Intra-Regional Economic Connectivitf’he Role of Industry Clusters in

Bridging the UrbarRural Divide

Christiana K. McFarland

Dissertation submitted to the faculty of the Virginia Polytechnic Institute and State University in
partial fulfillment of the requirements for the degree of

Doctor of Philosophy
In

Planning, Governance and Globalization
MargaretM. Cowell, Chair
ThomasW. Sanchez
JohnA. Provo

A. Scott Tate

February 17, 2020
Arlington, Virginia

Keywords:regionaleconomic developmeniybanrural divide industry clusters

Oty



Intra-Regional Economic Connectivitfhe Role of Industry Clusters in
Bridging the UrbarRural Divide

Christiana K. McFarland

ABSTRACT

This research explores an alternative path for economic development via local
connections to regional economies. It preésaerew analysis of the potential and circumstances
under which county leveimploymentan be strengthened by connecting to regional clusters
networks of businesses, labor pools, etc., whose linkages cross local and even state jurisdictional
boundaries. Specifically, this analysis examines how different types of industry clusters and types
of urban and rural communities within regions respond to inégional connectivity.
Independensamples-tests are conducted to assess whether significaetelifces in the
annualized countgluster employment growth rate (202016) exist between connected and
not-connected countglusters overall, in different types of communities (metropolitan,
micropolitan, rural adjacent and rural remote) and across tygfasdustry clusters. The results
suggest that intraiegional economic connectivity has a strong, positive association with eounty
cluster employment growth. These results are particularly pronounced for more rural
communities budire present across coyntypes, including metropolitan. The magnitude of the
economic impact derived from connectivity with the regional ecornangs by industry cluster
The results suggest an alternative approach to cldsésed economic development strategies
that more stategically accourgtfor and bolsters connectivity. Policy recommendations for how
to apply an intraregional connectivity framework to narrow the urbamal divide, as well as

severalregional profiles are offered.
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GENERAL AUDIENCE ABSTRACT

This research explores an alternative path for economic development via local
connections to regional economies. It preésaerew analysis of the potential and circumstances
under which county leveimploymentan be strengthened by connecting to regiamalistry
clustersi networks of businesses, labor pools, etc., whose linkages cross local and even state
jurisdictional boundaries. Specifically, this analysis examines how different types of industry
clusters and types of urban and rural communitesgpond taecaomicconnectivitywithin their
regions Statistical tests are condtedto compare dferencesn counyy employment growth
(20102016 between counties that are eomnically connected and those that are fidte
results suggest thabnnectivity to regional industrjustershas a strong, positiveelationship
with local employment growth. These results are particularly pronounced for more rural
communities budire present across coyntypes, including metropolitan. The magnitude of the
economic impact derived from connectivity with the regional econamgs by the type of
industry clustepresent The results suggest an alternative approach to cldsésed economic
development strategies that moreagdgically accourstfor and bolsters connectivity. Policy
recommendations for how to apply an integgional connectivity framework to narrow the

urbanrural divide, as well as severadgional profiles are offered.
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INTRODUCTION

Background

The urbarrural divide has become the preeminent economic issue of our time. Once
characterized by steady convergence, in which market forces rectified regional economic
disparities, the past 40 years have witnessed a shift in the trajectory of theddd@ngt¢oward
divergence (Ganong and Shoag 2017). The rapid rise of highly concentrated urban
agglomeration economies, coupled with significant technological advances and the decline in
manufacturing, has left many rural and less talent rich places bé&otetl economic
geographer Enrico Moretakeal (2@t2phodchgsvcwhbes aw
become stronger and stronger, as innovative firms and innovative workers keep clustering there,
while | osers tend t o ltisexgeme grawthinla bandfugof highteath. 6 T h
and coastal regions, while others, namely rural and heartland regions, experience historic levels

of brain drain, poverty, drug abusgemploymentand suicide (Parker, et. al. 2018).

Despite the magnitude tfe challenges posed by the growing urbamal divide, as well the
substantive research and evidence documenting its underlying causes, solutions for effective
economic revitalization in lagging communities have been elusive. While some advocate for
peope-based, mobility strategies to assist population migration away from declining places
toward opportunity rich places (Jones 2018), others are proponents ebptszbstrategies.

With loss of industry and the resulting degradation of workforce skifigstructure and

housing stock, these strategies have tended to focus on rebuilding foundational assets. While
investments in these assets are critical for renewed growth, they fall short of providing strategic
direction for developing new economic dris@r lagging placesFor example, workforce

development programs can develop skills, but for what industries?



Additionally, al t hosuwphe rtshtearcth ad |l aecnegse sa rod siing
economic prospects anardlymonolithic. Some rurgbarts of regions are doing well in
traditional industries, others are on the frontlines of emerging technologies (Florida 2018). Their
success typically hinges on the strength of their traded sectors, and the economic interactions
beyond theitocal bordes. This research advances the policy debate on bridging the-untzdn
divide and suggests thagiglomeratiomeed not be the demise of struggling communities. In
contrast, connectivity tmdustryclustersn the regional economgan offer direction and

prospects for growth by broadening the asset base available to lagging communities.

Theoretical Basis

Studies of regional economic diffusion and concentration often suggest that urban
economic growth weakens surrounding rural communities, leading to further divergence and
backwash effects (Myrdal 1957; LewM/eber,and Holland 2013). Howevegconomic
geogaphystudies offering a more contextual perspective, particularly when accounting for
proximity to urban agglomeratioronfirm economic opportunities for rural areas. For example,
Barkley,Henry,and Boa (1996) credit proximity of rural communities to their urban cores as a
| eading explanation for rur al growth. The aut
communities benéfng from spread effects can gain from economic development efforts with a
regional or metropolitan core focus, and also from programs that enhance their linkages to the
core. o Similarly, Partridge, Ri ¢ k maurban Al i and
cores affects population and employment growth in rural areas and find that the closer a county
to larger urban areas, the higher its job and population growth. Both Batlielesy,and Boa
(1996) and Partridge, Rickman, Ali and Olfert (2008) noteyewer, that the benefits of urban

agglomeration on rural growth do not extend to remotely rural areas.



These studies imply that nearness to agglomeration and industry clustering accounts for
positive spread effects notably in adjacent rural communitiessd studies do not directly test
the relationship between growth and industry cluster connectivity or variances in outcomes based
on type of cluster, but they do provide fertile ground for further exploration ofriegianal

cluster connectivity and uan-rural economic relationships based on cluster linkages.

Industry clusters are firms in related industries that are geographically concentrated and
leverage the benefits of their proximity, including knowledge spillovers, thick labor markets and
speciaized suppliers. For industry clusters to provide a development pathway for disparate parts
of regions, however, the spatial scale of their linkages must be regional. The industry cluster
literature discusses the spatial implications of these linkagegyribihinnovation and
knowledgebased activities are associated with greater urban density, while other activities such
as supply chain relationships and commuting exhibit broader regional, including rural, footprints.
Overall, linkages and their spatia@iades vary by cluster indicating that some clusters are better

suited as targets for bridging the urbramal divide than others.

Additionally, Porter (2003) examines regional economic performance, the composition of
regional economies, and the role adustry clusters in the economy measuring clusters at the
spatial scale of broad regions inclusive of highly urban and high rural places (Economic Areas).
He finds that key indicators of regional economic performance at the Economic Area level,
including wages, wage growth, employment growth and innovation, are strongly and positively
influenced by the strength of each regionds
that power of intraegional cluster connectivity at a scale spanning uamahrural but lack
clarity on how different clusters are situated within their regions or the prospects for connectivity

to positively impact different parts of regions.

c



Delgado and Zeuli (2016however pffer one of the few studies specifically examain
the impact ofndustry cluster linkagesithin regionson economic outcome$he authors find
that intraregional connectivity is positively associated with inner city employment growth. In
doing so, the authors offer an intiggional connectivity franweork, which this dissertation

extends to examining the urbaural divide.

Research Overview

The purpose of this research is to advance the policy debate on thewdathvide by
examining how intraegional industry cluster connectivity influencesdl economic outcomes.
By building on the work oDelgado and Zeuli (2016his dissertation explores the extent of
intracregional connectivity associated with different industry clusters; whether localities within a
region experience spread or backwash effects (employment growth) as a resultrefjiotral
connectivity via indistry clusters; and whether the magnitude of these effects vary by
community types and industry clust8pecifically, this analysis determinetether
connectivity indicated by a presence aflustry cluster employment axcouny and industry
clusterstrength(i.e., high relative employment presence based on a location quotient greater than
one)in the rest of the region outside of the coumyassociated with employment growth in
countieshetween 2010 and 2016ounty level onnectivity indicates thahe countyic | ust er i s
connected to the regional <cluster through inp

(Delgado and Zeuli 2016).

The study evaluates connectivity using standard county definitions, regions (Economic
Areas) as defined by the U.S. Bureau of Economic Analysis, industry cluster definitions
developed by the U.S. Cluster Mapping Project, and county rurality categoriéspaevey the

USDA (aggregated categories from the Rudban Continuum Codes). The units of analysis

4



are 77,346 countglusters.Countg | ust er jobs are sorted into th
presence anstrengthin the rest of the region) andabe that are not. Independeiaimples-tests

are conducted to compare annualized employment growth rates of the-clusieys under

connect and not connected conditions. Sepattatgts are also conducted for metropolitan
county-clusters, micropolitacounty-clusters, rural adjacent countjustersand remote rural
county-clusters across all industry clusters to determine whether connectivity impacts some

community typesind some industry clustemsore than others.

Hypotheses

This study hypothesizekdt connectivity to regional clusters will have positive, spread
effects on both urban and rural parts of regions, but that the magnitude of these effects will vary
by cluster type and by community type within regions. Thus, the specific hypotheses that ar

tested in this dissertation research are:

H1An industry clustethat has a presence in the county sineingthin the rest of the
region outside of the county (ficonnectedo
located in county withowttrength n t he rest of the region o
connectedo). The average ann@6ifozed empl o
countyclusters that are connected to their regional economies will be greater than for

countyclusters that are not connettti® their regional economies.

H2 The average annualized employment growth rates ¢2016) formetropolitan
county-clusters that are connected to their regional economies will be greater than for

metropolitancounty-clusters that are not connected teitliegional economies.



Hs The average annualized employment growth rates (2016) formicropolitan
county-clusters that are connected to their regional economies will be greater than for

micropolitancounty-clusters that are not connected to theirargi economies.

H4 The average annualized employment growth rates ¢2016) forrural adjacent
county-clusters that are connected to their regional economies will be greater than for

rural adjacentcounty-clusters that are not connected to their regienahomies.

Hs The average annualized employment growth rates ¢2016) forrural remote
county-clusters that are connected to their regional economies will be greater than for

rural remotecounty-clusters that are not connected to their regional ecasomi

He In terms of comparative magnitude of the average employment growth rate
differences between connected and not connected colusiters by county type:

Rural Adjacent > Micropolitan > Metropolitan > Rural Remote

H~ Differences in the average annaatl employment growth rates (202016) for
connected and not connected coucltysters byindustry clustewill vary by industry

cluster and by county type.

Overall, this research hypotheses that connectivity based on industry cluster linkages will
bendit communities throughout regions, both urban and rural. The literature has specified that
rural adjacent communities will benefit most given their proximity to metropolitan
agglomeration, and that remote rural communities will benefit least. Less wodedsbwever,
is the impact of connectivity on micropolitan and metropolitan areas, and even less still is known

about the variance in impact based on industry cluster type.



The results of the study suggest that inegional economic connectivity has a positive
association with countgluster employment growth across all county types. These results are
strongest for remote rural communities, challenging previous findingsetimate rural
communities benefit least. It is significant, too, that metropolitan counties benefit from intra
regional connectivity with some of the greatest advantages derived from connections with rural
based clusterg\dditionally, the magnitude ofreployment growth impactgariesby industry
cluster type, indicating that the footprint of cluster linkages, and their interactions within regions,

must beconsideredvhen policy leaders and practitionaopta clusterbased approach



LITERATURE REVIEW

Introduction

Regional economic connectivity has its theoretical underpinnings in two distinct but
related bodies of literature. The first is the field of economic geography, namely theories of
regi onal economic concentr at i onissaeofiwhetherfof usi on
not regional disparities in the level of growth and development are likely to remain persistent or
even worsen in the absence of public interven
answer the question of whether both urbanranal parts of regions can participate in and
benefit from the broader regional economy. The second body of literature regards industry
clusters, specifically the geographic scale of clusters and their potential to extend beyond
metropolitan cores withiregions. For each, | outline the theoretical underpinnings, followed by

a review of empirical applications and implications for urbamal economic connectivity

Economic Geography: Regional Concentration and Diffusion

Perrouxds ( 195@iscegtmraldaovthe bodypobtheeriestohregmnal
concentration and diffusiorli r schmandés (1958) wunbal anced gr ow
cumulative causation theories are extensions of growth pole theory and are differentiated based
on t he e c o actvesiobwheth@r ppsiéivie (spread) or negative (backwash) effects
dominate the intraegional economic relationshiSpread effects, such as input suppliers in the
periphery for industries in the core, are types of economic connections between #&lcore
periphery that are positive and benefit both parts of the region. Backwash effects, such as
migration of labor and financial capital from the periphery to the core, are negative economic

relationships that drain the periphery to benefit the core.



According to Perroux (1950), growth is characterized as an uneven process, with economic
activity concentrating in areas, or growth poles, that offer the asssdsircesand environment
necessary to support and sustain major industries. Business and ésdugtrirelationships to
the "pole, 0 such a prospeningpnd faieng along witreticeaomenank i n k e d
industry. Perrouxo6s initial presentation of g
spatial development but focused moretioe relationship between core industries and other
activities within its fAeconomic sphere, 0 whet
outside the region via customers. Later, Perroux (1988) evolved his theory for practical
application to eacount the rise of concentrated economic activity in the form of agglomeration.
Simply put, fAaggl omeration economies are the
near one another together in cThedbsequerand i ndus
implication of more concentrated spatial development within regions led to the concept of
Agrowth centers, o0 often the urban core parts

However, fAone of the most basic assumptions
effectof growth will spread or diffusThisto the per
relationship is assumed to exist, but little attention is given to how linkages develop. Other
strands of regional concentrati ohcenterst di f f usi
answer this basic question of how and whether the economic relationship between parts of
regions were or could be positive and symbiotic (spread effects), or innately negative (backwash
effects).

Hi rschmands (1958) c lopresumpstposiivie sppeadefiectaforothed g r o
core to the periphery through a #mutpui ckl e down

relationships that increase purchases and investments in underdeveloped areas. Although



Hirschman agreed that some level efative backwash effects, such as outmigration and capital
flight from the periphery to the core, are possible at early stages of core development, over time,
he posited thatositive spread effects, such as investment and fsuymlier relationshipsyil |
become more prevalent. The spatial structure of economic activity in regions is thereby
characterized by mutually reinforcing economic connectivity between the core and periphery
Myrdal (1957), on the other hand, argues that backwash effects dothimaté&aregional
relationship. In his cumulative causation theory, Myrdal describes market forces that perpetuate
growth in urban cores at the expense of the rural periphery, further isolating peripheries.
According to Myrdal, proximity to growth centerssults in backwash effects. He notes that
some level of spread effects is possible, such as growing markets for primary goods and
increased demand for raw materials produced in the periphery (Malizia and Feser 1999), but that
negative backwash and weakédreconomic connectivity generally characterize the-intra
regional economic dynamic.
Krugman (1991) later argued that a epegiphery economic structure may exist for a
number of years, but that overtime small shifts in economic structure, such as/astment,
Acan set off a rapid cumulative process of
(Hughes and Holland 1994je notes that this process of divergence and greateretialice, or
import substitution, in the periphery often occurshesdore becomes more connected with the

global economy.

Several empirical studies examine iAtegional economic dynamics from the regional
concentration and diffusion theoretical lens to test whether backwash or spread effects dominate
the urbarrural e&onomic relationship. These studies focus on connections including commuting,

employment growth, population growth and trading. For example, L&\aer,and Holland

10



(2013) analyzed commuting and trade relationships between the core and periphery of the
Patland economic region between 198206. They found that economic growth of the core led

to increased commuting from the periphery to the core (backwash effect). Sectoral linkages and
within region trading relationships changed significantly, with th@pery increasing self

sufficiency via import substitution, as described by Krugman (1991). Import substitution in the
periphery was made possible by fAthe power f ul
through transfer p aWebesand Rah 2000) Thie eotkeon thd othéra x e s 0
hand, became better integrated with the rest of the world via globalization and decreased its
reliance on the periphery for goods and services. Overall, L&aber,and Holland (2013)

find evidence of increasdzhckwash effects and decreased sectoral linkages between the core

and periphery, countering theories that cores, or growth centers, will produce positive outcomes

in rural areas without strategic intervention

Similarly, Dabson, JohnsoMiller, and Robison (2009) examine sectoral linkages and
intracregional trade flows between urban and rural areas in central Appalachia. They find that
rural Appalachia experienced significant backwash effects due to proximity to growing core
areas, including outmigraticand capital flight to urban cores, decreased economic
diversification and increased dependence on natural resource extraction. However, lack of import
substitution in the Appalachian periphery stands in contrast to the increasedli@etfe of rural
patts of Portland, resulting in more significant integgional disparities in the former.

The studies above suggest that as urban economies grow, surrounding rural communities
diverge and weaken. Barkleienry,and Boa (1996), however, add nuance to theystd
urbanrural economic dynamics by specifically accounting for inégional context. The

authors examine the impact of urban population growth on population change in urban fringe and
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isolated rural places in eight smaller southern economic regengén 1980 and 1990. They
account for the proximity of rural communities to their urban cores and find that rural areas at
the urban fringe benefit from urban growth as population decentralizes out from the core.

Citing Castel, Wu and Weber (2011) angitr, Bell, Bockstael, Newburn, Partridge and Wu
(2009) , Dabson (2019) notes that nAfalling t

change and economic restructuring, rising incomes and changing tastes for natural amenities all

r

a

drive thisproce s of decentralization (or deconcentrat

attribute the benefits of proximity to the ascendance of agglomeration economies and
recommend that Anonmetropolitan communities
econonic development efforts with a regional or metropolitan core focus, and also from
programs that enhance their |Iinkages to the
communities, population trends in more remote rural areas exhibit backifests with
stagnation or decline resulting from urban growth.

Similarly, Partridge, Rickman, Ali and Olfert (2008) examine how proximity to urban cores
affects population and employment growth in rural areas over the period 620060They
find thatthe further a county is from larger urban areas, the lower its job and population growth.
The authors conclude that fAdespite declines
communication and the dispersion of manufacturing tedost locations, theconomic costs of
remoteness appear to be increasing.o In a r
Dabson (2019) notes, Aithe spread effects ar
for those rural communities that can offegh quality of life and services for commuting

residents. The larger the urban center, the greater its impact on outlying rural econainies
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Overall, empirical studies of regional economic diffusion and concentration have most often
bore out negative economic dynamics, or backwash effects, between urban and rural areas within
regions. However, studies offering a more contextual perspectivieutety when accounting
for proximity, confirm economic opportunities for rural areas as a result of greater regional
economic connectivity and access to urban agglomeration. These findings have strong
implications for economic development both broadlyegions and specifically in parts of
regions outside of metropolitan cores. They encourage economic development practitioners to
look to urban agglomeration as a pathway for greater economic growth ancgitnaal
economic convergence. These studmoduce proximity as a key factor impacting urvaral
economic connectivity, implying that nearness to agglomeration and industry clustering accounts
for positive spread effects notably in adjacent rural communities.

Critically, although the economielationship between urban and rural based on commuting,
population trends and trade have been explored and are assumed to be largely grounded in urban
agglomeration, the specific relationship between agglomeration andmumrahiconnectivity has
not beerexaminedIndeed, the very nature of agglomeration economies is presumed to be urban
and tightly concentrated. So, what are the opportunities for urban and rural areas to sustain and
grow their local and regional economies via participation in regionaktnglclusters? The next
section compliments the economic geography literature on regional concentration and dispersion
with business development literature exploring the spatial implications of agglomeration

economies and the capacity of industry clugieisgpan urban and rural areas within regions.
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Industry Clusters

Competitive nations are made up of competitive regions, and competitive regions consist of
localized collections of firms that share common factors, exchange information, atitl yet
engage in competition.Porter (2003)

Industry clusters have emerged over the past 30 years as a central focus of economic
development. The cluster concept was introduced by Michael Porter in his seminal hneork,
Competitive Advantage of Natio(©90), and draws on a long history of agglomeration
economy theory and foundations, namely that of localization economies introduced by Alfred
Marshall (1920). Industry clusters are firms in related industries that are geographically
concentrated and leveya the benefits of their proximity, including knowledge spillovers, thick
labor markets and specialized suppliers. Firms that are part of clusters utilize the benefits of their
proximity to create a networ k llingechaiesdandor t her
horizontally, through complementary products and services, the use of similar specialized inputs,
technologies or institutions, and other linkages" (Porter 1998). Clusters contrast previous Fordist
models of firm and industry organizatt where all phases and aspects of productien
performed irhouse (Piore and Sable 1984). Industry clusters arise oveintihieinct
geographiess a result of the successful integration of underlying processetsand local
condi ti ochisgmmnrd tcdhfe diompeti ti ve advantageo (Por
factor conditions, demand conditions, related and supporting industries, and firm strategy,

structure and rivalry that are linked and drive cluster formation and growth:

Factor or inpu conditionsarefactors of production common to all firms in a cluster,
such as skilled labor, specializedirastructureand educational institutions. Since factor

conditions are specialized to a group of firms in a location, the location itself deaelops

14



competitive advantage for the services and products developed by the cluster, which is
reinforced over time as demand increases.

Demand conditionsor the presence of sophisticated and demanding local customers and
niche markets, in a region enableustty cluster firms to more quickly understand

demand, test goods and services, and innovate. This process is particularly beneficial to
entrepreneurs who can test and refine products and services &ahliggionallybefore

taking them to thglobal market (Martin 2011).

Supporting industriescapable, locally based suppliers and competitive related industries
create a supportive web of providers for firms in the cluster. As technical problems arise

or demand changes, cooperation between fanustheir suppliers leads to innovation

because these firms must exchange information and knowledge about new processes and
products. AThe benefits to swuspppliersgan | ocat i
from the nearby market for their output, iehclient firms in the cluster gain from easy
access to a range of serviceso (Cortright
Firm strategy and rivalryare another important feature of how industry cluster firms

interact in a way that is competitive and cooperative with each othérnfsscompete,

they invest and innovate to differentiate themselves. But given the broadly shared
resources within their common location (i.e. workforce, infrastructure, etc.) there is also
incentive for them to cooperate via joint problem solving to eskdimdustry wide issues

(Malizia and Feser 1999).

As a result of these factors, the economic impacts of industry clusters tend to be greater

than the sum of their parts. Firms that are part of clusters are more productive than those that are
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not, and the implications for economic development are significamely because the impact

of clusters are regiewide, not industry or company specific.

Most industry cluster studies, including those by Porter and his colleagues, measure
clusters at a regional scale that is inclusive of urban and rural areasnttc@reas. This is
pertinent to this dissertation because Economic Area regions are larger théocuaeeel regions
(i.e. Metropolitan Statistical Areas) and include a broader spectrum of community types, from
very urban to very rural. These regions@re si gnated in Porteros indus
U.S. Cluster Mapping Project, as a core level of geography for measuring clusters. For example,
using Economic Area regions, Porter (2003) examines regional economic performance, the
composition of egional economies, and the role of clusters in the U.S. economy over the period
of 1990 to 2000He finds that key indicators of regional economic performance at the Economic
Area level, including wages, wage growth, employment growth and innovatiotrcarglyy and

positively influenced by the strength of each

In a 2014 study, Delgado, Porter and Stern examine the role of clusters in the employment
and innovation growth of the individual industries that constitute each cluster. figip®ints
to the positive impact that high concentrations of cluster employment (cluster strength) have not
only on those firms directly within industry clusters, but also on regional (Economic Area)
economic performance, including the growth rate ofaye wages, establishments and
patenting within regions. The results suggest that the effect of spillovers associated with cluster
activity is a key driver of growth and job creation beyond the cluster itself. In an examination of
the impact of clusters aentrepreneurship specifically, Delgado, Porter and Stern (2010) found
that industries located in Economic Area regions with strong clusters experience higher growth

in new business formation and stapg employment and have greater stgrtfirm survival.
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Strong clusters are also associated with the formation of new establishments of existing firms,
thus influencing the location decision of mutistablishment firms. Overall, the evidence

supports industry clusters and their significant economic impastges, jobsproductivity,

and new business creation, along with positive impacts on the broader (urban and rural) regional

economies, and local economies in which they operate.

Il n a more recent study, Del gadoonthatihnete ul i ( 2
economic development should consider connectivity with the regional economy as a growth
path. The authors offer one of the few studies examining industry cluster growth at a lower level
of geography as it relates relationship to conmégtvith agglomeration at a higher regional
geography. Although their regional scale is m
that intraregional connectivity is indeed positively associated with inner city employment
growth. Indoingso,theut hor s 6 -cefidna connaativityi framhewak to approach the

study of industry clusters.

These consistently positive economic impacts, as well as the simplicity of the concept, has
led to the widespread uptake of strategies to support indiissters among economic
development practitioners (Wolman and Hincapie 2014). Martin and Sunley (2003) warn,
however, that Athe mere popularity of a const
Specifically, t he aafgebgoaphgal definitiang asoure the dzeand er 6 s
density of clusters and the degree of Il inkage
spatial scale, and over what geographical range, do clustering processédsr(iriiekages,
knowledge spillove s, rivalry, business and soci al net w
Sunley (2003) introduce specific questions about the spatial scale, the extentagiutnal

industry cluster linkages and t he mpaetnpgtaphi c
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the heart of this dissertationds inquiry abou

connectivity between urban and rural communities.

Sever al researchers have approached the ques
concept, finding that variations stem from types of linkages present in the cluster (Markusen
1999). For example, Jaffe et al. (1993) and Rosenthal and Strange (2001) find that knowledge
spillovers and highly innovative cluster activity are more prevalentredwmer metropolitan and
even neighborhood scales. Knowledge spillover
concentration of many people working on a similar set of economic problems produces a widely
shared understanding of an industry anditswatkg s 6 ( Cor tri ght 2006) . Ro
(2001) also find that cluster supply chain relationships and labor markets operate at broader

regional and sometimes state scales.

Feser and Isserman (2009) find that rural areas play an integral part it \zagiets of
clusters, from those that are global and national in scope to those that are highly localized. Their
findings suggest that less urbanized parts of regions have the capacity through value chains to
leverage the advantages of rural locationdfminesses and industries that are part of
agglomerations. While acknowledging rural linkages outside of their regions, the authors note
al so that fithe most i mportant cluster for a g
based intherurallocaliy it sel f or in a nearby urban areao
Additionally, Dabson (2011) notes that cluster activity involving extensive supply chain
relationships and production with Afirms and
operaé-1 i ke natur al resource industries and | ar g:¢e

sustained in rural areas.
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Gap

Connectivity and linkages are hallmarks of industry clusters, from labor market pooling and
supplier specialization to knowledge spillovers and local demand. As noted in the literature,
these cluster foundations have distinct geographical patterns vations, with innovation and
knowledgebased activities associated with greater urban density, while other activities such as
supply chain relationships and commuting associated with broader regional, including rural,
footprints. While the scale of individiilinkages has been examined, the clulstesed

combination of linkages within regions has not.

Limited empirical analysis provides evidence of these linkages crossing therurabn
divide, but industry cluster research lacks clarity on the extentoartnural connectivity or the
impact of intraregional connectivity for different types of industry clusters. Porter and his
colleagues offer studies of regional clusters measured at regional scales inclusive of both urban
and rural areas, but they do dfer insights about how clusters are situated with these regions.
As a result, the practice of economic development is left to make assumptions about the benefits
and behavior of agglomeration for different parts of regions. Additionally, and perhaps most
important, when examining the impact of clusters, cluster studies examine industry clusters in

the aggregate, and do not pinpoint differences in these outcomes by cluster type

This approach to studying industry clusters has led to critiques, sudit &®th Martin and
Sunley (2003), about the difficulty of identifying clusters due to the extensive variation across
clusters and the ways that clusters operate within different regional contexts Cor t r i ght 6 s

(2016) thorough review of industry clusteh® acknowledges the variation and proposes that

éthe most potent antidote to ambiguity
academics and researchers to step back from the objective of making sweeping, universal
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statements or hypotheses about clustatsto be more nuanced in their descriptions and
analysis of different kinds of industry clusters. Rather than working to prove (or
disprove) that clustering generally is a benefit to economic performance, research would
better be directed to discoveritige specific characteristics of clusters that lead to such
performance.

One core characteristic of industry clusters that has not yet been explored is the extent to
which urban and rural economies benefit from (or are disadvantaged from) connectivity to
regional clusters and agglomeration activity and how this varies in different parts of regions and
by different types of industry clusters. While theories debate whether spread (positive) or
backwash (negative) effects dominate the urheaial economic relanship, the introduction of
proximity to agglomeration provided a more nuanced view suggesting a pathway for rural and
regional growth that rests on connectivity. These studies do not directly test the relationship
between growth and industry clustercenmt i vi ty (using instead fApr o>
outcomes based on type of cluster, but they do provide fertile ground for further exploration of

intracregional cluster connectivity and urbeural economic relationships based on linkages via

agglomeréion and industry clusters.

To fill this gap, this study hypothesizes that connectivity to regional clusters will have
positive, spread effects on both urban and rural parts of regions, but that the magnitude of these
effects will vary by cluster type ary community type. Specifically, this dissertation explores
the extent of intraegional connectivity associated with different industry clusters; whether
localities within a region experience spread or backwash effects (employment growth) as a result
of intra-regional connectivity via industry clusters; and whether the magnitude of these effects

vary by different types of communities and different industry clusters.
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Understanding intraegional cluster connectivity is more than an academic exercise. It i
intended to inform the field of practice and identify the opportunities for urban and rural areas to
sustain and grow their local economies via participation in regional industry clusters. The extent
and impact of intraegional economic connectivity wWhave significant implications for
strategic priorities, public intervention and investments, namely local and regional business

development and retention, workforce development and infrastructure strategies.
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DATA AND RESEARCH DESIGN

Introduction

This research applies an industry cluster framework to evaluate the strength-of intra
regional economic connectivity across industry cluster types in U.S. Economic Areas (EA) and
to determine whether this connectivity is associated with employment gnowtban and rural
communities between 2010 and 2016. The analysis determines the connectivity between industry
cluster employment in counties and industry clustemgthin the rest of the region (EA)
outside of the county. The countyl ust er eidsd Adonmect i n an i ndust
in the county and strong (i.e., high relative employment presence) in the rest of the region. As a
result, the county e v e | Acluster is connected to the reg

andoter potenti al l inkageso (Delgado and Zeul i

The research tests whether connectivity matters for economic growth. If connectivity to
regional clusters positively impacts local growth, it signals that agglomeration effects arise
across the same clustarthe county and in its surrounding region and that spread effects
characterize the relationship between broader regional agglomeration and local economic
growth. Therefore, an industry cluster approach connected to strong regional clusters may
present anew, viable path for local economic development, particularly in struggling

communities.

Data

Connectivity and economic impact are evaluated by inde&isterand by community
type using standard county definitions, regions (Economic Areas) as defined by the U.S. Bureau

of Economic Analysis, and industry cluster definitions developed by the U.S. Cluster Mapping
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Project. This section defines the primary levejebgraphies, as well as county designations as
metropolitan, micropolitan, rural adjacent and rural remote. Industry cluster definitions are

explained, followed by a discussion of tlesearch design

Urban and Rural

In this analysis, counties are thasic level of geography from which this analysis is
based. To understand intragional dynamics between different parts of regions, counties are
assigned a rurality categorgither metropolitan, micropolitan, rural adjacent or rural remote.
These categees are adapted from the USDA Rut#ban Continuum Code (RUCCs) and used
in the analysis to determine whether iftegional connectivity and employment impacts occur
across community types within the same regions and vary among community types. s is we
documented, the terms Aurband and Arural 06 can
Of fice of Budget and Management (OMB) defines
ot her counties as-m@miropop ol iatreaddaaiomonedeadilyad n  Wh i
available using these categories, the terms mask extensive variation among different types of
urban and rural places.

For greater nuance, the U.S. Census Bureau defines rurality based on population size,
density, land use and distae to an urban area. Within these parameters, the Bureau defines
three levels of rurality: completely rural, mostiyral,and mostly urban. The core challenge with
these definitions is that according to the Census definitions, 20 percent of completely rur
counties and 31 percent of mostly rural counties are part of-OdiBed metropolitan areas.
Likewise, six percent of mostly urban counties are designated asetopolitan.

Alternatively, the U.S. Department of Agriculture Economic Rese@erhice offers a

more refined approach and defines counties based onBurah Continuum Codes (RUCCSs).
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According to USDA, the 2013 Rurélrban Continuum Codes form a classification scheme that
distinguishes metropolitan counties by the population dieeir metropolitan area, and
nonmetropolitan counties by degree of urbanization and adjacency to a metropolitan area. The
official OMB metropolitan and nonmetropolitan categories have been subdivided into three
metropolitan and six nonmetropolitan catege. Each county in the U.S. is assigned one of the

nine codesKigure 1).! This scheme allows researchers to break county data into finer groups,
beyond metropolitan and nonmetropolitan, particularly for the analysis of trends in
nonmetropolitan areabdt are related to population density and regional economic influence.
These codes are therefore most suitable for the purposes of this research given the focus on intra

regional economic linkages.

1 For Virginia, USDA ERS combined nonmetro independent cities with their counties of origin when computing the
Ruralurban continuum Codes.
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Figure 1: Rural-Urban Continuum Codes (RUCCSs) with Aggegated County Types

3

4

RUCCs Metropolitan County Codes RUCCs Definition

Counties in metro areas of 1 million
population or more

Counties in metro areas of 250,000 to 1
million population

Counties in metro areas of fewer than
250,000 population

RUCCs Nonmetropolitan County Codes

Urban population of 20,000 or more,
adjacent to a metro area

Urban population of 20,000 or more, not
adjacent to a metro area

Urban population of 2,500 to 19,999,
adjacent to a metro area

Urban population of 2,500 to 19,999, not
adjacent to a metro area

Completely rural or less than 2,500 urban
population, adjacent to a metro area
Completely rural or less than 2,500 urban,
not adjacent to a metro area

McFarland County Type

Metropolitan
Metropolitan

Metropolitan

Rural Adjacent
Micropolitan
Rural Adjacent
Rural Remote
Rural Adjacent

Rural Remote

In order to both leverage the nuances of RUCCs and to have a reasonable number of

categories to conduct comparative analysis, RUCCs categories are collapsed into community

types that are based in the literature as engaging in regiooabmies in distinct ways. Figure 1

details the USDA codes and how they align with the aggregation used in this analysis (i.e.,

ifiMcFarl and

Metropolitancounties include all counties in metropolitan areas of 1 million population

county type: 0 metropolitan,

mi

crop

or more (RUCCs 1), counties in metro areas of 250,000 to 1 million population (RUCCs 2), and

counties in metro areas of fewer than 250,000 population (RUCCs 3). In total, théréad

metropolitan countiedMicropolitan counties are delineated using RUCCs 5, urban population of

20,000 or more, not adjacent to a metro area. These counties are comparable to the OMB

definition of micropolitan statistical areas which consist ofcihenty or counties (or equivalent
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entities) associated with at least one urban cluster of at least 10,000 but less than 50,000
population, plus adjacent counties having a high degree of social and economic integration with
the core as measured through caming ties. There are 654 micropolitan countiesral
adjacentcommunities are outside of metropolitan areas but adjacent to them. Rural adjacent
counties include RUCCs 4, 6 and 8 and comprise 646 couRtiesl. remotecounties are

outside of metropolitaareas and are not adjacent to them. They include RUCCs 7 and 9 and
comprise 676 counties. These four categories of community types within régratsopolitan,
micropolitan, rural adjacent and rural remetgeate consistency with the technical deiom

and intraregional dynamics of EAs. In the analysis, data are presented as metropolitan,

micropolitan, rural adjacent and rural remote portions of their regions.

Economic Area Regions

The definition of Aregi on Area(EA)IThedé&sd i n t hi
Bureau of Economic Analysis (BEA) identifies 179 economically cohesive geographic units that
comprise all counties in the U.S. EAs define relevant regional markets surrounding metropolitan
and micropolitan areas, including rural arédse core building blocks of EAs counties. EAs
are widely used in studies of industry clusters and EAs are also widely used throughout the
federal government and in the private sector. According to the BEA, examples of federal
government uses includefaeng national transportation analysis regions, assessing competition
levels in markets for oil pipeline services, and defining mobile communication licensing
territories. Regional councils of government and economic development agencies use EAs for
reseach and market analyses, while the private sector uses the areas to determine markets for

products.
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Economic Areas are very diverse when viewed by population size, locations across the
country and internal urbamiral dynamicsAppendix 1).2 The averag@opulation size of an EA
is 1,808,609Kigure 2) . EAG6s range f r o-MewarkBeidgépart NY&lEt , New
CT-PA, at 23,815,321, to the smallest, Aberdeen, SD at 82,553, with a standard deviation of
3,017,540Across broader Census regions with th8. (Northeast, Midwest, South and West),
most Economic Areaare inthe South (44%), with 30 percent in the Midwest, 16 percent in the
West and 10 percent in the Northe&sg(re 3).

Figure 2: Descriptive Statistics for Economic Area 201@opulation

Mean 1800357
Median 790005
Standard Deviation 3017540
Minimum 82553
Maximum 23815321
Count 178

2The San Diego Economic Area is excluded from this analysis because the entire region is contained in only one
couny . Cal culating industry cluster specialization fiouts
the San Diego region.
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Figure 3: Percent of Economic Areas in each Census Region

= Midwest

= Northeast

= South
West

In addition to population and location across the country, Economic Areasaysoy
their internal urbamural dynamicsKigure4) . The previ oursursalcd i et ainl
how counties within EAs are categorized utilizing an aggregated-Rumah Continuum Code
(RUCCs) schememetropolitan, micropolitan, rural adjacent andal remote counties. While
94 EAs have all four types of counties within their borders, several, such as Kernewick
RichlandPasco, WA; Pensacekerry PasBrent, FL; San Dieg&arlshadSan Marcos, CA;
and Tampet. Petersburglearwater, FL, are comged entirely of metropolitan counties.
Thirty-three regions have two designations, including some with micropolitan and rural remote
counties, while others have metropolitan counties and either micropolitan or rural adjacent
counties. Fortyeight regions ave three designations; 30 of which have metropolitan,
micropolitan and rural adjacent counties, but no rural remote counties. Five do not have
metropolitan counties: Helena, MT; Mason City, IA; Paducah;IKYScotts Bluff, NE; and

Tupelo, MS.
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Figure 4: Percent of Economic Areas with each Number of County Types

2%

® 4 county types

m 3 county types

m 2 county types
1 county type

SourceAuthor's calculations based on USDA RUCCs codes and BEA Economic Area

One shortcoming of using EAs for this analysis is the heterogeneity of-urtzn
dynamics. Using EAs as the regional level of geography presupposes that the impact of, say,
intracregional Aerospace Vehicles and Defense cluster linkages on micropolitan parts of regions
operate consistently from EA to EA. Clearly, however, extensive variation exists in the urban
rural composition of regions. For example, a micropolitan county in a regibmetropolitan
counties has a different intragional economic dynamic than a region with no metropolitan
counties. In the first scenario metropolitan and micropolitan areas may compete for similar
industry cluster firms and functions, whereas ingbeond, the micropolitan area may serve as
the only core urbatype agglomeration within the region. To control for this variation, the
analysis includes statistical significance measures to determine whether average differences in
economic outcomes prodeat by connected and not connected clusters experience significant

variation across county types and industry clusters, or whether the findings are more consistent
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across county types and clusters, even within differing unbicai regional contexts. If esthsive
variation in the economic impact of connectivity exists for a cluster or type of county, the result

will not show statistical significance.

Industry Clusters

This analysis uses the definition of industry clusters developed by Delgado, Porter and
Stern (2016). To create cluster definitions, they group together narrowly defined U.S. industry
codes that show significant intgrdustry linkages based on inpafitpu measures, labor
occupations, and the docation patterns of employment and establishments (Ketels 2017). The
main underlying data source for cluster definitions is the U.S. Census Bureau's County Business
Patterns data set on employment, establishmandsywages by sigligit NAICS code (North
American Industry Classification System). These data are available via the Harvard Business
School'dnstitute for Strategy and Competitiveness U.S. Cluster Mapping Project, a national
economic initiative that progles over 50 million open data records on industry clusters and

regional business environments in the U.S.

This analysis specifically utilizes the 51 traded sector clusters developed by the project,
and these clusters are accounted for in each countig@mbmic Area. Traded clusters are the
focus of this analysis because they serve markets beyond the region and have several notable
characteristicsThey are highly concentrated in a few regions with specific competitive
advantages and they drive high lisvef overall regional economic performance. While local
clusters account for most of the employment and employment growth in regional economies,
traded clusters register higher wages, much higher levels of innovation, and greater overall

economic impactKetels 2017).
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In addition to traded vs. local, industry clusters can also be characterized by the scope of
their presence in different parts of regions. As noted earlier, depending on the predominant
linkages and combination of linkages, clusters fala@pectrum from highly metropolitan to
more rural.This researcidentifies the intraegional employment share of industry clusters
within EAs to gauge where different clusters fall on this spectrum. Employment share is based
on county industry cluster gasfoyment data provided by the U.S. Cluster Mapping Project
aggregated by county type. The share of industry cluster jobs for each ahakster each

county type igpresentedKigure 5).
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Industry clusters range from highly metropolitan, such as Aerospace Vehicles and
Defense and Biopharmaceuticals to highly rural, such as Forestry and Coal Mining. This feature
is introduced into the analysis to understand whether and how thedgtomalgeography of
cluster employment affects whether cluster connectivity results in spread or backwash effects on
different types of communities within regions. For example, does rural adjacent connectivity to
the highly metropolitan Aerospace Vehicles andelDse cluster result in greater employment
growth to support the cluster in the core with related activities such as parts manufacturing
(spread), or does it result in backwash effects where connectivity to the cluster creates intra
regional competition li&veen the rural adjacent and metropolitan areas leading to decline in

cluster employment in the rural adjacent community?

Research Design

To assess the impact of inregional cluster linkages on county employment growth, this
research adapts an approaeveloped by Delgado and Zeuli (2016). Delgado and Zeuli (2016)
examine whether innagity industry connections to metropolitan regional clusters impact-inner
city employment growth. This connectivity between local and regional clusters indicategthat th
mechanisms of agglomeration such as skilled labor, sophisticated and demanding local
customers, niche marketyppliersand related industries, are at work regionally and have a
positive influence on local development. The authors find that the strefigih cluster in the
metropolitan region is positively associated with employment growth within the citger
clustet An i mportant contribution of Delgado and
the cluster composition of inner cities aheéir nearby regions. They find that inner cities vary in

their cluster composition and in their degree of connectivity to the regional clusters.
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In accordance with Delgado and Zeuli (2016), and unlike most other industry cluster studies,
this research emines intraregional connectivity impacts by industry cluster type, allowing for
more refined results and more specific policy recommendations. Although this dissertation builds
on the industry cluster connectivity framework presented by Delgado and Zi&Lai), it departs
from their analysis in two specific ways. First, this dissertation examines higher order
geographies, i.e. counties instead of inner cities and Economic Areas instead of metropolitan
areas. Additionally, this research examines connigctiwmd its impacts across different types of
communities within a region (metropolitan, micropolitan, etc.,), not just inner cities where
industry clusters are presumed to operate. Both adaptations allow for a fuller analysis-of urban

rural implications.

Overall, this design helps uncover whether imégional connectivity benefits local growth
beyond a metropolitan setting. It also broadens the utility of a framework based on industry
clusters to economic developers in all types of communities, includiabones, not just inner
city or urban. Lastly, conducting separate analyses on different types of industry clusters by
county type allows for a very specific understanding of the connectivity contexts in which

specific clusters thrive and others do.not

Presentation of Hypotheses

This research hypothesizes that clusters in counties that are connected to their regional
economies experience greater employment growth than those that are not connected, with
differences emerging across different typesahmunities and across different types of industry

clusters. Thus, the specific hypotheses that are tested in this dissertation research are:
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H1An industry cluster that has a presence in the county and specialization in the rest

of the region outside ohte county (Aconnectedo) will gr
cluster located in county without specialization in the rest of the region outside of the
county (Anot connectedo). The average ann
2016) for countyclusters thatr@ connected to their regional economies will be

greater than for courtglusters that are not connected to their regional economies.

H2 The average annualized employment growth rates ¢2016) formetropolitan
county-clusters that are connected to threigional economies will be greater than for

metropolitancounty-clusters that are not connected to their regional economies.

Hs The average annualized employment growth rates ¢€2016) formicropolitan
county-clusters that are connected to their regl@tonomies will be greater than for

micropolitancounty-clusters that are not connected to their regional economies.

Ha The average annualized employment growth rates (2016) forrural adjacent
county-clusters that are connected to their regional economies will be greater than for

rural adjacentcounty-clusters that are not connected to their regional economies.

Hs The average annualized employment growth rates ¢2016) forrural remote
count-clusters that are connected to their regional economies will be greater than for

rural remotecounty-clusters that are not connected to their regional economies.

He In terms of comparative magnitude of the average employment growth rate
differences betwen connected and not connected cowhingters by county type:

Rural Adjacent > Micropolitan > Metropolitan > Rural Remote
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H~ Differences in the average annualized employment growth rates-22A8) for
connected and not connected coucltysters byindustry clusterwill vary by industry

cluster and by county type.

As noted by Partridge, Rickman, Ali and Olfert (2008) and Barkley, Henry and Boa (1996),
agglomeration has positive impacts on the economic outcomes of nearby rural communities and
therefore lexpect that connectivity will have a sizable impact on rural adjacent communities.

The same authors conclude that agglomeration will have significantly less impact in remote rural
communities and may even result in backwash effects. Specifically, PeytRadgman, Ali and

Ol fert (2008) note that Mndespite declines 1in
communication and the dispersion of manufacturing tedost locations, the economic costs of
remoteness appear t o b epectsforrermotesurahagecas@re The econ
presumed to have minimal connection to the broader regional economy and less positive benefits

from connectivity.

For metropolitan areas, authors like Lewin, et al. (2013) suggest that as globalization takes
hold, metropbtan areas are much less likely to benefit from kn&ggional connectivity, and
more likely to benefit from connections outside of the region and around the world. Although
less work has been conducted on regional connectivity and micropolitan areas aDe\Crews
(2019) find that micropolitan proximity to growing metropolitan areas is a strong indicator of
micropolitan performancé his suggests that connectivity with the broader region, and
specifically with metropolitan clusters, results in spreffekces for micropolitan areas. In terms
of variation in magnitude of impacts by industry cluster, Delgado and Zeuli (2016) find that

nearly all innercity industry clusters benefit from intragional connectivity. Given the
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extensive variation across regs and across types of cluster linkages present within clusters,

this research hypotheses greater variation th
Methodology

To examine the impact of intr@gional economic connectivity on cousdlusters, all
observations are first categorized as ftconnec
tests are then performed to assess whether significant differencesumtltadized employment
growth rate (20142016) exist between connected and not connected cbassd clusters. A
cluster within a county is ficonnectedo if the

rest of the region.

A cluster is consided present in a county if there are at least 10 jobs within the county in
the initial year 2010. This minimal number of jobs indicates that there is at least some presence
of the cluster and potential for further growtfihe 1Gjob threshold is also udéby Delgado and
Zeul i (2016), and specific to their study, ob
empl oyees [in the base year] to avoid noisy o
across all counties with less than 10 jobs waeklilt in many observations indicating extremely
high levels of employment growth for very minimal new jobs added, thereby skewing the results.
With all counties in 178 regions across 51 traded clusters (those where cluster presence is at least
10jobs)t hi s analysis includes 77,346 «wthuguersbsoer

82,896 countycluster observations are excluded from the analysis based onjihie thGeshold.

3In addition to a minimum job threshold, Delgado and Zeuli (2016) also normalize across locations by applying a
location quotient threshold. Triormaliz cluster jobs across counties while still accounting for emerging cluaters
minimum location quotient, paired with the-jdb minimumwastested The new definition excludefiéwer than

five percent of cases and didt affect the results of the analysitierefore, only the Hbb minimum waautilized

in this analysis (for more, see Conclusion).

37



Next, the strength of the cluster in the rest of the Economic Area ewtide county is
determined using a location quotient formula. Location quotients measure economic
specialization or concentration and are commonly used in industry cluster and economic
development analysis. The location quotient (LQ) istheratioaftheu st er 6 s share of
regional employment (outside of the county) relative to its share of total national employment. A
location quotient greater than one indicates a higher than average cluster concentration in a

location.

Rest of Region Cluster &ngth =

([EA cluster employment county-cluster employment]/ [EA traded employmeint

county traded employment])/ [U.S. cluster employment/U.S. traded employment]

Based on the countgluster employment threshold and regional cluster strength, 45
percent & county-clustes are connected to their regional economkggyre 6). For example,
Blackford county in Fort WaynkluntingtorrAuburn, IN Economic Area had a 2010 cluster
presence of the Paper and Packaging cluster of 350 jobs. The Paper and Packaging industry
cluster is also strong in the rest of the region outside of tinety,owith a location quotient of

1.8. Therefore, the Paper and Packag-clustgr. i n Bl

Those industry clusters with the highest share of cedintsters that are also connected
to their regional economies incleidNonmetal Mining, Production Technology and Heavy
Machinery, Environmental Services, Downstream Metal Products, Wood Products, Forestry and
Paper and Packaging. In terms of community types, in total, there are 38,096 metropolitan
countyclusters, 43 perce of which are connected to their broader regional economies; 17,456

micropolitan countyclusters, 46 percent of which are connected to their broader regional
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economies; 12,015 rural adjacent coudltysters, 49 percent of which are connected; and 9,779

remote rural countglusters, 50 percent of which are connected.
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Figure 6: Share of County-Clustersthat are Connected by Industry Cluster, County Type

Industry Cluster Total Metropolitan Micropolitan Remote | Rural N(connected
Rural Adjacent | and not
connected)
Aerospace Vehicles and Defense 32.97% 35.02% 29.91% 17.24% | 29.55% 634
Agricultural Inputs and Services 57.92% 48.60% 60.26% 79.36% | 57.54% 2046
Apparel 29.62% 32.02% 25.08% 24.43%  31.90% 1347
Automotive 43.02% 38.92% 48.00% 47.10% @ 46.86% 1625
Biopharmaceuticals 36.85% 40.38% 27.71% 26.32% | 24.39% 559
Business Services 12.92% 16.33% 10.02% 10.98% @ 11.37% 2965
Coal Mining 59.49% 51.08% 53.95% 86.36%  67.31% 311
Communications Equipment and Services 37.30% 39.49% 32.75% 27.50% | 46.77% 1657
Construction Products and Services 58.69% 54.11% 59.64% 66.27%  61.16% 2624
Distribution and Electronic Commerce 42.23% 46.07% 40.97% 37.36% | 41.31% 3055
Downstream Chemical Products 49.40% 51.35% 47.87% 25.97%  55.46% 1255
Downstream Metal Products 64.40% 57.71% 69.60% 69.57% | 72.33% 2014
Education and Knowledge Creation 23.35% 29.78% 19.33% 10.85% 19.88% 2137
Electric Power Gen and Transmission 56.37% 55.29% 57.38% 58.68% | 57.26% 1059
Environmental Services 64.92% 68.82% 58.66% 64.29%  54.69% 1240
Financial Services 22.99% 29.17% 19.67% 15.04% | 20.96% 2740
Fishing and Fishing Products 43.82% 42.92% 44.12% 46.67% 45.45% 372
Food Processing and Manufacturing 59.24% 51.40% 59.96% 73.14% | 62.08% 2463
Footwear 35.86% 31.36% 46.67% 33.33%  48.00% 251
Forestry 61.22% 55.75% 59.54% 73.93% | 64.74% 1617
Furniture 48.59% 44.16% 47.76% 59.90%  57.00% 1949
Hospitality and Tourism 38.05% 32.43% 36.64% 50.73% | 37.28% 3017
IT and Analytical Instruments 28.18% 26.69% 32.17% 24.18%  30.08% 1306
Insurance Services 40.83% 41.45% 38.17% 37.12% | 45.62% 2229
Jewelry and Precious Metals 30.58% 30.54% 34.72% 38.10% 17.65% 497
Leather and Related Products 51.46% 50.09% 56.60% 55.56% 46.77% 822
Lighting and Electrical Equipment 51.31% 49.01% 54.75% 57.14%  54.55% 1146
Livestock Processing 49.65% 44.69% 49.26% 5487% @ 57.91% 1734
Marketing, Design, and Publishing 31.98% 38.01% 24.47% 23.67% | 33.49% 2392
Medical Devices 39.98% 39.76% 40.80% 32.61% @ 44.44% 993
Metal Mining 50.66% 38.66% 58.97% 75.61%  53.57% 227
Metalworking Technology 45.48% 43.19% 51.46% 40.99% @ 46.67% 1724
Music and Sound Recording 34.53% 33.33% 34.48% 57.14%  55.56% 530
Nonmetal Mining 74.96% 69.35% 77.10% 83.40% | 81.29% 1885
Oil-GasProduction and Transportation 39.90% 26.38% 40.69% 64.01%  48.47% 1852
Paper and Packaging 61.10% 58.27% 65.25% 62.22% | 67.83% 1090
Performing Arts 34.96% 37.78% 29.13% 33.94%  35.93% 1885
Plastics 58.01% 54.84% 62.71% 53.10% @ 64.90% 1722
Printing Services 47.93% 48.34% 45.55% 41.56%  55.16% 2126
Production TechnologyHeavy Machinery = 65.20% 57.10% 70.51% 78.42% | 69.25% 2092
Recreational and Small Electric Goods 51.39% 47.48% 59.44% 52.17%  52.97% 1510
Textile Manufacturing 36.52% 34.30% 33.76% 44.12% @ 48.89% 1128
Tobacco 43.90% 42.19% 41.67% 100.00% @ 50.00% 82
Trailers, Motor Homes, and Appliances 45.18% 37.23% 57.64% 55.88% 52.83% 737
Transportation and Logistics 57.81% 48.14% 58.46% 73.74% | 59.60% 2958
Upstream Chemical Products 40.99% 33.91% 48.31% 63.83% | 44.64% 988
Upstream Metal Manufacturing 47.22% 43.10% 55.36% 46.88%  52.41% 1296
Video Production and Distribution 6.26% 7.93% 3.61% 0.00% 1.49% 974
Vulcanized and Fired Materials 51.94% 47.75% 54.39% 50.52% @ 66.47% 1363
Water Transportation 31.46% 28.46% 36.77% 51.79% 26.19% 801
Wood Products 61.98% 53.46% 64.17% 75.00%  69.58% 2320
Grand Total 45.39% 42.93% 45.90% 49.90% | 48.76% 77346
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Next, independergamples-tests are performed. Atést is a type of inferential statistic
used to determine whether a significant difference exists between the means of two mutually
exclusive groups based on their relationship to a specific factdmislodse, that factor is
connectivity. Counyc | ust er jobs are sorted into those 1t}
not. An independergamples-test is conducted to compare the annualized employment growth
rate of the countglusters under conneabt@ not connected conditions. Separatests are
conducted for metropolitan courtjusters, micropolitan courtsiusters, rural adjacent county
clustersand remote rural countglusters to determine whether connectivity impacts some
community types morthan others. Separatéeists are also conducted by industry clusters to

examine the impacts of connectivity across different types of industry clusters

The results of these tests suggest that-tgéonal economic connectivity has a positive
associabn with countycluster employment growth, but that this relationship and the magnitude
of the impact varies across community types and industry cluster types. Detailed findings are

presented in the next section.
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FINDINGS

Introduction

The results suppball hypotheses, except how the magnitude of the average employment
growth rate differences between connected and not connected-ctusigrs play out by county
type.Connectivity hathe strongest impact on remote rural coeritysters with significant
differences emergg by industry cluster typ&or a ranking of which Economic Areas benefits
most from intraregional connectivity, se&ppendix 2). More detailed findings relating to the

seven hypotheses are explored below.

Hypothesis 1

An industry cluster that has a presence in the countysaredgthin the rest of the region

out side of the county (Aconnectedo) will grow
without specialization in the rest of the reg
average annualized employment growthesat20162016) for countyclusters that are connected

to their regional economies will be greater than for cotnitysters that are not connected to

their regional economies.

The first hypothesis, that countjusters grow faster than not connected cowhigters,
is supported by the analygisigure 7). In aggregate, the average employment growth rate of
connected countglusters is 4.87 percent, whereas not connected calugiers grew by only
3.56 percent. There is a statistically significant défere {-statistic = 2.81) in the scores for

connected (M=4.87%, SD=0.76) and raonnected (M=3.56%, SD=0.48) conditions.
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Figure 7: T-Test Results Comparing Average Annualized Employment Growth Rate 2010

2016 between Connected and Not Connected CounBlusters

Metropolitan ~ Micropolitan Rural Remote All County-

Adjacent Rural Clusters

N 38,096 17,456 12,015 9,779 77,346
Not Connected 4.67% (.57) 3.32% (.42) 2.40% (.33) 0.54% (.23) 3.56% (.48)

County Cluster Jobs
(standard deviation)

Connected 5.67% (1.04) 4.68% (.39) 4.09% (.37) 3.45% (.35) 4.87% (.76)
County-Cluster Jobs
(standard deviation)

Difference in Average 1.00%* 1.36%** 1.69%** 2.92%** 1.31%**
Growth Rate
t-statistic 1.65 3.13 3.71 6.92 2.81

*p<.10, *p<.05

Hypotheses 2 5

The average annualized employment growth rates 2016) for (metropolitan, micropolitan,
rural adjacent or rural remote) countglusters that are connected to their regional economies
will be greater than (metropolitamicropolitan, rural adjacent or rural remote) countjusters

that are not connected to their regional economies.

Statistically significant differences also hold across all county types, with average growth
in connected countglusters exceeding that intnmnnected countglusters. The second
through fifth hypotheses are supported by the analysis. For metropolitan-ctusigys, there is
a statistically significant differencé-gtatistic = 1.65) in the scores for connected (M=5.67%,
SD=1.04) and noronnected (M=4.67%, SD=0.57) conditions. For micropolitan county
clusters, there is a statistically significant differertegtdtistic = 3.13) in the scores for

connected (M=4.68%, SD=0.39) and rmonnected (M=3.32%, SD=0.42) conditions. For
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remote rural ounty-clusters, there is a statistically significant differertestdtistic = 6.92) in the
scores for connected (M=3.45%, SD=0.35) and-cmmected (M=.54%, SD=0.23) conditions.
For rural adjacent countglusters, there is a statistically significanfeliénce (-statistic = 3.71)
in the scores for connected (M=4.09%, SD=0.37) andocommected (M=2.40%, SD=0.33)

conditions.
Hypothesis 6

In terms of comparative magnitude of the average annualized employment growth rate
differences between connected aotlconnected countiusters by county type: Rural Adjacent

> Micropolitan > Metropolitan > Rural Remote.

Overall, the ttest results suggest that integional economic connectivity has a positive
association with countgluster employment growth. Hower, the hypothesis on the magnitude
of differences in growth rate by county type is not supported (also shdvigure 7). Whereas
the hypothesis states that rural adjacent communities will have the greatest benefits from
connectivity, and rural remoteitlvhave the least, the results indicate that the impact of
connectivity is particularly pronounced for remote rural communities. Remote rural connected
countyclusters experienced, on average, 3.45 percent annual employment growth between 2010
and 2016, \wereas not connected cowaysters experienced only .54 percent annual groveth
difference of 2.92 percent.

These findings run counter to those by Barkldgnry,and Boa (1996) and Partridge,
Rickman, Ali and Olfert (2008), who note that remote raalnties are least likely to benefit
from agglomeration. Their results are specific to rural relationships with urban agglomeration,
whereas the current research explores the relationship to broader regional cluster specialization.

It is possible thatthd i f f er ences in findings reflect the
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difficult to achieve in these communities, however, when connectivity is achieved, significant
economic impacts are evident.

The ability to connect to regional clusters willso be based on the specific industry cluster
composition of the region. To test whether these findings by county type hold across different
industry cluster types, another set-té$ts are conducted to compare annualized county

employment growth ratendgler these conditions.

Hypothesis 7

Differences in the average annualized employment growth rates-g88) for connected and
not connected countylusters by will vary by industry cluster type and by county type.
When ttests are conducted lydustry cluster and by county type, the hypothesis that
differences exist in average annualized employment growth between connected and not
connected countglusters is supported\ppendix 3). The average annualized employment
growth rate is greater in noected vs. netonnect countglusters in 36 out of 51 industry

clusters Figure 8).
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Figure 8: Difference in Annualized Employment Growth Rate 2010-2016
between Connected and Not Connected County-Clusters, by Industry Cluster

Industry Cluster
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The chart belowHigure 9) summarizes those clusters that exhibit positive, statistically
significant differences in average annualized employment growth rates betoreeected and
not connected countsiusters across different county types. Notably, the profile of clusters that
benefit each county type is vastly different, both in terms of type and number. Discussions about
intracregional connectivity in the conteaf industry cluster types are presented below for each

county type.
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Figure 9: Industry Clusters Exhibiting Greater Average Annualized Employment Growth

Rates (20162016) Under Connectedvs. Not Connected Conditions, by County Type

Metropolitan

Aerospace Vehicles and Defense
Automotive

Downstream Chemical Products
Financial Services

Footwear

Forestry

Insurance Services

Jewelry and Precious Metals
Leather and Related Products
Performing Arts

Textile Manufacturing

Trailers, Motor Homes, and Appliances

Rural Adjacent

Agricultural Inputs and Services
Apparel

Communications Equipment and Services
Textile Manufacturing

Education and Knowledge Creation
Environmental Services

Fishing and Fishing Products
Forestry

Hospitality and Tourism

Insurance Services

Marketing, Design, and Publishing
Nonmetal Mining

Wood Products

Micropolitan

Fishing and Fishing Products

Furniture

Metalworking Technology

Production Technology and Heavy Machine
Textile Manufacturing

Tobacco

Upstream Metal Manufacturing
WaterTransportation

Rural Remote

Apparel

Automotive
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Construction Products and Services
Distribution and Electronic Commerce
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Hospitality and Tourism
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Metalworking Technology
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Performing Arts
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Printing Services

Textile Manufacturing

Transportation and Logistics
Upstream Chemical Products

Water Transportation

Wood Products
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Metropolitan

Positive, statistically significant employment growth resulting from connectivity between
metropolitan counties and the rest of thregions can be found in 12 clusters: Aerospace
Vehicles and Defense; Trailers, Motor Homes, and Appliances; Downstream Chemical Products;
Automotive; Footwear; Leather and Related Products; Textile Manufacturing; Performing Arts;
Jewelry and Precious MesalForestry; Insurance Services; and Financial Serviggarg 10).
These clusters grow stronger in metropolitan counties, not when they are concentrated, but when
the cluster is also present in the rest of the region. Metropolitan economic developers can
strengthen these clusters by working regionally to ensure that necessary cluster assets, from

talent to supply chain, are coordinated and bolstered.
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Figure 10: Difference in Annualized Employment Growth Rate 2010-2016
between Connected and Not Connected Metropolitan County-Clusters, by

Industry Cluster
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One may expect that metropolitan counties would benefit most from clusters that are
highly concentrateth metropolitan parts of the region. However, the metropolitan clusters
benefiting most from connectivity are highly varied, from those with large employment
concentrations in metropolitan areas, liksurance Services, to those with employment that is
more regionally dispersed, like Forestry. This indicates that metropolitan counties benefit not

only from urban agglomeration, but also from connectivity to clusters that are more rural based.

However,the metropolitan countgluster benefiting most from connectivity also happens
to be the cluster with the highest average share of metropolitan empldythenherospace
Vehicles and Defense cluster. Stunningly, in connected metropolitan edustgrs Aerospace
Vehicles and Defense cluster employment grew at an annualized rate of 90 percent from 2010
2016. In not connected countiusters, the cluster only grew by an annualized rate of 10 percent
According to the U.S. Ghmestdirethis civkiepnpanufacturePr oj e c t
aircraft, space vehicles, guided missiles, and related parts. This cluster also contains firms that
manufacture the necessary search and navigat.
heavy focus on manufactugnn the Aerospaceluster andjiven that manufacturing operations
tend to require more land, the significant growth difference between connectedasnmetted
countyclusters could be attributed to stronger networks of manufacturing and supply chain

participation throughout the region.

For example, in Cleveland, OH, a mafoerospace manufacturer wanted to expand
operations but could not do so at its current downtown site because the land was built up around
it. The firm was also not able to build evn facility in the vicinity because the location was too
expensiveAccording to Tracey Nichols, former Cleveland Economic Development Director, in

order to keep its trained workforce, the plant decidedlocateoutside the area but still within
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the regon. This allowed the firm to expand while operating within the commuting shed for its

workers.

Several metropolitan coungtusters also exhibit a statistically significant negative
relationship between connectivity and cluster employment growth, siWwoed Products,
Business Services, Metalworking Technology, Food Processing and Manufacturing and
Downstream Metal Products. There could be several reasons for this negative relationship. First,
if the metropolitan countgluster is not growing but is regnally connected, it may be the case
that metropolitan counties are experiencing backwash effects from more rural parts of the region.
If metropolitan counties have become too expensive for cluster firms to operate or they no longer
have the required asseair space, and industries and firms can find the necessary assets

elsewhere in the region, it is possible that they feaye the area, taking jobs with them

Secondly, if the metropolitan countyuster is growing but not regionally connected (i.e.
negative relationship with connectivity), it is possible that the necessary cluster linkages are
contained within thenetropolitan countyand that thegeographicaleach of its linkages are more
concentratedbcally. For metropolitan counties this might reflect unique urban competitive
advantage for a cluster. Lastly, if the metropolitan cowtigter isgrowing but not regionally
connected, it is also possible, &sdribed by Lewin, et al. (2013) and others, that metropolitan
cluster growth is stemming not from inragional linkages, but instead linkages between other

regions and across the world.

Micropolitan

Positive, statistically significant employmenbugith resulting from connectivity between

micropolitancounties and the rest of their regions can be found in the following eight clusters:
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Tobacco; Textile Manufacturing; Upstream Metal Manufacturing; Water Transportation;
Furniture; Metalworking Technolgg Production Technology and Heavy Machinery; and

Fishing and Fishing ProductBigure 11). These clusters grow stronger in micropolitan counties
when the cluster is also present in the rest of the region. This indicates that micropolitan counties
benefit from the agglomeration effects that reach beyond their county borders. These
micropolitanclusters represent a diverse mix of cluster types, from those thabege
metropolitanbased like Water Transportatigrto those that have a more distributed mtra

regional employment geography, suchPagduction Technology and Heavy Machinery

Micropolitan counties, however, are the county type with the fewest clusters benefitting from
intracregional connectivity. This may be the result of competition for firms between micropolitan

areas and larger metropolitan areas within the same regions.
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Figure 11: Difference in Annualized Employment Growth Rate 2010-2016 between
Connected and Not Connected Micropolitan County-Clusters, by Industry Cluster
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Alternatively, the following micropolitan clusters exhibit a statistically significant
negative relationship between growth and connectivity: Video Production and Distribution; Food
Processing and Manufacturing; Education and Knowledge Creation; Aerospace¥ahit!
Defense; Automotive; and Biopharmaceuticals. This finding indicates that for these clusters,
when agglomeration is present in the broader region, micropolitan counties may experience
backwash effects as a result of connectivity (such as compdittitaient and firms with
metropolitan counties in the region). If connectivity is not present but the micropolitan cluster is
growing, it is possible that micropolitan areas may have a specific competitive advantage in
these clusters and as a result,rtijepwth is more significant when cluster linkages are
concentrated. It is also possible that the source of growth for the micropolitan cluster is external

to the region.

Rural Adjacent

Positive, statistically significant employment growth resulting from connectivity between
rural adjacentcounties and the rest of their regions can be found in the following clusters:
Apparel; Fishing and Fishing Products; Education and Knowledge Creldtometal Mining;
Communications Equipment and Services; Textile Manufacturing; Forestry; Agricultural Inputs
and Services; Environmental Services; Wood Products; Marketing, Design, and Publishing;
Hospitality and Tourism; and Insurance Servidagire 12). These clusters grow stronger in
rural adjacent counties when the cluster is also present in the rest of the vagigrof these
clusters havéargeshars of employmenbutside of metropolitan areabhis could mean that
although rural adjacent areaie thought to have the greatest economic benefit from nearby
metropolitan agglomeration, in fact, some of their best growth opportunities may stem from

more ruralbased clusters. Interestingly, the studies on adjacency reviewed earlier focused
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heavily oncommuting and labor pool relationships between urban cores and their nearby rural
communities. Although this may be true, from the perspective of developing and growing
businesses and industry within the rural adjacent area itself (as opposed to exypwkarg),

rural clusters may prove a more fruitful opportunity for rural adjacent communities than

metropolitan based ones
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Figure 12: Difference in Annualized Employment Growth Rate 2010-2016 between
Connected and Not Connected Rural Adjacent County-Clusters, by Industry Cluster

Industry Cluster

Apparel

Fishing and Fishing Products

Tobacco

Plastics

Jewelry and Precious Metals

Livestock Processing

Education and Knowledge Creation
Nonmetal Mining

Communications Equipment and Services
Coal Mining

Textile Manufacturing

Forestry

Agricultural Inputs and Services
Environmental Services

Video Production and Distribution
Wood Products

Printing Services

Production Technology and Heavy Machinery
Furniture

Food Processing and Manufacturing
Automotive

Vulcanized and Fired Materials

Electric Power Generation and Transmission
Downstream Chemical Products
Transportation and Logistics
Upstream Metal Manufacturing

Music and Sound Recording
Aerospace Vehicles and Defense
Water Transportation

Marketing, Design, and Publishing
Leather and Related Products
Hospitality and Tourism

Grand Total

Insurance Services

Financial Services

Trailers, Motor Homes, and Appliances
Upstream Chemical Products
Performing Arts

Information Technology and Analytical Instrume..

QOil and Gas Production and Transportation
Paper and Packaging

Footwear

Medical Devices

Biopharmaceuticals

Metalworking Technology

Metal Mining

Construction Products and Services
Downstream Metal Products

Business Services

Recreational and Small Electric Goods
Distribution and Electronic Commerce
Lighting and Electrical Equipment

I 11 36%
|
I 5.33%
]
I 7.94%
]

I 6.66%
I

I 6.44%
|

I 5.38%

]

I 4.69%

|

I 4.34%

[ ]

I 4. 13%

[ ]

I 3.39%

]

I 3.56%

||

I 2 61%

[ ]

2 21%

||

I 2.08%

[ ]

I 2.05%

[
I 1.80%
||

I 1.69%
||
I 133%
|
H0.47%

-0.75% M

-1.28% Il

-5.52% I

-22.76% I

0.00% 5.00% 10.00% 15.00%

Alternatively, the following rural adjacent clusters exhibit a statistically significant

negative relationship between growth and connectivity: Construction Products and Services;
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Downstream Metal Products; Business Services; Recreational and SmaltEecds;

Distribution and Electronic Commerce; and Lighting and Electrical Equipment. Rural adjacent
counties may experience a backwash effect of employment being drawn out of the county when
the cluster is strong in the rest of the region. However, agijacent areas may have unique

assets to support these clusters in the absence of broader agglomeration.
Remote Rural

Positive, statistically significant employment growth impacts resulting from connectivity
betweerremote ruralcounties and the rest of their regions can be found in the following 21
clusters: Biopharmaceuticals; Metal Mining; Automotive; Fishing and kgsRroducts;

Furniture; Water Transportation; Construction Products and Services; Upstream Chemical
Products; Apparel; Plastics; Metalworking Technology; Textile Manufacturing; Nonmetal

Mining; Performing Arts; Oil and Gas Production and Transportatiaxjuetion Technology

and Heavy Machinery; Wood Products; Transportation and Logistics; Hospitality and Tourism;
Distribution and Electronic Commerce; and Printing ServiEegute 13). Remote rural counties

are home to the largest number of clusters thag¢fitefrom regional connectivity. Many clusters

can be sustained in remote rural communities when they are connected to the regional economy.
Although connectivity to broader regional agglomeration may be more difficult for remote rural

areas to achievehose that do benefit significantly.
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Figure 13: Difference in Annualized Employment Growth Rate 2010-2016 between
Connected and Not Connected Remote Rural County-Clusters, by Industry Cluster
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The remote rural countgiuster benefiting most from connectivity, Biopharmaceuticals,
is also a fAmetropolitan concentratedo cluster
metropolitan employment across U.S.ioeg. According to the U.S. Cluster Mapping Project,
Afestabli shments in this cluster produce compl
medi cations, vaccines, diagnostic tests, and
rural countyclusters, Biopharmaceutical cluster employment grew at an annualized rate of 20
percent from 2012016. In not connected countjusters, the Biopharmaceuticals cluster only
grew by an annualized rate of 1 percéithough this clusteroften associated witLife
Sciencestends to be largely metropolitan, intregional connectivity provides positive spread

effects to remote rural parts of regions in the form of employment growth.

The following remote rural clusters exhibit a statistically significant megaglationship
between growth and connectivity: Environmental Services; Communications Equipment and
Services; and Downstream Chemical Products. Again, this finding may indicate the presence of
backwash effects when specialization is present in therregitside of the county. It may also
indicate a unigue competitive advantage for remote rural areas and/or signify clusters in which

remote rural counties have stronger cluster linkages with the global economy.

Summary

Overall, the analysis finds thet aggregate acros®unty-clusters, the average
employment growth rate of connected coudltysters is greater than not connected county
clusters. These findings suggest that local economic growth is bolstered begurel
linkages between a countjuster and the same cluster in the Economic Afleavever, the
analysis also suggests that employment impacts fromredgianal connectivity vary by county

type andby industry cluster.
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Specifically, the results indicathat the impact of intreegional connectivity isnost
pronounced for remote rural communities. These findings run counter to previous studies of
regional concentration and diffusion which concluded that backwash effects more often
characterize the impaof regional economic activity on remote rural ar€éxmversely, this
dissertation finds thaemote rural counties are home to the largest number of clusters that
benefit from regional connectivity, includimpmemetropolitanbased clusters. Thereforaany
types of industry clusters can be sustained in remote rural communities and flourish when they

are connected to the regional economy.

In terms of other county typealthough the literature indicates that due to proximity,
rural areas adjacent to imapolitan areagxperience the greatest benefits from imégional
connectivity some of the best growth opportunities for rural adjacent counties appear to be not
with nearby metropolitan areas, but instead stem from morelrasald clusterddetropolitan
counties benefit not only from urban agglomeration, but also from connettivgtysters that
are more rural based. Micropolitan counties have the fewest clusters benefitting from
connectivity. This may be the result of competitionjfidos between micropolitan areas and

larger metropolitan areas within the same regions.

For mostclusters, lheregionalmechanisms of agglomeration such as skilled labor,
sophisticated and demanding local customers, niche maskeidjersand related industries,
benefit localdevelopmentHowever,economidmpacts varyby cluster with significant
implications for thepractice of economic developmeiihe next section discusses the policy
implications of these finding®llowed bycase studies demonstrating the utility of an intra
regional industry cluster connectivity framework local and regional economic development

practice.
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POLICY IMPLICATIONS

Introduction

The findings from this research suggest that for most community types and under most
conditions, a cluster strategy is more effective when it is considered within a regional context.
More specificallymostindustry clusters thrive when ches firms and lusterrelated
employment are preseahnd supportethroughout urban and rural parts of regioHsis
contrastghe commonunderstanding aiigglomeration which foceson clusters aenly an
urbanbasedactivity. Regional clusters benefit local communitiggluding ruraljn that these
communities, and the firms and industries within them, can tap a broader range of assets present
in the region for the cluster fourish, such as talent, critical infrastructure, specialize suppliers

and niche customers.

Thefindings howeveralso reveal that the extent of the impacintfa-regional
connectivityvaries not onljoy where a county is situated within a regibat also by type of
industry cluster. Additionally, the cluster composition within eggion varies greatly. This
indicates that a orgize fits all cluster strategy is not going to provide the greatest economic
benefit to a communityneither is targeting clustengthout an existing asset based within the
region Strategies to both targeusters and support clusters should be refined and consider the
relationship betweeexisting assetand intraregional connectivityEconomic development
organizations should tailor policies to connlecial economieso their regioal economie

waysthat account for specific regional contexts and cluster compasition
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Cluster Targeting

Typical cluster strategidarget clusterfor growthbasedon economic specialization,
composition of firms, development stage, intensity of #Hiten dependence, reliance on
complex knowledge, and ability to create inclusive employment opportunities (Donohue, et al.
2018).These are critical factorbut becaus intraregional connectivitylsohas implications for
cluster growtheconomic development organizatshould also consider thelationship of
local clusteractivity tobroader regional specialization. For example, speaking to the interaction

of rural development, industry type and regional context, Dabson (2019) notes that

érur al devel opment strategies must be base
and constraints, which will determine whether improving integration with the urban

economy through infrastructure improvements and supply chain management, -or place

based development through enhancing amenities and entrepreneurship (or some
combination) are the right prioritieséArea
fostering urbasrural interaction around policy decision points where there seem to be a
convergnce in the interests of the two constituencies.

The results from this dissertation suggest th
found in regionally connected industry clusters that benefit both urban and rural places within

regions, suclas the Production Technology and Heavy Machinery cluste Afgaendix 3).

Given the extensive variation in cluster composition from region to regioen
targetng industry clustersdr expansioneconomic develapent organizations an fAmap t he
cluste composition of [their location] and nearby region, identifying strong and emerging
clusters in the region that have somédn strengt
other wordswhat clustes are present in the county that are agongin the broader region? Or
what assets and industries are present in the locality that can support regional tlestiers?

using data provided by this researebpnomicdevelopment organizatiomsin identifyhow
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connectivity is likely to impact local growth and select thassterwith predicted positive
impact. Once those clusters aarowed policy leaders and practitioners can work to build

economic connections within the regivia an adapted clustepgrading strategy.
Cluster Upgrading

In terms of bolstering clusters, clusteised economic development focuses on cluster
upgrading strategies that nAenable competition
and Memedovic 2008). Specifically, it encourages public organizatiors;itikgovernments or
regional economic development organizations, to pursue activities like collective marketing of a
regionds cluster specialties; providing firms
financial advice, marketing and design; itigtng weaknesses in existing cluster value chains
and attracting investors and businesses to fill those gaps; ensuring local skills and workforce
programs are aligned with industry needs; and streamlining the regulatory environment (Delgado

2018; Cortrignt 2016).

In addition to these critical clustsupporting activities, practitioners and policy makers
should also consider how to approach these strategies within the framewurk-cégional
connectivity.Practitioners and researchers hasaductedegional case studidtuminating
how differentintrarregional clusteconnectivity strategiesranging from entrepreneurship to
supply chaing have impacted regional development and cluster grdvathexample, in a study
of the connections betweerralihops growers and urban markets in Oregon, Martin (2011) finds
t h aural cédnhnections to metropolitan areas facilitate the development of niche markets that can
test and refine products in adjacent wurban ar
Additionally, a 2016 stwudy of European rur al

with linkages to proximate urban areas can access some urban features, such as knowledge and

64



markets, while at the same time profiting from the advantage ofgheir i pher al l ocat i ¢

(Mayer, Habersetzer and Meili 2016).

Mayer and Provo (2007) investigate the poten
from urban firms to drive economic connectivity and growth in more rural areas of Virginia
i édr i v eedslikeyowar costs, data security, skilled and stable labor forces, and geographic
c o n st (Mhkeiauthbrs go®n to note that the benefits of farmshoring will only be realized if
broader state and regional efforts are in place to create interfasebetrban and rural areas.
These interfaces allow local and regional leaders and businesses to share information about local
assets, as well as industry sectors, products and processes that may be candidates for

farmshoring.

In addition to rural linkage® urban clusters, rural focused clusters can also drive growth
via connectivity with urban economies. For example, in an analysis of-tubelreconomic
divides within states, McFarland (2018) finds that urban traded sector businesses such as legal,
financial, trade and transportation thrive as a result of providing economic support-tzasaal
clusters. I n a study examining the interdepen
Searls (2011) finds that urban regions receive substantial eaohenefits from improved
prosperity in rural areas. Every $1 billion increase in rural manufacturing output produces a 16
percent increase in urban jobs, significant additional busiedsgsiness transactions and
statewide consumer spending and investm®imilarly, a study of the Sacramento, California,
region finds that most jobs and economic actd.i
agriculture cluster occurs in urban parts of the region (Sacramento Area Council of Governments

2008).
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Theseregional case studies identify several strategies to strengtheneigioaal cluster
connectivity including entrepreneurship and regional markets, supply chains, farmshoring and
complimentary cluster activities and services. Marrying case study evidéhdde new
framework of intraregional connectivity presented in thiissertatiorprovides practitioners with
a stronger clustdbased economic development approach. The framework helps policy makers
target clusterand upgrade clusters in ways that arclusive and beneficial to the cluster
overall.It can also help local and regional economic development organizations articulate
state, federal and university partndrecapacities and resources thedto strengthen intra
regional connectivity and bridge the urbamal divide.In the next section pecific applications
of the data and framework are presented for two regions, Roanoke, VA and Sactardento

ArcadeTruckee, CANV Economic Areas.
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REGIONAL PROFILES

Profile 1: Roanoke, VA Economic Area

The Roanoke, VAegional profile is one that demonstralesv emerging growth in a
rural part ofaregion can be strengthen by an integional connectivity approachhe profile
features a snapshot of the redgiosverallintra-regional connectivityesults, employment
growth for metropolitan and rural adjacent countigsndustry clustera discus®n of current
economic development activities related to the drone industry, and recommendatibas for
rurakbased economic development organization to apply anregianal economic

connectivity framework to strength the local industry and regional clusters.
Data Snapshot

The Roanoke, VA Economic Area consists of 21 counties, a nmetpolitan counties
and rural counties that are adjacent to a metropolitarféarea. t he r egi on,- ficonne
cluster jobs grew at an annualized rate 20Q06 of 9.50 percent, whereas "not connected"
county-cluster jobs grew on average 2.2 petc€igure 14). These growth rates vary by county
type, with connectivity having the most significant economic benefit for metropolitan counties.
Rural adjacent counties appear disadvantaged overall by connectivity to the regional economy.
This may be theasult ofan economiaelationship between rural adjacent counties and
metropolitan counties within the region that is characterized by competition for jobs when a

clusteris present irboth areas within the region.

4 For Virginia, USDA ERS combined nonmetro independent cities with their counties of origin when computing the
Ruralurban continuum Codes.
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Figure 14: Annualized Employment Growth Rate 20102016 for County-Clusters in the

Roanoke, VA Economic Area under Connected and Not Connected Conditions, by County

Type
Metropolitan Rural Adjacent Total
Not Connected 4.82% 5.9 2.43%
Connected 11.2% - 169 9.50%

Rural adjacent counties the regiorare home to 21 types of industry clusters that are
connected to the broader regional econoRigyre 15). Of theseclusters 10 have experienced
declines in employment, while another five have experienced no gndlittiin thesel5
regionally connected industry clusters with no or declining growth in rural adjacent counties,
nine alsocexhibit positive employment growth in meolitan counties. For example, the
Metalworking Technology cluster grew on average 12.58 percent under metropolitan county
connected conditions, whereas the cluster declined on average 5.56 percent under rural adjacent
county connected conditions. Thiglicates that for this cluster, backwash effects may be at play
in the region where industries are minimizing their presence in rural adjacent communities and

bolstering their presence in the metropolitan area.
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Figure 15: Annualized Employment Growth Rate 20102016 for County-Clusters in the

Roanoke, VA Economic Area underConnectedConditions, by Industry Cluster and

County Type
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Alternatively, there are sevelatra-regionallyconnected clusters that have stronger
employment growth in rural adjacent communities, with slower growth or declines in nearby
metropolitan counties, including Automotive, Insurance Services, Nonmetal Mining, Plastics and
Wood Products. These clusters gagning strength in rural adjacent communities while
metropolitan strength is waning, indicating that the region may be undergoing transition in its
broader economy. This may also indicate that specific industry clusters, like Insurance Services
for exampe, may be transitioning or growing in ways that benefit more rural locations. For
example, Insurance Services often requires many-tffide activities, like data and claims
processing, that could more affordably locate in rural adjacent areas insteattagolitan
counties. Lastly, over this time, connected Education and Knowledge Creation-clusteys

grew at a significant rate in both metropolitan and rural adjacent parts of the region.

The cluster connectivity profile for the Roanoke, VA Ecoro#iea is an interesting
one. Nearly all clusters that are growing in one part of the region are declining in the other. The
region is truly one of transition from mining and natural rescbesed industries to emerging
growth in higher paying industriesd clusters. Much of the growth and benefits of this
transition however have thus far benefitted metropolitan parts of the Roanoke region. This is due
in part to disadvantages of rural areas in the region thatthasdardissuadd economic
developmentincluding mountainous terrain, vacant mines, far distance from airports, brain drain
and poor housing stock. The challenge for the region, therefore, is to ensure that all parts can

participate in emerging development.
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Economic Development

Due to thevision of economic development leaders in the area, rural adjacent
communities have recently started to seed growth in unexpected ways via a new industry focus
on dronesFor the past seven years, Covington, Vfatherural Alleghany Highlandart of the
Roanoke region, has hosted one o#atttadcimg wor | dos
flyers from across the country. With the growing success of this competition, economic
development leaders began to think about ds@semore than just tourisiihey also begato
realizetheir potential for industry growth in the aremshich requirel seeing their economic

liabilities in a new light, for example:

9 Distance from airport: Airports serve as critical sources of connectorityral
communities (Raskeet al. 2009). The Alleghany Highlands are far from an airport, a
feature long viewed as an economic development liability. However, FAA regulation
bans drone flying withiproximity to airports, making the Highlands locatiattractive
to companies interested in testing drones.
1 Underground Vacant Iron Ore Mines: The transition away from mining has been
devastating to the economies of many rural communities, the Alleghany Highlands
included. However, becauabandoned mines are a GB&ied environment, they
provide ideal testing conditions for emerging drone technology focused on drone
operations without GPS. APotential applica
quickly scanning for threats inside ailding before military teams enter, searching for a
downed pilot in a heavily forested area or jungle in hostile territory where overhead
i magery canot see through the tree canopy,

other disasterswhenentery a damaged structure could be
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1 Mountainous Terrain: Topography often hinders development in rural areas and
economically isolates them due to transport and other challenges (Gallup, et al. 1999).
The mountainous terrain in the Allemyy Highlands, however, allows for drone
experimentation without risk to humans. 6,000 acres of the mountain range have recently
been approved for testing.
With a newfound appreciatidor these local economic assets, liteal economic
development orgamationand its partnershiftedfocuson strategieso develop thedrone
industry.One of theamost notal® investments has beéme establishment of thEnhancing the
Region through New Technology for Unmanned Systanisone Zonefi The Dr one Zone
specializes in developing facilities for businesses engaged in the design, testing, manufacturing,
and development of applications for unmanned systems vehicle ( VT Of fi ce of Eco
Development). The Drone Zone is essentially an abandoned and dilapidated school building that
has been transformed into mcubatorwith several small businesses and sti. The co
locationof these businesséss facilitatecextensive collaboration on grantgorkforce,and
contracts. With suppofor the industryin place, the city of Covington recently landed a major
drone operations command and control center. Together with regional partners, the state and
workforce developrant agencies, the city beat out locations in Florida and California and is
poised to be a significant player in the industry overall, and especially in the region, serving as a

hub for dronerelated economic activity (Williamson 2019).

One challenge facgqthe industry, however, is brain drain and lack of talette
Alleghany HighlandsTo support the growth and development of@heerging drone industry
several colleges and universities have created anrggianal talent pipeline via specialized

offerings and research. For example, the Dabney S. Lancaster Community College (DSLCC)
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provides high school students drecentered learning and training apfunities through dual
enrollment (VT Office of Economic Development). The program is seeing early success, with
over 20 students participating and plans to expand to two additional high schools in 2020.
Liberty University has also instituted an unmanegstems program. Additionally, the Virginia
Tech Mid-Atlantic Aviation Partnership (MAAP), an FA#Aesignated test site for unmanned
aircraft systems, is active in the area working with the private sector to provide red@azoh
solutions to critical cHeenges in the industry. These higher education partnerships open
pathways for students throughout the region to become aware of the growinglostm; to

help them obtain the foundational knowledge and skills needed to performrdtateg jobs,

andto help thenengage directly witlirone businesses

Recommendations

In addition tobolsteing the talent pipelinethis research recommends teabnomic
developers in thalleghany Highlandsilsoconsider onnecting thelroneindustry toclusters
that are strong and growing in the broader rediay. to thisintra-regionaleconomic
connectivityfocused cluster approachtheextensive commercial applications of drones and
drone technologyMazur andWi S n i BOW& Rpecifically, theTransportation antogistics
cluster, which has a very strong presence in the Roanoke region, is one with significant potential
to |l everage drones as part of its supply <chai
technology powered by purposbuilt, enterprise mobile devices (the true brains behind the
operation), companies can extend {tgale communication and dagharing capabilities with
workers to optimize productivity and profitability and, ultimately, remain competdver the
l ong termo (Hal/l 2019). One path for growth f

integration with the regiondlransportation andogistics cluster. Like rural hops growers in
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Oregon, Alleghany Highlands drone companies coultkwimsely withTransportation and
Logistics businesses within the region, thereby allowing them to test, refine and strengthen their
technologies with faster feedback from the regional market. This would also allow the drone

companies to more quickly pdisin their products for a global market

The analysidrom this dissertatioacross all clusters and regicstsows that the
Transportation antogistics cluster exhibits higher employment growth in both metropolitan
(.19%) and rural adjacent counties2(%) when it is economically connected within regions
than when it is not connected (s&ependix 3). Therefore, an intreegional connectivity
approach for th@ransportation antogistics cluster in Roanoke has the potential to benefit all
parts ofthe region. As such, the results of this Roanoke regional profile suggest several

recommendations for the economic development leaders of the Alleghany Highlands:

Analyze: Conduct an analysis of drones in the Transportation and Logistics cluster
supply chain. Integrating drones into the cluster requires an extensive understanding of
the supply chain in the region to get a sense of where drones and drone technology can
support the cluster. This specialized capacity is likely not available ataghera
development organization in the Alleghany Highlands. Local and regional economic
development leaders can work with the Virginia Economic Development Partnership via
GO VA to request funding for technical support and collaboration with university
patners to conduct the analysis. GO VA is an economic development initiative to help
Virginiads diverse regions grow jobs that
through collaborative regional strategies on economic and workforce development;
Convene Connect drone companies wldaders in th@ransportation antogistics

clusterso that they cahuild relationshig andbetter understand how and whether
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Transportation and Logistics compandesild considerdrones within their operations

and supply cham)

Collaborate: Engagewith metropolitan and regional political leadeldsing data from

this research, demonstrdbat metropolitan growth in thEransportation antogistics
clusterwill benefit froman intraregional cluster approacAdditionally, if supply chain
relationships develop betwedrone andlransportation antogisticsfirms, regional
collaboration will be necessaty build outinfrastructureandother neededssetso
sustainthe neweconomic activityand

Expand Demand Conditions Help expand the regional market for drones with
pathways into other clusters by conducting background research on key industries and
clustersin addition to Transportation and Logistitst use drones and drone technology
identify target industries andusters with a presence in the regibegin engaging
business leaders associated witlséhelusterand convene them with drone industry

leaders.

As noted in the intreegional connectivity profile of the region, rural adjacent

communities appear to be benefitting less from connectivity than metropolitan parts of the

region. However, a strategic, irtregionaleconomicconnectivity cluster approaaan help

bolster the rural drone industry by integrating it into the regi®rehsportation andogistics

cluster. Communication with business leaders in the cluster and commitments from regional

partners and the state can help fast track successgh-pdying, technologypased industry in

ways that can bridge the urbaural divide within the region.
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