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Abstract

Patent counts and patenting rates are the go-to measures for regional innovation, productivity and

competiveness. For this reason, more attention needs to be focused on to the types of technology

developed in a region and the technology embedded in the products and services in which a region
specializes.

Knowledge spillovers are an accepted driving force for agglomeration economies but too little
attention has focused on the types, or categories, of that knowledge. Just as there are regional
concentrations of industries and occupations, there are relative regional concentrations of
knowledge and intellectual property that are expressed in the technology categories of patents. We
estimate regional technology concentration as a complement to industry structure and assess the
degree to which technology classes are associated with industry concentration/specialization across
2640 U.S. counties that have a track record of patenting between over time.

Regional concentrations of occupations are also an accepted dimension of agglomeration
economies. Occupations, however, consist of a set of skills put into practice to create products and
services. Occupations may co-locate, reinforcing the forces that make industry clusters more
productive and competitive, but relatively little is known about how occupations, and the skills that
inhabit occupations, are interdependent. We embed skill interdependence — a latent relationship —
into the identification and definition of clusters.

This research addresses the deficient in the conceptualization and measurement of clusters. By
examining and appropriating measures for the latent inter-relationships and dependencies associated
with occupational skill sets, in addition to the discovery of regional technology concentrations, we
make the operationalization of clusters more complete.
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Introduction

How clusters—the term of art for agglomeration economies—are defined and measured has been
well debated in the literature. Michael Porter has argued for decades that competitive forces drive
productivity and that the geographic concentration of related firms intensifies the competitive forces
and results in benefits associated with integrated supply chains, specialized labor force skills and
knowledge spillovers (1990, 1996). How one defines the geographic boundaries matters too. Is it
micro or macro geographic boundaries? What constitutes a cluster can also lack precision (Martin
and Sunley, 2003). Therefore, we propose cluster dimensions beyond the measurement of input-
output relationships, labor force and industry co-location.

In this paper, we examine the interplay of the standard set of cluster definitions and metrics — that
can be distilled in Porter’s Cluster Mapping Project measure of between cluster relatedness -- with

regional technology concentration and regional skill set concentration.

The motivation for this work is that industry structure is constantly changing — sometimes quite a lot
with globalization, offshoring and increasingly complex and long supply chains — and as a result, a
cluster composition of industries in any one region may, or will likely, change as well. A cluster
definition in 2005 may not be in evidence in 2020 as regional industry concentration adjusts to local,
regional and international competitive dynamics. Moreover, industries that grow up together in one
region may reflect a different balance of industrial concentration in another.

A secondary motivation is that the set of employment and occupational concentrations together
with input-output relationships isn’t up to the definitional and empirical task. Knowledge spillovers
from industries and occupations is an agglomerative operating principle, but these latent spillover
factors are not easily measured. Moreover, there has been recent work using network analysis that
measures the unseen interdependence of occupations and skills (Shutters and Waters, 2020). In
addition, there is evidence that the development of intellectual property — IP — and research and
development activities and patenting outcomes can be geographically distant from production,
depending on the industry and the IP technology. Patenting and producing may collocate in some
instances but the trend appears to warrant the spatial distinction between patent making and patent
using.

This research will augment the determination and definition of clusters using patent data by broad
technology categories and labor skills interdependence. Using twelve broad technology IP categories
which are a further refinement and more granular than the six categories of Hall et al. (2002), we can
estimate the concentration of patent technology types and match industry concentration by U.S.
counties. Using the notion of skills tightness, or interdependence, we add an additional dimension
for occupational knowledge and, if one may say, occupational input-output relationships. Skills
tightness measures the regional latent “transactions” between occupations. In other words, which
occupations/skills are co-located. These new dimensions will enhance the standard practice of using
industry input-output, employment and occupation concentrations in a region, for example, as
practiced by Delgado et al. (2016) and Feser et al. (2005).


http://www.clustermapping.us/

Data and Method

For employment by industry data 2001 to 2018, we use an internal “QCEW-Complete” whereby we
estimate any suppressed data in the Bureau of Labor Statistics QCEW datasets. (These data are
available upon request.) Annual patent data from 2001 to 2020 is from the USPTO. We deploy
crosswalks that use algorithmic links between NAICS descriptions and USPC and CPC patent
classification that assign probabilities associated with NAICS industry and a patent technology
matches (Goldschlag et al., 2016, Lybbert and Zolas, 2014). Skills by county are based on
occupational headcounts, estimated from the BLS Occupational Employment Survey — OES —and
industry staffing patterns together with occupational characteristics from O*NET.

We first conducted exploratory factor analysis with STATA using the concentration, or proportion,
of employment by 4-digit manufacturing industries and business services. Most manufacturing
industries are considered traded in the Porter framework, as is the business services cluster. The
latter collection of industries, or the business services cluster, has been growing in scale and relative
concentration across the U.S. structural landscape. We performed factor analysis on both 2002 and
2018 employment concentration by industry. (2002 was used because 2001 was a recessionary year.)
In this way, we could assess the latent relationships between industries and evaluate the extent of the
change in industry profile from 2002 to 2018. We hypothesized that business services, which
includes research and development and engineering services, and several manufacturing industries
were related and co-located — that is, interdependent. Other manufacturing production/industries
could be geographically distant from technology/IP development and dependencies.

Initial findings

In Figure 1, we see that business service industries explain most of the variation in the dataset
(proportion of employment by industry by county, N=2642). Business services, which may be better
categorized as “tradeable” instead of definitively traded, are well diffused across most regions and
counties in the U.S. and that is reflected in a constellation of high scores. Factor 2 appears to
describe the auto sector interrelatedness and concentration. Eigen values make a steep drop,
although Factor 3 appears to describe the textile industries and their co-location. While their score
would not otherwise warrant a mention, in Factor 1 it appears that computers, communications and
electronic components are positively associated with the business services of computer systems
design and management, scientific, and technical consulting.

Figure 2 compares the factor scores for 2002 and 2018 industry concentration. As mentioned above,
there have been many industry structural transformations in those intervening years, including
offshoring, the lingering effects of the Great Recession and the energy boom. These shifts in the
underlying industry structure with these initial analysis point to the need to update and recalibrate
cluster definitions based on regional specific characteristics. Feser and colleagues (2005) use regional
value chains — simply put, the marriage of input-output relationships and industry employment
concentrations — to identify clusters in a specific regional context.


https://www.onetcenter.org/

Figure 1: Exploratory Factor Analysis, Manufacturing and Business Services, N=2642
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Figure 2: Exploratory Factor Analysis, Patent Technology Categories, Manufacturing and Business

Services, Factor Comparison Example, N=2642
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Next Steps

A region’s changing industrial structure over time and the potential dominance of regional
occupational specialization over industry specialization calls for a rethinking of the dimensions the
factors and forces that drive the economies of agglomeration today and into the future.

Our next step is to operationalize the network closeness among skills in a region. An example of
how skills tightness represents a region’s specializations — broadly defined — is shown in Figure 3.
Indianapolis is largely within the sensory-physical cluster of skills — network A. Not surprising
considering that the state of Indiana is the most manufacturing intensive state in the U.S. Chicago is
more evenly split between cognitive and physical clusters of skills — network B. Seattle is dominated
by the socio-cognitive cluster of skills — network C.

Figure 3: Three representative MSAs within the national skills interdependence network
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Source: Shutters and Waters (2020). Normalized tightness scores — 7'— of each city is shown in parenthesis.

Given that patent counts and rates are the go-to measures for regional innovation, it is surprising
that more attention has not been given to the types of technology formalized and documented in a
region’s patents and embedded in the products and services with which they are associated. We will
address this deficient in the conceptualization and measurement of clusters in the U.S. In addition,
we will also examine and appropriate measures for the latent inter-relationships and dependencies
associated with occupational skill sets. By combining these additional dimensions with the familiar



cluster constructs of input-output and industry and occupational co-location we should provide a
more complete and up-to-date picture of the regional competitive landscape.
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