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About the Metropolitan Futures Initiative (MFI)

The Metropolitan Futures Initiative (MFI) in the 

School of Social Ecology at the University of California, 

Irvine aims to develop an improved understanding of 

communities and their potential for integrative and 

collaborative planning and action to ensure a bright 

future for the region. It approaches these goals by 

bringing together an interdisciplinary research team 

along with the insights and techniques of “big data” 

research. 

 

By combining various large longitudinal and spatial 

data sources, and then employing cutting edge 

statistical analyses, the goal is to come to a better understanding of how the various dimensions of the social ecology of a 

region move together to produce the outcomes observed within our neighborhoods. 

With initial focus on Orange County and its location within the larger Southern California area, The Metropolitan Futures 

Initiative is a commitment to build communities that are economically vibrant, environmentally sustainable, and socially  

just by partnering the School of Social Ecology’s world class, boundary-crossing scholarship with expertise throughout 

Southern California. 

The MFI Quarterly Report series presents cutting edge research focusing on different dimensions of the Southern California 

region, and the consequences for neighborhoods in the region. Reports released each quarter focus on issues of interest to the 

public as well as policymakers in the region. In addition, the MFI webpage (mfi.soceco.uci.edu) provides interactive mapping 

applications that allow policymakers and the public to explore more deeply the data from each Quarterly Report.  

The MFI gratefully acknowledges the Heritage Fields El Toro, LLC for their funding support.
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our knowledge about the complex mechanisms of contemporary urban development and to develop 

innovative urban planning strategies/tools for both academics and practitioners.
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• Unlike regions that have more traditional 

downtowns, employment concentration in 

Southern California has a complex spatial 

structure with more than 40 employment 

centers that are distinct in terms of their 

location, industrial composition, and 

vibrancy.  

• The dominant feature of employment 

concentration over 1997-2014 is change 

rather than core-area stability.  In 

particular, the boundaries of employment 

centers change substantially. 

 

• Persistently vibrant centers such as 

downtown L.A., Irvine, Glendale, and Beverley Hills/West Hollywood contrast with areas like Torrance, Burbank, and 

Irvine/Lake Forest which are more in flux over this period. 

• Emerging areas of employment concentration are closer to freeways, airports, rail lines, downtown Los Angeles, and the 

Pacific coast. 

• Employment in business services (a sector including finance, insurance, professional, scientific, technical and 

information services) remains an important component of stable employment centers, though overall business services 

are decreasingly found in areas of high job density.  

• Retail employment and retail location represent an increasing share of what drives regional employment concentration. 

• Industrial employment shows a surprising trend toward concentration.   

• Employment concentration continually fluctuates and while growth in employment centers outpaces growth overall, 

the vast majority of new jobs created between 1997 and 2014 lie outside centers.

Results in Brief
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The Los Angeles area has long been a favorite object of study for 

geographers, urban planners, and other urbanists exploring what is called 

the “polycentric metropolis.”  Polycentricity refers to the notion that an 

urban area is no longer defined by a single downtown or city center), but 

has developed multiple nuclei of economic activity.  While residential 

suburbanization has been a major feature of American cities since at least 

the Second World War, the feature that makes a metropolis “polycentric” 

is that businesses began to follow people to the suburbs and form clusters 

outside of the traditional central business district (CBD).  Joel Garreau’s 

1991 book Edge City1 provided much of the popular impetus for this idea.

Since the early nineties, academic research has tried to identify and define these centers of activity.  One key question 

investigated whether non-downtown “subcenters” simply behaved like smaller downtowns or were functionally different 

in terms of their industrial composition.  While land-intensive manufacturing was one of the first types of industry to move 

(or sometimes be pushed out) to lower-cost outlying areas, shopping malls soon followed suit in order to serve their newly 

suburban clientele, as did back-office functions like call centers and basic administrative services that don’t rely on the 

proximity benefits afforded by expensive downtown office space2.  Another important question is whether cities actually 

have subcenters and edge cities, or if employment is just spreading out across the region with fairly even density.  Gordon and 

Richardson called this latter phenomenon “scatteration.”3 

A number of recent trends in urbanism result in concentration and dispersion in urban areas, and employment subcenters are 

a key component of these trends or movements.  The New Urbanism and Smart Growth advocates focus on directing growth 

toward areas with existing infrastructure and already high activity concentration, rather than new areas, with the goals 

of increasing an area’s sense of place and reducing transportation needs.  Proponents of sustainability in cities, including 

landscape ecologists concerned about water use and the urban heat island effect, echo these sentiments about concentrating 

in already-developed areas.  Economic geographers and regional economists also stress how successful, global cities are 

attractive to so-called “creative class” workers of the new knowledge economy: they are drawn to amenities in cities – and 

central cities in particular.  In addition, since cities serve as a place for consumption of goods and services as much as they 

exist for their production, the extent to which retail concentrates in subcenters also draws attention.   

This Report adapts state-of-the-art geographic statistical methods for identifying employment centers in Southern California 

and tracing their evolution between 1997 and 2014 using data on the precise location of business establishments.4  First, 

we analyze employment density at a fine scale (1km×1km grid cells) across the region. Then, using a cutting-edge statistical 

analysis technique, we identify employment centers and analyze them based on their overall trends and shifting spatial 

footprints.  Finally, we look at how the industrial structure of subcenters has evolved from 1997 to 2014.

Background
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The current landscape of Southern California neither fits well into a traditional monocentric model nor clearly follows the 

“scatteration” pattern, described in Gordon and Richardson (1996).  Proximity to resources, transportation networks, zoning, 

historical accident, and a number of other features result in today’s non-uniform spatial distribution of employment.  As 

shown in the map of employment density (Figure 1), some obvious peaks exist within the region (e.g. much of West Los 

Angeles, Long Beach, Disneyland, and Irvine stand out).  Identifying centers of economic activity, however, requires a more 

rigorous definition of “nearby” and an improved methodology.

To systematically analyze the locational distribution of employment, first, we use satellite imagery to identify all the 

urbanized land in Southern California and represent it as 1km2 grid cells5.  This study is restricted to the 5-county area of 

Los Angeles, Orange, Riverside, San Bernardino, and Ventura Counties.  Then, we aggregate all of the region’s business 

establishments into the cells (this outcome is shown in Figure 1).  We use a local regression technique to smooth the map 

and identify which cells have significantly higher employment than their location alone would predict.  This gives us 46 

employment “maxima” in 1997 and 53 in 2014.  Finally, all contiguous areas within about a 7km range that are also higher 

than their neighbors are added to form the boundaries around each peak (see Technical Appendix A for more detailed 

methodology). Table 1 provides descriptive information about the subcenters detected in 1997 and 2014, and the growth in 

these measures over the period.  Figure 2 displays 1997 subcenters in blue and 2014 subcenters in yellow, with area common 

to both years showing in green.

Employment Density in Southern California
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Figure 1: Employment density in Southern California
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Figure 2: Employment subcenters in 1997 and 2014
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In analyzing changes over this time period, the following trends are very clear from Figure 2 and Table 1:

• Areas with high employment density are comparatively small and cover only about 3% of the urbanized area 

• Centers represent a fairly small proportion of total employment, though this share grew from 17.4% in 1997 to 19.6%  

in 2014 

• Growth in centers outpaced overall employment growth in this period 45.4% versus 29.3% (suggesting the benefits  

of agglomeration economies or other advantages these locations can provide), while not every center equally 

performs well. 

• However, based on raw number, more new jobs were created outside of subcenters (1.3 million) versus within centers 

(about 500,000).

What is also notable in this figure is how much the boundaries of subcenters change – a finding that is dramatically different 

from existing research1. This largely has to do with our use of data on business establishments themselves rather than 

aggregated areal units, such as census tracts, which are not as adept at detecting the local geography of employment. More 

specifically, our detailed analysis demonstrates: 

• Employment centers emerged, died, grew, and contracted. 

• While the land area of employment centers increased from 445km2 to 530km2, only 294km2 was common to  

both periods. 

• Only 5 subcenters had the same boundaries in 1997 and 2014: downtown L.A., Glendale,  Montclair, Malibu, and Blythe 

(near the Arizona border). 

• Three subcenters had less than 10% of their land area in common between 1997 and 2014: Torrance, Covina, and 

Irvine/Lake Forest.

Metropolitan Futures Initiative (MFI)  •  Quarterly Report  •  Detecting Job Density Over Time

Changes in Employment Centers in Southern California 
from 1997-2014
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Table 1: Job Employment inside and outside of subcenters

            1997       2014 Percent Growth

Number of Centers              46            53  15.20%

Size of centers (km2)            445          530  19.10%

Center employment  1,092,461 1,588,345  45.40%

Total employment  6,261,171 8,095,136  29.30%

Percent in center     17.40%     19.60%  12.50%
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Two Orange County subcenters depicted in Figure 

3 illustrate the type of “boundary change” that is 

characteristic of many of the region’s subcenters.  The 

northern subcenter, extending from John Wayne airport 

north to include parts of Irvine, Santa Ana, Costa Mesa, 

and Tustin is widely known as a location of businesses and 

headquarters.  95% of its land area persisted as a subcenter 

between 1997 and 2014. A small portion of Santa Ana just 

northwest of the I405-Rte. 55 junction saw an increase in 

employment meriting inclusion as part of the subcenter.

The subcenter further south that surrounds the Irvine Great 

Park area has seen a major change in composition. In 1997 

the region to the Southeast of the former El Toro air station 

comprised a subcenter with a variety of light industry and 

small businesses centered around Barranca and Alton 

Parkways. However, the opening of the Irvine Spectrum 

Center mall in the late nineties to the north of the I-5/I-405 

junction shifted the concentration of local employment 

eastward. The “local employment peak” is now the mall  

area rather than the Barranca and Alton corridors. Only 

2 square kilometers of area connect these two regions – 

principally comprised of businesses along the Lake Forest 

Drive I-5 interchange.

The subcenters in Covina, Corona, the San Fernando Valley, 

and Burbank show similar processes of directional shifting.  

In fact, San Fernando Valley and Burbank are each two 

distinct subcenters since their extents in 1997 and 2014 

are not contiguous. In 1997, the 4km2 subcenter on the 

west side of Burbank represented the local employment 

density peak and consisted mainly of strip retail and other 

establishments. By 2014 the local peak in employment 

density was a 9km2 strip along Interstate 5 stretching from 

Burbank’s commercial airport to its historic downtown core 

(see Figure 4). Figure 5 displays the Torrance subcenter, 

which has only 2km2 in common from 1997-2014. Whereas in 

1997 employment in Torrance was concentrated farther east 

along a major arterial road, employment density has crept 

farther east toward the junction of the I-405 and Rte. 110 

freeways.
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We performed further analysis on the cells that comprise subcenters, labeling each cell as “persisting” if it is part of a 

subcenter in both years, “dying” if it was part of a subcenter in 1997 but not in 2014, and “emerging” if it newly became part  

of a subcenter in 2014.  Some clear (and statistically significant) trends emerge: 

• Emerging cells are about 20km closer to Los Angeles’ downtown, on average, than either persisting or dying cells 

• Emerging cells are significantly closer to freeways, airports, rail lines, and the Pacific coast

Figure 3: Detailed view of subcenters near Irvine
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Figure 4: Detailed view subcenters north-east of Los Angeles

These trends suggest that, on the whole, subcenter formation is related to transportation infrastructure and other existing 

attractors.  Put differently, employers in new areas appear to be more selective in their location choices: growth in job 

concentration is systematically closer to downtown L.A., freeways, airports, the Pacific coast, and rail lines.
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Figure 5: Detailed view of Torrance subcenter
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As the south Irvine example shown in Figure 3 demonstrates, the industrial composition of subcenters can vary over time. We 

investigate employment in five key industry types which were chosen to reflect a variety of perspectives about urban growth 

and concentration, which cover roughly half of the region’s employment (Technical Appendix B provides a breakdown): 

1. Knowledge Intensive Business Services (KIBS) Employment:  KIBS refer to a variety of professional services including 

information technologies, scientific services, finance, insurance, and educational services (excluding K-12).  The basis 

for emphasizing these business services is that income growth is thought to be heavily related to the production of 

intermediate goods and services.  Business services have consistently been the largest employer in industries that 

reach a broader (interurban) market since the 1990s1.  

The Industrial Structure of Subcenters, 1997-2014
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2. Retail Employment. While retail jobs are not interurban in nature and often pay lower wages, employment in retail 

gives an approximate measure of the amount of consumption activity taking place in an area. Accommodation and 

food services are also included in this category.  

  

3. Creative Class Employment.  Since Richard Florida’s 2002 book The Rise of the Creative Class2, city planners and 

economic development researchers have been fascinated with the possible benefits of artistic, cultural spaces of 

production and the place-specific consumption economies they engender. A broad definition of what constitutes 

creative business establishments is used here and includes employment in information, arts, entertainment,  

and recreation. 

 

4. High-Tech Employment. Regional growth is often thought to be highly associated with high-tech industries, and local 

authorities are often interested in fostering “the next Silicon Valley.” Interestingly, much of the employment in this 

category is in high-tech manufacturing, which actually declined in Southern California from 1997-2014. 

5. Industrial Employment. Often conceived of as the “old economy,” manufacturing, utilities, and natural resource 

extraction are combined here in order to contrast with other industries. Although these sectors have not grown as 

much as service industries, their importance in our economy should not be underestimated.  

First, we analyze each category of industries based on whether it exists in subcenters or not using a measure called a 

“location quotient.” A location quotient is a measure of relative concentration in an area. For KIBS employment, it would be 

the percentage of employment in subcenters that is KIBS divided by the percentage of employment region-wide that is KIBS. 

Therefore, a value of 1 indicates that KIBS are no more or less likely to exist in subcenters, whereas a value of 2 would indicate 

that they’re twice as likely to be located in subcenters as elsewhere. This is shown in Figure 6.  

• While KIBS are more likely to exist in employment centers than overall, their propensity for concentration decreases 

from 1.437 to 1.278.   

• The high tech location quotient in centers increases from 

0.973 to 1.311 

• While region-wide industrial employment decreases 

substantially, the amount of industrial employment in 

centers stays nearly identical and its location quotient 

increases from 0.896 to 1.017. In other words, concentration 

appears to be increasingly important for industrial 

employment 

• The portion of retail employment that exists in centers 

increases from 17.4% to 20.3% and retail’s location quotient increases slightly from 1.001 to 1.033 

• Creative employment is less likely than average to exist in centers, with a location quotient of 0.939 that decreases  

to 0.889
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Figure 6: Location Quotients of Industries inside vs. outside of subcenters
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Subcenter Name
2014 

Employment
 1997 

Employment 
Status

Most 
Concentrated 

Industry (2014)

Most 
Concentrated 

Industry (1997)

Downtown LA 161,850 163,118 Persists KIBS KIBS

Beverly Hills/W. Hollywood 158,930 113,030 Persists Creative KIBS

Irvine/SNA Airport 139,972 126,321 Persists High Tech High Tech

Glendale 86,457 51,647 Persists KIBS Retail

Pasadena 83,518 58,916 Persists KIBS KIBS

El Segundo 69,540  Non-center Emerges High Tech NA

Irvine/Lake Forest 65,638 27,840 Persists High Tech High Tech

Torrance 53,841 51,760 Persists Industrial High Tech

San Fernando Valley 2 52,690  Non-center Emerges High Tech NA

Santa Fe Springs 41,334  Non-center Emerges Industrial NA

Riverside 36,676 35,226 Persists KIBS KIBS

Temecula 36,539 19,731 Persists Industrial Retail

Corona 36,166 16,606 Persists Industrial Industrial

Downey 35,782  Non-center Emerges Retail NA

Anaheim 34,506 20,587 Persists Creative High Tech

Long Beach 33,614 23,326 Persists High Tech Retail

Burbank/LA 2 29,603  Non-center Emerges Creative NA

Montclair 28,731 24,862 Persists Retail Retail

City of Industry 27,989 17,492 Persists Retail Industrial

Rancho Cucamonga 26,680  Non-center Emerges Industrial NA

Ventura 25,312 11,193 Persists Retail Retail

Chino 22,745  Non-center Emerges Industrial NA

Riverside SW 20,601  Non-center Emerges Retail NA

Lancaster 20,070 15,780 Persists Retail Retail

Palm Springs 19,936 13,589 Persists Creative Retail

Palm Desert 19,852 20,149 Persists Retail Retail

Thousand Oaks 19,205 12,225 Persists Retail Retail

Simi Valley 18,699 14,846 Persists Retail High Tech

Camarillo 17,510  Non-center Emerges High Tech NA

Covina 17,231 6,641 Persists Retail Creative

Santa Clarita 15,086 10,074 Persists Retail Retail

San Bernardino 6,060 25,631 Persists Creative KIBS

San Fernando Valley 1  Non-center 57,946 Dies NA High Tech

Oxnard  Non-center 26,885 Dies NA Retail

South El Monte  Non-center 23,706 Dies NA Industrial

Table 2: Employment centers with over 15,000 employees
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Our final analysis of subcenters involves analyzing the industrial 

structure of individual subcenters.  The idea is to “characterize” the 

various subcenters based on their blend of activities, and see whether 

this is related to their persistence.  A location quotient is calculated 

for each industry type in each subcenter.  Although subcenters can 

exhibit diversity across industry types within them, often they are 

“dominated” by a particular industry.  We classified a subcenter based 

on the industry type with the highest location quotient value.  Results 

are shown in Table 2 (subcenters with fewer than 15,000 employees 

are not shown).  Key insights include:

• Retail’s Ubiquity:

 » Twenty-three employment centers in 1997 (50%) and twenty-

eight centers in 2014 (53%) can be considered “retail-driven.”  

 » Only five subcenters that were “retail-driven” in 1997 become 

more concentrated based on a different category by 2014 

 » 7 of the 14 new subcenters created between 1997 and 2014 

were retail-driven 

• Tech-Turnover 

 » Only 2 of the 7 tech-dominant subcenters in 1997 remain tech-

dominant in 2014: both are in Irvine

 » These are joined in 2014 by San Fernando Valley, El Segundo, 

Camarillo, and Long Beach, highlighting the high “turnover” 

in the tech category 

 

• KIBS’ stability

 » KIBS are substantially more specialized in persisting, rather 

than emerging or dying areas

 » Six centers are principally characterized by KIBS employment 

in 1997, though San Bernardino and Beverly Hills/West Hollywood see their focus switch to creative by 2014

 » Twice as many subcenters are “creative” in 2014, compared with 1997: Disney-themed Anaheim, the weekend 

retreats of Palm Springs and Lake Arrowhead, the wealthy and chic Beverly Hills/West Hollywood, San 

Bernardino, and Burbank

 » Retail, creative, and industrial employment show a tendency toward emerging areas
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In many ways, Southern California is seen as 

the “archetypical” polycentric metropolis.  While 

downtown Los Angeles is still considered the 

center of the region, it can more accurately be 

described as one of many regional subcenters.  

Our use of business-level data (rather than 

Census tract data) and advanced identification 

methodology reveals 46 subcenters across 

the 5-county area in 1997 and 53 subcenters in 

2014.  Analyzing job density in this way clearly 

demonstrates that subcenters gradually evolve as 

the economy changes: appearing, disappearing, 

and changing boundaries.  Some areas remain 

persistent and vibrant such as downtown Los 

Angeles, Irvine, Glendale, and Beverly Hills/West 

Hollywood.  However most areas are more in-

flux: Torrance, Burbank, and Irvine/Lake Forest 

highlight how economic shifts and available real estate can affect where subcenters exist and which industries comprise 

them.  In terms of location, new subcenters and new portions of existing subcenters are systematically closer to freeways, 

airports, rail lines, downtown Los Angeles, and the Pacific Coast.  

In terms of industries, KIBS (business services) are a key component of stable subcenters, which may justify policymakers’ 

continued reliance on attracting high-end business services as a part of their economic development plans.  High-tech 

employment, while it is more concentrated in subcenters than the other industries we analyze, tends to exhibit more 

fluctuation and to favor emerging centers.  Industrial employment shows a trend toward concentration – and its relationship 

with vibrant, growing employment centers might deserve a “second look.”  

Finally, while increased employment density has a number of benefits including reduced transportation needs, lower 

Greenfield development, and the creation of vibrant areas that further attract high-end employees, the reality is that a 

majority of jobs and job growth continue to exist outside of subcenters.

Conclusion
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Notes
1. Garreau J. (1991) Edge City, Doubleday: New York. 

2. See, for example, Coffey and Shearmur’s study of Montréal: Coffey, William J., & Shearmur, Richard G. (2002). 
Agglomeration and dispersion of higher-order service employment in the Montreal metropolitan region, 1981-96. Urban 
Studies, 39(3), 358-378.    

3. Gordon P and Richardson HW. (1996) Beyond polycentricity - The dispersed metropolis, Los Angeles, 1970-1990. Journal of 
the American Planning Association 62: 289-295. 

4. The definition of an employment center is straightforward and is summarized by McMillen and Smith as “an area with 
significantly higher employment densities than surrounding areas that is large enough to have a significant effect on the 
overall spatial structure of the urban area.”  See McMillen DP and Smith SC. (2003) The number of subcenters in large urban 
areas. Journal of Urban Economics 53: 321-338. 

5. This is done using 30-m resolution imagery from the National Land Cover Database (NLCD) which categories land into 
various degrees of urbanized, agricultural, forested, and wetland.  For details, see Homer C, Dewitz J, Yang LM, et al. (2015) 
Completion of the 2011 National Land Cover Database for the Conterminous United States - Representing a Decade of 
Land Cover Change Information. Photogrammetric Engineering and Remote Sensing 81: 345-354. 

6. In Particular, two papers by Redfearn: Redfearn, Christian L. (2007). The topography of metropolitan employment: 
Identifying centers of employment in a polycentric urban area. Journal of Urban Economics, 61(3), 519-541. doi: 
10.1016/j.jue.2006.08.009 and Redfearn, Christian L. (2009). Persistence in urban form: The long-run durability of 
employment centers in metropolitan areas. Regional Science and Urban Economics, 39(2), 224-232. doi: 10.1016/j.
regsciurbeco.2008.09.002. 

7. See, for example, Michael Porter’s cluster mapping project at www.clustermapping.us   

8. Florida R. (2002) The Rise of the Creative Class, New York: Basic Books.

www.clustermapping.us
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Technical Appendix A

This Report examines the evolution of employment centers under social and economic forces by applying an employment 

center identification method to spatially-explicit establishment data from 1997 to 2014. Recent research has taken up the 

cause of improving methodological approaches to identifying employment centers within a metropolitan area.  We sidestep 

a thorough review (for a more detailed treatment, see Agarwal et al.1), though the most notable difference in approach is 

whether to use a fixed threshold for density and total employment in a center (i.e. the original approach of Giuliano and 

Small2) or to use a regression-based approach that offers more flexibility and statistical robustness (Redfearn, 2007; McMillen, 

2001)3.  However, due to factors including the delineation and size of census tracts, the hegemony or lack of hegemony of a 

region’s central business district (CBD), and disagreement over what is really considered “local,” there is no one true method 

for employment center identification.  This paper adopts a two-stage nonparametric regression-based approach most similar 

to Redfearn (2007) but with some modifications to account for the different data source.

The data used in this Report are Reference USA point-based establishment data covering 1997-20144.  The dataset provides 

coordinate data for every business establishment with a basis in business telephone listings.  While a wealth of information 

is available in these data, this study makes use of the count of employees at each business and its North American Industry 

Classification System (NAICS).  Approximately 4.67% of business establishments could not successfully be geocoded: in these 

cases, the centroid of the ZIP code in which the business lies was used as a proxy.  Although there are uncertainties inherent 

in counting employment – part-time, seasonal, multiple employee locations, etc. – these inaccuracies are not substantial 

enough to diminish the robustness of the data for this analysis.

In order to identify employment centers, we create 1-km x 1-km cells covering the urbanized extent of the region and use 

GIS to spatially join the establishment and employment figures to these cells.  While most U.S. studies of urban areas use 

combined metropolitan statistical areas (CMSAs) from the Census Bureau, the L.A. region’s counties of Los Angeles, Orange, 

Riverside, San Bernardino, and Ventura include vast swaths of rural and uninhabited land.  To circumvent this problem, we 

use 30m resolution remotely-sensed imagery from the National Land Cover Database to identify cells in the 5-county area 

which have at least 10% urbanized land cover.

The first step in the nonparametric identification of employment centers, following McMillen (2001), is to estimate a locally-

weighted regression which uses nearby employment densities to create a surface of predicted employment for each cell.  

Local maxima are identified as observations whose actual employment is significantly higher (using a p<0.01 standard) than 

that predicted by the locally-weighted regression.  A kernel is used to smooth the sample over a certain proportion of the 

observations: We take advantage of the gridded nature of our observations to use a single concept of proximity: 120 nearest 

neighbors.  This amounts to a neighborhood definition of about 0.7% of the sample and results in local maxima that are more 

regularly spaced – consistent with the notion of centers as “areas of higher density than areas nearby.”  On the inside of a 

1km grid, 120 nearest neighbors represents 5 cells in each direction and results in cells within 6.08km being considered as 

neighbors.  The median cell has neighbors spanning 7.28km, with the higher figure reflecting the impact of the urban grid’s 
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edges.  In some extreme outlying areas neighbor distances exceed 80km.  Since each neighborhood may contain more than 

one local maximum, the final selection of local maxima only includes cells whose employment density is higher than all of its 

120 nearest neighbors.

The second step in identifying centers is to identify the cells surrounding each local maximum which will form the 

boundaries of each distinct employment center.  We diverge slightly from Redfearn (2007) and adopt a spatial weights matrix 

approach similar to McMillen (2003).  Using the 120 nearest neighbor definition, we define an employment center as a 

contiguous region surrounding each local maximum where each member (1-km cell) has a higher employment density than 

its neighbors.  A contiguity weights matrix is then used to loop through all cells contiguous to each local maximum and add 

to the employment center any cells with higher than the neighborhood’s average employment.  The process is repeated for 

cells contiguous to those just identified until all possible cells within the local maximum’s 120-neighbor neighborhood are 

evaluated.  

Analysis of subcenters following their identification relies upon a number of exploratory spatial and statistical methods.  

Location quotients, following Leslie (2010)5, compare a center’s share of an industry type with that industry’s share region-

wide.  Formally, the location quotient for sector i at location j is given by:

 

where Eij is the employment in sector i at location j and Ei is the total employment in sector i region-wide. Location quotients 

can be compared across individual centers, and between centers and noncenters.

Technical Appendix A, Continued
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Technical Appendix B
In this study, KIBS consist of Professional, Scientific and Technical Services (NAICS 54), Information (NAICS 51), Finance and 

Insurance (NAICS 52), and Educational Services (NAICS 61, excluding primary and secondary education, 61111).  We employ 

a simple definition of creative class employment as Information (NAICS 51) and Arts, Entertainment, and Recreation (NAICS 

71).  Retail (NAICS 44 and 45) is combined with Accommodation and Food Services (NAICS 72) to capture employment 

in consumption and consumer-facing industries. High-tech employment consists of Computer and Electronic Product 

Manufacturing (NAICS 334), Software Publishing (NAICS 5112), Data Processing and Hosting (NAICS 518), and Computer 

Systems Design (NAICS 5415).  Industrial employment consists of Manufacturing (NAICS 31-33), Utilities (NAICS 22), and 

Mining, Quarrying, and Oil and Gas Extraction (NAICS 21).  Net of overlap, these five categories cover 52.4% of the region’s 

total employment in 1997 and 50.7% in 2014.  All of the above codes are of NACIS vintage 2012.
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