instead, local municipalities prove different, and data continues to be a large hurdle. In addition, just as Solow’s productivity paradox frustrated a generation of economists, measurement of telecommunications’ effect warrants focus. Regardless of these issues and the unconventional findings of this empirical study, the goal of future research should still concentrate on the on-going predicament of local policymakers vis-à-vis high-tech/ICT economic growth and development policies. Understanding what the potential role of telecommunications infrastructure is in promoting economic development or attracting ICT industry is of great import. As the survey indicates, only 37 percent of municipalities requires or gains information on the location and type of the infrastructure that is being deployed in their jurisdictions, and only 25 percent have an inventory of existing telecommunications infrastructure (Hackler 2002). Thus, local governments lack the knowledge of what telecommunications attributes exist in their jurisdictions. Yet, they are accountable for increasing attractive business and job growth. This mismatch of control and knowledge with responsibility for ICT growth is where future research can have the greatest impact. Researchers can minimize the invisibility of telecommunications in the eyes of local policymakers through the collection of better data and education. Determining how the location of telecommunications infrastructure can become more transparent to local government also serves to improve the measurement of the local infrastructure. This may be even more relevant for those cities on the wrong side of the geographical digital divide since telecommunications has both economic and social implications.
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Appendix A

Sample Characteristics

Of the 265 responses, 43 states are represented. California has the most responses (50), followed by Illinois and Texas (19 each). Using Census-defined regions, Western states most represented with 29.9 percent of the respondents; the Midwest and South both have 29.5 percent of the cities, while the Northeast accounts for only 11 percent. Also of interest is how certain types of cities influence the results. Using Census-defined urban areas and urban clusters
, cities in urban areas account for 81.8 percent of the respondents, while the remaining are located in urban clusters. The majority of respondents are not central cities (61.7 percent).

The average city population of respondent cities is 157,495; however, this is skewed upward because of over-representation of cities with population over 300,000 (9.5 percent) in comparison to only 0.3 percent of cities with this population in the United States. Approximately 42.8 percent of the sample cites have populations below 50,000, and 25.8 percent of the cities have populations greater than 100,000. Since the larger cities are over sampled, this should give us a better feeling for what cities are capable in telecommunications. 

Other general characteristics of the sample include a median per capita income of $23,000 (average of $24,560) with an average unemployment rate of 4.8 percent. The mean of median value of an owner-occupied house, as reported in the U.S. Census 2000, is $140,793, and the median value of a single-family home, as self-reported by officials, is $140,000. If city type is accounted for, median per capita income for central cities and non-central cities is relatively the same at $23,000. However, the other economic indicators vary. Central cities have a lower median home price of $130,000 ($126,350 mean of median Census data) and a higher unemployment rate at 5.2 percent. In contrast, non-central cities have a lower unemployment rate at 4.6 percent and a higher average median price home at $150,000 ($149,743 mean of median Census data). 

Appendix B

*Newey-West HAC Standard Errors & Covariance used for all estimations. Variable names for municipal data: TEMPLEMPPG: technology employers employment growth; TGENEMPPG: technology generators employment growth; LANDSQMI00: square miles of land; POPGR: population growth; UNEMPRAT: unemployment rate, BLKPCT: percent Black; COLLEGE: percent with college degree; GENEXPPC97: general expenditures per capita; PATSSTD: sum of patents 1991-99 per 1,000 people; BDWCAP: bandwidth capacity available from a telecommunications providers; BDWCMSA: aggregate bandwidth for the metropolitan area, FCCHISPD number of high-speed service providers in the city per capita; FIBAVAIL2: fiber-optic infrastructure availability; and TELINDEX: an additive index that accounts for localities with multiple offerings (local telephone service, hybrid fiber coaxial/ high-speed CATV, wireless, microwave, satellite and fiber). [See above description for years.]
Economic Growth Models: Technology Employers and Technology Generators

============================================================

DEPENDENT VARIABLE: TOTAL INDUSTRIAL EMPLOYMENT GROWTH                                            

N = 153                                            

============================================================

     Variable      Coefficient Std. Error t-Statistic  Prob.            

============================================================

         C           2.379776   2.795147   0.851395   0.3960          

    TEMPLEMPPG       0.138778   0.002047   67.80331   0.0000          

    LANDSQMI00       0.001399   0.004706   0.297320   0.7667          

       POPGR         0.212724   0.100625   2.114018   0.0362          

     UNEMPRAT       -0.301910   0.281723  -1.071655   0.2857          

      BLKPCT        -11.05215   2.588418  -4.269848   0.0000          

      COLLEGE        17.12069   11.13670   1.537322   0.1264          

    GENEXPPC97       7.52E-05   0.000489   0.153737   0.8780          

      PATSSTD       -0.011484   0.111669  -0.102837   0.9182          

============================================================

R-squared            0.955069    Mean dependent var 8.418043          

Adjusted R-squared   0.952573    S.D. dependent var 28.76868          

F-statistic        382.6187      Prob(F-statistic)  0.000000          

============================================================

============================================================

DEPENDENT VARIABLE: TOTAL INDUSTRIAL EMPLOYMENT GROWTH                                            

N = 153                                            

============================================================

     Variable      Coefficient Std. Error t-Statistic  Prob.            

============================================================

         C           2.934558   2.865499   1.024100   0.3075          

     TGENEMPPG       0.080652   0.001975   40.84041   0.0000          

    LANDSQMI00      -0.000740   0.005550  -0.133350   0.8941          

       POPGR         0.266331   0.105338   2.528346   0.0125          

     UNEMPRAT       -0.217883   0.228497  -0.953550   0.3419          

      BLKPCT        -11.18834   3.294113  -3.396466   0.0009          

      COLLEGE        19.12612   11.58097   1.651513   0.1008          

    GENEXPPC97      -0.000202   0.000659  -0.306136   0.7599          

      PATSSTD       -0.018109   0.102368  -0.176899   0.8598          

============================================================

R-squared            0.942207    Mean dependent var 8.418043          

Adjusted R-squared   0.938996    S.D. dependent var 28.76868          

F-statistic        293.4575      Prob(F-statistic)  0.000000          

============================================================

============================================================

DEPENDENT VARIABLE: PER CAPITA INCOME                                          

N = 132                                            

============================================================

     Variable      Coefficient Std. Error t-Statistic  Prob.            

============================================================

         C           18.50343   2.982206   6.204611   0.0000          

    TEMPLEMPPG       -0.000846   0.001224  -0.691334   0.4907          

    LANDSQMI00      -0.000136   0.011246  -0.012055   0.9904          

       POPGR        -0.051689   0.068634  -0.753114   0.4528          

     UNEMPRAT        0.022994   0.307256   0.074838   0.9405          

      BLKPCT        -1.839119   3.367337  -0.546164   0.5859          

      COLLEGE        30.84047   12.71317   2.425867   0.0167          

    GENEXPPC97       5.87E-06   0.000985   0.005960   0.9953          

      PATSSTD        0.416084   0.140807   2.955000   0.0037          

============================================================

R-squared            0.254840    Mean dependent var 24.95455          

Adjusted R-squared   0.206374    S.D. dependent var 7.681507          

F-statistic        5.258154      Prob(F-statistic)  0.000011          

============================================================

============================================================

DEPENDENT VARIABLE: PER CAPITA INCOME                                          

N = 132                                            

============================================================

     Variable      Coefficient Std. Error t-Statistic  Prob.            

============================================================

         C           18.49051   2.979471   6.205971   0.0000          

     TGENEMPPG       -0.000425   0.000636  -0.669248   0.5046          

    LANDSQMI00      -0.000245   0.011175  -0.021910   0.9826          

       POPGR        -0.051775   0.068588  -0.754872   0.4518          

     UNEMPRAT        0.024387   0.309007   0.078921   0.9372          

      BLKPCT        -1.838825   3.365723  -0.546339   0.5858          

      COLLEGE        30.87060   12.69870   2.431005   0.0165          

    GENEXPPC97       3.75E-06   0.000987   0.003802   0.9970          

      PATSSTD        0.415801   0.140722   2.954775   0.0038          

============================================================

R-squared            0.254711    Mean dependent var 24.95455          

Adjusted R-squared   0.206237    S.D. dependent var 7.681507          

F-statistic        5.254589      Prob(F-statistic)  0.000011          

============================================================

============================================================

Dependent Variable: AVERAGE WAGE GROWTH                                         

N = 153                                            

============================================================

     Variable      Coefficient Std. Error t-Statistic  Prob.            

============================================================

         C           3.092406   0.705921   4.380670   0.0000          

    TEMPLEMPPG       0.000584   0.000359   1.625453   0.1063          

    LANDSQMI00      -0.002350   0.001415  -1.660883   0.0989          

       POPGR         0.003252   0.013168   0.246972   0.8053          

     UNEMPRAT       -0.057683   0.063390  -0.909981   0.3644          

      BLKPCT         1.943560   0.810839   2.396975   0.0178          

      COLLEGE        3.415914   3.217100   1.061799   0.2901          

    GENEXPPC97      -0.000577   0.000351  -1.645440   0.1021          

      PATSSTD       -0.208719   0.075324  -2.770941   0.0063          

============================================================

R-squared            0.274327    Mean dependent var 2.192189          

Adjusted R-squared   0.234012    S.D. dependent var 1.962758          

F-statistic        6.804573      Prob(F-statistic)  0.000000          

============================================================

============================================================

Dependent Variable: AVERAGE WAGE GROWTH                                         

N = 153                                            

============================================================

     Variable      Coefficient Std. Error t-Statistic  Prob.            

============================================================

         C           3.093120   0.704803   4.388632   0.0000          

     TGENEMPPG       0.000370   0.000184   2.014774   0.0458          

    LANDSQMI00      -0.002402   0.001412  -1.701046   0.0911          

       POPGR         0.003515   0.013148   0.267349   0.7896          

     UNEMPRAT       -0.056929   0.063491  -0.896646   0.3714          

      BLKPCT         1.943918   0.811125   2.396571   0.0178          

      COLLEGE        3.435799   3.213069   1.069320   0.2867          

    GENEXPPC97      -0.000580   0.000349  -1.660277   0.0990          

      PATSSTD       -0.208816   0.075282  -2.773782   0.0063          

============================================================

R-squared            0.274889    Mean dependent var 2.192189          

Adjusted R-squared   0.234605    S.D. dependent var 1.962758          

F-statistic        6.823786      Prob(F-statistic)  0.000000          

============================================================

Economic Growth Models: Telecommunications Infrastructure

============================================================

DEPENDENT VARIABLE: TOTAL INDUSTRIAL EMPLOYMENT GROWTH                                            

N = 78                                             

============================================================

     Variable      Coefficient Std. Error t-Statistic  Prob.            

============================================================

         C           8.800662   4.633707   1.899270   0.0617          

      BDWCAP        -0.316702   0.330765  -0.957485   0.3417          

    LANDSQMI00      -0.009676   0.006203  -1.559844   0.1234          

       POPGR         0.351425   0.135479   2.593946   0.0116          

     UNEMPRAT        0.238508   0.383253   0.622325   0.5358          

      BLKPCT        -11.36443   4.771260  -2.381850   0.0200          

      COLLEGE        0.454980   19.63578   0.023171   0.9816          

    GENEXPPC97      -0.001677   0.001438  -1.166788   0.2473          

      PATSSTD        0.263765   0.153825   1.714709   0.0909          

============================================================

R-squared            0.324734    Mean dependent var 7.582731          

Adjusted R-squared   0.246443    S.D. dependent var 7.347762          

F-statistic        4.147750      Prob(F-statistic)  0.000434          

============================================================

============================================================

DEPENDENT VARIABLE: TOTAL INDUSTRIAL EMPLOYMENT GROWTH                                            

N = 153                                            

============================================================

     Variable      Coefficient Std. Error t-Statistic  Prob.            

============================================================

         C           7.318446   5.366883   1.363631   0.1748          

      BDWCMSA       -2.21E-06   8.37E-06  -0.263536   0.7925          

    LANDSQMI00       0.111320   0.111459   0.998754   0.3196          

       POPGR         0.177273   0.144421   1.227479   0.2216          

     UNEMPRAT       -1.261202   1.117733  -1.128356   0.2610          

      BLKPCT        -13.15905   7.168139  -1.835769   0.0685          

      COLLEGE       -11.01495   26.81433  -0.410786   0.6818          

    GENEXPPC97       0.003391   0.004423   0.766690   0.4445          

      PATSSTD        0.182761   0.255830   0.714385   0.4761          

============================================================

R-squared            0.100954    Mean dependent var 8.418043          

Adjusted R-squared   0.051007    S.D. dependent var 28.76868          

F-statistic        2.021233      Prob(F-statistic)  0.047843          

============================================================

============================================================

DEPENDENT VARIABLE: TOTAL INDUSTRIAL EMPLOYMENT GROWTH                                            

N = 153                                            

============================================================

     Variable      Coefficient Std. Error t-Statistic  Prob.            

============================================================

         C           9.799247   6.324532   1.549403   0.1235          

    FCCHISPDPOP     -15884.85   13581.09  -1.169630   0.2441          

    LANDSQMI00       0.106638   0.106311   1.003080   0.3175          

       POPGR         0.152383   0.162350   0.938609   0.3495          

     UNEMPRAT       -1.182416   1.046978  -1.129361   0.2606          

      BLKPCT        -7.075213   8.656085  -0.817369   0.4151          

      COLLEGE       -3.860642   22.08532  -0.174806   0.8615          

    GENEXPPC97       0.003360   0.004569   0.735260   0.4634          

      PATSSTD        0.330408   0.278681   1.185613   0.2377          

============================================================

R-squared            0.114936    Mean dependent var 8.418043          

Adjusted R-squared   0.065766    S.D. dependent var 28.76868          

F-statistic        2.337519      Prob(F-statistic)  0.021664          

============================================================

============================================================

DEPENDENT VARIABLE: TOTAL INDUSTRIAL EMPLOYMENT GROWTH                                            

N = 153                                            

============================================================

     Variable      Coefficient Std. Error t-Statistic  Prob.            

============================================================

         C           6.897403   5.238857   1.316585   0.1901          

     FIBAVAIL2       0.424922   2.388392   0.177911   0.8590          

    LANDSQMI00       0.111115   0.111601   0.995644   0.3211          

       POPGR         0.172472   0.159686   1.080068   0.2819          

     UNEMPRAT       -1.269776   1.128079  -1.125610   0.2622          

      BLKPCT        -13.61032   6.548191  -2.078485   0.0394          

      COLLEGE       -11.30777   26.35729  -0.429019   0.6686          

    GENEXPPC97       0.003291   0.004334   0.759317   0.4489          

      PATSSTD        0.164371   0.208541   0.788193   0.4319          

============================================================

R-squared            0.100821    Mean dependent var 8.418043          

Adjusted R-squared   0.050866    S.D. dependent var 28.76868          

F-statistic        2.018251      Prob(F-statistic)  0.048195          

============================================================

============================================================

DEPENDENT VARIABLE: TOTAL INDUSTRIAL EMPLOYMENT GROWTH                                            

N = 153                                            

============================================================

     Variable      Coefficient Std. Error t-Statistic  Prob.            

============================================================

         C           8.452681   5.706787   1.481163   0.1407          

     TELINDEX       -0.519480   0.601328  -0.863888   0.3891          

    LANDSQMI00       0.114558   0.114414   1.001255   0.3184          

       POPGR         0.147705   0.179256   0.823989   0.4113          

     UNEMPRAT       -1.226167   1.085826  -1.129248   0.2607          

      BLKPCT        -13.96310   6.665774  -2.094746   0.0379          

      COLLEGE       -6.558161   22.82875  -0.287276   0.7743          

    GENEXPPC97       0.003249   0.004302   0.755156   0.4514          

      PATSSTD        0.136834   0.201131   0.680324   0.4974          

============================================================

R-squared            0.101875    Mean dependent var 8.418043          

Adjusted R-squared   0.051980    S.D. dependent var 28.76868          

F-statistic        2.041762      Prob(F-statistic)  0.045488          

============================================================

============================================================

DEPENDENT VARIABLE: PER CAPITA INCOME                                          

N = 70                                             

============================================================

     Variable      Coefficient Std. Error t-Statistic  Prob.            

============================================================

         C           18.50859   5.059296   3.658333   0.0005          

      BDWCAP         0.309747   0.317806   0.974643   0.3336          

    LANDSQMI00      -0.021043   0.011307  -1.861126   0.0675          

       POPGR        -0.066005   0.098973  -0.666894   0.5074          

     UNEMPRAT        0.149434   0.488726   0.305762   0.7608          

      BLKPCT        -2.578996   5.316628  -0.485081   0.6294          

      COLLEGE        21.61926   19.50871   1.108185   0.2721          

    GENEXPPC97       0.000598   0.001915   0.312044   0.7561          

      PATSSTD        0.490146   0.228247   2.147438   0.0357          

============================================================

R-squared            0.328600    Mean dependent var 25.64286          

Adjusted R-squared   0.240547    S.D. dependent var 7.721672          

F-statistic        3.731862      Prob(F-statistic)  0.001308          

============================================================

============================================================

DEPENDENT VARIABLE: PER CAPITA INCOME                                          

N = 132                                            

============================================================

     Variable      Coefficient Std. Error t-Statistic  Prob.            

============================================================

         C           18.02948   2.983091   6.043894   0.0000          

      BDWCMSA        5.81E-06   3.91E-06   1.485477   0.1400          

    LANDSQMI00      -0.000658   0.009793  -0.067193   0.9465          

       POPGR        -0.074859   0.070785  -1.057550   0.2923          

     UNEMPRAT        0.019721   0.298425   0.066083   0.9474          

      BLKPCT        -2.968045   3.789516  -0.783225   0.4350          

      COLLEGE        32.29396   12.37510   2.609592   0.0102          

    GENEXPPC97      -0.000321   0.001033  -0.310611   0.7566          

      PATSSTD        0.347414   0.133931   2.593972   0.0106          

============================================================

R-squared            0.267677    Mean dependent var 24.95455          

Sum squared resid    5660.658    Schwarz criterion  6.929289          

F-statistic        5.619830      Prob(F-statistic)  0.000004          

============================================================

============================================================

DEPENDENT VARIABLE: PER CAPITA INCOME                                          

N = 132                                            

============================================================

     Variable      Coefficient Std. Error t-Statistic  Prob.            

============================================================

         C           18.27977   3.005026   6.083066   0.0000          

    FCCHISPDPOP      1238.917   2646.053   0.468213   0.6405          

    LANDSQMI00      -0.000667   0.010278  -0.064909   0.9484          

       POPGR        -0.049518   0.068454  -0.723369   0.4708          

     UNEMPRAT        0.019625   0.304683   0.064413   0.9487          

      BLKPCT        -2.309871   3.581264  -0.644988   0.5201          

      COLLEGE        30.42131   12.64431   2.405928   0.0176          

    GENEXPPC97      -1.25E-05   0.000992  -0.012649   0.9899          

      PATSSTD        0.401748   0.140339   2.862689   0.0049          

============================================================

R-squared            0.255630    Mean dependent var 24.95455          

Adjusted R-squared   0.207215    S.D. dependent var 7.681507          

F-statistic        5.280040      Prob(F-statistic)  0.000011          

============================================================

============================================================

DEPENDENT VARIABLE: PER CAPITA INCOME                                          

N = 132                                            

============================================================

     Variable      Coefficient Std. Error t-Statistic  Prob.            

============================================================

         C           17.37313   3.491026   4.976510   0.0000          

     FIBAVAIL2       1.548769   2.367428   0.654199   0.5142          

    LANDSQMI00      -0.001894   0.009829  -0.192748   0.8475          

       POPGR        -0.039513   0.069064  -0.572120   0.5683          

     UNEMPRAT        0.011738   0.312256   0.037592   0.9701          

      BLKPCT        -1.698333   3.406013  -0.498628   0.6189          

      COLLEGE        29.34243   12.61607   2.325798   0.0217          

    GENEXPPC97       3.47E-05   0.000976   0.035574   0.9717          

      PATSSTD        0.422939   0.140205   3.016581   0.0031          

============================================================

R-squared            0.258117    Mean dependent var 24.95455          

Adjusted R-squared   0.209865    S.D. dependent var 7.681507          

F-statistic        5.349304      Prob(F-statistic)  0.000009          

============================================================

============================================================

DEPENDENT VARIABLE: PER CAPITA INCOME                                          

N = 132                                            

============================================================

     Variable      Coefficient Std. Error t-Statistic  Prob.            

============================================================

         C           18.11401   3.271773   5.536451   0.0000          

     TELINDEX        0.124119   0.411768   0.301430   0.7636          

    LANDSQMI00      -0.001906   0.010052  -0.189632   0.8499          

       POPGR        -0.045143   0.072347  -0.623977   0.5338          

     UNEMPRAT        0.027964   0.311163   0.089871   0.9285          

      BLKPCT        -1.805101   3.405456  -0.530061   0.5970          

      COLLEGE        30.24706   12.31970   2.455179   0.0155          

    GENEXPPC97      -8.35E-06   0.000988  -0.008455   0.9933          

      PATSSTD        0.415773   0.140010   2.969582   0.0036          

============================================================

R-squared            0.255173    Mean dependent var 24.95455          

Adjusted R-squared   0.206729    S.D. dependent var 7.681507          

F-statistic        5.267374      Prob(F-statistic)  0.000011          

============================================================

============================================================

Dependent Variable: AVERAGE WAGE GROWTH                                         

N = 78                                             

============================================================

     Variable      Coefficient Std. Error t-Statistic  Prob.            

============================================================

         C           2.583176   0.828413   3.118222   0.0027          

      BDWCAP        -0.084813   0.116962  -0.725136   0.4708          

    LANDSQMI00      -0.003470   0.002225  -1.559171   0.1235          

       POPGR         0.007735   0.016835   0.459483   0.6473          

     UNEMPRAT       -0.014909   0.114386  -0.130336   0.8967          

      BLKPCT         2.263905   1.317442   1.718409   0.0902          

      COLLEGE        7.617605   3.480294   2.188782   0.0320          

    GENEXPPC97      -0.000162   0.000373  -0.434069   0.6656          

      PATSSTD       -0.344402   0.076623  -4.494768   0.0000          

============================================================

R-squared            0.496241    Mean dependent var 2.221035          

Adjusted R-squared   0.437834    S.D. dependent var 2.426869          

F-statistic        8.496292      Prob(F-statistic)  0.000000          

============================================================

============================================================

Dependent Variable: AVERAGE WAGE GROWTH                                         

N = 153                                            

============================================================

     Variable      Coefficient Std. Error t-Statistic  Prob.            

============================================================

         C           3.386690   0.678489   4.991520   0.0000          

      BDWCMSA       -3.72E-06   1.11E-06  -3.362327   0.0010          

    LANDSQMI00      -0.001893   0.001270  -1.490880   0.1382          

       POPGR         0.016895   0.014602   1.157053   0.2492          

     UNEMPRAT       -0.060064   0.056513  -1.062839   0.2896          

      BLKPCT         2.700962   0.877542   3.077873   0.0025          

      COLLEGE        2.756376   2.851294   0.966711   0.3353          

    GENEXPPC97      -0.000374   0.000302  -1.241058   0.2166          

      PATSSTD       -0.171044   0.067597  -2.530352   0.0125          

============================================================

R-squared            0.366034    Mean dependent var 2.192189          

Adjusted R-squared   0.330814    S.D. dependent var 1.962758          

F-statistic        10.39270      Prob(F-statistic)  0.000000          

============================================================

============================================================

Dependent Variable: AVERAGE WAGE GROWTH                                         

N = 153                                            

============================================================

     Variable      Coefficient Std. Error t-Statistic  Prob.            

============================================================

         C           3.155275   0.702388   4.492212   0.0000          

    FCCHISPDPOP     -257.0215   635.6191  -0.404364   0.6865          

    LANDSQMI00      -0.001964   0.001452  -1.352742   0.1783          

       POPGR         0.002798   0.013083   0.213890   0.8309          

     UNEMPRAT       -0.060434   0.064253  -0.940563   0.3485          

      BLKPCT         2.038585   0.850890   2.395827   0.0179          

      COLLEGE        3.409420   3.253010   1.048082   0.2964          

    GENEXPPC97      -0.000562   0.000364  -1.544196   0.1247          

      PATSSTD       -0.205250   0.074636  -2.750008   0.0067          

============================================================

R-squared            0.271872    Mean dependent var 2.192189          

Adjusted R-squared   0.231421    S.D. dependent var 1.962758          

F-statistic        6.720939      Prob(F-statistic)  0.000000          

============================================================

============================================================

Dependent Variable: AVERAGE WAGE GROWTH                                         

N = 153                                            

============================================================

     Variable      Coefficient Std. Error t-Statistic  Prob.            

============================================================

         C           3.243562   0.702320   4.618354   0.0000          

     FIBAVAIL2      -0.215446   0.327767  -0.657314   0.5120          

    LANDSQMI00      -0.001782   0.001423  -1.251883   0.2126          

       POPGR         0.001346   0.012515   0.107589   0.9145          

     UNEMPRAT       -0.057876   0.064987  -0.890578   0.3746          

      BLKPCT         1.930661   0.813533   2.373180   0.0190          

      COLLEGE        3.610407   3.359500   1.074686   0.2843          

    GENEXPPC97      -0.000570   0.000356  -1.598466   0.1121          

      PATSSTD       -0.209777   0.075840  -2.766049   0.0064          

============================================================

R-squared            0.272261    Mean dependent var 2.192189          

Adjusted R-squared   0.231831    S.D. dependent var 1.962758          

F-statistic        6.734152      Prob(F-statistic)  0.000000          

============================================================

============================================================

Dependent Variable: AVERAGE WAGE GROWTH                                         

N = 153                                            

============================================================

     Variable      Coefficient Std. Error t-Statistic  Prob.            

============================================================

         C           3.124910   0.745771   4.190175   0.0000          

     TELINDEX       -0.004969   0.088345  -0.056249   0.9552          

    LANDSQMI00      -0.001857   0.001550  -1.198271   0.2328          

       POPGR         0.002864   0.012779   0.224112   0.8230          

     UNEMPRAT       -0.061380   0.062792  -0.977509   0.3300          

      BLKPCT         1.929443   0.827091   2.332805   0.0210          

      COLLEGE        3.338422   3.426468   0.974304   0.3315          

    GENEXPPC97      -0.000564   0.000360  -1.566873   0.1193          

      PATSSTD       -0.208224   0.074992  -2.776618   0.0062          

============================================================

R-squared            0.271098    Mean dependent var 2.192189          

Adjusted R-squared   0.230604    S.D. dependent var 1.962758          

F-statistic        6.694689      Prob(F-statistic)  0.000000          

============================================================

ICT Industry Growth Models Telecommunications Infrastructure

============================================================

DEPENDENT VARIABLE: TECHNOLOGY EMPLOYERS GROWTH                                        

N = 78                                             

============================================================

     Variable      Coefficient Std. Error t-Statistic  Prob.            

============================================================

         C           28.77431   24.92251   1.154551   0.2522          

      BDWCAP        -2.339106   1.729429  -1.352531   0.1806          

    LANDSQMI00      -0.051106   0.047381  -1.078605   0.2845          

       POPGR         0.555446   0.479730   1.157832   0.2509          

     UNEMPRAT        2.867974   1.802564   1.591052   0.1161          

      BLKPCT        -17.33902   30.89852  -0.561160   0.5765          

      COLLEGE       -30.77365   74.13283  -0.415115   0.6793          

    GENEXPPC97      -0.003086   0.008876  -0.347633   0.7292          

============================================================

R-squared            0.085371    Mean dependent var 20.67986          

Adjusted R-squared  -0.006092    S.D. dependent var 35.05724          

F-statistic        0.933397      Prob(F-statistic)  0.486540          

============================================================

============================================================

DEPENDENT VARIABLE: TECHNOLOGY EMPLOYERS GROWTH                                        

N = 153                                            

============================================================

     Variable      Coefficient Std. Error t-Statistic  Prob.            

============================================================

         C           30.10977   32.50794   0.926228   0.3559          

      BDWCMSA       -4.50E-05   5.23E-05  -0.861256   0.3905          

    LANDSQMI00       0.775125   0.770940   1.005429   0.3164          

       POPGR        -0.174288   0.851998  -0.204564   0.8382          

     UNEMPRAT       -6.258451   7.367927  -0.849418   0.3970          

      BLKPCT        -11.95115   49.50236  -0.241426   0.8096          

      COLLEGE       -140.5341   138.1517  -1.017245   0.3107          

    GENEXPPC97       0.025697   0.031714   0.810280   0.4191          

============================================================

R-squared            0.102288    Mean dependent var 35.09830          

Adjusted R-squared   0.058950    S.D. dependent var 202.1334          

F-statistic        2.360238      Prob(F-statistic)  0.025930          

============================================================

============================================================

DEPENDENT VARIABLE: TECHNOLOGY EMPLOYERS GROWTH                                        

N = 153                                            

============================================================

     Variable      Coefficient Std. Error t-Statistic  Prob.            

============================================================

         C           40.91274   37.53883   1.089878   0.2776          

    FCCHISPDPOP     -102364.5   90317.57  -1.133384   0.2589          

    LANDSQMI00       0.738541   0.734357   1.005698   0.3162          

       POPGR        -0.459490   1.060223  -0.433390   0.6654          

     UNEMPRAT       -5.519475   6.697280  -0.824137   0.4112          

      BLKPCT         19.83142   55.99003   0.354196   0.7237          

      COLLEGE       -64.53913   98.67925  -0.654029   0.5141          

    GENEXPPC97       0.024047   0.033474   0.718397   0.4737          

============================================================

R-squared            0.113257    Mean dependent var 35.09830          

Adjusted R-squared   0.070448    S.D. dependent var 202.1334          

F-statistic        2.645670      Prob(F-statistic)  0.013275          

============================================================

============================================================

DEPENDENT VARIABLE: TECHNOLOGY EMPLOYERS GROWTH                                        

N = 153                                            

===========================================================

     Variable      Coefficient Std. Error t-Statistic  Prob.            

============================================================

         C           21.87527   34.70938   0.630241   0.5295          

     FIBAVAIL2       10.74093   15.23547   0.704995   0.4819          

    LANDSQMI00       0.773494   0.777570   0.994758   0.3215          

       POPGR        -0.249992   0.992019  -0.252004   0.8014          

     UNEMPRAT       -6.606336   7.604323  -0.868761   0.3864          

      BLKPCT        -20.54992   46.83580  -0.438765   0.6615          

      COLLEGE       -163.5945   146.4309  -1.117213   0.2658          

    GENEXPPC97       0.023633   0.031795   0.743277   0.4585          

============================================================

R-squared            0.101180    Mean dependent var 35.09830          

Adjusted R-squared   0.057788    S.D. dependent var 202.1334          

F-statistic        2.331794      Prob(F-statistic)  0.027697          

============================================================

============================================================

DEPENDENT VARIABLE: TECHNOLOGY EMPLOYERS GROWTH                                        

N = 153                                            

============================================================

     Variable      Coefficient Std. Error t-Statistic  Prob.            

============================================================

         C           38.19392   37.00620   1.032095   0.3037          

     TELINDEX       -3.468952   4.139600  -0.837992   0.4034          

    LANDSQMI00       0.802867   0.799097   1.004718   0.3167          

       POPGR        -0.474551   1.099580  -0.431575   0.6667          

     UNEMPRAT       -6.268558   7.390787  -0.848158   0.3977          

      BLKPCT        -22.57276   47.25042  -0.477726   0.6336          

      COLLEGE       -130.2578   126.2553  -1.031701   0.3039          

    GENEXPPC97       0.023090   0.031460   0.733929   0.4642          

============================================================

R-squared            0.101881    Mean dependent var 35.09830          

Adjusted R-squared   0.058524    S.D. dependent var 202.1334          

F-statistic        2.349798      Prob(F-statistic)  0.026566          

============================================================

============================================================

DEPENDENT VARIABLE: TECHNOLOGY GENERATORS GROWTH                                         

N = 78                                             

============================================================

     Variable      Coefficient Std. Error t-Statistic  Prob.            

============================================================

         C           3.447302   17.40643   0.198048   0.8436          

      BDWCAP         0.341971   1.927751   0.177394   0.8597          

    LANDSQMI00      -0.026798   0.043262  -0.619428   0.5376          

       POPGR        -0.122798   0.389547  -0.315232   0.7535          

     UNEMPRAT        2.990495   2.836882   1.054149   0.2954          

      BLKPCT        -13.45393   33.37082  -0.403164   0.6881          

      COLLEGE       -6.796607   62.41913  -0.108887   0.9136          

    GENEXPPC97       0.001657   0.009562   0.173348   0.8629          

============================================================

R-squared            0.033406    Mean dependent var 16.10089          

Adjusted R-squared  -0.063254    S.D. dependent var 33.92870          

F-statistic        0.345601      Prob(F-statistic)  0.929919          

============================================================

============================================================

DEPENDENT VARIABLE: TECHNOLOGY GENERATORS GROWTH                                         

N = 153                                            

============================================================

     Variable      Coefficient Std. Error t-Statistic  Prob.            

============================================================

         C           44.88780   55.99966   0.801573   0.4241          

      BDWCMSA       -8.88E-05   8.58E-05  -1.035415   0.3022          

    LANDSQMI00       1.358321   1.319684   1.029277   0.3051          

       POPGR        -0.925567   1.403906  -0.659280   0.5108          

     UNEMPRAT       -11.73184   12.38603  -0.947184   0.3451          

      BLKPCT        -16.85607   84.37221  -0.199782   0.8419          

      COLLEGE       -260.6746   234.6724  -1.110802   0.2685          

    GENEXPPC97       0.048265   0.055874   0.863812   0.3891          

============================================================

R-squared            0.110242    Mean dependent var 46.73053          

Adjusted R-squared   0.067288    S.D. dependent var 346.6448          

S.E. of regression   334.7792    Akaike info criteri14.51569          

Sum squared resid    16251180    Schwarz criterion  14.67414          

Log likelihood      -1102.450    F-statistic        2.566521          

Durbin-Watson stat   0.249685    Prob(F-statistic)  0.016004          

============================================================

============================================================

DEPENDENT VARIABLE: TECHNOLOGY GENERATORS GROWTH                                         

N = 153                                            

============================================================

     Variable      Coefficient Std. Error t-Statistic  Prob.            

============================================================

         C           61.87468   64.54789   0.958586   0.3394          

    FCCHISPDPOP     -165358.2   154403.5  -1.070948   0.2860          

    LANDSQMI00       1.300846   1.258853   1.033359   0.3032          

       POPGR        -1.443466   1.768735  -0.816101   0.4158          

     UNEMPRAT       -10.60588   11.25900  -0.941992   0.3478          

      BLKPCT         31.42871   95.77929   0.328137   0.7433          

      COLLEGE       -141.8512   161.7196  -0.877143   0.3819          

    GENEXPPC97       0.044752   0.059028   0.758143   0.4496          

============================================================

R-squared            0.119370    Mean dependent var 46.73053          

Adjusted R-squared   0.076856    S.D. dependent var 346.6448          

F-statistic        2.807823      Prob(F-statistic)  0.009025          

============================================================

============================================================

DEPENDENT VARIABLE: TECHNOLOGY GENERATORS GROWTH                                         

N = 153                                            

============================================================

     Variable      Coefficient Std. Error t-Statistic  Prob.            

============================================================

         C           29.71405   61.74824   0.481213   0.6311          

     FIBAVAIL2       19.53109   21.68262   0.900771   0.3692          

    LANDSQMI00       1.356056   1.332256   1.017864   0.3104          

       POPGR        -1.087910   1.645430  -0.661170   0.5096          

     UNEMPRAT       -12.39368   12.73145  -0.973470   0.3319          

      BLKPCT        -33.81107   81.25915  -0.416089   0.6780          

      COLLEGE       -304.3068   251.0614  -1.212081   0.2275          

    GENEXPPC97       0.044145   0.056487   0.781504   0.4358          

============================================================

R-squared            0.108720    Mean dependent var 46.73053          

Adjusted R-squared   0.065693    S.D. dependent var 346.6448          

F-statistic        2.526777      Prob(F-statistic)  0.017574          

============================================================

============================================================

DEPENDENT VARIABLE: TECHNOLOGY GENERATORS GROWTH                                         

N = 153                                            

============================================================

     Variable      Coefficient Std. Error t-Statistic  Prob.            

============================================================

         C           58.50445   66.09567   0.885148   0.3775          

     TELINDEX       -5.981406   6.804044  -0.879096   0.3808          

    LANDSQMI00       1.407283   1.368513   1.028330   0.3055          

       POPGR        -1.483055   1.822949  -0.813547   0.4172          

     UNEMPRAT       -11.79638   12.38292  -0.952633   0.3424          

      BLKPCT        -37.29513   81.28475  -0.458821   0.6470          

      COLLEGE       -245.6928   215.5996  -1.139579   0.2563          

    GENEXPPC97       0.043179   0.055770   0.774234   0.4401          

============================================================

R-squared            0.109398    Mean dependent var 46.73053          

Adjusted R-squared   0.066403    S.D. dependent var 346.6448          

F-statistic        2.544456      Prob(F-statistic)  0.016858          

============================================================

Innovation Capacity Models Telecommunications Infrastructure

============================================================

DEPENDENT VARIABLE: PATENTS PER 1,000 PEOPLE, 1991-1999

N = 78                                             

============================================================

     Variable      Coefficient Std. Error t-Statistic  Prob.            

============================================================

         C          -8.388626   3.321852  -2.525286   0.0138          

      BDWCAP         0.107080   0.205569   0.520896   0.6041          

    LANDSQMI00      -0.008558   0.004504  -1.899949   0.0616          

       POPGR        -0.011235   0.044959  -0.249891   0.8034          

     UNEMPRAT        0.708735   0.401723   1.764239   0.0821          

      BLKPCT        -2.524754   2.440850  -1.034375   0.3045          

      COLLEGE        45.34623   10.81990   4.191002   0.0001          

    GENEXPPC97       0.000438   0.000672   0.652080   0.5165          

============================================================

R-squared            0.369037    Mean dependent var 3.753097          

Adjusted R-squared   0.305941    S.D. dependent var 5.395730          

F-statistic        5.848802      Prob(F-statistic)  0.000023          

============================================================

============================================================

DEPENDENT VARIABLE: PATENTS PER 1,000 PEOPLE, 1991-1999

N = 153                                            

============================================================

     Variable      Coefficient Std. Error t-Statistic  Prob.            

============================================================

         C          -4.676798   1.754081  -2.666238   0.0085          

      BDWCMSA        5.65E-06   2.11E-06   2.680653   0.0082          

    LANDSQMI00      -0.009434   0.002891  -3.263234   0.0014          

       POPGR        -0.036123   0.037281  -0.968927   0.3342          

     UNEMPRAT        0.355706   0.174960   2.033068   0.0439          

      BLKPCT        -2.721398   1.515737  -1.795429   0.0747          

      COLLEGE        37.96162   6.663270   5.697145   0.0000          

    GENEXPPC97      -0.000109   0.000321  -0.338416   0.7355          

============================================================

R-squared            0.364709    Mean dependent var 3.571092          

Adjusted R-squared   0.334040    S.D. dependent var 4.865002          

F-statistic        11.89172      Prob(F-statistic)  0.000000          

============================================================

============================================================

DEPENDENT VARIABLE: PATENTS PER 1,000 PEOPLE, 1991-1999

N = 153                                            

============================================================

     Variable      Coefficient Std. Error t-Statistic  Prob.            

============================================================

         C          -4.930889   1.668804  -2.954744   0.0037          

    FCCHISPDPOP      3528.865   1968.088   1.793042   0.0751          

    LANDSQMI00      -0.008587   0.003062  -2.804586   0.0057          

       POPGR        -0.011710   0.031802  -0.368233   0.7132          

     UNEMPRAT        0.347510   0.200870   1.730022   0.0858          

      BLKPCT        -3.037807   1.515518  -2.004468   0.0469          

      COLLEGE        36.34582   8.205973   4.429190   0.0000          

    GENEXPPC97       0.000164   0.000261   0.630453   0.5294          

============================================================

R-squared            0.352290    Mean dependent var 3.571092          

Adjusted R-squared   0.321021    S.D. dependent var 4.865002          

F-statistic        11.26651      Prob(F-statistic)  0.000000          

============================================================

============================================================

DEPENDENT VARIABLE: PATENTS PER 1,000 PEOPLE, 1991-1999

N = 153                                            

============================================================

     Variable      Coefficient Std. Error t-Statistic  Prob.            

============================================================

         C          -3.656993   1.762708  -2.074645   0.0398          

     FIBAVAIL2      -1.326825   0.540956  -2.452739   0.0154          

    LANDSQMI00      -0.009242   0.003204  -2.884421   0.0045          

       POPGR        -0.026451   0.031963  -0.827544   0.4093          

     UNEMPRAT        0.399060   0.206420   1.933245   0.0552          

      BLKPCT        -1.642076   1.390641  -1.180805   0.2396          

      COLLEGE        40.83232   7.637041   5.346615   0.0000          

    GENEXPPC97       0.000151   0.000260   0.580175   0.5627          

============================================================

R-squared            0.334329    Mean dependent var 3.571092          

Adjusted R-squared   0.302193    S.D. dependent var 4.865002          

F-statistic        10.40360      Prob(F-statistic)  0.000000          

============================================================

============================================================

DEPENDENT VARIABLE: PATENTS PER 1,000 PEOPLE, 1991-1999

N = 153                                            

============================================================

     Variable      Coefficient Std. Error t-Statistic  Prob.            

============================================================

         C          -3.916221   1.744419  -2.245000   0.0263          

     TELINDEX       -0.220868   0.149107  -1.481271   0.1407          

    LANDSQMI00      -0.008527   0.003385  -2.519006   0.0129          

       POPGR        -0.024945   0.032244  -0.773633   0.4404          

     UNEMPRAT        0.390965   0.211550   1.848095   0.0666          

      BLKPCT        -1.778527   1.389341  -1.280123   0.2025          

      COLLEGE        40.70209   7.642905   5.325473   0.0000          

    GENEXPPC97       0.000175   0.000274   0.638237   0.5243          

============================================================

R-squared            0.333811    Mean dependent var 3.571092          

Adjusted R-squared   0.301650    S.D. dependent var 4.865002          

F-statistic        10.37943      Prob(F-statistic)  0.000000          

============================================================

� Local governments include city, township, municipal and county governments, recognizing that local government structure varies across the nation.


�� I used the National League of Cities (NLC) membership database to compile city and local official information for the mailings. The sample includes all cities in the NLC database that were over 50,000 in population, and a random sample of cities under 50,000. TEDS was sent to heads of economic and community development departments in 958 cities in June 2002, and 265 valid responses were received for a response rate of 27.6 percent. For sample characteristics, please see Apendix A.


� U.S. Post Office names for each zip code were matched to the appropriate city using GIS. Each metropolitan area had zip codes with assigned Post Office names different from the actual city that contained it. Using ArcView Geographical Information Systems, each zip code is assigned to the city in which a majority of its geographical boundaries are contained. Also some zip codes were associated with more than one city. In this case, if a zip code was located in both city A and B and the majority of the zip code’s geographical boundaries were in city A’s boundary, the zip code data were aggregated for city A.


� The Census defines urban areas as areas with more that 50,000 in population and urban clusters as those with population less that 50,000 but greater that 2,500. All cities in this sample are either in urban areas or urban clusters.
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