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ABSTRACT
The Milken Institute in 1999 identified USA metropolitan area leaders in high technology (tech) industry output and concentration. The inquiry here provides insight into the performance of these centers during the 1990s and early 2000s.  The creative destruction process   --of innovation, entrepreneurship and rapid growth followed by decline -- was apparent in 

all of the tech centers in the last business cycle, yet there was significant variance in tech center performance over the business cycle.  Regression analysis identified the key factors effecting employment and income change in the tech centers during the 13-year period.  This included broad and within high technology industry concentration, tax and housing costs, and venture capital flow.  These factors considered in the context of local development cycle dynamics suggest that the creative destruction process may operate with greater force and in an accelerated time frame in tech centers in the future.
INTRODUCTION
The Milken Institute in 1999 documented that growth in high technology goods and services explained 65 percent of the difference between metropolitan areas with the fastest-growing economies and the national USA average and identified the 25 leading technology (tech) centers in the USA (Milken, 1999).  How the Milken top ranked tech centers fared and why some performed better than others over the last USA business cycle (approximately 1990 to 2003) is the focus of this inquiry. We provide insights into the contributing factors of economic success and economic resiliency and vulnerability over the business cycle.  We assess technology center performance trying to explain and understand differences among the USA tech centers in changes in employment and per capita income.  

This inquiry is a follow-up to previous study (Gittell and Sohl, forthcoming) of the experience in the tech centers in the early 2000s economic downturn.  The study identified the main factors that accentuated employment decline during the economic downturn.  The factors identified included: a poorly diversified overall economic base; limited diversity within high technology industries; relatively high wages; and high levels of venture capital funding during the end of the boom period of the late 1990s. Some of these are the same factors that over the full business cycle contribute to long-term economic growth, suggesting differences in tech center development, with respect to long vs. short-term performance.
Background/Theory of Tech Center Growth

In the regional development literature the concept of high technology centers have been studied under different names including clustering, innovation centers and technology centers.  The geographic clustering of technology firms has been described as technology districts (Storper, 1991), innovation networks (Coombs et al., 1996), innovative regional milieu (Malecki and Tootle, 1996, pp.43-57) and regional innovation systems (Wiig and Wood, 1996, pp.66-98).  The benefits of high technology regions in the USA and other nations have been detailed by the Milken Institute and others.

Hassink and Wood (1998, pp.277-296) documented how the geographic clustering of technology firms occurs and is a source of economic advantage.  Bathelt (2001, pp.287-314) identified the forces behind the economic recovery of one region in the USA, Boston’s Route 128 area, in the mid-1990s.  The forces Bathelt identified include the existence of multiple high technology sub-sectors and the shared skilled labor pool in the region.  Bee (2003, pp.115-131) concluded that regional employment growth in technology centers is influenced by technology diversity and industry mix.  

There is also significant body of literature that highlights the importance of knowledge creation and knowledge-based high technology industry clusters as a source of growth (Romer, 1986, pp.1002-1038).  Knowledge-based growth, often referred to as the new growth theory, posits that improvements in knowledge provide the basis for increasing returns that propel growth and this growth tends to be clustered in geographic regions (Cortright, 2002, pp.3-16).  

The Tech Poles 

Of all the 287 metropolitan (metro) areas in the USA the Milken Institute highlighted 25 as “top ranked” and called them “tech poles.”  The Milken ranking is a composite index for each metropolitan area.  The index is calculated by the MSA’s percentage of national high technology real output multiplied by its high technology real output location quotient.  The location quotient is the percentage output of high technology in each metropolitan area divided by the percentage of output in high technology in the USA.  Table 1 lists the Milken tech poles in rank order with their composite index scores.

Insert Table 1 about here
The San Jose metropolitan area, which includes much of Silicon Valley, ranked first in the Milken index, far exceeding the second ranked Dallas, Texas in composite index score.  

How similar or dissimilar are the technology poles from other metropolitan (metro) areas in the USA and to each other?  

General metro area industry composition can be depicted using gini coefficients that quantify the distribution of employment among so-called “super-sectors.”  Super-sectors are the largest industry categories used by the new North American Industrial Classification System (NAICS).  The super-sectors include manufacturing, education and health services, retail trade and construction.  The formula for gini’s is:

G=SUM[absolute (%Xi - %Yi)]/2

SUM= Summation across all sectors in the same area (state, MSA, county)

Absolute= Absolute value 

%X = employment ratio on SECTOR i and state ‘j’ 

%Y = employment ratio on SECTOR i and USA or aggregate area 

Gini coefficients range from 0 to 1. A value of 1 is complete dissimilarity and a value of 0 is complete similarity to the USA average.  The lower the value the greater the similarity to the USA economy.  A value of 0.20 means that 20 percent of the employment of a metropolitan area (MSA) would need to shift to a different super-sector in order for that MSA to have employment composition the same as the USA average. 

There is significant variation in tech pole general industry composition.  The tech poles with the most dissimilar super-sector industry composition (i.e., economies most different from the USA average) are Washington DC, Rochester (Minnesota), San Francisco and San Jose (see table 1). Chicago and Seattle have super-sector industry composition most similar to the USA average among the Milken tech poles. DC’s ranking is illustrative as it results from more than twice the USA average concentration in professional and technical services.   

Gini coefficients can also be calculated within the high technology sector1 which reveal significant diversity among tech poles also in high technology composition as indicated by range of “high technology industry” gini coefficients.  Philadelphia, Chicago and New Haven, among tech poles, have high tech industry composition most similar to the USA average employment distribution within high technology.  Rochester (Minnesota), Boise (Idaho) and Phoenix (Arizona) have the least similar high tech compositions to the USA average, due to concentrations of high technology employment in particular sub-sectors of high tech (see table 1).  Rochester has 17 times the USA average employment concentration in computer central processing units and periphery equipment manufacturing.  Boise and Phoenix have 8 and 7 times (respectively) the USA concentration in semiconductor and electronic component manufacturing.

Further indication of the diversity among tech poles is that there is no high technology sub-sector that more than four of the tech poles have as its leading technology industry in terms of employment concentration relative to the USA average.  

The tech poles performance over the last USA business cycle
How industrial composition and other factors affected tech pole performance is the focus of this inquiry.  High technology regions are subject to growth and decline. Over the last business cycle the Schumpterian (1934) process of creative destruction was a powerful force in USA technology centers.

This inquiry explores the experience of the tech poles during the last business cycle, 1990 to early 2000s.  In virtually all (see details below) of the tech poles a long period of growth ended with an exaggerated peak in 2000 followed by sharp decline (or no significant growth) from 2001 to 2002. Yet, tech pole performance over the full business cycle varied significantly and it also varied depending on the particular metric used of regional economic performance, see table 2.  Here we use two simple and standard measures of economic growth – total employment and per capita income growth.  

Insert Table 2 about here
Tech poles from 1990 to 2003 on average grew in employment 1/3rd more than the USA average of 18 percent, or 24 percent. Two-thirds of the tech poles had employment growth above the USA average.  

The top performing USA tech pole, based on employment growth from 1990 to 2003, was Austin with growth of over 70 percent in employment. The worst performing tech pole in terms of employment growth was one of the largest (in total employment), Philadelphia, which experienced a 9 percent decline in employment.  

The strong employment growth over the full business cycle period is particularly impressive given that all but three of the 25 tech poles experienced decline in employment from 2001 to 2002.   San Jose (Silicon Valley) experienced the greatest employment decline of nearly 10 percent.  San Diego had the greatest increase in employment, but at less than 1 percent growth was well below the average growth in the MSA in the 1990s.

Over the full business cycle, only 3 of the 25 tech poles had per capita income growth below the USA average.2  The tech pole average per capita income growth was 20 percent higher than the USA average of 15 percent.  This supports the Milken Institute argument that the tech poles were leaders in the USA economy in the 1990s.  San Jose topped the list of tech poles in terms of growth in per capita income with growth in real (inflation adjusted) terms of over 45 percent.  Los Angeles (another of the large tech poles) experienced the slowest growth in per capita income of 2.4 percent.  

Three of the top 10 tech poles in terms of employment growth –Austin, Denver and Rochester – were also among the top 10 in terms of per capita income growth.  With the combined strong showing in employment and per capita income growth over the course of the business cycle these tech poles were arguably among the strongest performing overall.  In contrast, two top tech poles in terms of per capita income growth –San Jose and San Francisco – ranked in the bottom third of tech poles in employment growth.  While this might indicate some “trade-off” between employment and income growth, there was no statistical evidence of this overall, as the correlation between employment and income growth was zero.  

The tech poles with the greatest swings (ups and downs) in employment growth --as indicated by the differential in rank between the long-term (1990-2003) rank and short-term (2001-2002) ranks -- had the strongest growth over the full business cycle.  This is suggestive of the force of the creative destruction process in the USA tech poles.  It indicates that the strongest technology based area economies tended to experience the most pronounced short periods of employment decline but still had superior growth over the full business cycle. 

In terms of the effects of the 2001 recession, of the top ranked tech poles in terms of employment change during the 2001 to 2002 period only one (Albuquerque) ranked among the top tier in full business cycle employment growth and none ranked in the top tier in per capita income growth.   Among the tech poles with the greatest differential between long and short-term employment rank all but one (Seattle) ranked in the top tier in employment growth 1990 to 2003 and three of the eight ranked in the top tier in per capita income growth.  
Based on a composite measure of performance that takes into account (with equal weights) the tech pole rankings in terms of employment growth 1990 to 2003 and 2001 to 2003 and per capita income growth 1990 to 2001 the USA tech centers cluster into four distinct groupings indicative of their economic robustness (from most robust to least): (1) high tech growth centers (including San Diego, California and Denver, Colorado), with a diverse mix of technology industries and with employment concentrations in growth sectors within high technology such as bio-technology and health care-related industries; (2) relatively recession resilient USA technology centers (including Raleigh, North Carolina and New Haven, Connecticut), based in metropolitan areas with high concentrations of non-profit and technology related institutions, such as universities and governmental agencies ; (3) mature tech centers (including Silicon Valley/San Jose and Boston), vulnerable to decline emanating from lack of diversification within high technology and high costs after extended period of strong economic performance; and (4) and low-growth large metropolitan area centers (including New York City, Chicago and Los Angeles), lagging significantly behind in overall growth the other tech centers identified by the Milken Institute.  

What underlying factors explain the variation in performance over the last business cycle in tech pole performance?  

Simple correlations with employment and per capita income change reveal variables potentially related to tech pole performance over the last USA business cycle.  For example, there is a statistically significant negative correlation between both employment growth (-.44) and per capita income (-.37) and tech pole size (employment level 1990) at the beginning of the last business cycle.  Some of the weakest performing tech poles were large metropolitan areas.  This included Philadelphia, Los Angeles, New York and Chicago.  This may result from larger area economies being less agile and responsive to market opportunities and change.  In contrast, some smaller tech poles, such as Austin, experienced the highest growth.

Factors with positive and significant correlation to employment growth included concentration within high technology industry (as measured by high tech gini) and demographic diversity as measured by Richard Florida (2002) and including percentage of the population that are foreign born, minorities and gay.  

Positive correlation of employment growth with employment concentration within high technology supports the perspective that a focus on particular high technology industries and industry clusters can be beneficial to long-term employment growth.  The positive correlation of employment change with demographic diversity supports Florida’s view that areas that are demographically diverse are more attractive to creative people, including innovators and entrepreneurs, who can contribute to economic growth.

The factors with negative and significant effect on employment change included: employment level in 1990 in information industries; super-sector ginis or a lack of general economic diversification; average wage levels; state and local tax burden; and housing prices.   The latter three factors negative correlation with employment change support the view that high factor/area costs can significantly dampen employment growth.  The former correlations suggest that while concentration within high technology might be beneficial, lack of overall economic diversification might be detrimental to longer term employment growth.  

Factors with positive and significant correlation to per capita income change included: high technology share of total employment; venture capital flow; and employment concentration in 1990 within high technology in either of the two highest growth high technology sub-sectors over the period (either research and testing services or computer and data processing services).  

Different factors appear to affect per capita income growth and employment growth over the business cycle.  The positive correlation of income growth with high technology employment concentration (i.e, high technology employment as a percentage of total employment) supports the Milken argument, but with a caveat.  Areas with high technology concentration are the income, but not employment, growth engines in the USA economy.  The positive correlation with venture capital flow suggests that financing for new ventures is an important factor in tech pole income growth, but not for employment growth.  Positive correlation with employment concentration in base year (1990) in high growth sectors within high technology support the view that to maximize growth, locales have to, in a certain respect, “bet” on which sectors within high technology will grow the fastest if correct there are significant income growth benefits.

We now more formally explore (beyond the simple review of rankings and correlations) the key factors that influenced USA tech center economic performance over the last business cycle.  The factors we consider (see Appendix for full list) include industry composition, the diversity of employment within high technology industries, and the skill set of the labor force and the flow of venture capital.  All of these in composite can affect economic prospects over the business cycle in technology centers.  The objective is the identification of the key factors that contribute to long-term growth of technology centers.  Regression analysis and econometric modeling can allow for specification of the independent effects of explanatory variables, isolating the influence of individual variables while controlling for other variables.  

Regression Results

Employment change and per capita personal income growth regression models were estimated using ordinary least squares (OLS) together with the White (1980) procedure for standard errors which generates robust standard errors, see table 3.  The specifications of each model have good explanatory power. The adjusted R-squares suggest that the employment model explains about 50 percent of the variation in employment and the personal income model explains 43 percent of variation in growth across the 25 tech poles. 

Insert Table 3 about here
Three variables – base year (1990) specialization within high technology industries, change in local and state tax burden (1990 to 2003) and housing price change (1983 to 2003) --were identified as having significant impact on employment growth over the business cycle.  

Specialization within high tech contributed to growth in employment over the last business cycle. This is in contrast to earlier findings (Gittell and Sohl, forthcoming) that concentration within high technology contributed to pronounced employment decline during the economic downturn.  Ten percent higher concentration within high tech activities in the early 1990s added approximately five percent to employment growth over the business cycle.  Examples of this are the two tech poles with the highest employment growth 1990 to 2003 -- Austin and Boise -- which had the highest concentration of employment within high technology (as measured by high technology ginis in 1990).

Tech poles with lower growth rates in state and local tax burdens also had significantly higher growth rates in employment. The employment model suggests that as the local and state tax burden increased 1 percent, the growth rate of employment decreased by approximately 10 percent.  Among tech poles Austin had the lowest state and local tax burden and highest employment growth, while New York City had the second highest state and local tax burden and third lowest growth rates among tech poles.
The third significant variable was long-term housing price increase, 1983 to 2002.  As the growth rate of housing price doubled (increasing 100 percent) the growth rate of employment decreased by approximately .15 percent.  Rapid housing price increases appeared to dampen employment growth most in San Jose, San Francisco and Boston.  These were the top three tech poles in housing price increase 1983 to 2003 and were among the slowest growth tech poles in employment.   

The per capita income growth model (table 3) identified three significant factors –general (super-sector) industry specialization (1990), local and state tax burden level (2003) and venture capital flow at the beginning of the economic boom (high growth) period (1993). 

Local and state tax burden level was significant in the per capita income mode.  The model suggests that for each one percent increase in tax burden, there was approximately a 3.5 percent decline in growth rate of personal income per capita in the tech poles 1990 to 2001.  Raleigh and New Haven are examples of tech poles with high per capita income growth and relatively low state and local tax burden.  

Another significant factor affecting income growth is super-sector employment specialization.   This was not a significant factor in the employment growth model.  Specialization in employment super-sectors contributed to a higher growth rate of personal income in tech poles.  This finding is in contrast to earlier findings (Gittell and Sohl, forthcoming) that concentration of employment within super-sectors contributed to pronounced employment decline during the economic downturn.  With every 10 percent increase in super-sector specialization (as measured by super-sector ginis) in 1990 personal income per capita increased approximately 9.7 percent.  San Jose (Silicon Valley) and San Francisco both had high concentration of employment among super-sectors in 1990 (the 4th and 2nd highest respectively) and had the highest growth in per capita income among tech poles.  

The third significant explanatory factor in personal income per capita income growth is venture capital flow.  This variable had no significant effect on employment growth over the full business cycle, but had a negative effect on employment growth during the economic downturn (Gittell and Sohl, forthcoming).    Venture capital investment levels in the late 1990s were negatively correlated with percentage change in employment in the early 2000s.  This suggested that there could be “too much of a good thing” in terms of money available for start-up and high growth ventures.  Tech poles with the highest venture capital money invested per worker in 1999, such as San Jose and San Francisco, experienced the greatest percentage declines in employment in the early 2000s.  

In contrast to venture capital’s effect on employment change at the end of the economic boom, an increase of $1,000 in 1993 venture capital per worker increased personal income per capita by approximately .14 percent over the full business cycle in the tech poles.  Boston, San Jose and San Francisco all ranked among the highest tech poles venture capital per worker in 1993 and had significant growth in per capita income over the business cycle.    

Variables with no significant effect on tech pole performance

There were several variables suggested by some as affecting growth in technology centers that did not have a statistically significant effect.   Both overall quality of life (as measured by Morgan and Morgan, 2003) and diversity (as measured by Florida, 2002) did not appear to affect growth over the last business cycle in the tech poles (after consideration of other factors in the econometric modeling). 

In the boom (high growth) period of a business cycle quality of life and diversity amenities can attract skilled workers and entrepreneurs to a particular area.  Contributing to this is that during an economic expansion period many high skilled workers and entrepreneurs have a choice of where to work and start businesses and this is influenced by where they want to live (quality of life amenities).  But over the full business cycle amenities do not appear to have a significant effect on tech pole competitiveness and growth.  An hypothesis is that quality of life and diversity amenities can draw people to a high tech center during “economic good times,” but are not strong enough an influence to keep workers and companies (there and employed) over the course of a full business cycle.  

Average wages and the number of bachelor’s degrees awarded by colleges in the area were two other variables of note that did not have statistically significant effect on employment change and per capita income growth.  Earlier findings (Gittell and Sohl, forthcoming) suggested that high wages contributed to pronounced employment decline during the most recent economic downturn in the tech poles.  In contrast, here there was no evidence of wages dampening employment or per capita income growth over the course of the full business cycle. The insignificance of college degrees awarded per capita may reflect the ability of the technology centers to attract skilled workers into the labor market and reflect the national (and international) market for college graduates.  It also might indicate the difficulty of areas with high concentration of colleges in retaining graduates of local institutions, especially when there are good (high wage) opportunities outside the local area (e.g., in technology centers).  

Findings

The analysis suggests that the Schumpterian process of creative destruction worked with strong force in USA technology centers in the 1990s and early 2000s.  Some of the contributing factors to strong long-term growth, such as concentration of employment in particular high technology employment sectors and high venture capital flow, also had significant but negative effect during downturns.   

This dynamic is evident in the experience in employment growth in arguably the two most prominent USA technology centers, San Jose and Boston.  Both these tech poles over the last three decades (1970 to 2003) have significantly higher variance in annual employment change than the USA average (.0018 and .0008 compared to USA average of .0003) and have employment growth highs above the USA average and lows below the USA average throughout the 3 decade period.  

Both San Jose and Boston had particularly exaggerated high and lows in the early 2000s  -- peak highs in 2000 followed by “low lows” in 2002.  The recent high-to-low time period of 2 years is significantly shorter than any previous period from high-to-low employment growth in these areas.

The rapid change in tech pole growth – observed in all the tech poles and documented in detail in two of the tech poles -- can be illuminated by relating the findings of the econometric analysis to changing dynamics of local development cycles.  Technology centers in the 1990s and early 2000s were strongly affected by global competition, the increased flow of venture capital and accelerated technology change that shortened local product and process life cycles compounded by (sticky) factor prices (most notably local and state taxes and housing prices) not adjusting in the economic downturn in the early 2000s.  

Dynamic Cycle Model

The interaction of three --economic cycles, product, process, and factor price cycles -- often applied to industrial change and national economies, can provide valuable insight into technology center growth and decline over the last business cycle.  The use of the term cycle suggests that product demand, technological process advantages and factor prices tend to follow distinct patterns. However, the length or shape of the cycles is not static.   In fact there is evidence that two of these (product and process) cycles shortened during the 1990s while the third –factor prices—lengthened which contributed to pronounced economic growth and then sharp decline in the USA tech poles in the last business cycle.

In product life cycles there are three distinct stages of development: growth, maturation, and decline.3 Regions with employment concentrations in new or innovating products (such as semi-conductors with expanded capabilities) or services (such as new Internet services and new computer software) grow rapidly. With product and service maturation, competition increases as products and services are standardized, growth slows down, labor and production cost becomes paramount, and the industry tends to migrate to regions with the lowest factor costs, resulting in area decline. 

The theory suggests that localities will experience economic growth as the result of innovation in “locally made” products and services. Boston and San Jose are two prime examples of areas that have benefited from innovation. Both these areas have taken advantage of their proximity to research universities with arguably the nation's finest engineering and computer science departments- MIT, Harvard, and Stanford -to sustain nearly continuous innovation in local product manufacturing and computer and software systems.  Both these tech poles were leaders in new technology and services in the 1990s (such as e-commerce and Internet services) that went from the introduction to more advanced stage of the life cycle in a short time frame and experienced rapid movement of concentration of employment from the innovation centers to other USA regions and nations.  
Process Life Cycles 

Process life cycle theory suggests that areas with employment concentrations in industries with new production and service technologies will exhibit rapid growth and have limited competition. Local process life cycles can result in cyclical patterns potentially applicable to several industries in a region, even if the cyclical pattern itself is largely generated in the region's dominant industry.  That is, process life cycles need not be limited to one product or industrial sector.  For example, the Japanese relied on process innovations in several relatively mature manufacturing industries, including steel, automobile, and precision machinery manufacturing, to bolster their economy during the post-World War II period.  

In many of the tech poles the process change that was introduced in the 1990s was the comprehensive application and use of information technologies into all aspects of business. This included business-to-business and business-to consumer e-commerce, broadband Internet, and wireless communications and affected virtually all industries (even industries which had long resisted use of computers such as real estate, retail and hospitality).  In the early 1990s the tech poles with high concentration of educated and technology savvy workers were among the first comprehensive (across business functions) and broad (across industries) adaptors of new information technologies.  However, process innovations using information technology spread rapidly from the tech poles to across the USA and globally in the 1990s and the process advantage in the tech poles declined rapidly.

Factor Price Life Cycle 

Regional economic factor price equalization theory suggests that local factor price cycles will lag behind product and process life cycles and last longer. As localities experience growth, factor demand often rises faster than available supply so that factor prices rise; as areas experience decline, factor demand falls faster then available supply and factor prices fall. Similar to process life cycles, and in contrast to product life cycles, factor price cycles can apply to several industries and products simultaneously. 


The favorable conditions that may initially attract an industry to a region or locality, low costs and the availability of labor and land, tend to recede with economic growth. With growth and rising costs, the attractiveness of an area for growth declines, local industry begins to lose its competitiveness as the relative costs rise and industry tends to migrate to lower-cost sites.  Only after a certain level of economic decline and a decline in factor prices will an area regain its attractiveness and experience recovery. 

Implicit in factor price theory is that areas will tend to “self-correct” through adjustments in factor prices to local demand and supply conditions.  This was not the case in many of the tech poles during the early 2000s economic downturn.   Local and state taxes do not adjust to change in the local economies.  The regression results suggested that the tech poles with the highest housing price increase over the last three decades tended to experience the lowest employment growth.  In most of the tech poles housing prices did not decline with the economic downturn in 2001.  For example, housing prices in Boston continued to experience double-digit percentage increases even while unemployment rose.   


In summary, the technology poles in the 1990s and early 2000s were significantly impacted by shortened product and process life cycles resulting from increased innovation and competition in technology-based industries worldwide and sticky local factor prices.  This dynamic appears to have contributed to an apparently contradictory effect of economic concentration and venture capital in these areas.  
Conclusion/Summary

The inquiry here, together with earlier research (Gittell and Sohl, forthcoming), provides insight into the performance of USA technology centers during the 1990s and early 2000s.  An extended period of strong growth in tech poles ended with a high peak in 2000 followed by sharp decline in 2002. 

The tech poles with the greatest swings (ups and downs) in employment growth had the strongest overall growth performance over the full business cycle.  Among the tech poles with the greatest differential between long and short-term rank all but one ranked in the top tier in employment growth 1990 to 2003 and three (of the eight among the top third) ranked among the top tier in per capita income growth.  This suggests the force of the creative destruction process in the USA tech poles -- that the strongest technology based area economies tend to experience the most pronounced short periods of employment decline but still have superior growth over the full business cycle. 
The creative destruction process was apparent in almost all of the tech centers in the last business cycle, yet there was significant variance in tech pole performance over the business cycle.  Four main groupings of the USA tech centers were identified.  From the most robust to the least robust tech poles over the last business cycle these groupings were: (1) the high tech growth centers with a diverse mix of technology industries and with employment concentrations in growth sectors within high technology, such as bio-technology and health care-related industries; (2) relatively recession resilient USA technology centers based in metropolitan areas with high concentrations of non-profit and technology related institutions, such as universities and governmental agencies; (3) mature tech centers vulnerable to decline emanating from lack of diversification within high technology and high costs after extended period of strong economic performance; and (4) large metropolitan area centers lagging significantly behind in overall economic performance the other tech centers identified by Milken Institute.  

The key factors identified as effecting employment and income change during the 13-year period included industry concentration, tax and housing costs, and venture capital flow.  Employment concentration within high technology industry had positive effect on employment growth over the business cycle, but no significant effect on per capita income growth.  Concentrated employment in broad employment (super-) sectors contributed to per capita income growth, but had a negative effect on employment growth in the tech poles during the early 2000s economic decline and had no significant effect on employment growth over the full business cycle.

Local and state tax burden was the only variable with significant effect on both employment growth and per capita income growth over the business cycle.  High and fast rising taxes tended to dampen employment and income growth in tech poles and had no significant effect on employment change during the 2000s recession.

Long-term housing price growth had negative impact on long-term growth in employment.  Housing prices did not affect either per capita income growth over the business cycle or change in short-term employment during the early 2000s recession.

Venture capital affected both long-term growth in per capita income and short-term employment change during the economic downturn.  Its effect, as with general (super-sector) industry specialization was contradictory, positive on income and negative on employment growth.  

Together these insights considered in the context of local development cycle dynamics suggest that the creative destruction process may operate with greater force and in an accelerated time frame in tech centers in the future.   Entrepreneurs and workers in technology centers in the USA and globally will have to position themselves in the context of these dynamics and the contradictions of development identified in this inquiry.  

Future Inquiry

The analysis suggests several important areas for future inquiry.  

There can be benefits from more detailed historical analysis of USA technology centers.  This could involve inquiry of not only the last business cycle, but over the last quarter century and even further back in time.  More in-depth historical analysis should consider in detail changes in the character and length of business cycles in technology centers over time.  More analysis is also needed of how global competition, venture capital flow, accelerated technology change and sticky local factor prices effect local development cycles. More in-depth case studies of local development cycles in a sample of technology centers could provide useful information and insights. Analysis of technology centers in other nations would also be useful.  This could include consideration of whether the dynamics in technology centers outside the USA were similar to what we observed in USA tech poles in the 1990s and early 2000s. 

The character and pace of economic change in technology centers is an important area of inquiry. Many useful insights can be gained from on-going detailed empirical study of technology centers in the USA and other nations.  A challenge will be for the inquiry, and insights provided thereof, to keep pace with changes in the technology centers.
NOTES


 .  We use the definition of high technology industries provided by economy.com, a well-known and respected international economic consulting firm.
2.  The year 2001 was used as the end date due to data limitations as the reporting of income lags the reporting of employment data for metropolitan and other areas in the USA.   

3.  Much of this section is drawn from Gittell, 1992.

CONTACT: Ross Gittell; Whittemore School of Business and Economics, University of New Hampshire, McConnell Hall, Durham, NH  03824; (T) 603-862-3340; (F) 603-862-4468; Ross.Gittell@unh.edu.
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Table 1.  Milken tech-poles 

	Rank
	MSA – Tech Pole
	Composite Index
	Supersector Gini Coefficient
	High Tech Gini Coefficient
	Rank
	MSA – Tech Pole
	Composite Index
	Supersector Gini Coefficient
	High Tech Gini Coefficient

	1
	San Jose, CA (SAJ)
	23.69
	0.17
	0.36
	14
	Oakland, CA (OAK)
	2.21
	0.07
	0.22

	2
	Dallas, TX (DAL)

	7.06
	0.08
	0.33
	15
	Philadelphia, PA (PHI)
	2.19
	0.09
	0.20

	3
	LosAngeles-Long Beach, CA (LOS)
	6.91
	0.09
	0.26
	16
	Rochester, MN (ROC)
	1.95
	0.21
	0.78

	4
	Boston, MA (BOS)
	6.31
	0.08
	0.28
	17
	San Diego, CA (SAN)
	1.93
	0.08
	0.26

	5
	Seattle-Bellevue-Everett, WA (SEA)
	5.19
	0.06
	0.35
	18
	Raleigh-Durham-Chapel Hill, NC (RAL)
	1.89
	0.07
	0.25

	6
	Washington, DC-MD-VA-WV (WAS)
	5.08
	0.21
	0.33
	19
	Denver, CO (DEN)
	1.81
	0.11
	0.29

	7
	Albuquerque, NM (ALB)
	4.98
	0.08
	0.24
	20
	Newark, NJ (NEA)
	1.80
	0.08
	0.36

	8
	Chicago, IL (CHI)
	3.75
	0.06
	0.19
	21
	Austin-San Marcos, TX (AUS)
	1.78
	0.06
	0.47

	9
	New York, NY (NWY)
	3.67
	0.17
	0.28
	22
	San Francisco, CA (SAF)
	1.62
	0.19
	0.42

	10
	Atlanta, GA (ATL)
	3.46
	0.10
	0.29
	23
	Houston, TX (HOU)
	1.62
	0.08
	0.21

	11
	Middlesex-Somerset, NJ (MSH)
	3.40
	0.12
	0.34
	24
	Boise City, ID (BOI)
	1.43
	0.07
	0.70

	12
	Phoenix-Mesa, AZ (PHO)
	2.60
	0.08
	0.60
	25
	New Haven-Stamford, CT (NHB)
	1.33
	0.08
	0.17

	13
	Orange County, CA (ORC)
	2.59
	0.10
	0.24
	
	
	
	
	


Sources: Milken 1999; Bureau of Economic Analysis 2001; Bureau of Labor Statistics

 – Covered Employment Wages 2001
Table 2: Per capita income and employment growth rates and ranks 

among 25 tech poles
	Tech Pole
	Personal Income, % change
 1990-2001
	Rank
	Change Employment, 

1990-2003
	Rank

	Albuquerque, NM
	16.6%
	19
	37.4%
	7

	Atlanta, GA
	18.4%
	14
	44.4%
	5

	Austin-San Marcos, TX
	28.6%
	4
	70.4%
	1

	Boise City, ID
	19.1%
	12
	68.0%
	2

	Boston, MA-NH
	24.9%
	7
	6.5%
	18

	Chicago, IL
	17.5%
	17
	10.8%
	17

	Dallas, TX
	18.0%
	16
	35.0%
	8

	Denver, CO
	28.9%
	3
	37.5%
	6

	Houston, TX
	28.0%
	5
	30.4%
	10

	Los Angeles-Long Beach, CA
	2.4%
	25
	-3.1%
	24

	Middlesex-Somerset, NJ
	18.6%
	13
	21.0%
	12

	New Haven-Bridgeport, CT
	22.7%
	8
	2.4%
	21

	New York, NY
	15.7%
	20
	-1.1%
	23

	Newark, NJ
	19.6%
	11
	5.2%
	20

	Oakland, CA
	20.6%
	10
	18.5%
	16

	Orange County, CA
	5.5%
	24
	19.7%
	15

	Philadelphia, PA-NJ
	15.4%
	21
	-9.1%
	25

	Phoenix-Mesa, AZ
	10.9%
	23
	58.9%
	3

	Raleigh-Durham-Chapel Hill, NC
	17.4%
	18
	45.3%
	4

	Rochester, MN
	21.6%
	9
	32.9%
	9

	San Diego, CA
	18.2%
	15
	27.3%
	11

	San Francisco, CA
	35.1%
	2
	2.4%
	22

	San Jose, CA
	45.3%
	1
	6.4%
	19

	Seattle-Bellevue-Everett, WA
	26.6%
	6
	20.4%
	14

	Washington, DC-MD-VA-WV
	15.3%
	22
	20.7%
	13

	Tech poles Average
	20.4%
	-
	24.3%
	

	US Average
	14.6%
	-
	18.3%
	


Source: US Bureau of Economic Analysis (BEA) and US Bureau of Labor Statistics (BLS)
Table 3.  Change in employment and personal income models
	Model 1: Dependent Variable: Change in Employment, 90-03
	Model 2 : Change in Personal Income, 90-01

	Variable
	Employment,

% change 1990-2003
	Variable
	Personal Income,

% change 1990-2001

	
	Coefficient
	t-ratio
	
	Coefficient
	t-ratio

	Constant
	0.081
	0.73
	Constant
	0.4735
	4.25

	High Tech Gini 1990
	0.5355
	3.32
	Gini Supersector 1990
	0.9761
	2.37

	Chg in Tax burden, 90-03
	-10.139
	-2.15
	Tax Burden 03
	-3.5260
	-2.82

	Chg home price 
83-03
	-0.0014
	-2.13
	Venture Capital Per Worker 93
	0.00014
	7.01

	
	
	
	
	
	

	Adjusted R-squared
	0.47
	
	Adjusted R-squared
	0.43
	

	Included observations
	25
	
	Included observations
	25
	

	Method
	OLS
	
	Method
	OLS
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